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APS MARCH MEETING 2006

March 13-17, 2006
Baltimore Convention Center
Baltimore, MD

General Information
Welcome to the Annual March Meeting of the American
Physical Society. All scientific sessions and some APS-
sponsored sessions will be held at the Baltimore Convention
Center (BCC). APS affiliated meetings and satellite meetings
will be held at the Marriott Waterfront Hotel, headquarters ho-
tel for the meeting. Consult the schedule of APS affiliated and
satellite meetings, in this Bulletin for exact locations.

An outstanding scientific program has been planned by the
March Meeting Program Committee. The five-day program
consists of approximately 6,900 papers to be presented in
invited, contributed, focus and poster sessions. A larger, en-
hanced exhibit show will complement the scientific program.
Attendees are encouraged to visit with exhibitors who will be
displaying the latest products, instruments and equipment,
computer software, as well as science publications related to
the research and application of physics.

Participating APS Units
Divisions: Condensed Matter Physics (DCMP); Materials Phys-
ics (DMP); Polymer Physics (DPOLY); Chemical Physics (DCP);
Biological Physics (DBP); Fluid Dynamics (DFD); Computational
Physics (DCOMP); Atomic, Molecular and Optical Physics
(DAMORP); Laser Science (DLS).

Topical Groups: Instrument and Measurement Science
(GIMS); Magnetism and lts Applications (GMAG); Quantum
Information, Concepts, and Computation (GQI); Shock Com-
pression of Condensed Matter (SCCM); Statistical and Nonlin-
ear Physics (GSNP).

Forums: Industrial and Applied Physics (FIAP); Physics and
Society (FPS); History of Physics (FHP); International Physics
(FIP); Education (FEd); Graduate Student Affairs (FGSA).

Registration Location/Hour
Pratt Street Lobby
Baltimore Convention Center (BCC)

The APS Registration Desk will open and close at the following
times.

Sunday, March 12
Monday, March 13
Tuesday, March 14
Wednesday, March 15
Thursday, March 16
Friday, March 17

* 1:00pm -7:00pm
e 7:00am - 5:00pm
* 7:00am - 5:00pm
e 7:00am - 4:00pm
* 7:30am - 3:00pm
* 7:30am - 10:00am

Badge Monitoring
All attendees must register for the meeting. Attendees must
wear their badges at all times. Security personnel will be
checking for badges before allowing admission to the
sessions. Attendees without badges will not be admitted to
sessions or exhibits. If you have lost your badge, please go to
the APS registration desk for a new one. We will give you one
replacement badge free. After that replacement badges will be
charged $10.00.

Wireless Connection at the

Convention Center
The Baltimore Convention Center has wireless internet
connection available free of charge, sponsored by the Ameri-
can Physical Society.

APS Job Fair

Whether you are looking for a job or recruiting, the American
Physical Society Annual March Meeting Job Fair is the place to
be! The Job Fair will provide job seekers and hiring managers
with unsurpassed recruitment and networking opportunities.
Last year, we assisted hundreds of job seekers and more than
50 employers.

March 12 -16
Job Fair Schedule

March 12 < Employer/Job Seeker on-site pre-registration
and check-in
1:00pm — 4:00pm
March 13 ¢ Job Fair hours of operation
10:00am — 5:00pm
March 14 ¢ Job Fair hours of operation
10:00am — 5:00pm
March 15 ¢ Job Fair hours of operation
10:00am — 4:00pm
March 16 ¢  Last day to view/search jobs and résumés

online

Join in with hundreds of individuals specializing in the following
areas:

Computational Physics

Insulators and Detectors

Polymeric and Organic Materials

Metals History and Physics

Statistical and Nonlinear Physics

Phase Transitions and Strongly Correlated Systems
Artificially Structured Materials

Surface, Interfaces and Thin Films

Physics and Society Magnetism



International Physics Instrumentation and Measurement
Quantum Information, Concepts and Computation
Education Chemical Physics

Biological Physics

Superconductivity

Fluids

Complex Structured Materials

Industrial and Applied Physics

Job Seekers vutilize the Job Fair

services to:
¢ Network with technical staff and human resource
recruiters
* Post your résumé and search open positions
* Interview for positions

Employers utilize the Job Fair services to:
* Showcase your company with a Recruitment Booth
* Advertise open positions
¢ Interview qualified job seekers
* Search résumés specific to this meeting
For more information contact abrice@aip.org

APS Store
Monday — Wednesday ¢ 9:30am - 5:00pm
Thursday * 9:30am - 1:00pm
Come browse our t-shirts, bumper stickers, and more.

APS Exhibit Show/APS Lounge
Exhibit Hall E

Monday, March 13 * 10:00am - 5:00pm
Tuesday, March 14 * 10:00am - 5:00pm
Wednesday, March 15 ¢ 10:00am — 4:00pm

The annual exhibit show days are Monday through Wednesday.
The exhibits are an important adjunct to the meeting, offer-

ing information on a wide variety of physics-related products
and services. In addition, book and periodical publishers will
be participating as exhibitors. The poster sessions, and food
concessions will be located in the exhibit hall, as will the E-mail
Pavilion. A wine and cheese reception will be held in the exhibit
hall on Monday and Tuesday from 4:00pm - 5:00pm. Plan

to stop by to visit the exhibits, view the posters and enjoy the
refreshments. NOTE: You must wear your badge to be admitted
to the exhibit hall.

APS Membership Booth

The APS Membership Booth is located near APS Registration in
the Pratt Street Lobby. Membership Department staff will be on
hand to answer questions about APS Membership and journal
subscriptions.

E-mail Service

E-mail service will be available on Monday, Tuesday and
Wednesday in the Exhibit Hall during exhibit hours only. E-mail
will be available on Thursday and Friday in the Pratt Street
Lobby. Email stations will be available for your use during the
following hours:

Monday, March 13 * 10:00am — 5:00pm (exhibit hall)

Tuesday, March 14 * 10:00am — 5:00pm (exhibit hall)

Wednesday, March 15 ¢ 10:00am — 4:00pm (exhibit hall)

Thursday, March 16 * 7:00am — 6:00pm (Pratt Street
Lobby)

* 7:00am — 12:00noon (Pratt Street
Lobby)

Friday, March 17

Please be advised that e-mail access is provided as a service to
attendees, and that we cannot provide unlimited access to e-mail
stations, both in terms of the number of stations provided and
the length of time that they are available.

Speaker-Ready Room

BCC/Room 330

The speaker-ready room will be open as follows:
Sunday, March 12 * 1:00pm — 7:00pm
Monday, March 13 ¢ 7:00am — 5:00pm
Tuesday, March 14 ¢ 7:00am — 5:00pm
Wednesday, March 15 ¢ 7:00am — 5:00pm
Thursday, March 16 ¢ 7:00am — 5:00pm
Friday, March 17 e 7:00am — 12:00noon

Press Room
Press Room: BCC/Room 334
News Conference Room: BCC/Room 333

* 8:00am - 5:00pm
* 8:00am — 12:00noon

Monday through Thursday
Friday

Phone: 410-649-6498

Fax: 410-649-6494

Press Conference Room

BCC/Room 333
A schedule of news conferences can be obtained from the
Press Room (Room 334).

City Information Desk
The Baltimore Convention and Visitors Bureau will host an infor-
mation desk in the BCC/Pratt Street Lobby:
Sunday, March 12 e 2:00pm — 6:00pm
Monday, March 13 * 11:00am — 5:00pm
Tuesday, March 14 * 11:00am — 5:00pm
Stop by to inquire about restaurants in the city and sightseeing.

Business Center
The Baltimore Convention Center business center is located
off the Pratt Street Lobby across from Room 333. The busi-

ness center offers a full range of services and is open Monday
through Friday 8:30am — 4:30pm.

Hotel List - March Meeting

* Marriott Waterfront Hotel (HQ)
700 Aliceanna Street
Bussing provided to and from Convention Center

¢ Sheraton Inner Harbor
300 South Charles Street
Within walking distance

* Days Inn
100 Hopkins Place
Within walking distance

* Renaissance Harborplace Hotel
202 East Pratt Street
Within walking distance

* Hyatt Regency Baltimore
300 Light Street
Connected to Center

* Holiday Inn
301 West Lombard Street
Within walking distance

* Wyndham Inner Harbor

101 West Fayette Street
Within walking distance



PRE-MEETING PROGRAMS

DPOLY Short Course - Baltimore Convention Center
(BCC)
Polymers in Existing and Emerging Patterning Technologies (no
on-site registration — you must be pre-registered to attend this course)
Room 304

Saturday March 11 ¢ 8:30am - 5:00pm

Sunday March 12« 8:30am — 3:00pm

Tutorials - Baltimore Convention Center (BCC)
(No on-site registration — you must be pre-registered to attend a tutorial)
Sunday, March 12
Baltimore Convention Center
Morning Tutorials #1-4
8:30am -12:30pm
T1 Spintronics: What's New — Room 307
T2 Molecular Magnetics — Room 301
T3 Current Interpretations of Quantum Mechanics — Room 302
T4 Thermoelectric Energy Conversion — Room 303

Afternoon Tutorials #5-8

1:30pm — 5:30pm
T5 Solid State Implementations of Cavity QED — Room 301
Té Spallation Neutron Sources — Room 302
T7 Forefront Methods and Limits of Lithography — Room 303
T8 Polymeric Templating — Room 305

Professional Skills Development for Women Physicists

Sunday, March 12

8:00am - 5:00pm

Reception 5:00pm — 6:30pm

Marriott Waterfront Hotel/Dover A (workshop)

Marriott Waterfront Hotel/Grand Salon | (reception)
This one-day workshop will offer training on persuasive
negotiation and communication skills for tenure track and
newly-tenured women physicists. Workshop will be led by pro-
fessional facilitators using an interactive format that encour-
ages highly personal learning. Lunch will be provided and a
reception for participants will follow the workshop. Limited to
30 participants. Pre-registration required.

Workshop on Opportunities in Biology for Physicists

Organized by APS Division of Biological Physics

Sunday, March 12

8:00am - 5:00pm

Lunch break on your own.

BCC/Room 310
Biology is a rapidly changing field that has been making tre-
mendous strides forward in recent years. Biology is changing
from a descriptive to a quantitative and conceptually profound
field. This workshop will showcase a sample of the rich op-
portunities in biology for physicists. It is aimed at physicists,
especially graduate students and postdocs, who are curious
about how a background in physics can provide a unique per-
spective of biological systems. We believe that physicists will
make a substantial contribution to this revolution by working
together with biologists.

Invited speakers include:
* William Bialek (Princeton)
* Steven Block (Stanford) (tentative)
* Robijn Bruinsma (UCLA)
* Hans Frauvenfelder (Los Alamos)
* Klaus Lehnertz (Bonn)

* Yale Goldman (Penn)

* Boris Shraiman (Santa Barbara) (tentative)
* Charles Stevens (Salk Institute)

* Zuzanna Siwy (Irvine)

* Sunney Xie (Harvard)

Co-chairs of Organizing Committee:
Dean Astumian, DBP Vice Chair, astumian@maine.edu
Clare Yu, cyu@uci.edu

On-site registration is available but payable in cash only — no
credit cards or checks.

Students: $50

Post Docs: $75

Regular Members: $100

Special Workshop: Quantum Mechanics with

Interactive Computer-based Tutorials

Sponsored by the APS Forum on Education

Sunday, March 12

1:30pm - 5:30pm

BCC/Room 306
* No cost to attend the workshop - all are welcome.
Although quantum mechanics is one of the most widely taught
topics on the college/university level in the physical sciences,
the teaching of quantum mechanics has not changed signifi-
cantly since the 1940s. This workshop will present recently
developed computer-based curricular material that has shown
to improve understanding of traditional quantum topics and
that makes many heretofore inaccessible topics in quantum
mechanics accessible to undergraduate and graduate stu-
dents. Participants will receive a CD containing curricular ma-
terial from the Quantum Interactive Learning Tutorials (QUILT)
project as well as a collection of ready to run Java programs
from the Open Source Physics (OSP) project. All programs are
freely distributable under the GNU GPL license.
This workshop will benefit anyone teaching or planning to
teach quantum mechanics as well as computational physicists
wishing to adopt the OSP Java libraries for their own teaching
and research. We will discuss the general pedagogical and
technical issues in the design of interactive computer-based
tutorials as well as how OSP programs can be adapted to
your local situation. Additional information can be obtained at
www.opensourcephysics.org

Speakers:
* Chandralekha Singh, University of Pittsburgh
* Wolfgang Christian, Davidson College
* Mario Belloni, Davidson College

Career Workshop
Sunday, March 12
3:00pm — 7:00pm
BCC/Room 308

Attendance is free. All are welcome.



PRE-MEETING PROGRAMS

NRC/NAS Town Meeting

Sunday, March 12

7:30pm — 9:30pm

Marriott Waterfront Hotel, Grand Ballroom Salon V

Condensed Matter and Materials Physics In the Next

Decade
M. A. Kastner, Chair, Solid State Sciences Committee of the
National Research Council and Department of Physics, MIT
* The National Research Council (NRC) will soon appoint a
committee to carry out a decadal study of condensed-matter
and materials physics called CMMP2010. The study, which will
result in an NRC report, is supported by the NSF and DOE.
The committee will assess the current and future opportuni-
ties of our field. It will identify the most important fundamental
scientific problems, as well as problems whose solutions are
likely to help meet national or societal needs. It will also exam-
ine the current status and future needs for resources that will
be necessary to solve these problems, such as small and large
facilities, individual and multi-investigator research support, as
well as university, national and industrial laboratories. After a
brief introduction to the work done so far, under the auspices
of the Solid State Sciences Committee, attendees will be invited
to offer their views about issues to which the panel should pay
special aftention.



APS MEETINGS / EVENTS

(In chronological order)

Contact Congress
Mon-Thurs 9:00am-6:00pm
Sponsored by DCMP and DMP
BCC/Pratt Street Lobby

Worried about the slashing of NSF, DOE and NASA

funding? Concerned about the dearth of science literacy

in our high-schoolers? Anxious about where the country’s
security is heading? YOU can have an impact on national
science policy!l Come write your representatives in Congress
to let them know how you feel about science issues of interest
to you. The most important letters that a Member of Congress
receives are the ones from his or her constituents — you elect
them, and you matter. The American Physical Society feels
that it is incumbent on all of us to interact with the govern-
ment, to offer technical assistance where we can, and to
remind our Members of Congress that scientists have much

to offer the country, in areas of basic science R&D funding,
education, and energy policy. We have set up computers in
the entrance area where you can send a letter to your Senators
and Representatives - you can use our template or write your
own letter on issues that matter to you. If the state of affairs in
Washington, DC, interests you, we have another way for you
to get involved: the APS “Physics and Government Network,” a
group of APS members who volunteer to contact their repre-
sentatives in Congress a few times a year at critical junctures.
PGNet signup fliers will be available at the registration desk
and at the “Contact Congress” computers. Come help make
science more visible in Congress!

Awards Program

Monday, March 13

5:45pm — 6:30pm

BCC/Room 309
Prizes and awards will be bestowed on individuals for out-
standing contributions to physics. Please plan on attending
the Awards Program and join us in honoring these individu-
als. See page 13 for a list of award and prize winners. The
Awards Program will be followed by the Welcome Reception at
6:45pm.

Welcome Reception
Monday, March 13
6:45pm — 8:00pm
BCC/Ballroom I

All Attendees welcome.

Special Symposium:

Emerging Emergent Phenomena (Session F50)
Monday, March 13

Sponsored by DCMP

8:00pm - 10:00pm

Marriott Waterfront Hotel, Grand Ballroom Salons V-VI

Session Chair: Leo Kadanoff, University of Chicago
Speakers:

* Edward Witten: Emergent Phenomena In Particle Physics

* Susan J. Lolle: Revisiting Mendel and the Paradox of Gene
Restoration

* Albert Laszlo Barabas: Complex Networks: From the Internet

to Biology
¢ Bernard Sadoulet: Condensed Matter Physics and the Nature
of Dark Matter in the Universe

Wine and Cheese Reception
Monday and Tuesday * 4:00pm - 5:00pm
BCC/Exhibit Hall E

APS Journal Editors Panel Discussion

Tuesday, March 14

2:30pm — 3:30pm

BCC/Room 337
All are invited to a panel discussion with the Editors of the
American Physical Society journals. The panel will include
Editors from Physical Review Letters, Physical Review B, and
Physical Review E. They will briefly discuss some current issues
facing the journals such as how to express appreciation for
good refereeing, possible inclusion of popular abstracts in PRL
to make Letters accessible to physicists in all fields, the chal-
lenge posed by open access, etc. The Editors look forward
to hearing opinions on these and other issues. They will also
respond to questions and comments. The Panel Discussion will
be followed by the Meet the Editors Reception.

Meet the Journal Editors of AIP and APS
Tuesday, March 14

3:30pm - 5:30pm

BCC/Camden Lobby

The Editors of the AIP and APS journals cordially invite you to
join them for conversation and refreshments. Your questions,
criticisms, compliments, and suggestions about the journals
are welcome. We hope you will be able to join us.

Journals of the American Institute of Physics:
* Applied Physics Letters
* Choos
* Journal of Applied Physics
* The Journal of Chemical Physics
* Journal of Mathematical Physics
* Physics of Fluids
* Physics of Plasmas
* Review of Scientific Instruments

Journals of the American Physical Society:
* Physical Review A
* Physical Review B
* Physical Review E
* Physical Review Focus
* Physical Review Letters
* Reviews of Modern Physics



APS MEETINGS / EVENTS

(In chronological order)

Special Symposium:

Intelligent Design: Its Impact and Responses to It
Tuesday, March 14

7:30pm — 9:30pm

Marriott Waterfront Hotel/Grand Ballroom Salon V

Session Chair: Robert Eisenstein
Speakers:

* Jeremy Gunn, ACLU - Dover, PA Case

* Marshall Berman - Action at the Local Level

¢ Cory Dean, New York Times - Media Coverage

¢ Francis Slakey, APS Office of Public Affairs - APS Activities

Congressional Visits during March Meeting 2006
Congressional Visits Office -
BCC/East Prait Show Office, Lower Level

The APS Office of Public Affairs (OPA) is organizing Con-
gressional visits during the 2006 APS March Meeting in
Baltimore. The advantageous location of this year’s Meeting
provides an exciting opportunity to have attendees from as
many districts and states as possible travel down to Washing-
ton, DC to educate Congress on the importance of science
research funding. The visit days are scheduled for Wednesday,
March 15th and Thursday March 16th.

Carrying the message to individual offices remains one of
the best means of influencing a Member of Congress. The
timing of these visits is excellent since Congress will have just
started its considerations of the appropriations for the next
fiscal year. In addition to influencing Congress, we hope that
participants see first-hand the importance of informing their
elected officials about what physicists do. While our members
are getting more active in this regard and more APS meeting
attendees write letters at the Contact Congress computers,
there is much more to do.

OPA will assist the participants in all aspects of the congres-
sional visits from scheduling to follow up. Leading up to the
meeting, OPA will contact participants to inform them of the
organizational logistics of the visits and provide a means of
coordination of their meetings on the Hill with other par-
ticipants in their state or district. During the March Meeting,
briefings will be held in Baltimore in the evenings preceding
the visits to outline a common message, offer advice on how
to conduct an effective meeting, and cover the logistics of a
congressional visit. We will also provide materials to be left
with each office that will present useful talking points and
have state specific information. Shuttle bus transportation to
and from the Meeting and Washington, DC will be provided
for participants.

We would like you and all APS members to view Congres-
sional visits as part of developing a relationship with an office
rather than a one-time event. We would hope that you would
follow up with the Congressional office at opportune times,
make visits to the home offices and perhaps invite staff or
Members of Congress to visit their labs. You may also become
resources for a Member's office.

For more information visit the Congressional Visits office as
noted above.

Session on Refereeing
Wednesday, March 15
9:30am — 11:00am
BCC/Room 337

Editors from Physical Review Letters and the Physical Review
will provide useful information and tips for referees. Following
short presentations from the editors, there will be a moderated
discussion where questions relevant to refereeing will be ad-
dressed. Refreshments will be served.

Estate Planning Seminar
Wednesday, March 15
1:00pm — 2:00pm
BCC/Room 301

Special Symposium:

Perspectives on our Energy Future
Wednesday, March 15

7:30pm — 9:00pm

Marriott Waterfront Hotel/Grand Ballroom Salon V

Session Chair: George Crabtree, Argonne National Laboratory
Speakers:

e Steven E. Koonin, Chief Scientist, BP

* Patricia Dehmer, Office of Basic Energy Sciences, DOE

Physics Sing-a-Long/Listen-a-Long
Wednesday, March 15

9:00pm — 10:00pm

Grand Salon I, Marriott Waterfront Hotel

Changing Dynamics of Industrial Research as a Conse-
quence of Global Trends (Session V19)

Sponsored by APS and AIP

Thursday, March 16

BCC/Room 316

Session Chair: Mark Bernius, The Dow Chemical Company
Speakers:
* Alan Taub: General Motors’ R&D: Managing Innovation
Globally
* Hans Stork: Not Only Texas is Flat ...
* Mark Durcan: Micron R&D: Global Scope and
Nano-Scale in N-Dimensions
* Abel Weinrib: Leap Ahead: Global R&D at Intel
* Thomas Feist: Sustaining Breakthrough Research in a
Changing Global Environment



APS EVENTS FOR SPECIAL GROUPS

(In chronological order)

Companions Breakfast
Monday, March 13

8:00am — 9:30am

Marriott Waterfront Hotel/Dover A

Companions of the attendees of the March Meeting are invited
to a complimentary breakfast to meet other companions and
learn about the city of Baltimore. Presentations will be made
by a representative of the Baltimore Convention and Visitors
Bureau. At the breakfast you will receive information about the
sites and attractions in the city.

SPS Undergraduates and Mentors Gathering
Monday, March 13

1:50pm — 2:20pm

BCC/Room 345

Undergraduates and their mentors, as well as graduate school
representatives, are especially invited to hear the student
presentations and mingle with the presenters during this gath-
ering. The event is sandwiched between two exciting under-
graduate research sessions - B42 and D42 in room 345. Light
refreshments will be available for those attending the talks.

CSWP/FIAP Networking Breakfast for Women in Physics
Tuesday, March 14

7:30am — 9:30am

Marriott Waterfront Hotel, Grand Ballroom Salon VII

$20 (pre-registration only)

The Committee on the Status of Women in Physics (CSWP) and
the Forum on Industrial and Applied Physics (FIAP) will host a
networking breakfast for women in physics. All are welcome,
both men and women. Thanks to the generosity of FIAP, the
breakfast is free for physics students who pre-register. Only a
limited number of walk-ins can be accepted.

High School Physics Teachers Day

Tuesday, March 14

8:00am - 2:30pm

Marriott Waterfront Hotel, Grand Ballroom Salons II-lll

In conjunction with the 2006 March Meeting, the APS Depart-
ment of Education & Outreach is sponsoring a High School
Physics Teachers’ Day for teachers in the Baltimore region. For
more information contact Ed Lee: lee@aps.org
The day’s program includes:
* Hands-on workshops presenting innovative, class
room-ready activities
* Research talks on cutting-edge physics
* A welcoming breakfast, and a chance to network with
fellow teachers
* Lunch with a physicist

Congressional Visits Meeting
Tuesday, March 14

5:00pm — 6:30pm

BCC/Room 337

DCMP/DMP/DCOMP Fellows & Awards Reception
Tuesday, March 14

5:30pm - 7:00pm

Marriott Waterfront Hotel/Grand Salon VI

FIP Reception

Tuesday, March 14

6:30pm — 8:00pm

Marriott Waterfront Hotel/Dover C

Students Lunch with the Experts

Wednesday, March 15

1:00pm — 2:30pm

BCC/Ballroom |l
Students can sign up on-site to enjoy a complimentary box-
lunch while participating in an informal discussion with an
expert on a topic of interest to them. Sign-up will take place
beginning on Monday, March 13 at 1:00pm at the APS reg-
istration desk, and will be on a first-come, first-served basis.
Attendance is limited to eight students per topic. See page 12
for list of topics and experts.

Congressional Visits Meeting
Wednesday, March 15
5:00pm - 6:30pm

BCC/Room 311

Status of Funding Opportunities in NSF’s Division of
Materials Research

Wednesday, March 15

5:00pm - 7:00pm

BCC/Room 338

Student Reception

Wednesday, March 15

5:30pm - 6:30pm

BCC/Ballroom |l

Sponsored by the Forum on Graduate Student Affairs (FGSA)
All students are welcome. Plan to attend and socialize with
your fellows and enjoy the refreshments. The Forum on Gradu-
ate Student Affairs (FGSA) will present a short program.



APS EVENTS FOR SPECIAL GROUPS

(In chronological order)

APS Unit Business Meetings
SUNDAY, MARCH 12

GSCCM Business Meeting
3:00pm — 4:00pm
Falkland Room, Marriott Waterfront Hotel

TUESDAY, MARCH 14
5:30pm - 6:30pm

DPOLY Business Meeting
BCC/Room 315

FIAP Business Meeting
BCC/Room 312

FIP Business Meeting
Marriott Waterfront Hotel, Galena

DCP Business Meeting
BCC/302

GSNP Business Meeting
BCC/Room 336

GMAG Business Meeting
BCC/Room 320

GQl Business Meeting
BCC/Room 343

GIMS Business Meeting
BCC/Room 301

TUESDAY, MARCH 14
7:00pm-8:00pm

DCMP Business Meeting
Marriott Waterfront Hotel/Dover A

DMP Business Meeting
Marriott Waterfront Hotel/Dover B

WEDNESDAY, MARCH 15

FED Business Meeting and Reception
5:30pm - 7:00pm
Marriott Waterfront Hotel/Grand Ballroom Salon 1l

DCOMP Business Meeting
6:30pm — 730pm
Marriott Waterfront Hotel, Dover C
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SATELLITE MEETINGS

Sunday, March 12

High Magnetic Field Laboratory Users Group
5:00pm — 9:00pm

Marriott Waterfront Hotel/Grand Ballroom Salon X

Sunday, March 12

Socialize with Science - Oxford Instruments
7:00pm — 9:00pm

Marriott Waterfront Hotel/Grand Salons VII-IX

Monday, March 13

Discussions and Updates on the Nanoscale Ordered
Materials Diffractometer at the Spallation Neutron
Source (NOMAD)

11:00am — 2:00pm

Marriott Waterfront Hotel/Dover C

Tuesday, March 14

Research Corporation Reception

5:00pm — 7:00pm

Marriott Waterfront Hotel/Grand Ballroom Salon |

Tuesday, March 14

Alumni Reunions

6:00pm — 8:00pm

Marriott Waterfront Hotel
* Cornell University, Grand Ballroom Salons IX-X
* University of lllinois, Grand Ballroom Salons 11l
* Michigan State University, Bristol
¢ |IBM, Grand Salon VIl
* Brown University, Falkland
e State of Florida Universities, Harborside Ballrooms AB
* Sigma Pi Sigma, Essex B
¢ Brandeis Alumni Reunion, Essex C

Tuesday, March 14

Chinese Academy of Sciences Reception
6:00pm-8:00pm

Marriott Waterfront Hotel/Essex A

Tuesday, March 14

American Chapter of the Indian Physics Association
7:30pm — 9:30pm

Marriott Waterfront Hotel/Grand Ballroom Salon IV

(ancillary events sponsored by non-APS groups)

Wednesday, March 15

RSI Editorial Board Meeting
12:00noon — 2:00pm

Marriott Waterfront Hotel/Grand Salon IX

Wednesday, March 15

Status of Funding Opportunities in NSF’s Division of
Materials Research

5:00pm — 7:00pm

BCC/Room 338

Wednesday, March 15

MRFM Workshop

(Magnetic Resonance Force Microscopy)
6:30pm — 10:30pm

Marriott Waterfront Hotel/Atlantic Room



STUDENTS LUNCH WITH THE EXPERTS

Wednesday, March 15

1:00pm — 2:30pm

Ballroom I

Students can sign up on-site to enjoy a complimentary box-lunch while participating in an informal discussion with an expert on a
topic of interest to them. Topics are listed below. Sign-up will take place beginning on Monday, March 13 at 1:00pm at the APS regis-
tration desk, and will be on a first-come, first-served basis. Attendance is limited to eight students per topic/expert. You must show
your ticket and badge at the door, and sit at the table for which you have a ticket.

Lunch topics
sponsored by:

1. DMP

2 DMP
3. DFD
4. DFD
5. DFD
6. FPS

7. GMAG
8. GMAG
9. DCMP
10. DCMP
11. DCMP
12. DCMP
13. DCMP
14. DCMP
15. DCMP
16. DCMP
17. DCMP
18. DCMP
19. DCMP
20. DCMP

21. DCMP

Jaqueline Krim

Lynn Boatner

Ray Goldstein
Wolfgang Losert
Dave Weitz
Francis Slakey

Jeff Childress

Jim Rhyne

Allen Goldman
Art Ramirez

Gwyn P. Williams
David Awschalom
Julia Phillips
Alan Dorsey
Garnett Bryant
Arthur F. Hebard
Christopher Homes
Richard Newrock
Eric Shirley

Lia Krusin-Elbaum

David Reitze

Nanotribology: Applications and Implications of Friction at the Atomic
Scale

Smart Nanocomposite Materials and How to Make Them

Biological Physics

Complex Fluids from Sand to Cells

Squishy Physics

The Issue of Intelligent Design

Research in Magnetic Recording - Industrial and Academic Perspectives
Neutron Scattering Insights into Condensed Matter Systems

Superconductivity

Frustrated Magnetism

Careers in the National Labs: Development of the Jefferson Lab FEL
Spin Dynamics and Spin Coherence in Condensed Matter Systems (Spintronics)
Sandia & Los Alamos Center for Integrated Nanotechnologies
Supersolids

Quantum Nano-optics and Quantum Dots

Magnetism in Reduced Dimensions: Ultra Thin Films and Thin-Film Interfaces
Optical Spectroscopy of Superconductors

One Dimensional Conductance: Coulomb Drag and Luttinger Liquids

Optical Properties of Materials: From Basic Theory to Industrial Impact
Can Disorder be Useful?

Ultrafast Spectroscopy in High Magnetic Fields: Experiments at the NHMFL
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2006 PRIZES AND AWARDS

Award Session (Session E5)
Monday, March 13

5:45pm — 6:45pm

BCC/309

Biological Physics Prize

Alfred G. Redfield
Brandeis University

“For his seminal contributions to the
theory and technical development of
nuclear magnetic resonance spectros-
copy, and for pioneering applications of
this technique to the study of biological
molecules.”

Oliver E. Buckley Prize
Noel A. Clark
University of Colorado

Robert Meyer
Brandeis University

“For groundbreaking experimental and
theoretical contributions to the fundamental science and applications of
liquid crystals, particularly their ferroelectric and chiral properties.”

Frank Isakson Prize

Roberto Merlin
University of Michigan

“For original contributions to spontane-
ous Raman and ultrafast spectroscopy of
fundamental excitations in solids.”

James C. McGroddy Prize
Hongjie Dai
Stanford University

Alex Zettl
University of California, Berkeley

Photo not

“For developing novel synthesis pathways
for preparing carbon and boron nitride nanotubes and for pioneering
applications of these for sensing, electronics and nanomechanics.”

Lars Onsager Prize

Rodney Baxter
Australian National University

“For his original and groundbreaking
contributions to the field of exactly solved
models in statistical mechanics, which
continue to inspire profound develop-
ments in statistical physics and related
fields.”

George E. Pake Prize

Charles B. Duke
Xerox Innovation Group

“For groundbreaking theoretical contribu-
tions to the understanding of tunneling

in solids, and inelastic scattering of low-
energy electrons in solids, and for his out-
standing contributions to Xerox Corporate
Research both as an intellectual leader
and research manager.”

Earle K. Plyler Prize

Mark Johnson
Yale University

“For the applications of spectroscopic
methods towards the understanding
of solvation on the microscopic scale,
especially the solvation of protons and
hydroxide anions by water.”

Polymer Prize

Ludwik Leibler
Ecole Superieure de Physique et Chimie
Industrielles, Paris

“For outstanding theoretical contributions
to the fundamental understanding of self-
assembly of diblock copolymers and gels,
and wetting.”



2006 PRIZES AND AWARDS

Aneesur Rahman Prize

David Vanderbilt
Rutgers University

“For his conceptual breakthroughs in his
development of the ultrasoft pseudo-
potential and the modern theory of
polarization, and their impact on first-
principles investigations of the properties
of materials.”

® Prize to a Faculty Member
¥ for Research in an
: Undergraduate Institution

“ Rainer Grobe
lllinois State University

" Q. Charles Su
lllinois State University

“For their outstanding effort at creating a successful and renowned
optical theory research program at lllinois State University, and for their
exemplary involvement of undergraduates in this research.”

David Adler Lectureship
Award

James Chelikowsky
University of Texas

“For his creative and outstanding re-
search in computational materials phys-
ics and for his effectiveness in communi-
cating research results through lectures
and publications.”

LeRoy Apker Award
Nathaniel Craig
Harvard University

Matthew Paoletti
Bucknell University

“Tunable Nonlocal Spin Control in a
Coupled Quantum Dot System.”
“Experimental Studies of the Effects of
Chaotic Mixing on an Advection-Reac-
tion-Diffusion System.”

Edward A. Bouchet Award

Angel Garcia
Rensselaer Polytechnic Institute

“For his contributions to the understand-
ing of the role of water in the dynamics
and folding of proteins through com-
puter simulations.”

Photo not

available

John H. Dillon Medal

Keniji Urayama
Kyoto University

“For insightful experiments that probe
the nature of polymer networks.”

Keithley Award

Frances Hellman
University of California, Berkeley

“In recognition of using emerging mi-
cromachining techniques to significantly
extend the range of calorimetry into the
realm of nano-scale science, by con-
struction of Si based microcalorimeters
capable of operating in extreme envi-
ronments with unprecedented sensitivity
and accuracy.”

Maria Goeppert-Mayer
Award

Hui Cao
Northwestern University

“For her groundbreaking contributions
to the experimental studies of coher-
ent light generation and transport in
disordered media, including her inven-
tion of microlasers based on disordered
media.”

Nicholas Metropolis Award

Joseph A. Barranco
University of California, Berkeley

Photo not

“For the development of computational
techniques to handle 3D compact vorti-
ces in rotating shear flows, and for the

application of these techniques to solve
longstanding problems in the theory of

planet and star formation.”

available

Additional Awards:

Marshak Lectureship Award: Zohra ben Lakhdar
(Session D3)

Beller Lectureship Award: Pierre-Gilles de Gennes
(Session Y29)

Each year, the APS Committee on International Scientific Affairs
(CISA) will award the APS Beller and Marshak Lectureships to
bring distinguished foreign scientists to speak at the March and
April meetings.

The Beller Lectureship was endowed by Esther Hoffman Beller
for the purpose of bringing distinguished physicists from abroad
as invited speakers at APS meetings. The Marshak Lectureship,
endowed by Ruth Marshak, in honor of her late husband and
former APS president, Robert Marshak, provides travel sup-
port for physicists from a developing country or Eastern Europe
invited to speak at APS meetings.
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FOCUS SESSIONS

DAMOP

A43 - Focus Session: Strongly Interacting Fermi Gases and the
BCS - BEC Crossover |

D43 - Focus Session: Vortices and Vortex Lattices in Fermi and
Bose Superfluid Gases

H43 - Focus Session: Strongly Interacting Fermi Gases and the
BCS - BEC Crossover |l

U43 - Focus Session: Novel Phases in Low Dimensional
Quantum Gases

DAMOP/GQI
W43 - Focus Session: Cold Atoms in Optical Lattices

DBP

G26 - Focus Session: Trapping of Nanoscale Biological Objects

G29 - Focus Session: Physical and Engineering Constraints on
the Function of Biological Systems

H29 - Focus Session: Physical Aspects of Morphogenesis:
Computational Approaches

N29 - Focus Session: Physical Models of lon Channel Function

R26 - Focus Session: Counterion Dynamics in Charged
Biopolymer Systems

R28 - Focus Session: Biological Networks: Structure, Dynamics
and Function

W26 -Focus Session: Biological Photophysics

Y26 - Focus Session: Physics of Physiological Systems

DBP/DCMP
K26 - Focus Session: Single Molecule Biophysics |

DBP/DCP
P26 - Focus Session: Protein Dynamics in Folding and Function

DBP/DFD
N26 - Focus Session: DNA and Protein Analysis with Micro and
Nano Fluidics

DBP/DPOLY

B26 - Focus Session: Single Molecule Biophysics: DNA & RNA

D26 - Focus Session: Dynamics of Nuclei Acid-Protein
Interaction: Single Molecule

U29 - Focus Session: Nonequilibrium Fluctuation in
Biomolecules and Artificial Nanodevices

Y29 - Focus Session: Noise and Fluctuation in Biological Systems

DBP/GSNP

B29 - Focus Session: Micro-Organism Motility

A39 - Focus Session: Magnesium Diboride and Related
Compounds: Multi Gap Superconductivity

D15 - Atomic Tunneling, Films, Nanostructures

H39 - Focus Session: Josephson Junctions and Pairing State
Symmetry

DCMP/DCOMP
G39 - Focus Session: Superconductivity: Theory and
Computation |

DCMP/GSCCM
R42 - Focus Session: Plasticity and Phase Transitions

DCOMP
D27 - Focus Session: Novel Computational Algorithms |
G27 - Focus Session: Novel Computational Algorithms |I

DCOMP/DFD
V8 - Focus Session: Simulations Using Particles

DCOMP/DCMP

K39 - Focus Session: Superconductivity: Theory and
Computation Il

P39 - Focus Session: Superconductivity: Theory and Computation
(Mainly First Principles)

V39 - Focus Session: Superconductivity: Theory and
Computation llI

Z39 - Focus Session: Superconductivity: Theory and
Computations (Mostly Phonons)

DCOMP/DMP

B32 - Focus Session:
D32 - Focus Session:
G31 - Focus Session:
H31 - Focus Session:
H32 - Focus Session:
K31 - Focus Session:
K32 - Focus Session:
R32 - Focus Session:

Computational Nanoscience |
Computational Nanoscience I
Simulation of Complex Materials |
Simulation of Complex Materials Il
Computational Nanoscience llI
Simulation of Complex Materials I
Computational Nanoscience IV
Computational Nanoscience V

DCOMP/GSCCM/DMP

N42 - Focus Session: Simulations of Matter at Extreme
Conditions |

U42 - Focus Session: Simulations of Matter at Extreme
Conditions Il

W42 -Focus Session: Simulations of Matter at Extreme
Conditions Il

DCOMP/GQI

P40 - Focus Session: Pathways to Practical Quantum
Computing |

R40 - Focus Session: Pathways to Practical Quantum
Computing Il

DCOMP/GQI/DAMOP

U40 - Focus Session: Pathways to Practical Quantum
Computing Il

DCP

A10 - Focus Session: Physical Chemistry of Nanoscale Systems |

A11 - Focus Session: Promises and Challenges in Chemical
Dynamics |

B10 - Focus Sessions: Physical Chemistry of Nanoscale System ||

B11 - Focus Session: Promises and Challenges in Chemical
Dynamics Il

D10 - Focus Session: Physical Chemistry of Nanoscale System |l

D11 - Focus Session: Promises and Challenges in Chemical
Dynamics Il

G10 - Focus Sessions: Physical Chemistry of Nanoscale
System IV

G11 - Focus Session: Promises and Challenges in Chemical
Dynamics IV

H10 - Focus Session: Frontiers in Computational Chemical
Physics |

H11 - Focus Session: Chemical and Spectroscopic Applications
of Nonlinear Optics |

K10 - Focus Session: Frontiers in Computational Chemical
Physics |l

K11 - Focus Session: Chemical and Spectroscopic Applications
of Nonlinear Optics Il



FOCUS SESSIONS

N10 - Focus Session: Frontiers in Computational Chemical
Physics IlI

N11 - Focus Session: Aerosols, Clusters, Droplets: Physics and
Chemistry of Nanoobijects |

N13 - Focus Session: Ulirafast and Ulirahigh Field Chemistry I:
Strong Field Phenomena

P10 - Focus Session: Frontiers in Computational Chemical
Physics IV

P11 - Focus Session: Aerosols, Clusters, Droplets: Physics and
Chemistry of Nanoobijects |l

P13 - Focus Session: Ultrafast and Ultrahigh Field Chemistry II:
Quantum Control

R10 - Focus Session: Surfaces and Interfaces in Electronic
Materials |

R11 - Focus Session: Aerosols, Clusters, Droplets: Physics and
Chemistry of Nanoobijects IlI

R13 - Focus Session: Ultrafast and Ultrahigh Field Chemistry lll:

Ultrafast Processes

U10 - Focus Session: Surfaces and Interfaces in Electronic
Materials Il

U11 - Focus Session: Aerosols, Clusters, Droplets: Physics and
Chemistry of Nanoobijects IV

V10 - Focus Session: Surfaces and Interfaces in Electronic
Materials 1l
V11 - Focus Session: Aerosols, Clusters, Droplets: Physics and

Chemistry of Nanoobjects V

W10 -Focus Session: Surfaces and Interfaces in Electronic
Materials IV

W11 -Focus Session: Aerosols, Clusters, Droplets: Physics and
Chemistry of Nanoobijects VI

DCP/DBP

A13 - Focus Session: Spectroscopy of Biomolecules from Isolated
Molecules to Cell Environoment |

B13 - Focus Session: Spectroscopy of Biomolecules from Isolated
Molecules to Cell Environoment Il

D13 - Focus Session: Spectroscopy of Biomolecules from Isolated
Molecules to Cell Environoment IlI

G13 - Focus Session: Spectroscopy of Biomolecules from
Isolated Molecules to Cell Environoment IV

DFD
H21 - Focus Session: Microfluidic Physics |

DFD/DBP
R21 - Focus Session: Biological Hydrodynamics |
U28 - Focus Session: Biological Hydrodynamics Il

DFD/GSNP
P8 - Focus Session: Jets, Shocks & Splashes

DMP

A18 - Focus Session: Carbon Nanotubes: Synthesis and
Growth |

A35 - Focus Session: Nanoscale Thermal, Thermoelectricity and
Mass Transport: Measurement and Characterization

A46 - Focus Session: Wide Bandgap Semiconductors |

B18 - Focus Session: Carbon Nanotubes: Synthesis, Processing
and Characterization

B35 - Focus Session: Nanoscale Thermal, Thermoelectricity and
Mass Transport: Theory and Simulation

B46 - Focus Session: Wide Band Gap Semiconductors Il

D18 - Focus Session: Carbon Nanotubes: Synthesis and Growth |l

D35 - Focus Session: Thermal Transport and Thermoelectricity in
Nanotubes and Graphene

D38 - Focus Session: Magnesium Diboride and Related
Compounds: Properties of Doped and Irradiated MgB2

D46 - Focus Session: Wide Band Gap Semiconductors |lI

G18 - Focus Session: Carbon Nanotubes: Electronic and Optical
Properties |

G37 - Focus Session: Nanoscale Materials Physics of Phase
Transitions |

G38 - Focus Session: Magnesium Diboride and Related
Compounds: Carbon Alloying of MgB2

G40 - Focus Session: Materials for Quamtum Computing |

H18 - Focus Session: Carbon Nanotubes: Electronic and Optical
Properties I

H36 - Focus Session:

H37 - Focus Session:
Transitions |l

H40 - Focus Session:

Single Molecule Conductance
Nanoscale Materials Physics of Phase

Materials for Quantum Computing Il

H46 - Focus Session: Wide Band Gap Semiconductors IV

K40 - Focus Session: Materials for Quantum Computing Il

K41 - Focus Session:Dielectric, Ferroelectric, and Piezoelectric
Oxides Il

N18 - Focus Session: Carbon Nanotubes: Transport |

N36 - Focus Session: Optical Properties of Nanostructures with
S, Se, Te, and Ge

N37 - Focus Session: Nanoscale Fabrication, Assembly and
Semiconductor Nanowires

N39 - Focus Session: Magnesium Diboride and Related
Compounds: MgB2 Thin Films and Junctions

P18 - Focus Session
P36 - Focus Session
P41 - Focus Session
Oxides llI
R18 - Focus Session
R36 - Focus Session

: Carbon Nanotubes: Opto-Electronics
: Plasmon Resonances in Nanostructures
: Dielectric, Ferroelectric, and Piezoelectric

: Carbon Nanotubes: Transport Il
: Optical and X-ray Properties of

Nanostructures

R37 - Focus Session:
R41 - Focus Session:

Oxides IV

U18 - Focus Session:
U36 - Focus Session:

and Wires

U37 - Focus Session:
V18 - Focus Session:
V36 - Focus Session:

and C60

V41 - Focus Session:

Oxides V

W18 - Focus Session:

Properties IV

W36 - Focus Session:

& GaAs

Y18 - Focus Session:

Nanoscale Conductance Theory |
Dielectric, Ferroelectric, and Piezoelectric

Carbon Nanotubes: Transport llI
Optical Properties of Nano-Dots, Holes,

Nanowire and Nanodot Quantum Devices
Carbon Nanotubes: Transport [V

Optical Properties of Carbon Nanotubes
Dielectric, Ferroelectric, and Piezoelectric
Carbon Nanotubes: Electronic and Optical

Optical Properties of Nanostructures of Si

Carbon Nanotubes: Adsorption and Gas

Surface Interactions with Carbon Nanotubes

Y37 - Focus Session
Z18 - Focus Session

: Probing Novel Nanostructures
: Carbon Nanotubes: Double Walll

Nanotubes, Sheets and Chains

Z37 - Focus Session

DMP/DCMP

A12 - Focus Session
D15 - Focus Session
K12 - Focus Session

: Nanoscale Conductance Theory llI

: Steps, Growth, and Smoothing
: Atomic Tunneling, Films, Nanostructures
: Magnetic Thin Films and Narrow Gap
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FOCUS SESSIONS

Semiconductors
N12 - Focus Session: Alloy and Interface Composition
U12 - Focus Session: Electrochemical and Related Growth
V12 - Focus Session: Wetting and Hard-Soft Interfaces

DMP/DCOMP

A42 - Focus Session: Planetary Materials |

K42 - Focus Session: Planetary Materials Il
P42 - Focus Session: Planetary Materials I

DMP/DPOLY
N32 - Focus Session: Carbon Nanotubes: Composites and
Applications

DMP/GMAG

A20 - Focus Session: Complex Oxide Thin Films Surfaces and
Interfaces |: Superlattice Fabrication and Properties

D20 - Focus Session: Multiferroics |: Improper Ferroelectrics

G20 - Focus Session: Complex Oxide Thin Films Surfaces and
Interfaces Il: Surfaces and Theory

G32 - Focus Session: Orbital/Charge Order in Complex Oxides

K20 - Focus Session: Multiferroics Il - Hexagonal Systems

N20 - Focus Session: Complex Oxide Thin Films Surfaces and
Interfacess lIl: New Materials, New Techniques, and
Effects of Strain

P20 - Focus Session: Cobaltites, Nickelates and Vanadates

R20 - Focus Session: Multiferroics lll: Perovskites

U20 - Focus Session: Metal-Insulator Transition and Electron
Phonon Coupling in Perovskites

W20 - Focus Session: Multiferroics IV

DMP/GSNP

D33 - Focus Session: Friction, Fracture and Deformation |

H33 - Focus Session: Friction, Fracture and Deformation |l
P33 - Focus Session: Friction, Fracture and Deformation llI
R33 - Focus Session: Friction, Fracture and Deformation IV

DPOLY

A30 - Focus Session: Block Copolymer Dynamics

D25 - Focus Session: Particle Dynamics and Organization;
Polymer Tethers and Interfacial Segregation

G28 - Focus Session: Microphysical Properties of Block
Copolymer Aggregates |

H25 - Focus Session: Particle Dynamics and Organization

K18 - Focus Session: Dillon Medal Symposium

K28 - Focus Session: Microphysical Properties of Block
Copolymer Aggregates |l

U30 - Focus Session: Mechanical Properties: Deformation,
Rupture and Failure

V30 - Focus Session: Mechanical Properties: Microscale
Deformation and Failure

W24 -Focus Session: Lithography

DPOLY/DBP
W30 - Focus Session: Biopolymers at Interfaces
Y30 - Focus Session: Biopolymers |: Phase Transitions

DPOLY/DMP

A24 - Focus Session: Organic Interfaces

A25 - Focus Session: Organic Field Effect Transistors

G30 - Focus Session: Electronic Transport in Organic Films

H28 - Focus Session: Energetics and Transport in Conjugated
Organics

N25 - Focus Session: Organic Photovoltaics

FIAP

A16 - Focus Session
A17 - Focus Session
Oxide Films
B16 - Focus Session
B17 - Focus Session

: Hydrogen Storage |
: Structure and Properties of Nanoscale

: Molecular-Scale Electronics |
: Phase Transitions and Domains in

Ferroelectric Nanostructures |

D16 - Focus Session
D17 - Focus Session

: Negative Refractive Index |
: Phase Transitions and Domains in

Ferroelectric Nanostructures Il

G17 - Focus Session: Emerging Research Devices and Materials
for Microelectronics Industry |

H16 - Focus Session: Hydrogen Storage |l

H17 - Focus Session: Emerging Research Devices and Materials
for Microelectronics Industry Il

K16 - Focus Session:
K17 - Focus Session:
N16 - Focus Session:
N17 - Focus Session:
P16 - Focus Session:
R17 - Focus Session:

GMAG/DMP
A19 - Focus Session:

Molecular-Scale Electronics I

Si, Ge and SiGe Nanostructures
Hydrogen Storage llI
Semiconductors for THz and IR |
Molecular-Scale Electronics 1l
Semiconductors for THz and IR Il

Optical and Electrical Spin Generation in

Semiconductors

B19 - Focus Session:

Transition Metal Oxide Ferromagnetic

Semiconductors
B20 - Focus Session: Phase Competition and Separation in
Pervoskite Oxides

D19 - Focus Session:
Detection
D22 - Focus Session:
G19 - Focus Session:
G22 - Focus Session:
H19 - Focus Session:
H22 - Focus Session:
K19 - Focus Session:
N22 - Focus Session:
Thin Films
P19 - Focus Session:
R19 - Focus Session:
R22 - Focus Session:
Films
U19 - Focus Session:

Semiconductor Spin Injection and

Magnetic Nanopatterns

-V Magnetic Semiconductors |
Magnetic Nanoparticles |

-V Magnetic Semiconductors I
Nanoparticles and Nanocomposites
I11-V Magnetic Semiconductors llI
Magnetic Vortices and Exchange Biased

Spin Interference and Spin Hall Effect
Spin Hall Effect and Spin Transport

Biomagnetism and Exchange Biased Thin

Semiconductor Spin Nanostructures for

Quantum Computing

V20 - Focus Session:
W19 -Focus Session:

Noise/Theory
W22 -Focus Session:
Y19 - Focus Session:
Y20 - Focus Session:
Z19 - Focus Session:
Z20 - Focus Session:

Semiconductor Spin Dynamics: Optics
Semiconductor Spin Transport:

Magnetic Nanoparticles |l

Novel Ferromagnetic Semiconductors |
Ruddlesden-popper Phase Manganites
Spin Dynamics in Quantum Dots
Novel Ferromagnetic Semiconductors Il

GMAG/DMP/DCOMP

D23 - Focus Session:
G23 - Focus Session:
N23 - Focus Session:
W23 - Focus Session:

MAG.THY | / Spin Structures and Dynamics
MAG.THY Il / Transport & General
MAG.THY llI: Oxides and Phase Transitions
MAG.THY IV / ab initio Studies



FOCUS SESSIONS

Focus Sessions (cont’d)

GMAG/FIAP
R23 - Focus Session

: Theory and Simulation for Information

Storage Applications

Y22 - Focus Session
Recording
Z22 - Focus Session

GMAG/FIAP/DMP

A22 - Focus Session:
B22 - Focus Session:

Dynamics |l

K22 - Focus Session:
P22 - Focus Session:
U22 - Focus Session:
V22 - Focus Session:

GSCCM/DCMP

H42 - Focus Session:

GSNP

A33 - Focus Session:
Focus Session:
Focus Session:
N33 - Focus Session:
N35 - Focus Session:
V33 - Focus Session:

H8 -
K8 -

GSNP/DBP
P7 -
Networks

U26 - Focus Session:

GSNP/DFD
B8 -

GQI/DCMP

D40 - Focus Session:
V40 - Focus Session:

Focus Session:

Focus Session:
W8 - Focus Session:

: Coupled Thin-Film Structures for Magnetic

: FePt Nanoparticles for Information Storage

Current Driven Magnetization Dynamics |
Current Driven Magnetization

Magnetization Dynamics
Spin Transport in Metals
Magnetic Tunneling |
Magnetic Tunneling I

Dynamic Compression

Econophysics

Jamming in Glasses, Grains, and Gels |
Jamming in Glasses, Grains and Gels Il
Instabilities & Turbulence in Complex Fluids
Organization of Complex Networks

Social Networks

Physics of Transcriptional Regulatory

Cytoskeletal Dynamics

Granular Materials Near Jamming
Nonlinear Electrokinetics

Foundations of Quantum Theory
Linear Optics Quantum Computation
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POSTER SESSIONS

Poster Sessions

Exhibit Hall

Poster sessions will be held Monday, Tuesday and Wednesday. Posters will be on display from 10:00am to 5:00pm on Monday and
Tuesday and from 10:00am to 4:00pm on Wednesday. Authors should be in attendance at the times listed below. APS is not respon-
sible for poster materials that are left in the exhbiti hall after the session is over. No A/V is allowed in poster sessions.

C1: Poster Session 1

Monday, March 13

Authors in attendance from 2:00pm - 5:00pm
(DPOLY Session from 11:15am — 2:15pm)

Posters 1-99: DPOLY Posters |

Posters 100-152: Biological Physics

Posters 153-184: Chemical Physics

Posters 185-215: Statistical and Nonlinear Physics
Posters 216-256: Artificially Structured Materials
Posters 257-270: Instrumentation and Measurements

J1: Poster Session Il
Tuesday, March 14
Authors in attendance from 2:00pm - 5:00pm

* Posters 1-19: Metals

* Posters 20-48:  Semiconductors

* Posters 49-65:  Insulators and Dielectrics

* Posters 66-88:  Superconductivity

* Posters 89-147: Magnetism Poster

* Posters 148-195: Complex Structured Materials

* Posters 196-245: Fluids and Soft Matter Poster

* Posters 246-259: Phase Transitions and Strongly Correlated Systems
* Posters 260-292: Surfaces, Interfaces and Thin Films

Q1: Poster Session Il

Wednesday, March 15

Authors in attendance from 1:00pm — 4:00pm
(DPOLY Session from 11:15am — 2:15pm)

* Posters 1-97: DPOLY Posters Il

* Posters 98-122: Applications

* Posters 123-144: General Theory

* Posters 145-154: General Physics

* Posters 155-157: Quantum Fluids and Solids

* Posters 158-173: Atomic, Molecular & Optical (AMO) Physics

* Posters 174-186: Physics Education

* Posters 187-199: Quantum Information, Concepts, and Computation
* Posters 200-333: Post-Deadline Posters
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Program Time-Blocks
Normally contributed and invited sessions at APS general
meetings are three hours in length - three sessions per day
at 8:00am, 11:15am, and 2:30pm. The time blocks are
designated in alpha order beginning with time-block “A” on
Monday at 8:00am, and ending with “Z” designating the
11:15 time-block on Friday.

Session Codes
The number following the alpha that designates the time-
block represents the sequential numbering of the sessions
within the time-block. Session A1 is one of several sessions
taking place in parallel in the first time-block on Monday. The
number following the decimal in the session code represents
the sequence of the papers to be presented in that session. For
example: B3.004 = Time-block B (Monday at 11:15am); Ses-
sion 3 (of several) within that time-block; and the 4th paper to
be presented in that session.

Poster Codes
The poster sessions will take place on Monday, Tuesday, and
Wednesday in the Exhibit Hall. A breakdown of the topics
presented in each category is listed on page 19.
* Monday poster sessions = Sessions C1
* Tuesday poster session = Sessions J1
* Wednesday poster sessions = Sessions Q1
Each poster presentation (board) within each poster session is
numbered sequentially.

GUIDELINES FOR SPEAKERS

Oral Presentations
Please arrive at least 15 minutes prior to the scheduled time of
your talk. Contributed papers are allocated 12 minutes each
- 10 minutes for presentation and 2 minutes for questions
from the audience, unless otherwise specified. Invited papers
are allocated 36 minutes - 30 minutes for presentation and é
minutes for questions from the audience.
Note: Occasionally (and unfortunately) the chair for a session
may not appear, in which case we ask that the first presenter
serve as chair of the session.

Poster Presentations
If you are presenting a poster, please be sure to have your
poster up prior to 10:00am on the day of your poster pre-
sentation to which you have been assigned, and taken down
immediately at the end of the day. You must be on hand at the
beginning of the poster session (see epitome for times). APS
will not be responsible for posters left up after the end of each
poster session. No A-V is allowed in the poster sessions. Posters
will be on display between the hours of 10:00am to 5:00pm
Monday, Tuesday; 10:00am to 4:00pm, Wednesday. Consult
the Poster Session Schedule for exact times and a breakdown
of poster topics.

GUIDELINES FOR SESSION CHAIRS
* Prior to the session, check the Corrigenda distributed with
the Bulletin, as well as the Program-Changes Board in the
registration area to see if any papers in the session you are
chairing have been withdrawn.
* Arrive at the meeting room about 15 minutes prior to the
start of the session and familiarize yourself with the controls

for lights, microphones, A-V equipment and the timer. Techni-
cians will be on hand to assist. If you encounter problems, you
should immediately alert the Meetings Manager and/or the
A-V specialist.

* Start the session on time. Briefly introduce yourself, an-
nounce the first paper and author, and start the timer.

¢ Please adhere to the time schedule listed in the Bulletin, so
that simultaneous sessions are as closely synchronized as pos-
sible. Many attendees move from session to session in order to
hear specific papers.

Note: any time used by the speaker and/or technicians to set
up laptops for LCD (Powerpoint) presentations is deducted
from the time allocated for the talk.

* The allotted time for contributed papers is 12 minutes; for
invited papers - 36 minutes. If you are chairing a session that
includes both contributed and invited papers please be aware
of the different times allocated for each and set the timer as
follows:

Contributed papers - set timer for 8 minutes to give initial
warning, then set the final bell to go off 2 minutes later. When
this time is up, allow 2 additional minutes for questions relat-
ing to the paper, thank the speaker and prompily introduce the
next paper and speaker.

Invited papers - set timer for 25 minutes for initial warning,
and the final bell to ring 5 minutes later. Then set the timer for
6 additional minutes for questions from the audience.

Explain the timing system to the audience prior to the start

of the session, and as often during the session as you think
necessary.

* The By-Laws of the Society request that speakers be asked
to stop when their allotted time is up in a courteous but firm
manner. Keep in mind that the session must end on time, and
that the last speaker has just as much right to an audience as
does the first speaker.

¢ Should a speaker fail to appear, you must wait 12 minutes
before going on to the next speaker. At the end of the session,
call again for the regularly scheduled paper, if time allows.

* When two or more papers are submitted by an author, only
one of these will be assigned a scheduled presentation time
within that session. It is assumed that the first author listed in
the abstract is the person who will present the paper at the
meeting. A second abstract submitted by the same author is
automatically assigned to a poster.

* If any problems arise that you are unable to handle relative
to successfully chairing the session, please inform the A-V tech
in the room, or go immediately to the APS registration desk to
alert the APS staff.

General A-V Policy

In keeping with our legally binding contract with our A-V ven-
dor, speakers are not permitted to bring their own projection
equipment for use at the meeting.

Standard A-V in all Sessions

The standard A-V package consists of an LCD projector, over-
head projector, screen, laser pointer and 2 lapel microphones
— one for the chair and one for the speakers. Any additional
A-V equipment must be rented by the speaker directly through
APS’s designated A-V provider located in Rooms 331-332. The
speaker is responsible for the cost of renting any additional
equipment.
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Policy and Guidelines on Use of LCD Projectors
The responsibility for a smooth, technically trouble-free presen-
tation ultimately rests with the presenter. Speakers who plan to
use LCDs must do the following:
* Bring your own laptop computer, power cord, and any pro-
prietary cords required for your computer. Do not bring your
own projector to the meeting. NOTE: APS is not responsible for
the security of personal laptop computers.
* Visit the Speaker-Ready room located in Room 330 to run
through the presentation to ensure a smooth and technically
trouble-free talk. Testing your presentation in the Speaker-
Ready room prior to your presentation is strongly recommend-
ed to minimize equipment compatibility difficulties. Remember
that time used to set up equipment reduces the time you have
to make your presentation.
* Bring a back-up vu-graph presentation in case there are set-
up difficulties with the LCD equipment.
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PROGRAM FORMAT & UNIT ACRONYMS

Divisions
DAMORP ............. Division of Atomic, Molecular and Optical Physics
DAP ...coovveeeenns Division of Astrophysics
DBP ..coveeeeeeens Division of Biological Physics
DCP..covveeeeees Division of Chemical Physics
DCMP.......c..... Division of Condensed Matter Physics
DCOMP............. Division of Computational Physics
DFD..covveeeeeenes Division of Fluid Dynamics
DLS...coiiiiiiiins Division of Laser Science
DMP .....ccceeenns Division of Materials Physics
DNP...ooveeeeens Division of Nuclear Physics
DPB ..ccoeveeeeens Division of the Physics of Beams
DPF...iieeeiieen, Division of Particles and Fields
DPP..covveeeeeeenes Division of Plasma Physics
DPOLY ............... Division of Polymer Physics
Topical Groups
GFBS ...ovvvveeeennn. Few Body Systems Topical Group
GFC..ooviveeee Precision Measurement and Fundamental
Constants Topical Group
GGR...ovvvvveeeeeennnn Gravitation
GHP...vvvvvveeeen, Topical Group on Hadronic Physics
GIMS ..., Instrumentation and Measurement
GMAG................ Magnetism and lts Applications Topical Group
GPAP ...ovvvveeee. Topical Group on Plasma Astrophysics
(€16 ] I Quantum Information, Concepts and
Computation
GR.ciiieeee, Gravitation Topical Group
GSNP.....coeeiee Statistical and Non-linear
GSCCM.............. Shock Compression of Condensed Matter
Forums
FEd .oovviieeeeeeis Forum on Education in Physics
FGSA ..coviien, Forum on Graduate Student Affairs
FHP. .o Forum on History of Physics
FIAP oovvveeeeeeis Forum on Industrial and Applied
Physics
FIP o Forum on International Physics
FPS i Forum on Physics and Society
Committees
COM ..o, Committee on Minorities

CSWP ..o, Committee on the Status of Women in Physics
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MARCH EXHIBIT SHOW GUIDE 2006

The following is a list of exhibitors participating in the March Meeting 2006. For complete information on exhibiting companies and
their booth numbers, consult the Pocket Epitome/Exhibitor Guide distributed at registration. Please take time during the meeting to
visit the exhibits. You must wear your badge to be admitted to the exhibits.

APS Exhibit Hours:

Monday, March 13 * 10:00am-5:00pm
Tuesday, March 14 * 10:00am-5:00pm
Wednesday, March 15 ¢ 10:00am-4:00pm

A&N Corporation

ADE Phase Shift

Advanced Research Systems, Inc.
AIP Education & Society of Physics Students
AJA International, Inc.

Ambios Technology

American Institute of Physics
American Magnetics Inc.
American Physical Society
Amuneal Manufacturing Corporation
Andeen-Hagerling, Inc.

Applied Surface Technologies
AR Worldwide

Asylum Research

ATOMISTIX

Attocube Systems AG

Blake Industries, Inc.

Bruker BioSpin Corporation, EPR Division
Cambridge Magnetic Refrigeration
Cambridge University Press
COMSOL, Inc.

Cryo Industries of America, Inc.
Cryogenic Control Systems, Inc.
Cryogenic Lid.

Cryomagnetics, Inc.

Cryomech Inc.

DCA Instruments

Easylab Technologies

Elsevier

Gatan

GMW Associates

Hamamatsu Corporation

Hinds Instruments, Inc.

Horiba Jobin Yvon

ICEoxford®

IEE/Inspec

IOP Publishing

J.A. Woollam Co., Inc.

Janis Research Company, Inc.
Keithley Instruments

Kimball Physics, Inc.

KLA Tencor Corporation

Kurt J. Lesker Co.

Lake Shore Cryotronics, Inc.

Lay Tec GmbH

MacKichan Software

Mad City Labs, Inc.

Mantis Deposition

Material Research Society

MDC Vacuum Products/Insulator Seal
Molecular Imaging

NanoAndMore USA Corp.
Nanomagnetics Instruments
Nanonics Imaging Ltd.

National High Magnetic Field Laboratory
National Nanotechnology
Infrastructure Network

National Research Council of the National Academies
Nature Publishing Group
Neoceraq, Inc.

Nor-Cal Products, Inc.
NOVOControl

NRC Research Press

Ocean Optics, Inc.

Omicron Nanotechnology USA
Origin Lab Corporation

Oxford Applied Research
Oxford Instruments Superconductivity
Oxford University Press
Photonics Specta

Physics Today

Pl (Physik Instrumente) LP
Princeton University Press
Quantum Design

Raith USA, Inc.

RHK Technology, Inc.

Rigaku Molecular Metrology
Royal Society of Chemistry
Scientific Cryomagnetics Lid.
Scientific Instruments, Inc.

Signal Recovery
Smithsonian/NASA ADS

SPECS GmbH

SPECS Scientific Instruments, Inc.
Springer

Staib Instruments, Inc.

Stanford Research Systems

STAR Cyroelectronics

Stone Ridge Technology

Taylor & Francis Group LLC - CRC Press
Teachspin, Inc.

Tristan Technologies, Inc.

Varian Inc.

VAT, Inc.

Veeco Instruments

Vericold Technologies GmbH
VG Scienta

WebAssign

Wiley

Witec Instruments Corp.
Wolfram Research

World Scientific Publishing Company
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Epitome of the March Meeting 2006

15:00 SUNDAY AFTERNOON

12 MARCH 2006

1B

GSCCM:

GSCCM Business Meeting
Falkland, Marriott Waterfront Hotel

19:30 SUNDAY EVENING

12 MARCH 2006

1A

NAS Town Meeting
Grand Ballroom Salon V, Marriott
Waterfront Hotel

8:00 MONDAY MORNING

13 MARCH 2006

Al

A2

A3

A4

AS

DCMP:

DCMP:

DCMP:

DPOLY:

DMP/
FIAP:

Quantum Properties of
Superconducting Nanowires
Sachdev, Tian, Rogachev,
Khlebnikov, Arutyunov

Ballroom IV, Baltimore Convention
Center

Magnetic-Ferroelectric Coupling
in Multiferroics

Cheong, Vajk, Harris, Chu,
Mostovoy

Ballroom III, Baltimore Convention
Center

Bilayer 2D Systems: Interlayer
Drag and Spontaneous
Coherence

Pillarisetty, Das Sarma, Kivelson,
Simon, Pellegrini

Ballroom I, Baltimore Convention
Center

Particle Self Assembly

Crocker, Starr, Hammond,
Douglas, Walker

308, Baltimore Convention Center

Advanced Materials for Energy
Applications

Dresselhaus, Kanatzidis,
Christensen, Mavrikakis,

Schubert

309, Baltimore Convention Center

A6

A7

A8

A9

Al0

All

Al2

Al3

Al5

Al6

DCOMP:

DBP:

DFD/
GSNP:

DCMP:

DCP:

DCP:

DMP/

DCMP:

DCP/
DBP:

DCMP:

FIAP:

Frontiers of Computational
Materials

Asta, Johnson, Marzari, Hart,
Kolmogorov

310, Baltimore Convention Center

Bacterial Flagellar Dynamics,
Polymorphism, and
Conformational Spread

Powers, Stark, Darnton, Shaevitz
307, Baltimore Convention Center

Pattern Formation and Nonlinear
Dynamics
314, Baltimore Convention Center

Electronic Structure on Surfaces
and in Reduced Dimensions
301, Baltimore Convention Center

Focus Session: Physical
Chemistry of Nanoscale
Systems I

Nesbitt, Van Duyne

302, Baltimore Convention Center

Focus Session: Promises and
Challenges in Chemical
Dynamics I

Shapiro, Lin

303, Baltimore Convention Center

Focus Session: Steps, Growth,
and Smoothing

Margetis

304, Baltimore Convention Center

Focus Session: Spectroscopy of
Biomolecules from Isolated
Molecules to Cell

Environment I

Anfinrud, Spence

305, Baltimore Convention Center

Metals: 1D, 2D, 3D
311, Baltimore Convention Center

Focus Session: Hydrogen
Storage 1

Frederick Pinkerton

312, Baltimore Convention Center
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Al7

Al8

A19

A20

A21

A22

A23

A24

A25

A26

A28

A29

A30

FIAP:

DMP:

GMAG/
DMP:

DMP/
GMAG:

DFD:

GMAG/
FIAP/
DMP:

GMAG:

DPOLY:

DPOLY/
DMP:

DBP:

DPOLY:

DBP:

DPOLY:

Focus Session: Structure and
Properties of Nanoscale Oxide
Films

Pennycook, Freund

313, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Synthesis and
Growth I

Hata

315, Baltimore Convention Center

Focus Session: Optical and
Electrical Spin Generation in
Semiconductors

Sipe

316, Baltimore Convention Center

Focus Session: Complex Oxide
Thin Films Surfaces and
Interfaces I: Superlattice
Fabrication and Properties
Varela

317, Baltimore Convention Center

Colloids I: Emulsions, Foams,
and Suspensions
318, Baltimore Convention Center

Focus Session: Current Driven
Magnetization Dynamics I
Pufall

319, Baltimore Convention Center

Strongly Correlated Electrons I
320, Baltimore Convention Center

Semi-Crystalline and Structured
Polymers
321, Baltimore Convention Center

Focus Session: Organic Field
Effect Transistors

Marks

322, Baltimore Convention Center

Biomolecular Computation
323, Baltimore Convention Center

Polymer Blends
325, Baltimore Convention Center

Experimental Techniques in
Biophysics
326, Baltimore Convention Center

Focus Session: Block Copolymer
Dynamics

Morse

327, Baltimore Convention Center

A31

A32

A33

A35

A36

A38

A39

A40

A41

A42

A43

A45

A46

DCMP:

DCMP:

GSNP:

DMP:

DCMP:

DCMP:

DMP:

TGQI/
DCMP:

DCMP:

DMP/

DCOMP:

DAMOP:

GMAG:

DMP:

Metallic Nanostructures
328, Baltimore Convention Center

Fullerenes
329, Baltimore Convention Center

Focus Session: Econophysics
Yakovenko
336, Baltimore Convention Center

Focus Session: Nanoscale
Thermal, Thermoelectric and
Mass Transport: Measurement
and Characterization

Fon

338, Baltimore Convention Center

Structural, Optical, and
Electronic Properties of
Nanostructures

339, Baltimore Convention Center

Superconductivity—Vortex
Matter
341, Baltimore Convention Center

Focus Session: Magnesium
Diboride and Related
Compounds: Multi Gap
Superconductivity

342, Baltimore Convention Center

Quantum Entanglement
343, Baltimore Convention Center

Quantum Fluids and Solids
344, Baltimore Convention Center

Focus Session: Planetary
Materials 1

Gironcoli, Lin

345, Baltimore Convention Center

Focus Session: Strongly
Interacting Fermi Gases and the
BCS-BEC Crossover 1
Denschlag

346, Baltimore Convention Center

Cuprates and Nickelates
348, Baltimore Convention Center

Focus Session: Wide Bandgap
Semiconductors I

Wetzel

349, Baltimore Convention Center
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11:15 MONDAY MORNING

13 MARCH 2006

B1

B2

B3

B4

BS5

B6

B7

B8

B9

B10

DCMP:

DCMP:

GSNP:

DMP/
FIAP:

FPS:

DCMP:

DBP/
DCMP:

GSNP/
DFD:

DCMP:

DCP:

DCMP/DCOMP Prize Session
Clark, Meyer, Merlin, Vanderbilt
Ballroom IV, Baltimore Convention
Center

Solid Helium

Clark, Beamish, Dai, Reatto,
Ceperley

Ballroom III, Baltimore Convention
Center

Uncovering the Structure of
Complex Networks

Newman, Guimera, Vicsek, Munoz,
Almaas

Ballroom I, Baltimore Convention
Center

Advances in ZnO Materials
Physics and Applications

Van de Walle, Tsukazaki, Brillson,
Hsu, Norton

308, Baltimore Convention Center

Nuclear Proliferation & Nuclear
Terrorism

Cirincione, Fetter, Park, Carter
309, Baltimore Convention Center

Spin-Based Quantum Computing
Hanson, Ghosh, Flatte, Finley,
Burkard

310, Baltimore Convention Center

Bionanotechnology: Application
and Fundamental Aspects of
Processes at Nano-scale
Eisenberg, Kosztin, Stein, Yu, Kohli
307, Baltimore Convention Center

Focus Session: Granular
Materials Near Jamming
Campbell, Daniels

314, Baltimore Convention Center

Phase Transitions, Dynamics, and
Excitations
301, Baltimore Convention Center

Focus Sessions: Physical
Chemistry of Nanoscale

System I1

El-Sayed, Dexheimer

302, Baltimore Convention Center

B11

B12

B13

B15

B16

B17

B18

B19

B20

B21

B22

DCP:

DCMP/
DMP:

DCP/
DBP:

DCMP:

FIAP:

FIAP:

DMP:

GMAG/
DMP:

GMAG/
DMP:

DFD:

GMAG/
FIAP/
DMP:

Focus Session: Promises and
Challenges in Chemical
Dynamics 11

Jortner, Brus

303, Baltimore Convention Center

Quantum Metal Films and
Overlayer Structures
304, Baltimore Convention Center

Focus Session: Spectroscopy of
Biomolecules from Isolated
Molecules to Cell Environment I1
de Vries, Jarrold, Jockusch

305, Baltimore Convention Center

Metals: Lattice, Low D, Phonons
Burin
311, Baltimore Convention Center

Focus Session: Molecular-Scale
Electronics I

Champagne

312, Baltimore Convention Center

Focus Session: Phase Transitions
and Domains in Ferroelectric
Nanostructures I

Levanyuk

313, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Synthesis, Processing
and Characterization

Arnold

315, Baltimore Convention Center

Focus Session: Transition Metal
Oxide Ferromagnetic
Semiconductors

Ogale

316, Baltimore Convention Center

Focus Session: Phase
Competition and Separation in
Pervoskite Oxides

Wu

317, Baltimore Convention Center

Colloids II: Colloidal Crystals,
Gels, and Glasses
318, Baltimore Convention Center

Focus Session: Current Driven
Magnetization Dynamics II
Beach

319, Baltimore Convention Center
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B23

B26

B28

B29

B31

B32

B33

B35

B36

B37

B38

B39

B40

B42

B43

GMAG:

DBP/

DPOLY:

DBP:

DBP/
GSNP:

DCMP:

DCOMP/

DMP:

GSNP:

DMP:

DCMP:

DCMP:

DCMP:

DCMP:

TGQU
DCMP:

DAMOP:

Quantum Spin Chains I
320, Baltimore Convention Center

Focus Session: Single Molecule
Biophysics: DNA & RNA
Nelson

323, Baltimore Convention Center

Experimental Techniques in
Biomaterials Science
325, Baltimore Convention Center

Focus Session: Micro-Organism
Motility

Bodenschatz

326, Baltimore Convention Center

Insulating Nanostructures
328, Baltimore Convention Center

Focus Session: Computational
Nanoscience 1

Roundy

329, Baltimore Convention Center

Financial Markets and Other
Applications of Statistical Physics
336, Baltimore Convention Center

Focus Session: Nanoscale
Thermal, Thermoelectric and
Mass Transport: Theory and
Simulation

Heinze

338, Baltimore Convention Center

Electronic Properties of
Nanowires
339, Baltimore Convention Center

High-Tc: STM and Pseudogap
340, Baltimore Convention Center

Superconducting Devices and
Applications
341, Baltimore Convention Center

Superconductivity—Magnetic
Properties
342, Baltimore Convention Center

Topics in Quantum Foundations
343, Baltimore Convention Center

SPS Undergraduate Research I
345, Baltimore Convention Center

BEC in Trapped Atomic Gases
346, Baltimore Convention Center

B46

DMP:

Focus Session: Wide Band Gap
Semiconductors I1

Wright

349, Baltimore Convention Center

13:30 MONDAY AFTERNOON

13 MARCH 2006

B34

Session on Authoring
337, Baltimore Convention Center

14:00 MONDAY AFTERNOON

13 MARCH 2006

Cl1

Poster Session I

Exhibit Hall 2:00pm-5:00pm
(DPOLY session: 11:15am—
2:15pm), Baltimore Convention
Center

14:30 MONDAY AFTERNOON

13 MARCH 2006

D1

D2

D3

D4

D5

DCMP:

DCMP:

FIP:

DPOLY/
DMP:

FIAP:

Fluctuation and Relaxation Near
Jamming

Langer, Makse, Abate, Silbert,
Losert

Ballroom IV, Baltimore Convention
Center

Quantum Hall Effect in
Graphene

Kim, Geim, Sharapov, De Heer
Ballroom III, Baltimore Convention
Center

Scientists from Developing
Countries: Is There an Effective
Way to Support Meaningful
Research?

Kofane, Ben lakdar, de Brito Cruz,
M’Passi-Mabiala

Ballroom I, Baltimore Convention
Center

Organic Electronics
Friend, Martin, Loo, Chabinyc, Lin
308, Baltimore Convention Center

Catalysis and Complexity: Ken
Hass Memorial

Schneider, Wolverton, Carlsson,
Davis

309, Baltimore Convention Center
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D6

D7

D8

D9

D10

DI1

D12

D13

D15

D16

D17

DCOMP:

GMAG:

DFD/
GSNP:

DBP:

DCP:

DCP:

DCMP/
DMP:

DCP/
DBP:

DCMP:

FIAP:

FIAP:

Simulating Hydrogen Storage:
From Current Challenges to
Future Promises

Johnson, Tse, Zhao, Jena, Goddard
310, Baltimore Convention Center

New Results in Geometrically
Frustrated Magnets

Mendels, Moessner, Gardner,
Schiffer, Lunkenheimer

307, Baltimore Convention Center

Patterns and Instabilities I
314, Baltimore Convention Center

Methods in Nanobiotechnology
Roukes, Austin, Michl, Wiseman,
Hla

301, Baltimore Convention Center

Focus Session: Physical
Chemistry of Nanoscale

System III

Leone, Xie

302, Baltimore Convention Center

Focus Session: Promises and
Challenges in Chemical
Dynamics III

Kawasaki

303, Baltimore Convention Center

Morphological Evolution and
Instabilities
304, Baltimore Convention Center

Focus Session: Spectroscopy of
Biomolecules from Isolated
Molecules to Cell

Environment ITI

Baumgart, Ha

305, Baltimore Convention Center

Focus Session: Atomic Tunneling,
Films, Nanostructures

Enss

311, Baltimore Convention Center

Focus Session: Negative
Refractive Index I

Brueck

312, Baltimore Convention Center

Focus Session: Phase Transitions
and Domains in Ferroelectric
Nanostructures II

Gregg

313, Baltimore Convention Center

D18

D19

D20

D21

D22

D23

D25

D26

D27

D28

D29

D30

D31

DMP:

GMAG/
DMP:

DMP/
GMAG:

DFD:

GMAG/
DMP:

GMAG/
DMP/

DCOMP:

DPOLY:

DBP/
DPOLY:

DCOMP:

DPOLY:

DBP/
GSNP:

DPOLY:

DCMP:

Focus Session: Carbon
Nanotubes: Synthesis and
Growth II

315, Baltimore Convention Center

Focus Session: Semiconductor
Spin Injection and Detection
Crowell

316, Baltimore Convention Center

Focus Session: Multiferroics I
317, Baltimore Convention Center

Colloids III: Particles at
Interfaces and in Confined
Geometries

318, Baltimore Convention Center

Focus Session: Magnetic
Nanopatterns

Chien

319, Baltimore Convention Center

Focus Session: MAGTHY I/Spin
Structures and Dynamics
Dobrovitski

320, Baltimore Convention Center

Focus Session: Particle Dynamics
and Organization; Polymer
Tethers and Interfacial
Segregation

Smith

322, Baltimore Convention Center

Focus Session: Dynamics of
Nuclei Acid-Protein Interaction:
Single Molecule

Wang, Wuite

323, Baltimore Convention Center

Focus Session: Novel
Computational Algorithms I
Hu, Aspuru-Guzik

324, Baltimore Convention Center

Block Copolymer Thin Films
325, Baltimore Convention Center

Molecular Machines and Motors
Flood, Goldman
326, Baltimore Convention Center

Multiphase Polymer Materials
327, Baltimore Convention Center

Properties of Semiconducting
Nanostructures
328, Baltimore Convention Center
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D32 DCOMP ion: i
3 Dl(\j/l?,, / g‘;::)icslzisc':‘h Computational 18:45 MONDAY EVENING
329, Baltimore Convention Center L8P (AL
D33 DMP/ Focus Session: Friction, Fracture =~ E6 Welcome Reception
GSNP: and Deformation I Ballroom II, Baltimore Convention
Dickinson Center
336, Baltimore Convention Center
D35 DMP: Focus Session: Thermal 20:00 MONDAY EVENING
Transport and Thermoelectricity 13 MARCH 2006
in Nanotubes and Graphene
Shi F50 DCMP: Emerging Emergent Phenomena
338, Baltimore Convention Center Witten, Lolle, Barabasi, Sadoulet
Grand Salons V-VI, Marriott
D38 DMP: Focus Session: Waterfront Hotel
Superconductivity—Properties of
Doped and Irradiated
Magnesium Diboride and Related 8:00 TUESDAY MORNING
Compounds 14 MARCH 2006
Putti . .
341, Baltimore Convention Center Gl Nobel Prize Symposium and
Special Prize Session
D39 DCMP: Spin Properties of Hansch, Hall, Glauber, Su, Grobe
Superconductors Ballroom IV, Baltimore Convention
342, Baltimore Convention Center Center
D40 TGQI/ Focus Session: Foundations of G2 DCMP: Quantum Criticality in Cuprates
DCMP:  Quantum Theory Chamon, Tallon, Shibauchi, Lake,
Hardy ) ) Broun
343, Baltimore Convention Center Ballroom III, Baltimore Convention
D42  SPS: SPS Undergraduate Research I1 Center
345, Baltimore Convention Center G3 DCMP:  Coupled Superconducting Qubits
D43 DAMOP: Focus Session: Vortices and i}llszzz)’erng?sI;rSi)hMSter’
Vortex Lattices in Fermi and 1 & 1 purs .
Bose Superfluid Gases Ballroom I, Baltimore Convention
Zwierlein Center
346, Baltimore Convention Center G4 DPOLY: Polymer Physics Prize
D45 GMAG: Strongly Correlated Electrons on I&ezbclier, Aéolll;r, Fredrickson,
Triangular Lattices andau, ~olby )
348, Baltimore Convention Center 308, Baltimore Convention Center
D46 DMP: Focus Session: Wide Band Gap G5 DMP/ Advanced Materials for Solar

Semiconductors III
Huang
349, Baltimore Convention Center

17:45 MONDAY EVENING

13 MARCH 2006

ES

APS Prizes and Awards
Ceremony
309, Baltimore Convention Center

FIAP: Energy Utilization
Lewis, Kurtz, Yong, Moore,
Carlson
309, Baltimore Convention Center

G7 GSNP: Shear-Induced Patterns in
Complex Fluids and Granular
Matter
van Saarloos, Reichmann, Register,
Davidovitch, Jaeger
307, Baltimore Convention Center
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G8 DFD/ Patterns and Instabilities 11 G21 DFD: Colloids IV: Polymeric and
GSNP: 314, Baltimore Convention Center Colloid-Polymer Systems
318, Baltimore Convention Center
GI10 DCP: Focus Sessions: Physical
Chemistry of Nanoscale G22 GMAG/ Focus Session: Magnetic
System IV DMP: Nanoparticles I
Yang, Xia Leslie-Pelecky
302, Baltimore Convention Center 319, Baltimore Convention Center
Gl1 DCP: Focus Session: Promises and G23 GMAG/ Focus Session: MAGTHY 1I/
Challenges in Chemical DMP/ Transport & General
Dynamics IV DCOMP: Yao
Shafer-Ray 320, Baltimore Convention Center
303, Balti C tion Cent
- batlimore Lonvention Lenter G24 DPOLY: Polymer Nanomaterials I
G12 DCMP/  Self-Assembled Nanostructures: 321, Baltimore Convention Center
DMP: Growth gnd Patternlng G25 DPOLY: Structure and Dynamics of
304, Baltimore Convention Center .
Functional Macromolecules
G13  DCP/ Focus Session: Spectroscopy of 322, Baltimore Convention Center
DBP: lléioinol?cules ér(;:n Isolated G26 DBP: Focus Session: Trapping of
olecules to Ce Nanoscale Biological Objects
Eneronment 1A% Cohen, Gratton
Zwier, H‘?ChStr asser, Mons 323, Baltimore Convention Center
305, Baltimore Convention Center
. . G27 DCOMP: Focus Session: Novel
G15 DCMP: Mecham.cal Propertles.of Metals Computational Algorithms II
311, Baltimore Convention Center Bai. Baroni
G16 FIAP: Focus Session: Negative 324, Baltimore Convention Center
Refl.‘active Index 11 G28 DPOLY: Focus Session: Microphysical
Narimanov Properties of Block Copolymer
312, Baltimore Convention Center Aggregates |
. . Discher
G17 FIAP: Focus Session: Emerging . .
Research Devices and Materials 325, Baltimore Convention Center
for Microelectronics Industry I G29 DBP: Focus Session: Physical and
Vogel Engineering Constraints on the
313, Baltimore Convention Center Function of Biological Systems
L D
G18 DMP: Focus Session: Carbon cron, oY le .
X 326, Baltimore Convention Center
Nanotubes: Electronic and
Optical Properties I G30 DPOLY/ Focus Session: Electronic
Spataru DMP: Transport in Organic Films
315, Baltimore Convention Center De Feyter, Charra
. . 327, Baltimore Convention Center
G19 GMAG/ Focus Session: III-V Magnetic
DMP: Semiconductors I G31 DCOMP/ Focus Session: Simulation of
Poggio DMP: Complex Materials I
316, Baltimore Convention Center Wagner
) . 328, Baltimore Convention Center
G20 DMP/ Focus Session: Complex Oxide
GMAG: Thin Films Surfaces and G32 DMP/ Focus Session: Orbital/Charge
Interfaces II: Surfaces and GMAG: Order in Complex Oxides

Theory
317, Baltimore Convention Center

Ye
329, Baltimore Convention Center



March Meeting 2006

31

G33

G34

G35

G37

G38

G39

G40

G41

G42

G44

G45

G46

GSNP:

DFD:

DCMP:

DMP:

DMP:

DCMP/
DCOMP:

DMP:

DCMP:

FEd:

DCMP:

GMAG:

FIAP:

GSNP Student Award Session
and Glasses
336, Baltimore Convention Center

Glassy Dynamics and Jamming
337, Baltimore Convention Center

Nanoparticles, Nanotubes and
Nanocrystals: Optical and
Structural Properties

338, Baltimore Convention Center

Focus Session: Nanoscale
Materials Physics of Phase
Transitions 1

Dawber

340, Baltimore Convention Center

Focus Session:
Superconductivity—Carbon
Alloying of Magnesium Diboride
and Related Compounds

Wilke

341, Baltimore Convention Center

Focus Session:
Superconductivity: Theory and
Computation I

Scalapino

342, Baltimore Convention Center

Focus Session: Materials for
Quantum Computing I
343, Baltimore Convention Center

Supersolid
344, Baltimore Convention Center

Physics Education Research and
Undergraduate Education
345, Baltimore Convention Center

Charge-Density Waves
347, Baltimore Convention Center

Phase Transitions in Ruthenates
348, Baltimore Convention Center

QHE, Including Graphene
349, Baltimore Convention Center

11:15 TUESDAY MORNING

14 MARCH 2006

H1

H2

H3

H4

H5

H6

H7

HS8

GQI:

DCMP:

DCMP:

DCMP:

FEd/
FGSA/
FPS/
CSWP:

DCOMP:

DBP:

GSNP:

Quantum Information, Concepts
and Computation

Blatt, Yamamoto, Raizen, Gisin,
Whaley

Ballroom IV, Baltimore Convention
Center

Spin Liquids in 2D Frustrated
Quantum Magnets

Coldea, Alicea, Kanoda,
Motrunich, Lee

Ballroom III, Baltimore Convention
Center

Soft Interfaces

Quere, Zhang, Stebe, Hilgenfeldt,
Gopal

Ballroom I, Baltimore Convention
Center

Physics for Everyone and
Depletion Forces In Vitro and
Out of Equilibrium

Dahlberg, Falco, Schwartz, Snir,
Lewis

308, Baltimore Convention Center

Forum: What Has Actually
Changed in Physics Departments
in the Situation for Women,
Graduate Students and Other
People?

309, Baltimore Convention Center

The Response of Extended
Systems to Electrical and Mag-
netic Fields: Novel, Theoretical,
and Computational Methods
Thonhauser, MacDonald, Cai,
Umari, Ghosez

310, Baltimore Convention Center

Nanopore Biophysics
Kasianowicz, Dekker, Movileanu,
Li, Aksimentiev

307, Baltimore Convention Center

Focus Session: Jamming in
Glasses, Grains, and Gels I
Maloney

314, Baltimore Convention Center
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HI10

HI1

HI12

HI13

HI15

H16

H17

HI18

H19

H20

H21

H22

DCP:

DCP:

DCMP/
DMP:

DCP:

DCMP:

FIAP:

FIAP:

DMP:

GMAG/
DMP:

GMAG:

DFD:

GMAG/
DMP:

Focus Session: Frontiers in
Computational Chemical
Physics 1

Lin, Angel

302, Baltimore Convention Center

Focus Session: Chemical and
Spectroscopic Applications of
Nonlinear Optics I

Eisenthal, Shultz

303, Baltimore Convention Center

Thin Film Growth and Interfaces
304, Baltimore Convention Center

Colloid and Polymer Interfaces
305, Baltimore Convention Center

Metals: Electronic Structure,
Fermiology, Transport
311, Baltimore Convention Center

Focus Session: Hydrogen
Storage 11

Ahn

312, Baltimore Convention Center

Focus Session: Emerging
Research Devices and Materials
for Microelectronics Industry II
Coufal

313, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Electronic and
Optical Properties 11

Lienau, Chang

315, Baltimore Convention Center

Focus Session: III-V Magnetic
Semiconductors II

Burch

316, Baltimore Convention Center

Frustration in 3D
317, Baltimore Convention Center

Focus Session: Microfluidic
Physics 1

Paoletti

318, Baltimore Convention Center

Focus Session: Nanoparticles and
Nanocomposites

Wang

319, Baltimore Convention Center

H23

H24

H25

H27

H28

H29

H30

H31

H32

H33

H35

H36

H37

GMAG/
DMP/
FIAP:

DPOLY:

DPOLY:

DCOMP:

DPOLY/
DMP:

DBP:

DPOLY:
DCOMP/

DMP:

DCOMP/
DMP:

DMP/
GSNP:

DCMP:

DMP:

DMP:

GMR and AMR
320, Baltimore Convention Center

Polymers at Interfaces
321, Baltimore Convention Center

Focus Session: Particle Dynamics
and Organization
322, Baltimore Convention Center

Computational Methods:
Multiscale Modeling
324, Baltimore Convention Center

Focus Session: Energetics and
Transport in Conjugated
Organics

Silva

325, Baltimore Convention Center

Focus Session: Physical Aspects
of Morphogenesis:
Computational Approaches
Brodland, Jiang

326, Baltimore Convention Center

Padden Award Symposium
327, Baltimore Convention Center

Focus Session: Simulation of
Complex Materials 11

Ogitsu

328, Baltimore Convention Center

Focus Session: Computational
Nanoscience IIT

Zhang

329, Baltimore Convention Center

Focus Session: Friction, Fracture
and Deformation II

Gnecco

336, Baltimore Convention Center

Electronic Properties of
Quantum Wells and Superlattices
338, Baltimore Convention Center

Focus Session: Single Molecule
Conductance

Weber

339, Baltimore Convention Center

Focus Session: Nanoscale
Materials Physics of Phase
Transitions I1

Albrecht

340, Baltimore Convention Center
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H38 DCMP:
H39 DCMP:
H40 DMP:
H41 DMP:
H42 GSCCM/
DCMP:
H43  DAMOP:
H44 DCMP:
H45 DCMP:
H46 DMP:

14:00 TUESDAY
14 MARCH 2006

J1

Superconductivity—Disordered
Thin Films and Quantum
Phenomena

341, Baltimore Convention Center

Focus Session:
Superconductivity—Josephson
Junctions and Pairing State
Symmetry

Klemm

342, Baltimore Convention Center

Focus Session: Materials for
Quantum Computing II
Buhrman

343, Baltimore Convention Center

Dielectric, Ferroelectric, and
Piezoelectric Oxides I
344, Baltimore Convention Center

Focus Session: Dynamic
Compression

Hayes, Minich

345, Baltimore Convention Center

Focus Session: Strongly
Interacting Fermi Gases and the
BCS-BEC Crossover 11

Regal

346, Baltimore Convention Center

Quantum Phase Transitions
347, Baltimore Convention Center

Theoretical Methods in Strongly
Correlated Electron Systems
348, Baltimore Convention Center

Focus Session: Wide Band Gap
Semiconductors IV

Qian

349, Baltimore Convention Center

AFTERNOON

Poster Session I1
Exhibit Hall, 2:00pm-5:00pm,
Baltimore Convention Center

14:30 TUESDAY AFTERNOON

14 MARCH 2006

K1

K2

K3

K4

K5

K6

K7

K8

K10

K11

DAMOP:

DCMP:

DCMP:

DMP/
CSWP:

FIAP:

COM:

DBP:

GSNP:

DCP:

DCP:

Optical Frequency Clocks and
Experimental Quantum Optics
Gill, Udem, Ye, Bergquist, Haroche
Ballroom IV, Baltimore Convention
Center

Exotic Ordering in Spinels

Croft, Horibe, Khomskii, Sushkov,
Radaelli

Ballroom III, Baltimore Convention
Center

Electron Doped High Tc
Superconductors

Dagan, Blumberg, Takahashi,
Motoyama, Naito

Ballroom I, Baltimore Convention
Center

DMP/CSWP Prize Symposium
Chelikowsky, Cao, Dai, Zettl
308, Baltimore Convention Center

Microelectronics for
Mid-Infrared through Terahertz
Gmachl, Prober, Shaner,
Tredicucci, Schmidt

309, Baltimore Convention Center

Minorities in the Nanosciences
Mason, James, Noveron, Stokes
310, Baltimore Convention Center

New Methods and Algorithms for
Biomolecular Modeling

Darve, Sagui, Thorpe, Tuckerman,
Yang

307, Baltimore Convention Center

Focus Session: Jamming in
Glasses, Grains and Gels II
Blair

314, Baltimore Convention Center

Focus Session: Frontiers in
Computational Chemical
Physics 11

Reuter

302, Baltimore Convention Center

Focus Session: Chemical and
Spectroscopic Applications of
Nonlinear Optics II

Shen, Simpson, Morita

303, Baltimore Convention Center
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K12

K13

K16

K17

K18

K19

K20

K21

K22

K23

K24

K25

K26

K27

DMP/
DCMP:

DCP:

FIAP:

FIAP:

DPOLY:

GMAG/
DMP:

DMP/
GMAG:

DFD:

GMAG/
FIAP/
DMP:

GMAG:

DPOLY:

DPOLY:

DBP/
DCMP:

DCOMP:

Focus Session: Magnetic Thin
Films and Narrow Gap
Semiconductors

Weitering

304, Baltimore Convention Center

Atomic And Molecular Processes
at Solid Surfaces
305, Baltimore Convention Center

Focus Session: Molecular-Scale
Electronics II

Karna

312, Baltimore Convention Center

Focus Session: Si, Ge and SiGe
Nanostructures

Ross, Kamins

313, Baltimore Convention Center

Focus Session: Dillon Medal
Symposium

Urayama

315, Baltimore Convention Center

Focus Session: III-V Magnetic
Semiconductors III

van Schilfgaarde

316, Baltimore Convention Center

Focus Session: Multiferroics II—
Hexagonal Systems

Fennie

317, Baltimore Convention Center

Colloids V
318, Baltimore Convention Center

Focus Session: Magnetization
Dynamics

Rasing

319, Baltimore Convention Center

Quantum Magnets: BEC and 2D
320, Baltimore Convention Center

Polymer Nanomaterials II
321, Baltimore Convention Center

Polymer Electrolytes and
Conduction
322, Baltimore Convention Center

Focus Session: Single Molecule
Biophysics 1

Chu

323, Baltimore Convention Center

Density Functional Theory
324, Baltimore Convention Center

K28

K29

K30

K31

K32

K33

K34

K35

K36

K37

K38

K39

K40

DPOLY:

DBP:

DMP:

DCOMP/
DMP:

DCOMP/

DMP:

GSNP:

DCMP:

GMAG:

DCMP:

DCMP:

DCOMP/

DCMP:

DMP:

Focus Session: Microphysical
Properties of Block Copolymer
Aggregates 11

Santore

325, Baltimore Convention Center

Proteins Structure and Function
326, Baltimore Convention Center

Carbon Nanotubes: Applications
and Novel Phenomena
327, Baltimore Convention Center

Focus Session: Simulation of
Complex Materials I11

Blum

328, Baltimore Convention Center

Focus Session: Computational
Nanoscience IV
329, Baltimore Convention Center

Novel Moving Boundary
Problems

Krug, Kessler, Ebert, Goldstein,
Karma

336, Baltimore Convention Center

Panel Discussion
337, Baltimore Convention Center

Electronic Properties and the
Kondo Effect in Quantum Dots
338, Baltimore Convention Center

Magnetic Domains and Applied
Magnetic Materials
339, Baltimore Convention Center

Superconductivity—Time
Resolved Optical and Inelastic
X-ray Scattering in Cuprates
340, Baltimore Convention Center

Superconductivity—Mesoscopics
and Theory
341, Baltimore Convention Center

Focus Session:
Superconductivity—Theory and
Computation II

Fabrizio

342, Baltimore Convention Center

Focus Session: Materials for
Quantum Computing III
McDermott

343, Baltimore Convention Center
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K41 DMP: Focus Session: Dielectric,
Ferroelectric, and Piezoelectric
Oxides II
Venturini
344, Baltimore Convention Center

K42  DMP/ Focus Session: Planetary
DCOMP: Materials I1
345, Baltimore Convention Center

K43 DAMOP: Trapped Fermi Gases
346, Baltimore Convention Center

K44 DCMP: Transport in Disordered
Electronic Systems
347, Baltimore Convention Center

K45 DCMP: Heavy Fermions: Experiment
348, Baltimore Convention Center

K46  FIAP: Spectroscopy of Semiconductors
349, Baltimore Convention Center

17:30 TUESDAY EVENING
14 MARCH 2006

L9 GIMS: GIMS Business Meeting
301, Baltimore Convention Center

L10 DCP: DCP Business Meeting
302, Baltimore Convention Center

L16  FIAP: FIAP Business Meeting
312, Baltimore Convention Center

L18 DPOLY: DPOLY Business Meeting
315, Baltimore Convention Center

L23 GMAG: GMAG Business Meeting
320, Baltimore Convention Center

L29 DBP: DBP Business Meeting
326, Baltimore Convention Center

L33 GSNP:  GSNP Business Meeting
336, Baltimore Convention Center

L40 TGQL: TGQI Business Meeting
343, Baltimore Convention Center

L48  FIP: FIP Business Meeting
Galena, Marriott Waterfront Hotel

17:45 TUESDAY EVENING

14 MARCH 2006

L7

DBP:

Flexible Molecular Recognition:
The New Paradigm

Matthews, Kern, Taylor, Jennings,
Wang

307, Baltimore Convention Center

19:00 TUESDAY EVENING

14 MARCH 2006

L49

L50

DCMP:

DMP:

DCMP Business Meeting
Dover A, Marriott Waterfront Hotel

DMP Business Meeting
Dover B, Marriott Waterfront Hotel

19:30 TUESDAY EVENING

14 MARCH 2006

M50 FPS:

Intelligent Design: Its Impact and
Responses to It

Gunn, Berman, Slakey, Dean
Grand Salon V, Marriott Waterfront
Hotel

8:00 WEDNESDAY MORNING

15 MARCH 2006

N1

N2

N3

N4

DCMP:

DCMP:

DCMP:

DPOLY/
DMP:

Topological Phases and Quantum
Computing

Kitaev, Hermele, Freedman, Stern,
Fendley

Ballroom IV, Baltimore Convention
Center

Nanoscale Crystals

Craig, Alivisatos, Drndic, Krauss
Ballroom III, Baltimore Convention
Center

Insulating Cobaltates: Mottness
on a Triangular Lattice
Gasparovic, Hasan, Zandbergen,
Balicas, Imai

Ballroom I, Baltimore Convention
Center

Polymer Crystallization

Cheng, Hsiao, Ungar,
Muthukumar, Granasy

308, Baltimore Convention Center
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N5

N6

N7

N8

N10

NI11

N12

N13

N16

N17

FIAP:

DAMOP:

DCOMP:

DFD:

DCP:

DCP:

DMP/
DCMP:

DCP:

FIAP:

FIAP:

Pake and AIP Industrial Physics
Prizes

Duke, Semerjian, Palffy-Muhoray,
Lubell, Edelstein

309, Baltimore Convention Center

Fermi Superfluid Gases:
Non-equal Spin Polarization
(FFLO State) and p-Wave
pairing

Son, Yip, Hulet, Diener, de Melo
310, Baltimore Convention Center

Recent Advances in the
Computation of Optical and
Transport Properties of
Nanostructures

Weissker, Bester, Gebauer, Sanvito,
Pecchia

307, Baltimore Convention Center

Granular Flows
314, Baltimore Convention Center

Focus Session: Frontiers in
Computational Chemical
Physics II1

Cui

302, Baltimore Convention Center

Focus Session: Aerosols, Clusters,
Droplets: Physics and Chemistry
of Nanoobjects I: Helium
Nanodroplets I

Drabbels, Tiggesbaumker

303, Baltimore Convention Center

Focus Session: Alloy and
Interface Composition

Hannon

304, Baltimore Convention Center

Focus Session: Ultrafast and
Ultrahigh Field Chemistry I:
Strong Field Phenomena

Jones, Yamanouchi

305, Baltimore Convention Center

Focus Session: Hydrogen
Storage 111

Yildirim

312, Baltimore Convention Center

Focus Session: Semiconductors
for THz and IR 1

Perera

313, Baltimore Convention Center

NI18

NI19

N20

N21

N22

N23

N24

N25

N26

N27

N28

N29

N30

N31

DMP:

GMAG/
DMP:

DMP/
GMAG:

DFD:

GMAG/
DMP:

GMAG/
DMP/
DCOMP:

DPOLY:

DPOLY/
DMP:

DBP/
DFD:

DCOMP:

DPOLY:

DBP:

DPOLY:

DCMP:

Focus Session: Carbon
Nanotubes: Transport I

Strunk

315, Baltimore Convention Center

Semiconductor Spin Transport
316, Baltimore Convention Center

Focus Session: Complex Oxide
Thin Films Surfaces and
Interfacess III: New Materials,
New Techniques, and Effects of
Strain

317, Baltimore Convention Center

Microfluidic Physics II
318, Baltimore Convention Center

Focus Session: Magnetic Vortices
and Exchange Biased Thin Films
Roshchin

319, Baltimore Convention Center

Focus Session: MAGTHY III:
Oxides and Phase Transitions
Schulthess

320, Baltimore Convention Center

Structure and Dynamics in
Polymer Thin Films
321, Baltimore Convention Center

Focus Session: Organic
Photovoltaics

Inganas

322, Baltimore Convention Center

Focus Session: DNA and Protein
Analysis with Micro and Nano
Fluidics

Riehn, Hansen

323, Baltimore Convention Center

Electronic Structure I
324, Baltimore Convention Center

Polymer Adsorption and Surface
Modification
325, Baltimore Convention Center

Focus Session: Physical Models
of Ion Channel Function
Gillespie, Coalson

326, Baltimore Convention Center

Block Copolymer Phase Behavior
327, Baltimore Convention Center

Carbon Nanotubes: Theory
328, Baltimore Convention Center
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N32

N33

N35

N36

N37

N38

N39

N41

N42

N43

N44

N45

DMP/
DPOLY:

GSNP:

GSNP:

DMP:

DMP:

DCMP:

DMP:

DCMP:

DCOMP/
GSCCM/
DMP:

DAMOP:

DCMP:

DCMP:

Focus Session: Carbon
Nanotubes: Composites and
Applications

Baughman

329, Baltimore Convention Center

Focus Session: Instabilities &
Turbulence in Complex Fluids
Sureshkumar

336, Baltimore Convention Center

Focus Session: Organization of
Complex Networks

Mendes

338, Baltimore Convention Center

Focus Session: Optical Properties
of Nanostructures with S, Se, Te,
and Ge

339, Baltimore Convention Center

Focus Session: Nanoscale
Fabrication, Assembly and
Semiconductor Nanowires
Misra

340, Baltimore Convention Center

Transport Properties of High-Tc
Superconductors
341, Baltimore Convention Center

Focus Session:
Superconductivity—Thin Films
and Junctions Magnesium
Diboride and Related
Compounds

Xi

342, Baltimore Convention Center

Insulating and Dielectric Oxides
344, Baltimore Convention Center

Focus Session: Simulations of
Matter at Extreme Conditions I
Johansson

345, Baltimore Convention Center

Quantum Optics and Strong
Field Physics
346, Baltimore Convention Center

Quantum Criticality and Nematic
Ordering
347, Baltimore Convention Center

Exotic Phases in Strongly
Correlated Systems
348, Baltimore Convention Center

N46 FIAP: Semiconductor Devices/
Semiconductors General

349, Baltimore Convention Center

9:30 WEDNESDAY MORNING
15 MARCH 2006
N34 Session on Referreeing
337, Baltimore Convention Center

11:15 WEDNESDAY MORNING
15 MARCH 2006
Pl DCMP:  Electron Transport in Single
Molecules
Tao, Yao, Flensberg, Wolkow,
Bar-Joseph
Ballroom IV, Baltimore Convention
Center

P2 DCMP:  The Electronic Properties of
Overdoped Cuprates: The Clean
Gateway to High-Tc
Superconductivity

Hussey, Damascelli, Slezak,
Taillefer, van der Marel

Ballroom III, Baltimore Convention

Center

P3 FEd: Physics Teacher Preparation at a
Crisis: Innovative Programs
Addressing a National Need
Heron, Marder, Stewart,
Finkelstein, Hein

Ballroom I, Baltimore Convention

Center

P4 GIMS: Keithley Award Session
Hellman, Jach, Fortune, Migliori

308, Baltimore Convention Center

P5 DFD: Shedding Light on the Enigma of
the Transition to Turbulence in
Pipes and other Shear Flows
Mullin, Henningson, Waleffe,
Kerswell, Tumin, Eckhardt

309, Baltimore Convention Center

P6 GMAG: Quantum Spin Dynamics in
Molecular Nanomagnets
Waldmann, Chudnovsky, Sessoli,
Harmon, Park

310, Baltimore Convention Center
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P7

P8

P10

P11

P12

P13

P16

P18

P19

P20

P21

P22

GSNP/
DBP:

DFD/
GSNP:

DCP:

DCP:

DCMP/
DMP:

DCP:

FIAP:

DMP:

GMAG/
DMP:

DMP/
GMAG:

DFD:

GMAG/
FIAP/
DMP:

Focus Session: Physics of
Transcriptional Regulatory
Networks

You, Buchler, Li, Huang, Vazquez
307, Baltimore Convention Center

Focus Session: Jets, Shocks &
Splashes

Xu, Lohse

314, Baltimore Convention Center

Focus Session: Frontiers in
Computational Chemical
Physics IV

Martinez

302, Baltimore Convention Center

Focus Session: Aerosols, Clusters,
Droplets: Physics and Chemistry
of Nanoobjects II: Helium
Nanodroplets II, Aerosols, and
Miscellaneous

Signorell

303, Baltimore Convention Center

Metal Islands and Clusters
304, Baltimore Convention Center

Focus Session: Ultrafast and
Ultrahigh Field Chemistry II:
Quantum Control

Silberberg, Girard

305, Baltimore Convention Center

Focus Session: Molecular-Scale
Electronics III

Janes

312, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Opto-Electronics
Chen

315, Baltimore Convention Center

Focus Session: Spin Interference
and Spin Hall Effect

Sih

316, Baltimore Convention Center

Focus Session: Cobaltites,
Nickelates and Vanadates
317, Baltimore Convention Center

Microfluidic Physics III
318, Baltimore Convention Center

Focus Session: Spin Transport in
Metals
Garzon
319, Baltimore Convention Center

P23

P26

P27

P29

P30

P31

P32

P33

P35

P36

P38

P39

P40

GMAG:

DBP/
DCP:

DCOMP:

DBP:

DPOLY/

DMP:

DCMP:

GMAG:

DMP/

GSNP:

DCMP:

DMP:

DCMP:

DCOMP/
DCMP:

DCOMP/
TGQI:

Quantum Spin Chains II
320, Baltimore Convention Center

Focus Session: Protein Dynamics
in Folding and Function

Mildvan, de Alba, Miller, Summers,
Campbell, Hall, Pastor, Redfield
323, Baltimore Convention Center

Electronic Structure II
324, Baltimore Convention Center

Biomolecular Structure and
Functions
326, Baltimore Convention Center

Focus Session: Organic Interfaces
Rosei
327, Baltimore Convention Center

Nanotubes: Theory and
Experiment
328, Baltimore Convention Center

Spin Glasses
329, Baltimore Convention Center

Focus Session: Friction, Fracture
and Deformation III

Falk

336, Baltimore Convention Center

Nanostructure Fabrication,
Quantum Point Contacts, and
Single Electron Transistors

338, Baltimore Convention Center

Focus Session: Plasmon
Resonances in Nanostructures
339, Baltimore Convention Center

Superconductivity—Optical
Spectroscopy of Cuprates
341, Baltimore Convention Center

Focus Session:
Superconductivity—Theory and
Computation (Mainly First
Principles)

Mazin

342, Baltimore Convention Center

Focus Session: Pathways to
Practical Quantum Computing I
DiVincenzo

343, Baltimore Convention Center
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P41  DMP: Focus Session: Dielectric,
Ferroelectric, and Piezoelectric
Oxides IIT
Dierolf
344, Baltimore Convention Center

P42 DMP/ Focus Session: Planetary
DCOMP: Materials III
345, Baltimore Convention Center

P43 DAMOP: Novel Phases in Quantum Gases
346, Baltimore Convention Center

P44  DCMP: Organic Conductors
347, Baltimore Convention Center

P45 DCMP: Structural and Ferroelectric
Phase Transitions
348, Baltimore Convention Center

P46  FIAP: FQHE
349, Baltimore Convention Center

13:00 WEDNESDAY AFTERNOON
15 MARCH 2006

Ql Poster Session IIT
Exhibit Hall, 1:00pm-4:00pm
(DPOLY session: 11:15am—
2:15pm), Baltimore Convention
Center

14:30 WEDNESDAY AFTERNOON
15 MARCH 2006

R1 DCMP  Cytoskeletal Dynamics and
DBP: Mechanics
Svitkina, Julicher, Gopinathan,
Gardel, Storm
Ballroom 1V, Baltimore Convention
Center

R2 DCMP:  Fractional Quantum Hall
Systems
Csathy, Gallais, Peterson, Kim,
Schulze-Wischeler
Ballroom III, Baltimore Convention
Center

R3 DCMP: Lateral Spin Transport
Ji, Bauer, Valenzuela, Otani
Ballroom I, Baltimore Convention
Center

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R16

DPOLY:

FGSA/
FIAP:

CSWP:

DBP/
FEd/
FPS:

DFD:

GIMS:

DCP:

DCP:

DCMP/
DMP:

DCP:

FIAP:

Ionic, Dipolar and H-bonding
Polymers

Breedveld, Dormidontova, Pochan,
Cremer, Prabhu

308, Baltimore Convention Center

Paths from Academics to
Employment

Czujko, Silbernagel, Seiler,
Stanton, Garg

309, Baltimore Convention Center

U.S. Women in Physics: An
International Perspective
Michelman-Ribeiro, Whitten,
Horton, Ong, Hodari

310, Baltimore Convention Center

The Experimental and
Theoretical Foundations of
Evolution

Keymer, Deem, Fisher, Lenski,
Shapiro

307, Baltimore Convention Center

Monolayers, Membranes &
Microemulsions
314, Baltimore Convention Center

Imaging, Signal Detection and
Processing
301, Baltimore Convention Center

Focus Session: Surfaces and
Interfaces in Electronic
Materials I

Wieckowski, Switzer

302, Baltimore Convention Center

Focus Session: Aerosols, Clusters,
Droplets: Physics and Chemistry
of Nanoobjects III: Molecular
Clusters

Johnson

303, Baltimore Convention Center

Dynamics at Silicon Surfaces
304, Baltimore Convention Center

Focus Session: Ultrafast and
Ultrahigh Field Chemistry III:
Ultrafast Processes

Schafer, Villeneuve, Matsumoto
305, Baltimore Convention Center

Thermoelectrics
312, Baltimore Convention Center
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R17

R18

R19

R20

R21

R22

R23

R24

R25

R26

R27

R28

R29

FIAP:

DMP:

GMAG/
DMP:

DMP/
GMAG:

DFD/
DBP:

GMAG/
DMP:

GMAG/
FIAP:

DPOLY:

DPOLY:

DBP/
DPOLY:

DCOMP:

DBP:

DBP:

Focus Session: Semiconductors
for THz and IR 11

Zhang

313, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Transport II

Roche

315, Baltimore Convention Center

Focus Session: Spin Hall Effect
and Spin Transport

Engel

316, Baltimore Convention Center

Focus Session: Multiferroics III:
Perovskites
317, Baltimore Convention Center

Focus Session: Biological
Hydrodynamics

Aranson

318, Baltimore Convention Center

Focus Session: Biomagnetism and
Exchange Biased Thin Films
Hoffmann

319, Baltimore Convention Center

Focus Session: Theory and
Simulation for Information
Storage Applications

Schrefl

320, Baltimore Convention Center

Block Copolymer Applications
321, Baltimore Convention Center

Adhesion and Viscoelasticity in
Polymer Thin Films
322, Baltimore Convention Center

Focus Session: Counterion
Dynamics in Charged
Biopolymer Systems

Wong, Netz

323, Baltimore Convention Center

Many-Body/Strongly Correlated
324, Baltimore Convention Center

Focus Session: Biological
Networks: Structure, Dynamics
and Function

El-Samad, Suel

325, Baltimore Convention Center

Biomolecular Structure and
Function
326, Baltimore Convention Center

R30

R31

R32

R33

R34

R36

R37

R38

R39

R40

R41

R42

R43

R44

DPOLY:
DCMP:
DCOMP/

DMP:

DMP/
GSNP:

DFD:

DMP:

DMP:

DCMP:

DCMP:

DCOMP/
TGQI:

DMP:

DCMP/
GSCCM:

DAMOP:

DCMP:

Polymer Nanocomposites
327, Baltimore Convention Center

Properties of Carbon Nanotubes
328, Baltimore Convention Center

Focus Session: Computational
Nanoscience V

Tangney

329, Baltimore Convention Center

Focus Session: Friction, Fracture
and Deformation IV

Houston

336, Baltimore Convention Center

Turbulence
337, Baltimore Convention Center

Focus Session: Optical and X-ray
Properties of Nanostructures
Vasiliev

339, Baltimore Convention Center

Focus Session: Nanoscale
Conductance Theory I

Baranger

340, Baltimore Convention Center

Superconductivity—Optical
Spectroscopy of Cuprates: IR
Hall Effect

341, Baltimore Convention Center

Superconductivity—Sodium
Cobaltate
342, Baltimore Convention Center

Focus Session: Pathways to
Practical Quantum Computing II
Laflamme

343, Baltimore Convention Center

Focus Session: Dielectric,
Ferroelectric, and Piezoelectric
Oxides IV

Streiffer

344, Baltimore Convention Center

Focus Session: Plasticity and
Phase Transitions

Robinson, Lorenz

345, Baltimore Convention Center

One Dimensional Bose Gases
346, Baltimore Convention Center

Experimental Studies of 115
Materials
347, Baltimore Convention Center
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R45 DCMP: Strong Correlation in Metals:
Mott Transition
348, Baltimore Convention Center
R46  FIAP: Electronic and Optical Properties

of Semiconductors: First
Principals
349, Baltimore Convention Center

17:30 WEDNESDAY EVENING
15 MARCH 2006
S48  FED: FED Business Meeting &
Reception
Grand Ballroom Salon III, Marriott

Waterfront Hotel

17:45 WEDNESDAY EVENING
15 MARCH 2006
T7 DBP: Physics, Chemistry and Biology
of the Hydrophobic Effect
Li, Widom, Chandler, Truskett
307, Baltimore Convention Center

18:30 WEDNESDAY EVENING
15 MARCH 2006
S49  DCOMP: DCOMP Business Meeting
Dover C, Marriott Waterfront Hotel

19:30 WEDNESDAY EVENING
15 MARCH 2006
T50 Perspectives on our Energy
Future
Koonin, Dehmer
Grand Salon V, Marriott Waterfront
Hotel

8:00 THURSDAY MORNING
16 MARCH 2006
Ul DCMP:  Spin Liquids and
Superconductivity near the Mott
Transition
Lee, Schmalian, Tremblay, Mook,
Bourges
Ballroom IV, Baltimore Convention
Center

U2

u3

U4

us

U6

u7

U8

U9

Ul10

Ull

Ul2

DCMP:

DCMP:

DPOLY:

FHP:

DCOMP:

FIAP:

DFD:

GIMS:

DCP:

DCP:

DMP/
DCMP:

Quantum Magnets in High
Magnetic Fields

Broholm, Grenier, Zheludev,
Hagiwara, Essler

Ballroom III, Baltimore Convention
Center

Nanomechanical Architecture of
Strained Thin Films

Prinz, Liu, Schmidt, Blick
Ballroom I, Baltimore Convention
Center

Lithography

Willson, Dammel, Nealey, Jones,
Hinsberg

308, Baltimore Convention Center

Low Temperature Physics, A
Historical Perspective

Wheeler, Donnelly, Meyer, Lee
309, Baltimore Convention Center

Strong Electronic Correlation in
Solids: Applications of the
LDA+U method

Louie, Janotti, Lichtenstein, Kunes,
Cococcioni

310, Baltimore Convention Center

Nanoscale Pattern Generation
and Lithography

Hector, Smith, Baglin, Kim, Russell
307, Baltimore Convention Center

Granular Materials
314, Baltimore Convention Center

Scanning Probe Microscopy
301, Baltimore Convention Center

Focus Session: Surfaces and
Interfaces in Electronic
Materials 11

Buriak, Wang

302, Baltimore Convention Center

Focus Session: Aerosols, Clusters,
Droplets: Physics and Chemistry
of Nanoobjects IV: Metal
Clusters I

Duncan, Woeste

303, Baltimore Convention Center

Focus Session: Electrochemical
and Related Growth

Wang

304, Baltimore Convention Center
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Ule6

uU17

U188

U19

U20

U21

U22

U23

U24

U25

U26

U227

U28

FIAP:

DBP:

DMP:

GMAG/
DMP:

DMP/
GMAG:

DFD:

GMAG/
FIAP/
DMP:

GMAG:

DPOLY:

DPOLY/
DMP:

GSNP/
DBP/
DPOLY:

DCMP:

DBP/
DFp:

Nanotechnology: Applications
and Measurements
312, Baltimore Convention Center

Physics and Imaging in Medicine
Amols, Soares, Baird, Gueye
313, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Transport III
Ferrari

315, Baltimore Convention Center

Focus Session: Semiconductor
Spin Nanostructures for
Quantum Computing

Mizel

316, Baltimore Convention Center

Focus Session: Metal-Insulator
Transition and Electron Phonon
Coupling in Perovskites

Alvarez

317, Baltimore Convention Center

Liquid Crystals I
318, Baltimore Convention Center

Focus Session: Magnetic
Tunneling 1

Yang

319, Baltimore Convention Center

Frustration in 2D
320, Baltimore Convention Center

Liquid-Crystalline Polymers
321, Baltimore Convention Center

Focus Session: Oligoacene
Semiconductors
322, Baltimore Convention Center

Focus Session: Cytoskeletal
Dynamics

Danuser

323, Baltimore Convention Center

Computational Methods: Monte
Carlo/Molecular Dynamics I
324, Baltimore Convention Center

Focus Session: Biological
Hydrodynamics II

Groisman, Brenner

325, Baltimore Convention Center

U29

U30

U31

U33

U35

u36

u37

U38

U39

U40

U41

u42

U43

DBP/
DPOLY:

DPOLY:

DCMP:

GSNP:

DCMP:

DMP:

DMP:

DCMP:

DCMP:

DCOMP/
TGQU
DAMOP:

DCMP:

DCOMP/
GSCCM/
DMP:

DAMOP:

Focus Session: Nonequilibrium
Fluctuation in Biomolecules and
Artificial Nanodevices

Astumian, Janko

326, Baltimore Convention Center

Focus Session: Mechanical
Properties: Deformation,
Rupture and Failure

Marder

327, Baltimore Convention Center

Nanotubes, Experiment
328, Baltimore Convention Center

Dynamics and Systems Far From
Equilibrium
336, Baltimore Convention Center

Nanowires
338, Baltimore Convention Center

Focus Session: Optical Properties
of Nano-Dots, Holes, and Wires
339, Baltimore Convention Center

Focus Session: Nanowire and
Nanodot Quantum Devices

Doh

340, Baltimore Convention Center

1-D Superconductors and
Organics
341, Baltimore Convention Center

Superconducting Proximity
Effect—S/N and S/F

Eschrig

342, Baltimore Convention Center

Focus Session: Pathways to
Practical Quantum

Computing II1

Cirac

343, Baltimore Convention Center

Dielectrics: Response Properties
344, Baltimore Convention Center

Focus Session: Simulations of
Matter at Extreme Conditions II
Ashcroft

345, Baltimore Convention Center

Focus Session: Novel Phases in
Low Dimensional Quantum
Gases

Porto, Ho

346, Baltimore Convention Center
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Udd

u45

U46

DCMP:

DCMP:

FIAP:

Models of Strongly Correlated
Electrons
347, Baltimore Convention Center

Structural, Surface and Other
Phase Transitions
348, Baltimore Convention Center

Optical Properties of
Semiconductors: Excitons and
Phonons

349, Baltimore Convention Center

11:15 THURSDAY MORNING

16 MARCH 2006

Vi

V2

V3

V4

V5

\'%,

V8

DCMP:

DCMP:

DCMP:

DAMOP:

DMP:

GSNP/
DBP:

DCOMP/
DFD:

Quantum Hall Edges

Grayson, Yang, Rezayi, Roddaro,
Papa

Ballroom IV, Baltimore Convention
Center

Excitons in Single-Walled
Carbon Nanotubes

Lanzani, Sheng, Zhao, Mirlin,
Reich

Ballroom III, Baltimore Convention
Center

Nonequilibrium Nano-oscillators
Cleland, Chan, Dykman,
Vijayaraghavan, Clerk

Ballroom I, Baltimore Convention
Center

Dynamics and Non-equilibrium
Phenomena in Optical Lattices
Batrouni, Polkovnikov, Weiss,
Rigol, Minguzzi

308, Baltimore Convention Center

Surfaces and Interfaces of
Correlated Oxides

Kawasaki, Ahn, Santamaria,
Bozovic, Mannhart

309, Baltimore Convention Center

Noise in Biological Systems
Cluzel, Tu, Levine, Setayeshgar,
Sourjik

307, Baltimore Convention Center

Focus Session: Simulations Using
Particles

Koplik, Cottet

314, Baltimore Convention Center

A%

V10

V11

V12

V16

V17

V18

V19

V20

V21

V22

V23

V24

GIMS:

DCP:

DCP:

DMP/
DCMP:

FIAP:

DBP:

DMP:

APS/
AIP:

GMAG/
DMP:

DFD:

GMAG/
FIAP/
DMP:

GMAG:

DPOLY:

Magnetic Force Microscopies
301, Baltimore Convention Center

Focus Session: Surfaces and
Interfaces in Electronic
Materials III

Uosaki, Wei

302, Baltimore Convention Center

Focus Session: Aerosols, Clusters,
Droplets: Physics and Chemistry

of Nanoobjects V: Metal

Clusters 11

Schooss, Cheshnovsky

303, Baltimore Convention Center

Focus Session: Wetting and
Hard-Soft Interfaces

Cicero

304, Baltimore Convention Center

Nanotechnology: Biological and
Polymer
312, Baltimore Convention Center

Medical Physics Panel Discussion
313, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Transport IV
Gruner

315, Baltimore Convention Center

The Changing Dynamics of
Industrial Research as a
Consequence of Global Trends
Taub, Stork, Durcan, Weinrib,
Feist

316, Baltimore Convention Center

Focus Session: Semiconductor
Spin Dynamics: Optics

Hall

317, Baltimore Convention Center

Liquid Crystals II: Nano & Bio
318, Baltimore Convention Center

Focus Session: Magnetic
Tunneling 11
319, Baltimore Convention Center

Spin Waves
320, Baltimore Convention Center

Charged and Ion-Containing
Polymers: Properties
321, Baltimore Convention Center
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V25

V26

V27

V28

V29

V30

V31

V33

V35

V36

V38

V39

V40

V41

DPOLY:

DBP:

DCOMP:

DPOLY:

DBP/

DCMP:

DPOLY:

DCMP:

GSNP:

DCMP:

DMP:

DCMP:

DCOMP/
DCMP:

TGQU/
DCMP:

DMP:

Polymer Composites—Nanotubes
and Nanoclays

Dhinojwala

322, Baltimore Convention Center

Cellular Biomechanics
323, Baltimore Convention Center

Computational Methods: Monte
Carlo/Molecular Dynamics II
324, Baltimore Convention Center

Rheology of Biopolymer
Solutions
325, Baltimore Convention Center

Nonlinear Phenomena & Pattern
Formation in Biology
326, Baltimore Convention Center

Focus Session: Mechanical
Properties: Microscale
Deformation and Failure

Sue

327, Baltimore Convention Center

Nanotubes: Transport
328, Baltimore Convention Center

Focus Session: Social Networks
Redner
336, Baltimore Convention Center

Photonic Crystals
338, Baltimore Convention Center

Focus Session: Optical Properties
of Carbon Nanotubes and C60
Ma

339, Baltimore Convention Center

Superconductivity—
Thermodynamics and Structure
341, Baltimore Convention Center

Focus Session:
Superconductivity—Theory and
Computation IIT

342, Baltimore Convention Center

Focus Session: Linear Optics
Quantum Computation

Rudolph

343, Baltimore Convention Center

Focus Session: Dielectric,
Ferroelectric, and Piezoelectric
Oxides V

Warusawithana

344, Baltimore Convention Center

V42

V43

Va4

V45

V46

V47

FHP/
FEd:

DAMOP:

DCMP:

GMAG:

FIAP:

FIAP:

History and Physics Outreach
345, Baltimore Convention Center

Atomic/Molecular Structure and
AMO Processes on Surfaces and
in Condensed Matter

346, Baltimore Convention Center

Kondo Physics and Luttinger
Liquids
347, Baltimore Convention Center

Spin Structure and Phase
Transitions: Theory
348, Baltimore Convention Center

Defects and Impurities in Si/Ge
349, Baltimore Convention Center

Spectroscopy and Transport in
2D Semiconductors
350, Baltimore Convention Center

14:30 THURSDAY AFTERNOON

16 MARCH 2006

Wi

w2

W3

W4

W5

DCMP:

DCMP:

DCMP:

DPOLY:

FHP:

ARPES in High Tc
Superconductors

Dessau, Valla, Chubukov, Cuk, Ino
Ballroom IV, Baltimore Convention
Center

Imaging Charge and Spin and
Semiconductors

Steele, Komiyama, LeRoy, Aidala,
Hasegawa

Ballroom III, Baltimore Convention
Center

Topological Aspects of Electron
Transport in Solids

Nagaosa, Haldane, Kane, Bernevig
Ballroom I, Baltimore Convention
Center

Carbon Nanotube Dispersions
Hobbie, Pasquali, Poulin, Windle,
Winey

308, Baltimore Convention Center

A Century of Critical Phenomena
Sengers, Voronel, Ahlers, Fisher,
Kadanoff

309, Baltimore Convention Center
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W6

W7

W8

W9

W10

W11

W12

W16

W18

W19

W20

W21

FIAP:

DBP/

DPOLY:

GSNP/
DFD:

GIMS:

DCP:

DCP:

DCMP/
DMP:
FIAP:

DMP:

GMAG/
DMP:

DMP/
GMAG:

DFD:

New Applications of Silicon in
Photonics and Biomedicine
Manalis, Jalali, Lipson, Murphy,
Viasov

310, Baltimore Convention Center

Physics of Cell Elasticity,
Interactions and Tissue
Formation

Riveline, Bruinsma, Janmey,
Safran, Suresh

307, Baltimore Convention Center

Focus Session: Nonlinear
Electrokinetics

Rubinstein

314, Baltimore Convention Center

X-ray, Light, and Particle
Scattering and Diffraction
301, Baltimore Convention Center

Focus Session: Surfaces and
Interfaces in Electronic
Materials IV

Penner, Goesele

302, Baltimore Convention Center

Focus Session: Aerosols, Clusters,
Droplets: Physics and Chemistry

of Nanoobjects V: Nanocatalysis,
Supported Clusters I

Heiz, Moseler

303, Baltimore Convention Center

Molecules on Surfaces
304, Baltimore Convention Center

Semiconductor Applications
312, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Electronic and
Optical Properties I11
Maruyama

315, Baltimore Convention Center

Focus Session: Semiconductor
Spin Transport: Noise/Theory
316, Baltimore Convention Center

Focus Session: Multiferroics IV
Loidl
317, Baltimore Convention Center

Liquid Crystals I11
318, Baltimore Convention Center

W22

W23

W24

W25

W26

W28

W29

W30

W3l

W32

W33

W34

W36

W37

W38

GMAG/
DMP:

GMAG/
DMP/
DCOMP:

DPOLY:

DPOLY:

DBP:

DPOLY/
DMP:

DBP:

DPOLY/
DBP:

DCMP:

DCMP:

DFD:

DFD:

DMP:

DMP:

DCMP:

Focus Session: Magnetic
Nanoparticles 11

Dvorak

319, Baltimore Convention Center

Focus Session: MAGTHY IV/ab
initio Studies

Stepanyuk

320, Baltimore Convention Center

Focus Session: Lithography
Soles, Jonas
321, Baltimore Convention Center

Gels and Networks
322, Baltimore Convention Center

Focus Session: Biological
Photophysics

Zhong, Venugopalan

323, Baltimore Convention Center

Focus Session: Ordered
Optoelectronic Organics
325, Baltimore Convention Center

Biological Networks and System
Biology
326, Baltimore Convention Center

Focus Session: Biopolymers at
Interfaces
Ober

327, Baltimore Convention Center

Nanotubes: Devices
328, Baltimore Convention Center

Glassy and Amorphous Systems
329, Baltimore Convention Center

Nonequilibrium and Templated
Assembly
336, Baltimore Convention Center

Fluid Structure & Properties
337, Baltimore Convention Center

Focus Session: Optical Properties
of Nanostructures of Si & GaAs
Chou, Dal Negro

339, Baltimore Convention Center

Nanoscale Conductance
Theory II
340, Baltimore Convention Center

Flux Pinning and Critical
Currents
341, Baltimore Convention Center
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W39 DCMP: Superconductivity—Josephson
Junctions and Qubits
342, Baltimore Convention Center

w40 TGQI/ Quantum Communication,
DAMOP: Cryptography and Computation
343, Baltimore Convention Center

W41 DCMP: Cold Fusion
344, Baltimore Convention Center

W42 DCOMP/ Focus Session: Simulations of
GSCCM/ Matter at Extreme Conditions III
DMP: Streitz
345, Baltimore Convention Center

W43  DAMOP/ Focus Session: Cold Atoms in
GQIL: Optical Lattices
Demler
346, Baltimore Convention Center

W45 GMAG: Spin Structure in Magnetic
Materials
348, Baltimore Convention Center

W46  FIAP: Compound Semiconductor
Defects and Dopants
349, Baltimore Convention Center

W47  FIAP: Quantum Transport in
Semiconductors: Theory and
Experiment
350, Baltimore Convention Center

8:00 FRIDAY MORNING
17 MARCH 2006

Y1 DCMP/ Engineering Biomolecules and
DBP: Circuits by Rational Design and
Genetic Selection
Hwa, Guet, Goulian, Liao,
Noireaux
Ballroom IV, Baltimore Convention
Center

Y2 DCMP:  Electrostatic Levitation and High
Energy X-rays
Rogers, Hyers, Goldman, Fadley,
Lee
Ballroom III, Baltimore Convention
Center

Y4 GMAG: High TMR MgO Tunneling and
Spin Momentum Transfer
Materials, Physics, and Devices
Parkin, Yuasa, Fuchs, Huai, Sun
308, Baltimore Convention Center

Y5

Y6

Y7

Y8

Y12

Y16

Y18

Y19

Y20

Y22

Y23

Y24

Y25

FIAP:

DCOMP:

DCMP:

DFD:

DCMP/
DMP:

FIAP:

DMP:

GMAG/
DMP:

GMAG/
DMP:

GMAG/
FIAP:

GMAG:

DPOLY:

DPOLY:

New Functionalities in Glasses
and Nanomaterials

Chakravorty, Gopalan, Jain,
Kieffer, Mazur

309, Baltimore Convention Center

Is the Hubbard/t-J Model a High
Temperature Superconductor?
Pryadko, Putikka, Troyer, Ogata
310, Baltimore Convention Center

Challenges and Issues in
Nanowire Nanodevices
Friedman, Hashizume, Cobden,
Aono

307, Baltimore Convention Center

General Fluid Dynamics
Barranco
314, Baltimore Convention Center

Oxide Surface and Interfaces
304, Baltimore Convention Center

Optics and Optoelectronics
312, Baltimore Convention Center

Focus Session: Carbon
Nanotubes: Adsorption and Gas
Surface Interactions with Carbon
Nanotubes

315, Baltimore Convention Center

Focus Session: Novel
Ferromagnetic Semiconductors I
Saito

316, Baltimore Convention Center

Focus Session:
Ruddlesden-popper Phase
Manganites

Hayward

317, Baltimore Convention Center

Focus Session: Coupled
Thin-Film Structures for
Magnetic Recording

Thiele

319, Baltimore Convention Center

Single Molecule Magnets
320, Baltimore Convention Center

Polymer Melts & Solutions:
Structure & Solubility
321, Baltimore Convention Center

Charged and Ion-Containing
Polymers: Computation
322, Baltimore Convention Center
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Y26 DBP: g;)lcu§ lSes.swln:S Pl:ysncs of D AT D TR
ystological Systems 17 MARCH 2006
Ben-Jacob
323, Baltimore Convention Center Z1 DCMP:  Strong Interaction Effects in
Y28 DPOLY/ Focus Session: Magnetic and Small Conductors .
. . . . Petta, Matveev, Steinberg, Fiete,
DMP: Doping Effects in Cojugated
o > LeHur
rganlcs . Ballroom IV, Baltimore Convention
325, Baltimore Convention Center C
enter
Y29 DBP/ Focus Session: Noise and 72 DCMP: Resonant Inelastic X-ray
DPOLY: Fluctuation in Biological Systems Scattering in Complex Oxides
van Oudenaarden, de Gennes Kim, Hancock, Ishii, Ghiringhelli,
326, Baltimore Convention Center Li
Ballroom III, Baltimore Convention
Y30 DPOLY/ Focus Session: Biopolymers I: Center
DBP: Phase Transitions .
Garcia, Onuchic Z4 gggLY/ Biopolymers .
327, Baltimore Convention Center ) Vogel, Sheetz, Perkins, Greer,
Horkay
Y31 DCMP: Quasicrystals, Adsorption on 308, Baltimore Convention Center
Quasicrystals, Irorous and z7 DBP: Synchrony and Complexity in
Random Materials Brain Activity and Function
329, Baltimore Convention Center Towle, Nadkarni, Schiff, Lehnertz,
Zochowski
Transitions
336, Baltimore Convention Center Z18 DMP: Focus Session: Carbon
Nanotubes: Double Wall Nano-
Y37 DMP:  Focus Session: Probing Novel tubes, Sheets and Chains
Nanostructures Kuzmany
Folsch 315, Baltimore Convention Center
340, Baltimore Convention Center 719  GMAG/ Focus Session: Spin Dynamics in
Y38 DCMP: Superconductivity—Vortex DMP: Quantgm Dots
Lattices and Pinning Center Ar- Abstreiter
rays g 316, Baltimore Convention Center
341, Baltimore Convention Center 720 GMAG/ Focus Session: Novel
DMP: Ferromagnetic Semiconductors IT
Y39 DCMP: Superconductivity—Materials 317, Baltimore Convention Center
and Processing
342, Baltimore Convention Center 722  GMAG/ Focus Session: FePt
FIAP: Nanoparticles for Information
Y40 TGQI/  Solid State Quantum Storage
DCMP:  Computing I Weller
343, Baltimore Convention Center 319, Baltimore Convention Center
72 MAG: t 1 lated Elect II
Y45 GMAG: Magnetic Phase Transitions 3 GMAG: Strong y.Corre ated ectrons
. . 320, Baltimore Convention Center
348, Baltimore Convention Center
724 DPOLY: Polymer Melts & Solutions:
Y46  FIAP: Bilayers, Wigner Crystals Rheology & Dynamics

349, Baltimore Convention Center

321, Baltimore Convention Center



48 March Meeting 2006
725 DPOLY: Molecular Dynamics: Theory and 737 DMP: Focus Session: Nanoscale
Simulation Conductance Theory III
322, Baltimore Convention Center 340, Baltimore Convention Center
726 DBP: Radiation Therapy and Medical 7238 DCMP:  High Tc Cuprates: ARPES
Imaging Techniques 341, Baltimore Convention Center
323, Baltimore Convention Center 739  DCOMP/ Focus Session:
. . DCMP:  Superconductivity—Theory and
728 ](_)}];l:}/p ‘ Method.s of Statlstl.cal Physics, Computations (Mostly Phonons)
’ Population Dynamics and 342, Baltimore Convention Center
Epidemiology
Brockmann 740  TGQI/ Solid State Quantum
325, Baltimore Convention Center DCMP: Computing IT
343, Baltimore Convention Center
731 DCMP: Complexed Structured Materials, . .
Glasses and Clathrates Z45  GMAG: Mostly Sp inels .
329, Baltimore Convention Center 348, Baltimore Convention Center
733  GSNP:  Statistical and Nonlinear Physics 46 FIAP: 2D Multi-Valley Systems: QHE

336, Baltimore Convention Center

Experiment
349, Baltimore Convention Center



March Meeting 2006: Session 1A

49

MAIN TEXT

SESSION 1B: GSCCM BUSINESS MEETING
Sunday Afternoon, 12 March 2006; Falkland, Marriott Waterfront Hotel at 15:00

SESSION 1A: NRC/NAS TOWN MEETING
Sunday Evening, 12 March 2006; Grand Ballroom Salon V, Marriott Waterfront Hotel at 19:30

VI \DNINHAH AVANNOS



MONDAY MORNING \ Al

50

March Meeting 2006: Session Al

SESSION Al: QUANTUM PROPERTIES OF SUPERCONDUCTING NANOWIRES
Monday Morning, 13 March 2006; Ballroom IV, Baltimore Convention Center at 8:00
Nina Markovic, Johns Hopkins University, presiding

8:00
A1 1 Universal conductance of nanowires near the superconductor-metal quantum transition.
SUBIR SACHDEV, Harvard University

We consider wires near a zero temperature transition between superconducting and metallic states. The critical theory
obeys hyperscaling, which leads to a universal frequency, temperature, and length dependence of the conductance;
quantum and thermal phase slips are contained within this critical theory. Normal (NN), superconducting (SS) and mixed
(SN) leads on the wire determine distinct universality classes. For the SN case, wires near the critical point have a
universal d.c. conductance which is independent of the length of the wire at low temperatures.

8:36

A1 2 Suppression of superconductivity in zinc nanowires by bulk superconductors.

MINGLIANG TIAN, Center For Nanoscale Science and Department of Physics, Penn State University, University
Park, PA 16802

When a superconducting nanowire of a few micrometers in length is connected to two macroscopic normal metal
electrodes, a substantial fraction of the wire will become resistive due to the proximity effect. When such a wire is
sandwiched between two macroscopic superconducting electrodes, the superconductivity of a nanowire is intuitively
expected to become more robust through the coupling with its strong superconducting environment. This expectation is
not fulfilled in our recent observation in a system consisting of zinc nanowires (ZNWs) between two bulk supercon-
ductors (Sn, In and Pb). We found evidence that the superconductivity of the ZNWs of 40 nm in diameter and 2 or 6 it
pm in length is suppressed completely or partially when bulk Sn or In electrodes are superconducting. When bulk Sn or
In electrodes are driven into the normal state by applying a magnetic field, the ZNWs switch back to their supercon-
ducting state. This anti-proximity effect is significantly weakened when both Sn or In leads were replaced by Pb or one
of the two superconducting electrodes is replaced by a normal metal. The phenomenon is not seen in wires with diameters
equal to and thicker than 70 nm. itThis work is in collaboration with N. Kumar, S. Y. Xu, J. G. Wang, J. Kurtz and
M.H.W.Chan and supported by the Center for Nanoscale Science (Penn State MRSEC) funded by NSF under grant
DMR-0213623.

9:12
A1 3 Effects of a strong magnetic field on superconducting nanowires.
ANDREY ROGACHEV, Department of Physics, University of Illinois at Urbana-Champaign

Effects of strong magnetic fields on superconducting Nb and MoGe nanowires with diameters 5-15 nm have been studied.
We have found that the Langer-Ambegaokar-McCumber-Halperin (LAMH) theory of thermally activated phase slips is
applicable in a wide range of magnetic fields and describes well the temperature dependence of the wire resistance, over
11 orders of magnitude. We do not observe any resistance in excess of the LAMH theory, even in wires, which are close
to the critical point of the superconductor-insulator transition. This fact can be considered as an evidence of the absence
of quantum phase slippage. In thicker wires the field dependence of the critical temperature agrees well with the theory
of pair-breaking perturbations that takes into account both spin and orbital contributions. In the insulating-phase wires,
the magnetic field has a little effect on electron transport, indicating that the superconductivity in the insulating-phase
wires is completely suppressed and the Coulomb blockade is the dominant factor, which causes suppression of the charge
transport. [1] A. Rogachev, A.T. Bollinger, and A. Bezryadin, Phys. Rev. Lett. 94, 017004 (2005).

9:48
Al 4 Quantum phase slips with and without disorder.
SERGEI KHLEBNIKOV, Purdue University

The rate of quantum phase slips (QPS) in one-dimensional superfluids and superconductors can be computed from first
principles in two limiting cases. One [ 1] is the uniform (no-disorder) limit, appropriate for suitably prepared atomic gases.
The other [2] is the limit when the core resistance of a QPS is effectively infinite, appropriate for a sufficiently long
disordered superconducting wire. In the latter case, the calculation applies on the superconducting side of the
superconductor-insulator transition, where the dilute instanton gas approximation can be used. It is essential to first
compute the instanton rate for a given disorder configuration and then average over disorder, as opposed to working with
instantons of a disorder-averaged effective theory. Curiously, in neither of the above cases the system is in the XY
universality class: in the uniform limit, the QPS rate is suppressed exponentially at low temperatures, as a consequence
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of the momentum conservation, while the second case (a relatively long disordered wire) maps onto dissipative quantum
mechanics, with the dissipative coefficient controlled by the plasmon impedance Z. The role of a finite core resistance can
be understood within the picture of effective resistors, representing different dissipative effects, connected in parallel. [1]
S. Khlebnikov, Phys. Rev. Lett. 93, 090403 (2004); Phys. Rev. A 71, 013602 (2005). [2] S. Khlebnikov and L. P.
Pryadko, Phys. Rev. Lett. 95, 107007 (2005).

10:24

A1l 5 Size Dependent Breakdown of Superconductivity in Ultra-Narrow Nanowires.

KONSTANTIN ARUTYUNOV, NanoScience Center, Department of Physics, University of Jyvaskyla, PB 35, 40014,
Jyvaskylda, Finland

Below a certain temperature T, (typically cryogenic) some materials lose their electric resistance R entering a supercon-
ducting state. Following the general trend towards a large scale integration of greater number of electronic components
it is desirable to use superconducting elements in order to minimize heat dissipation. It is expected that the basic property
of a superconductor, i.e. dissipationless electric current, will be preserved at reduced scales required by modern nano-
electronics. Unfortunately, there are indications that for a certain critical size limit of the order of ~ 10 nm below which
a ‘superconducting’ nanowire is no longer a superconductor in a sense that it acquires a finite resistance even at
temperatures close to absolute zero. We developed a method of non-destructive reduction of a nanostructure dimension(s)
by low-energy Ar" ion sputtering. The method enables study of a purely size phenomena between the sputtering sessions:
itsame sample with progressively reduced characteristic dimension. We were able to trace the evolution of the shape of
superconducting transition R(T) an aluminum nanowire with original effective diameter ~ 70 nm down ~ 8 nm. Below
~ 15 nm the initially abrupt R(T) dependence suddenly broadens. With further reduction of the wire cross section finite
resistance is observed down to temperatures much below the initial superconducting transition. We associate the observed
phenomena with the quantum phase slippage process: destruction of superconductivity in quasi-1D channels due to
quantum fluctuations of the order parameter. The effect should have a universal validity setting a fundamental size limit
for utilization of superconducting elements as building blocks of nanoelectronics circuits.

SESSION A2: MAGNETIC-FERROELECTRIC COUPLING IN MULTIFERROICS
Monday Morning, 13 March 2006; Ballroom III, Baltimore Convention Center at 8:00
Jeffrey Lynn, National Institute of Standards and Technology, presiding

8:00
A2 1 Multifunctional Multiferroics.
SANG-WOOK CHEONG, Rutgers Center for Emergent Materials

Discovery of intriguing phenomena due to significant cross-coupling in multiferroics where magnetic order and ferro-
electric structural distortion coexist has drawn enormous attention in materials science and condensed mater physics
community for the last about two years, partially due to the possible realization of new multifunctional devices. I will
overview the recent progress and discuss the key issues in understanding and optimizing the cross-coupling effects.

8:36
A2 2 Magnetic Order and Spin Dynamics in Ferroelectric HoOMnO; and ThMnO;.
OWEN VAJK, National Institute of Standards and Technology

Although there are many ferroelectric and magnetic materials, very few have simultaneous magnetic and ferroelectric
order. Only a select few of these materials, known as multiferroics, exhibit significant coupling between the magnetic and
ferroelectric properties, and the nature of these interactions is not well understood. We have performed neutron scattering
studies of two multiferroics which exhibit significant magnetic-ferroelectric coupling, hexagonal HoMnO; [1] and
perovskite TbMnOj; [2]. In HoMnOj;, inelastic neutron scattering measurements of the Mn?* spin-wave spectrum and
Ho" crystal field excitations reveal a significant coupling between magnons and the crystal field levels which may
contribute to the complex phase diagram and strong magnetic-ferroelectric coupling. In TbMnO;, extensive neutron
diffraction studies show that the magnetic transition from a spin density wave to an incommensurate spiral order phase
breaks the inversion symmetry of the lattice and induces the onset of ferroelectric distortion. Our results should help lead
to a fuller understanding of the interaction between magnetism and ferroelectricity in multiferroics.

[1]7 O.P. Vajk et al., Phys. Rev. Lett. 94, 087601 (2005) [2] M. Kenzelmann et al., Phys. Rev. Lett. 95, 087206 (2005)
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9:12
A2 3 Ferroelectricity in Incommensurate Magnets.
A. BROOKS HARRIS, University of Pennsylvania

In several systems (e. g. Ni3; V,0g and TbMnOs3) there occurs a phase transition in which a new incommensurate magnetic
order parameter appears simultaneously with the development of a uniform spontaneous electric polarization, P. Here I
review the Landau theory which gives a phenomenological explanation (independent of the microscopic details) of this
phenomenon. The key point is that although the quadratic term in P in the free energy is always stable (positive), a
nonzero value of P is induced by a trilinear coupling of the 2,,,a.uPcM,.(¢)M,( — q), where subscripts label
Cartesian components and M (q) is the g-Fourier component of the magnetization. Using representation theory to identify
the symmetry of the magnetically ordered phases, I identify the symmetry of this term which is consistent with crystal
symmetry. This analysis shows that in the highest temperature magnetically incommensurate phase a nonzero value of P
is not allowed (as observed) and also that in the lower temperature magnetically incomensurate phase a nonzero P can
only appear in the direction which is observed by experiment. This theory indicates that a microscopic model must
involve a trilinear interaction between a phonon displacement and two spin operators. A microscopic analysis of phonon
distortions of the spin Hamiltonian reproduces these symmetries, as expected and indicates which gradients of the most
general anisotropic exchange tensor can possibly come into play. Inelastic neutron scattering data on a NizV,0g powder
sample and a symmetry analysis of the phonon spectrum enables us to speculate as to which phonon modes are crucial
for this phenomenon. See PRL 95, 087205 and cond-mats: 0508617, 0508730, 0510386, and 0510807 whose coauthors
I hereby acknowledge.

9:48
A2 4 (H,T,P) Phase Diagrams in Multiferroics: RMnQO3;, RMn,05 (R = Rare Earth) and Ni;V,0s.
PAUL C.W. CHU, University of Houston

Recently, great interest has been generated in the class of materials known as multiferroics (MF), which exhibit the
simultaneous occurrence of two or more of the following properties, namely, ferro(anti) magnetic, ferro(anti) electric,
ferroelastic, ferroacoustic, and ferroplastic. A subset of MF, known as magnetoelectrics (ME), in which the magnetic and
ferroelectric orders coexist, can display the ME-effect where their magnetic and dielectric properties can be affected by
an electric and a magnetic field, respectively. The attention first generated in the 60’s waned due to the smallness of the
effect. However, the situation has drastically changed in recent years due to the observation of a giant ME-effect [1].
Complex diagrams have been induced by magnetic field in the hexagonal single-crystalline rare-earth manganites
RMnO; [2] and the Kagome-staircase compound Ni;V,0g [3], as evidenced by anomalies in their dielectric constant,
specific heat, magnetic susceptibility, and thermal expansion coefficients at the phase boundaries. Some of these anoma-
lies occur simultaneously. In this talk, our results of the dielectric, magnetic, calorimetric, and dilatometric properties of
RMnO; (R = Ho, Y, Dy, Er, Tm, and Tb), HoMn,Os and Ni;V,0g at ambient pressure in different magnetic fields up
to 7 T and some under high pressures up to 2 GPa will be presented. Analysis of the anomalies and examination of the
pressure effects on the phase boundaries demonstrate the critical role of strong spin-phonon coupling in the ME-effect and
the richness of physics in the study of ME phase diagrams. Possible avenues to further enhance the ME-effect will be
discussed. [1] see for example N. Hur et al., PRL 93, 107207 (2004). [2] B. Lorenz et al., PRL 92, 087204 (2004); B.
Lorenz et al., PRB 71, 014438 (2005); C. dela Cruz et al., PRB 71, 060407(R) (2005); F. Yen et al., PRB 71, 180407(R)
(2005). [3] G. Lawes et al., cond-mat/0503385.

10:24
A2 5 Ferroelectricity in frustrated magnets.*
MAXIM MOSTOVOY

The coupling between ferroelectricity and magnetism in multiferroics is a complex many-body phenomenon resulting
from the interplay between charge, spin, and lattice degrees of freedom, and interesting both for its fundamental physics
and possible technological applications. An exceptionally strong sensitivity of ferroelectric ordering to an applied mag-
netic field was recently found in a number of frustrated magnets with periodic non-collinear spin structures. In this talk
I will present a phenomenological approach to ferroelectric magnets, which explains the relation between electric
polarization and magnetic ordering, anomalies in dielectric constant at magnetic transitions, and sudden flops of electric
polarization in magnetic field, observed in these materials. I will also discuss microscopic mechanisms that can give rise
to ferroelectricity in magnetically ordered states and possible roads to high- temperature multiferroics.

*The financial support by the DFG (Merkator fellowship) and MSCplus program is gratefully acknowledged.
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SESSION A3: BILAYER 2D SYSTEMS: INTERLAYER DRAG AND SPONTANEOUS COHERENCE
Monday Morning, 13 March 2006; Ballroom I, Baltimore Convention Center at 8:00
Jim Eisenstein, CalTech, presiding

8:00
A3 1 Coulomb drag experiments in dilute p-GaAs double layer systems.*
RAVI PILLARISETTY," Princeton University

Low density (or dilute) two-dimensional systems, which have large ratios of Coulomb interaction energy to kinetic
energy (r, is roughly greater than 10), are found to exhibit some bizarre transport properties. These include an anomalous
metallic temperature dependence and an apparent metal-insulator transition. Furthermore, the application of an in-plane
magnetic field, which spin polarizes the 2D system, produces some very unique effects, including a giant magnetoresis-
tance. These unusual transport properties have raised serious doubts regarding the applicability of Fermi liquid theory to
the large r, regime. Despite intense efforts, no conclusive understanding of these transport anomalies currently exists. To
gain new insights into the role the strong carrier interactions play in this regime, we have measured the Coulomb drag
in low density p-GaAs 2D bilayers. The drag resistivity is directly proportional to the interlayer carrier-carrier scattering
rate, and allows us to directly study the carrier interactions in this regime. Our findings are that as the density is lowered
into the large r, regime, the drag resistivity develops a two to three orders of magnitude enhancement over that expected
from simple Fermi liquid calculations. We also observe significant deviations from the expected T? dependence, which
correlate with the anomalous metallic temperature dependence observed in the single layer resistivity. Furthermore, we
find that both the single layer resistivity and drag resistivity exhibit the exact same qualitative in-plane magnetic field
dependence, with both exhibiting similar features associated with spin polarization. These observations suggest that the
origin of these transport anomalies, affects both the single layer resistance and drag resistance in exactly the same way,
and is surprising since these are two extremely different transport properties. We conclude by discussing these experi-
mental results in light of recent theoretical interpretations of our data.

*Work done in collaboration with H. Noh, E. Tutuc, E.P. De Poortere, D.C. Tsui, and M. Shayegan.
"Research conducted at Princeton University; Current Affiliation: Components Research, Intel Corporation.

8:36
A3 2 Many-body effects in low-density strongly-interacting 2D structures: Fermi liquids or not?
SANKAR DAS SARMA, Condensed Matter Theory Center, University of Maryland

I will discuss our many-body theoretic studies of low-density semiconductor-based 2D carrier systems, emphasizing
remarkable qualitative and semi-quantitative agreement with recent experimental measurements. In particular, our Fermi
liquid many-body theory quantitatively explains the experimentally measured density, temperature, disorder, and mag-
netic field dependence of bilayer drag, thermodynamic parameters (e.g. spin susceptibility, quasiparticle effective mass),
and transport properties in both electron and hole-based low-density 2D semiconductor structures. Our work convincingly
demonstrates that the 2D electron liquid remains a Fermi liquid down to fairly low densities, and speculative non-Fermi
liquid considerations are unnecessary in order to understand the phenomenology of low-density 2D systems. This work
is done in collaboration with Euyheon Hwang, and supported by ONR, LPS, and NSF.

9:12
A3 3 Drag resistance of 2D electronic microemulsions.*
STEVEN KIVELSON, Stanford University

In two dimensional electron systems with Coulomb or dipolar interactions, a direct transition, whether first or second
order, from a liquid to a crystalline state is forbidden. As a result, between these phases there must be other (micro-
emulsion) phases which can be viewed as a meso-scale mixture of the liquid and crystalline phases. We investigate the
transport properties of these new electronic phases and present arguments that they are responsible for the various
transport anomalies that have been seen in experiments on the strongly correlated 2DEG in high mobility semiconductor
devices with low electron densities. In particular, motivated by recent experiments of Pillarisetty et al, PRL 90, 226801
(2003), we present a theory of drag in electronic double layers at low electron concentration. We show that the drag effect
in such systems is anomalously large, it has unusual temperature and magnetic field dependences associated with the
Pomeranchuk effect, and does not vanish at zero temperature.

*In collaboration with B. Spivak.
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9:48

A3 4 Transition between Composite-Bosons and Composite-Fermions in v = 1/2 + 1/2 Quantum Hall
Bilayers.*

STEVEN H. SIMON, Lucent Technologies, Bell Labs

There has been considerable recent interest in bilayer quantum Hall systems at filling fraction v = 1/2 + 1/2. At large
spacing between the layers, the system is described as two independent » = 1/2 composite fermion fermi seas, with each
electron being bound to two vortices of the wavefunction within the same layer. At small spacing between the two layers
the system can be described as a composite boson condensate (also known as ‘111 state’” or exciton condensate) where
each electron is bound to one vortex of the wavefunction within the same layer and to one vortex of the wavefunction
in the opposite layer. As the spacing between the layers is continuously decreased, intra-layer correlations must be
replaced by inter-layer correlations, and the composite fermion sea must be replaced by the composite boson condensate.
In this talk we will focus on the nature of this transition. For intermediate distances between the two layers, we propose
a scenario where composite bosons and composite fermions coexist in two interpenetrating fluids[1]. In other words, we
allow some electrons to bind to vortices within the same layer, and some to bind to vortices in the opposite layer. Trial
wavefunctions describing these mixed composite-boson-composite-fermion states compare favorably with exact diago-
nalization results. A Chern-Simons transport theory is constructed that is compatible with experiment. More recent
work[2] has shown that pairing interactions between the composite fermions occur. Once this pairing is treated properly
we obtain almost perfect numerical agreement with exact diagonalizations. Possible implications for experiments are
discussed. [1] S. H. Simon, E. H. Rezayi, and M. V. Milovanovic. Phys. Rev. Lett. 91, 046803 (2003) [2] G. Moller, E.
H. Rezayi, and S. H. Simon, to be published.

*Work done in Collaboration with E. H. Rezayi, M. V. Milovanovic, and G. Moller

10:24
A3 5 Spectroscopy of Emergent Phases of Electron Bilayers in the Quantum Hall Regime.*
VITTORIO PELLEGRINI, NEST INFM-CNR Scuola Normale Superiore, Pisa (Italy)

Electron bilayers in semiconductor heterostructures in the quantum Hall regime are contemporary realizations of highly
correlated systems where bizarre quantum phases may appear. A mean field configuration occurs when a tunneling gap
splits the single-particle levels in their symmetric and anti-symmetric combinations and the Landau level filling factor is
1. This configuration has full spin and pseudospin ferromagnetic order, where pseudospin is a quantum operator describ-
ing layer occupation. The presentation considers optics experiments that offer evidence of the breakdown of the pseu-
dospin order of the mean-field paradigm based on measurements of low-lying spin excitations [1]. The suppression of the
pseudospin order manifests a new quantum phase that can be interpreted as a highly correlated fluid of electron-hole
excitonic pairs across the tunneling gap. Evidence of a phase transition to a non-quantum-Hall phase is found in
measurements of elastically-scattered light (Rayleigh scattering) and of spectral lineshapes of spin-excitations [2]. The
transition occurs when the pseudospin order fully collapses by application of an in-plane magnetic field component. [1]
S. Luin, et al. Phys. Rev. Lett. 94, 146804 (2005). [2] S. Luin, et al., to be submitted.

*Work done in collaboration with S. Luin, A. Pinczuk, B.S. Dennis, L.N. Pfeiffer, K.W. West.

SESSION A4: PARTICLE SELF ASSEMBLY
Monday Morning, 13 March 2006; 308, Baltimore Convention Center at 8:00
Maria Santore, University of Massachusetts, presiding

8:00
A4 1 DNA-Mediated Colloidal Crystallization, Interactions and Dynamics.
JOHN CROCKER, University of Pennsylvania

DNA has emerged as a powerful and versatile tool for nanoscale self-assembly. Several researchers have assembled
nanoparticles and colloids into a variety of structures using the sequence specific binding properties of DNA. Until
recently, however, all of the reported structures were disordered, even in systems where ordered colloidal crystals might
be expected. We detail the experimental approach and surface preparation that we used to form the first DNA-mediated
colloidal crystals, using polystyrene microspheres. We also report the first direct measurements of such DNA-induced
interactions between such micron-sized particles. The interactions measured with our optical tweezer method can be
modeled in detail by well-known statistical physics and chemistry, boding well for their further application to directed
self-assembly. The microspheres reversible adhesion dynamics have an unexpected power-law scaling, which we hy-
pothesize is due to the non-exponential kinetics of DNA hybridization process itself.



March Meeting 2006: Session A4

55

8:36
A4 2 Assembly and Gelation of Four-Armed DNA Dendrimers.™*
FRANCIS STARR, Wesleyan University

The disordered-arrested state of matter is ubiquitous in existing materials like glasses, and is prevalent in many new
materials, due to the uncommon mechanical, thermal and electrical properties. The ‘‘bottom-up’’ construction of new
materials is one of the central aims of nanotechnology. DNA is potentially an optimal choice for the construction of
three-dimensional supramolecular assemblies since it can self-assemble into long and fairly rigid helices, based simply on
sequence complementarity. We numerically study a model designed to mimic the behavior of recently synthesized
single-stranded DNA dendrimers. Complementarity of the base sequences of different strands results in the formation of
strong cooperative intermolecular links with a valency controlled by the number of strands. We simulate the bulk
behavior of a system containing many 4-armed DNA dendrimers and find that in an extremely narrow temperature range
the system forms a large-scale, low-density network via a thermo-reversible gel transition. The sharpness of the crossover
the gel state can be controlled by the length of the DNA strands, since longer strands will form cooperative bonds over
a narrower temperature range. As a result, the percolation temperature of the network formed by the dendrimers can be
made arbitrarily close to the gel transition by tuning the length of DNA strands. This is in contrast with recent model
systems designed to understand thermo-reversible gelation. Given that gelation and percolation coincide in irreversible
chemical gels, this system provides an excellent model material to bridge the understanding between reversible and
chemical gels.

*This work in collaboration with Francesco Sciortino (U Roma I) and supported by NSF grant DMR-0427239

9:12
A4 3 Directing Colloidal Particle Organization Using Soft Lithography and Polyelectrolyte Assembly.*
PAULA HAMMOND, Massachusetts Institute of Technology

The use of electrostatic interactions to guide colloidal assembly can be used to achieve an elegant level of control on the
ordering of particles at surfaces. We have utilized a combination of self-assembled monolayers and electrostatic layer-
by-layer assembled thin films as templates for the directed deposition of colloidal particles. In this work, it is also of
interest to manipulate two or more colloid components on a surface using attractive and/or repulsive interactions. This
work has since led to an investigation into other interactions that can be used to guide colloid assembly. By extending
our understanding of interactions between polyelectrolytes and different forms of functional surfaces, we have been able
to guide polyelectrolyte coated colloids to different surface regions based on hydrophobic or hydrogen bonding interac-
tions as well as charge attraction. Recent success has been obtained in our group on the use of DNA acid/base pairs to
direct the deposition of polyion functionalized colloids to specific regions of surfaces. In this work, the strong and highly
specific hydrogen bonding interactions that take place between poly(phosphonic acids) is being pursued. New develop-
ments have included the formation of hydrogen bonded Janus particles — colloids that have been functionalized with a
different polybase on either side of the particle. Finally, we have also begun to use a range of soft lithographic methods,
combined with polyelectrolyte multilayer assembly on nanometer scale patterns to direct nanoparticles into patterned
arrays. The interactions involved in this work, guiding principles, as well as the interplay between hard boundaries and
surface chemistry in template surfaces, will be discussed, and potential applications and new collaborations will be
addressed in display, microfluidic and biological applications.

*supported by the NSF funded Center for Materials Science and Engineering at MIT

9:48
A4 4 Symmetry, Equivalence and Self-Assembly.
JACK DOUGLAS, Polymers Division, NIST

Molecular self-assembly at equilibrium is central to the formation of many biological structures and the emulation of this
process through the creation of synthetic counterparts offers great promise for nanofabrication. The central problems in
this field are an understanding of how the symmetry of the interacting particles encodes the geometrical structure of the
organized structure and the nature of the thermodynamic transitions involved. Our approach is inspired by the self-
assembly of actin, tubulin and icosahedral structures of plant and animal viruses. We observe chain, membrane, ‘nano-
tube’ and hollow icosahedron structures using ‘equivalent’ particles exhibiting an interplay between directional (dipolar
and multi-polar) interactions and short-range (van der Waals) interactions. Specifically, a dipolar potential (continuous
rotational symmetry) gives rise to chain formation, while potentials having discrete rotational symmetries (e.g., square
quadrupole or triangular ring of dipoles) led to the self-organization of nanotube and icosahedral structures with some
resemblance to tubulin and icosahedral viruses. The simulations are compared to theoretical models of molecular
self-assembly, especially in the case of dipolar fluids where the corresponding analytic theory of equilibrium polymer-
ization is well developed. These computations give insights into the design elements required for the development of
synthetic systems exhibiting this type of organization.

7V \ DNINJON AVANOIN
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10:24

A4 5 Structured Nanocomposites: Organization of Particles Templated in Self-Assembled PEO-PPO-PEO
Mesophases.

LYNN WALKER, Carnegie Mellon University

The design of materials with tailored properties and function requires control over their structure in the nanometer scale.
It is advantageous to many engineering applications that this is carried out using self-assembly processes that occur at
reasonable concentrations ( ~ 10%° particles/L) and short timescales (ns — us). In this work, we have developed a novel
approach using an ordered template to control the nanoscale structure of materials that would not otherwise order in
solution. We use close-packed cubic and cylindrical mesophases of a thermoreversible block copolymer (PEO-PPO-PEO)
to impart spatial order on dispersed nanoparticles. The thermoreversible nature of the template allows for the dispersion
of particles synthesized outside the template. This feature extends the applicability of this templating method to many
particle-polymer systems and also permits a systematic evaluation of the impact of design parameters on the structure and
mechanical properties of the nanocomposites. The approach is extremely robust and we have successfully templated
solutions of silica and gold inorganic nanoparticles as well as a series of proteins, which act as organic nanoparticles in
our system. The influence of relative size (particle to template sites), relative concentration, temperature and shear are
experimentally determined using small angle neutron scattering (SANS) and rheology. SANS with contrast variation is
used to characterize the structure of the polymer mesophase and the templated particles in a nanocomposite indepen-
dently. SANS experiments also demonstrate that shear can be used to align the nanocomposites into single-crystal
macro-domains; the first demonstration of the formation of single-crystal nanoparticle superlattices. The outcome of this
work serves as a basis for designing new soft nanocomposite materials.

SESSION AS5: ADVANCED MATERIALS FOR ENERGY APPLICATIONS
Monday Morning, 13 March 2006; 309, Baltimore Convention Center at 8:00
George Crabtree, Argonne National Laboratory, presiding

8:00
A5 1 Overview of the Hydrogen Initiative.
M. S. DRESSELHAUS, Massachusetts Institute of Technology, Cambridge, MA

One of the Grand Challenges of the 21st Century is to achieve a sustainable energy supply. The 20th Century has seen
remarkable advances in Science and Technology, resulting in expectations for a higher standard of living. This has
required large increases in global per capita energy consumption. Projections of per capita energy needs for the 21st
Century indicate that new technologies for sustainable energy production, storage and use will need to be developed in
the next 50 years. The so-called hydrogen economy is one such proposal that is presently being considered worldwide.
In this talk the big picture of the Grand Energy Challenge will be presented. In this context requirements of a hydrogen
economy will be broadly discussed in terms of hydrogen production, storage and utilization, with emphasis given to the
large gap between present science and technology know-how and the requirements in efficiency and cost for a sustainable
hydrogen economy. Opportunities for nanoscience and nanotechnology to narrow this gap will be discussed, and ex-
amples of recent progress will be presented.

8:36
A5 2 Direct Energy Conversion: Chemistry, Physics, Materials Science and Thermoelectrics.*
MERCOURI KANATZIDIS, Michigan State University

Interest in all-solid-state thermal to electrical conversion has been steadily increasing in recent years and this has been
coinciding with an increasing recognition of rising energy demands in the future. Thus there is now renewed awareness
of the need to find new energy sources and make conservation efforts more efficient. In this context thermoelectric
materials seem poised to have an impact. Research is needed to understand at the fundamental level the scientific issues
that are crucial in designing and discovering new highly efficient thermoelectrics. The progress in the field of thermo-
electrics has been significant both at the concept level and at the materials discovery level thanks to a convergence of
chemistry, physics and materials science efforts. I will describe how each of these disciplines impact each other to
produce synergies that propel advances in this area. I will present recent progress in novel nanostructured chalcogenide
materials that stimulate new experimentation and hold considerable promise for higher efficiencies in heat to electricity
conversion.

*Supported by ONR.
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9:12
A5 3 Novel Indirect Hydrogen Storage Materials.
CLAUS HVIID CHRISTENSEN, Technical University of Denmark

Materialization of a hydrogen economy could provide a solution to significant global challenges. In particularly, the
possibility of improving the efficiency and simultaneously minimizing the environmental impact of energy conversion
processes, together with the opportunity to reduce the dependency of fossil fuels, are main drivers for the currently
increasing research and development efforts. However, significant technological breakthroughs are necessary for making
a hydrogen economy feasible. Particularly, it is necessary to develop appropriate hydrogen storage and transportation
technologies. Recently, metal ammine salts were proposed as safe, reversible, high-density and low-cost hydrogen
carriers. Here, we discuss how this development could provide a platform for using ammonia as a fuel for the hydrogen
economy. We do that by comparing various possible hydrogen carriers with respect to energy and cost efficiency,
infrastructure requirements, safety concerns and also environmental impact.

9:48
A5 4 Near-surface alloys for improved catalysis.
MANOS MAVRIKAKIS, UW-Madison

Periodic self-consistent Density Functional Theory (DFT-GGA) calculations have emerged as a valuable partner to
experiment in explaining reactivity of transition metal surfaces. These methods provide detailed itatomic level mecha-
nistic information on individual elementary reaction steps, in terms of reaction thermochemistry, reaction paths, and
activation energy barriers. itTrends in reactivity derived from systematic investigations of specific steps on a number of
different metal surfaces are reliable, when compared to experiment. In particular, we will attempt to demonstrate how
first-principles methods can extend beyond the detailed mechanistic analysis of catalytic reactions to reach the ambitious
goal of identifying promising catalysts for specific applications. Among others, we will discuss opportunities to design
bimetallic catalysts for highly selective hydrogen transfer reactions, and for designing cheaper and more active oxygen
reduction catalysts, the latter being most relevant to the cathode reaction of low temperature fuel cells.

10:24
AS 5 Materials challenges for solid-state lighting.
E. FRED SCHUBERT

The use of highly efficient semiconductor light-emitting diodes (LEDs) suitable for illumination applications will enable
huge energy savings and have a very positive effect on the environment. This talk will discuss materials challenges in
solid-state lighting, including a new class of materials, low-refractive-index materials, with refractive indices much lower
than conventional materials. Arrays of SiO, nanorods are shown to have unprecedented low refractive indices ( < 1.10)
yet viable thin-film properties. Their use for omni-directional reflectors and the resulting improvement in LED light-
extraction efficiency will be discussed. We will show that optimized phosphor distributions in white LED lamps,
particularly remote-phosphor distributions, combined with diffuse reflectors, strongly enhance luminous efficiency. Fi-
nally, we will discuss materials issues that limit the efficiency of ultraviolet (UV) light emitters.

SESSION A6: FRONTIERS OF COMPUTATIONAL MATERIALS
Monday Morning, 13 March 2006; 310, Baltimore Convention Center at 8:00
Stefano Curtarolo, Duke University, presiding

8:00

A6 1 Multiscale Modeling of Solidification Microstructure: Atomic-Scale Simulations of Crystal-Melt Interfaces
and Beyond.

MARK ASTA, Department of Chemical Engineering and Materials Science

This abstract was not received electronically.

8:36
A6 2 Reliable First-Principles Alloy Thermodynamics via Optimal, Truncated Cluster Expansions.*
DUANE JOHNSON, Department of Materials Science and Engineering

Cluster expansions (CE) are increasingly used to combine first- principles electronic-structure structural formation
energies and Monte Carlo methods to predict phase stability in alloys, and search for new materials. As a basis-set
expansion in terms of lattice geometrical clusters and effective cluster interactions, the CE is exact if infinite, but is
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tractable only if truncated. We present an optimal truncation for CE basis sets that provides reliable thermodynamics and
is easy to implement in mulitcomponent alloys, whereas former truncations were not well defined and sometimes led to
unreliable results. We discuss predictive error estimation, error estimation of temperature prediction, Rayleigh- Ritz
variation errors associated with basis set truncation for both concentration-dependent and independent version (similar to
local compact support in finite-element methods), as well as a means for rapid assessment of transition temperatures
without performing Monte Carlo. We exemplify all of the issues in various binary alloys. A Thermo Toolkit (TTK) that
automates construction of the optimal, truncated CE, generation of linear-independent unit-cell structures, electronic-
structure job submission for the required unit-cell, collection into database, and ultimately Monte Carlo construction of
phase diagram is exemplified also.

*Acknowlegdments to Dr. Nikolai Zarkevich and Teck Tan Leong for developments of TTK and funding through the
National Science Foundation ITR (DMR-03-25939), and DOE under grant DE-FG02-03ER46026, and the Metal-Hydride
Center of Excellence at Sandia.

9:12

A6 3 Realistic nanostructures from first-principles: fluxional handles to control the conductance of carbon
nanotubes.*

NICOLA MARZARI, Department of Materials Science and Engineering, Massachusetts Institute of Technology

We have combined large-scale, I — point electronic-structure calculations and the maximally-localized Wannier func-
tions approach to calculate efficiently and with full first-principles accuracy the electronic structure and the quantum
conductance of complex systems containing thousands of atoms. This approach is applied to study covalent functional-
izations in metallic single-wall carbon nanotubes. We find that for most covalent ligands (from hydrogens to aryl
moieties) the electronic structure around the Fermi energy is much less dependent on the chemical nature of the ligands
than on the sp> functionalization pattern disrupting the conjugation network. These covalent functionalizations are more
stable when paired with saturating hydrogens. Even when paired, they still act as strong scattering centers that degrade
the conductance of the tubes already at low degrees of coverage. Instead, we find that cycloadditions of carbenes or
nitrenes can preserve metallicity to an unusually high degree, whenever bond cleavage between two sidewall carbon
atoms is induced. This process restores the original sp? hybridization for the sidewall carbons and preserves, even in the
presence of significant distortions, the original ‘‘transparency’’ of the 7 manifold. The chirality and curvature of the
nanotube and the chemistry of the addends determine this bond cleavage and in turn the transport properties. Remarkably,
a well-defined range of diameters can be found for which certain addends - such as dicyanocarbene - exhibit a bistable
switchable state, where the opening or closing of the bond, and thus the opening and closing of the conduction channels,
could be directed with chemical, electrochemical or optical means. This discovery opens the way to novel and promising
routes to control and modulate nanotube conductance, with applications ranging from sensors to memories to opto- and
nano-electronics.

*Support from NSF-NIRT DMR-0304019 and from MIT Institute for Soldier Nanotechnologies is gratefully acknowl-
edged.

9:48
A6 4 Evolutionary approach for determining first-principles model Hamiltonians.*
GUS L. W. HART, Northern Arizona University

The ability to perform accurate solid-state calculations based completely on first principles (for relatively small unit cells)
has made it possible to develop model Hamiltonians that can be rapidly ‘‘searched’” for optimal target properties—i.e.,
true materials-by-design. Recent applications include ferroelectric properties and band-gap engineering. The most diffi-
cult step in ‘‘training’’ such model Hamiltonians is making choices for the number and types of parameters in the model
that insure the predictive power of the model. Based on an evolutionary approach, we have developed an algorithm' for
selecting the types and number of terms in a Cluster Expansion model for a binary alloy. This approach removes much
of the tedium of constructing the model and robustly finds the best possible set of parameters. The approach is general
and can be applied to a wide variety of other models as well. I illustrate the success of the new approach first on systems
where the best parameter set is known analytically, and second, as applied to several recent ‘‘real-world’’ examples,
including (1) the role of long-period-superlattices in the Cu-Pd system, (2) predicting configuration-dependent bulk-
moduli in transition- metal carbides and nitrides, (3) predicting optimal superlattice stacking/orientations to engineer
desired band-gaps in MgO-ZnO wide gap alloys.

*Supported by NSF-0244183; DFG-MU 1648/2 1,2; and a Cottrell College Science Award (Research Corporation).

IGus L. W. Hart, V. Blum, M. J. Walorski, and A. Zunger, Nature Materials 4 391 (2005); V. Blum, Gus L. W. Hart, M.
J. Walorski, and A. Zunger, Phys. Rev. B 72, 165111 (2005).
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10:24
A6 5 Prediction of new crystal structure phases in metal borides.
ALEKSEY KOLMOGOROYV, Duke University

Identification of novel crystal structures is an important step for predicting new stable compounds in alloys, since most
theoretical search algorithms are restricted to a given prototype library or a lattice type. Performing ab initio data mining
[1] of intermetallic compounds we have discovered that even in such a well-studied class of systems as metal borides
there are previously unknown phases comparable in energy to the existing ones [2]. We demonstrate that even though the
new structures are relatively simple, their identification is not straightforward. We systematically investigate the stability
and electronic properties of the new metal boride phases. Our calculations show that some phases exhibit electronic
features similar to those in the famous MgB, and could be good superconductors. The new phases are likely to have
random stacking faults, so they might not be detected with standard x-ray methods. Our results could thus be used as an
important guide in the search for new superconducting metal borides. [1] S. Curtarolo et al., Phys. Rev. Lett. 91, 135503
(2003). [2] A.N. Kolmogorov et al., submitted (2005).

SESSION A7: BACTERIAL FLAGELLAR DYNAMICS, POLYMORPHISM, AND CONFORMATIONAL SPREAD
Monday Morning, 13 March 2006; 307, Baltimore Convention Center at 8:00
Phil Nelson, University of Pennsylvania, presiding

8:00
A7 1 Theory of polymorphic transformations of flagella.
THOMAS POWERS, Brown University

Bacterial flagellar filaments can abruptly change shape in response to mechanical load or changes in solution pH or ionic
strength. These polymorphic transformations are an instance of a ubiquitous phenomenon, the spread of conformational
change in large macromolecular assemblies. We propose a new theory for polymorphism, whose essential elements are
two molecular switches, an elastic mismatch strain between the inner and outer cores of the filament, and cooperative
interactions between neighborhing subunits on the same protofilament. We calculate the phase diagram for helical and
straight states, and the response of a helical filament to an external moment.

8:36
A7 2 Synchronization of rotating flagella by hydrodynamic interactions.
HOLGER STARK, Universitat Konstanz, Fachbereich Physik, D-78457 Konstanz, Germany

Rotating bacterical flagella form bundles, which means that their rotations have to be synchronized. The aim of our study
[1] is to show that hydrodynamic interactions, i.e., interactions mediated by the flow field the helical flagella create, can
be at the origin of such a synchronization. We consider two stiff helices that are modeled by rigidly connected beads,
neglecting any elastic deformations in a first approach [1]. The helices are driven by constant and equal torques. They are
fixed in space by anchoring their terminal beads in harmonic traps so that they can jiggle around. We observe that, for
finite trap strength, hydrodynamic interactions, treated in the low-Reynolds-number regime, do indeed synchronize the
helix rotations to a phase difference zero. The speed of phase synchronization decreases with increasing trap stiffness and
becomes zero in infinitely stiff traps. So strictly parallel helices do not synchronize. This limit is consistent with recent
work based on slender-body theory [2]. We furhermore show that phase synchronization is stable against fluctuations in
the torques driving the helices. Our results clearly indicate that some kind of flexibility is essential to allow for phase
synchronization. In reality, this flexibility might have its origin in the proximal hook connecting the flagellum to the
rotatory motor or in elastic deformations of the rotating flagella. Indeed, when we extend our model by implementing the
elasticity of a helical worm-like chain, synchronization occurs much faster even for relatively stiff helices.

[1] M. Reichert and H. Stark, Eur. Phys. J. E 17, 493 (2005).

[2] M.J. Kim and T.R. Powers, Phys. Rev. E 69, 061910 (2004).

9:12
A7 3 Bacterial Flagellar Transformations.
NICHOLAS DARNTON, Rowland Institute at Harvard

In many of the bacteria that swim by rotating helical flagella, the flagellum itself is not a simple, passive propeller.
Flagella can adopt several helical shapes of varying pitch, radius and handedness in response to changing conditions such
as temperature, pH, and load. In itEscherichia coli, in particular, at least 5 (out of 12 predicted) helical forms are observed
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during normal swimming. Polymorphic changes commonly occur during tumbling, appear to aid in the reorientation of
swimming direction, and are induced by torque- changing variations in motor speed. Measurements on individual,
isolated flagellar filaments are revealing the forces required to cause polymorphic transformations. These data will be
necessary for a quantitative understanding of the connections between motor reversal, polymorphic change, and tumbling
behavior. Since the filament is a uniform polymer of flagellin protein, whose structure is known, it provides a simple,
macroscopically visible model of highly cooperative conformational changes in a biological polymer.

9:48

A7 4 Spiroplasma swim by a processive change in body helicity.

JOSHUA SHAEVITZ, University of California, Berkeley

Microscopic organisms must rely on very different strategies than their macroscopic counterparts to swim through liquid.
To date, the best understood method for prokaryotic swimming employs the rotation of flagella. I will present data that
Spiroplasma, tiny helical bacteria that infect plants and insects, use a very different approach. By measuring cell
kinematics during free swimming, we find that propulsion is generated by the propagation of kink pairs down the length
of the cell body. A processive change in the helicity of the body creates these waves and enables directional movement.
Unlike the motion of other helical swimmers such as Spirochetes, Spiroplasma swimming velocity increases with
increasing viscosity. In addition, cell morphological parameters such as helical pitch and cell length influence swimming

velocity.

SESSION A8: PATTERN FORMATION AND
NONLINEAR DYNAMICS

Monday Morning, 13 March 2006

314, Baltimore Convention Center at 8:00

P. Palffy-Muhoray, Kent State University, presiding

8:00

A8 1 The effects of initial seed size and transients on dendritic
crystal growth ANDREW DOUGHERTY, THOMAS NUN-
NALLY, Dept. of Physics, Lafayette College The transient behav-
ior of growing dendritic crystals can be quite complex, as a grow-
ing tip interacts with a sidebranch structure set up under an earlier
set of conditions. In this work, we report on two observations of
transient growth of NH,CI dendrites in aqueous solution. First, we
study growth from initial nearly-spherical seeds. We have devel-
oped a technique to initiate growth from a well-characterized ini-
tial seed. We find that the approach to steady state is similar for
both large and small seeds, in contrast to the simulation findings of
Steinbach, Diepers, and Beckermann[1]. Second, we study the
growth of a dendrite subject to rapid changes in temperature. We
vary the dimensionless supersaturation A and monitor the tip
speed v and curvature p. During the transient, the tip shape is
noticeably distorted from the steady-state shape, and there is con-
siderable uncertainty in the determination of the curvature of that
distorted shape. Nevertheless, it appears that the ‘‘selection pa-
rameter’” o* = 2d,D/vp* remains approximately constant
throughout the transient. [1] I. Steinbach, H.-J. Diepers, and C.
Beckermann, itJ. Cryst. Growth, 275, 624-638 (2005).

8:12

A8 2 Control of eutectic solidification microstructures through
laser spot perturbations SILVERE AKAMATSU, CNRS
KYUYONG LEE, Ames Laboratory WOLFGANG LOSERT,
UMD We report on a new experimental technique for controlling
lamellar eutectic microstructures and testing their stability in di-
rectional solidification (solidification at fixed rate V in a uniaxial
temperature gradient) in thin sample of a model transparent alloy.
A eutectic binary alloy solidifies into a mixture of two crystal
phases. In stationary regimes, periodic front patterns made of an
alternate stacking of lamellae of the two solid phases are observed.
We observe the solidification front in real time by optical micros-

copy. We use micromanipulation with laser spot arrays for per-
turbing the solidification front on a scale ranging from one to ten
times the average value of the lamellar spacing (spatial period),
i.e., typically 10 to 100 microns. These perturbations arise from
local heating due to the absorption of the laser light by the liquid
slightly ahead of the front. We use the laser spot perturbation
technique as a tool for mapping out the large range of accessible
lamellar spacings at given V and for creating desired patterns
(smooth spatial modulation, tilt domains).

8:24

A8 3 Pattern Formation in a NaCl Crystal undergoing Strain-
enhanced Dissolution ZVI KARCZ, DENIZ ERTAS, RICHARD
POLIZZOTTI, ExxonMobil Research and Engineering EINAT
AHARONOV, Weizmann Institute of Science CHRIS SCHOLZ,
Lamont Doherty Earth Observatory Observations of an initially
circular contact ( ~ 300um in diameter) between the [ 100] face of
a single-crystal NaCl shaped as a truncated cone and a flat silicate
plate immersed in saturated solution indicate that the crystal de-
forms in two sequential stages under constant normal load. The
first is characterized by contact area reduction and slow conver-
gence rates, and the second by fluctuations in contact area and fast
and fluctuating convergence rates. Fluctuations are on a timescale
of ~ 14 hours. The transition between the stages occurs at the
maximum contact stress, which shortly precedes the maximum
convergence rate. Confocal images indicate that the crystal dis-
solves coaxially during the first stage, producing a decreasing
static contact. During the second stage, the contact shape is highly
irregular, with channels and ridges forming inside the contact.
These observations reflect a system evolving towards a non-
equilibrium steady state, controlled by the interaction between
strain-energy driven undercutting dissolution and plastic flow. Un-
dercutting dissolution reduces the area of the contact, and prefer-
entially removes regions with high dislocation density, while plas-
tic flow increases the contact area by mobilizing dislocations that
strain harden the crystal. The feedback between these two mecha-
nisms drives the system towards a dynamic steady state.

8:36

A8 4 Controlled Irradiative Formation of Penitentes VANCE
BERGERON, Ecole Normale Superieure, Lyon CHARLES
BERGER, Ecole Normale Superieure, Paris M. D. BETTERTON,
University of Colorado Spike-shaped structures are produced by
light-driven ablation in very different contexts. Penitentes 1-4 m
high are common on Andean glaciers, where their formation
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changes glacier dynamics and hydrology. Laser ablation can pro-
duce cones 10-100 wm high with a variety of proposed applica-
tions in materials science. We report the first laboratory generation
of centimeter-scale snow and ice penitentes. Systematically vary-
ing conditions allows identification of the essential parameters
controlling the formation of ablation structures. We demonstrate
that penitente initiation and coarsening requires cold temperatures,
so that ablation leads to sublimation rather than melting. Once
penitentes have formed, further growth of height can occur by
melting. The penitentes intially appear as small structures (3 mm
high) and grow by coarsening to 1-5 cm high. Our results are an
important step towards understanding and controlling ablation
morphologies.

8:48

A8 5 Transient growth and controlled side branching of xenon
dendrites MARCO FELL, J. H. BILGRAM, ETH Zurich, Swit-
zerland In our experiments we study the influence of transient
growth conditions on the growth of xenon dendrites from under-
cooled melt. Here we report on the response of crystal growth on
heating the melt. We start heating at a given temperature and
steady-state growth. The dendrite tip reacts on this change by
slowing down growth rate v and increasing tip radius R. We ob-
serve that side branches emerge from an unstable surface. As we
continue heating up to slightly above melting temperature, the tip
radius continuously decreases to a new value. The reverse tem-
perature change unveils a hysteretic behavior: As soon as we cool
down the melt from a temperature tight above melting tempera-
ture, v and R both increase. The curvature of the tip becomes too
small to be stable at the given undercooling and an instability leads
to a new, thin tip growing out of the oversized sphere-like tip. The
value R%v shows a sharp peak and then settles to a constant value
in only about 20 seconds. The same instability also gives rise to
side branches whose formation can be controlled by a repetitive
application of the described mechanisms. Highly symmetric xenon
crystals can be grown by this technique.

9:00

A8 6 Late time growth dynamics in the Cahn-Hilliard
equation® TMOTHY S. SULLIVAN, Department of Physics,
Kenyon College P. PALFFY-MUHORAY, Liquid Crystal Insti-
tute, Kent State University Numerical simulations were carried out
in 2D of the scaled Cahn-Hilliard equation [dy/dr = (1/2)V?
( — ¢ + ¢ — V2y)] starting from Gaussian distributed, ran-
dom initial conditions on a 540x540 square grid. Simulations were
run for a dimensionless time of 200,000, a factor of ten beyond
previously reported results. The simulations also covered a broad
range of values of the mean composition, including several at
values that had not previously been reported. For each composi-
tion and for time intervals of no longer than 5000 in dimensionless
time, the structure factor was calculated for sixty separate runs and
averaged. The pair correlation function was then calculated from
the average structure factor and its first zero crossing,R ;(7), taken
as a measure of the average domain size, was determined. An
equation of the form R;(1) = at’ + ¢ was then fit to our data
over the dimensionless time range from 5000 to 200,000. In con-
trast to previous work, we find that the scaling exponent b varies
with mean coomposition and does not appear to be consistent with
the Lifshitz-Slyozov result b = 1/3. The largest deviation occurs at

a mean composition of 0.2, where b = 0.244 = 0.003. We
discuss the possible effects of morphology on both the scaling law
and the time it takes to reach the scaling regime.

*Work supported by Kenyon College, the Liquid Crystal Institute,
and The Ohio Supercomputer Center

9:12

A8 7 Domain Growth in 2D Hexagonal Patterns with Diffuse
Interfaces DANIEL A. VEGA, LEOPOLDO R. GOMEZ, De-
partment of Physics - Universidad Nacional del Sur - CONICET.
(8000) - Bahia Blanca - Argentina RICARDO J. PIGNOL, De-
partment of Mathematics - Universidad Nacional del Sur. (8000)
- Bahia Blanca - Argentina The coarsening process in planar pat-
terns has been extensively studied during the last two decades.
Although progress has been made in this area, there are still many
open questions concerning the basic mechanisms leading the sys-
tem towards equilibrium. Some of these mechanisms (including
curvature driven growth, grain rotation and defect annihilation)
have mostly been addressed in systems displaying sharp inter-
faces. In this work we traced the dynamics of phase separation in
hexagonal patterns with diffuse interfaces through the Cahn-
Hilliard model. By studying orientational and translational order
and densities of topological defects we were able to identify a
mechanism of coarsening simultaneously involving curvature
driven growth, front propagation and grain rotation. In this regime
we found that different correlation lengths characterizing the hex-
agonal pattern increase logarithmically with time.

9:24

A8 8 Oscillatory patterns near the instability threshold in ex-
tended systems with reflection symmetry ALEXANDER NEP-
OMNYASHCHY, IRINA SMAGIN, Technion, Haifa, Israel
VLADIMIR VOLPERT, ALEXANDER GOLOVIN, Northwest-
ern University It is well known that the envelope function of a
modulated traveling wave spontaneously generated by a short-
wave instability is governed by a complex Ginzburg-Landau equa-
tion (CGLE). Various modulation phenomena, which include the
nonlinear development of a modulational instability of periodic
waves in the supercritical region, as well as the formation of stable
modulated waves in the subcritical region, have been extensively
studied in the framework of CGLE. The nonlinear interaction be-
tween two waves moving in the opposite directions is described by
a system of two non-locally coupled CGLEs that has not been
studied in detail yet. We use this system for studying several
phenomena related to modulations of standing waves: (i) nonlinear
development of a modulational instability; (ii) propagation of de-
fects in standing-wave patterns; (iii) subcritical modulated waves.
The results are applied to problems of transverse instabilities of
fronts in combustion and explosive crystallization.

9:36

A8 9 Effects of the Deep of Quench on the Mechanisms of
Pattern Formation of Sphere Forming Block Copolymers LE-
OPOLDO R. GOMEZ, DANIEL A. VEGA, Department of Phys-
ics - Universidad Nacional del Sur - CONICET. (8000) - Bahia
Blanca - Argentina ENRIQUE M. VALLES, Plapiqui - Univer-
sidad Nacional del Sur - CONICET. (8000) - Bahia Blanca -
Argentina The disorder-order transition of a two dimensional
sphere forming block copolymer is studied through the Cahn-
Hilliard model at different deeps of quench. The process of mi-
crophase separation and kinetic of pattern formation are controlled
by the spinodal and order-disorder temperatures. In the spinodal
region the deep of quench strongly affect both, ordering times and
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density of topological defects. As the spinodal temperature is ap-
proached, the density of disclination becomes very small and
grains show a perfect orientational and translational order. In a
narrow region of temperatures the system relax towards equilib-
rium via the nucleation and growth mechanism. In this region the
critical grain size is approximately one lattice constant in the
neighborhood of the spinodal line and diverges as the order-
disorder temperature is approached.

9:48

A8 10 Feedback Control of Pattern Formation LIAM STAN-
TON, ALEXANDER GOLOVIN, Northwestern University Glo-
bal feedback control of spatially-regular patterns described by the
Swift-Hohenberg (SH) equation is studied. Two cases are consid-
ered: (i) the effect of control on the competition between roll and
hexagonal patterns; (ii) the suppression of sub-critical instability
by feedback control. In case (i), it is shown that control can change
the stability boundaries of hexagons and rolls. Particularly, for
certain values of the control parameter, both hexagons and rolls
are unstable, and one observes non-stationary patterns with de-
fects. In case (ii), the feedback control suppresses the unbounded
solutions of a sub-critical SH equation and leads to the formation
of spatially-localized patterns.

10:00

A8 11 Grain boundary stability in stripe configurations of non
potential, pattern forming systems JORGE VINALS, ZHI-
FENG HUANG, McGill University We describe numerical solu-
tions of nonpotential models of pattern formation in non equilib-
rium systems to address the motion of grain boundaries separating
large domains of stripe configurations. One of the models allows
for mean flows. Wavenumber selection at the boundaries, bound-
ary instability, and defect formation and motion at the boundary
are described as a function of the distance to onset.

10:12

A8 12 Mesoscale Theory of Grains and Cells: Crystal Plastic-
ity and Coarsening® SURACHATE LIMKUMNERD, JAMES
SETHNA, Laboratory of Atomic and Solid State Physics, Cornell
University Line-like topological defects inside metals are called
dislocations. At high temperatures, polycrystalline grains form
from the melt and coarsen with time: these dislocations can both
climb and glide. At low temperatures under shear the dislocations
(which allow only glide) form into cell structures. While both the
microscopic laws of dislocation motion and the macroscopic laws
of coarsening and plastic deformation are well studied, we have
had no simple, continuum explanation for the evolution of dislo-
cations into sharp walls. We present here a mesoscale theory of
dislocation motion which provides a quantitative description of
deformation and rotation, grounded in a microscopic order param-
eter field exhibiting the topologically conserved quantities. The
topological current of the Nye dislocation density tensor is derived
from a microscopic theory of glide driven by Peach-Koehler
forces between dislocations using a simple closure approximation.
The evolution law leads to singularity formation in finite time,
both with and without dislocation climb. Implementation of finite
difference simulations using the upwind scheme and the results in
one and higher dimensions will be discussed.

*ITR/ASP ACI0085969 and DMR-0218475

10:24

A8 13 Numerical Studies of annular electroconvection in the
weakly nonlinear regime PEICHUN TSAI, Department of Phys-
ics, University of Toronto ZAHIR A. DAYA, Defence R&D
Canada STEPHEN W. MORRIS, Department of Physics, Univer-
sity of Toronto We study 2D electrically-driven convection in an
annular geometry by direct numerical simulation. The simulation
models a real experiment which consists of a weakly conducting,
submicron thick liquid crystal film suspended between two con-
centric electrodes. The film is driven to convect by imposing a
sufficiently large voltage V across it. The flow is driven by a
surface charge density inversion which is unstable to the electrical
force. This instability is closely analogous to the mass density
inversion which is unstable to the buoyancy force in conventional
thermally-driven Rayleigh-Bénard convection. The important di-
mensionless parameters are a Rayleigh-like number R, propor-
tional to V2, a Prandtl-like number P, equal to the ratio of the
charge and viscous relaxation times, and the radius ratio «, char-
acterizing the annular geometry. The simulation uses a pseudo-
spectral method with Chebyshev polynomials in the radial direc-
tion and Fourier modes in the azimuthal direction. We deduce the
coefficient g of the leading cubic nonlinearity in the Landau am-
plitude equation from the computed amplitude of convection. We
investigate the dependence of g on a and P and compare the
results to experimental data and to linear and nonlinear theory.

10:36

A8 14 Demodulation of Electroconvective patterns in Nematic
Liquid Crystals* GYANU ACHARYA, Kent State University

JOSHUA LADD, Colorado State University J.T. GLEESON,
Kent State University IULIANA OPREA, GERHARD DANGEL-
MAYR, Colorado State University We present the results of pat-
tern formation in electroconvection of liquid crystal 4-ethyl-2-
fluoro-4’-[2-(trans-4-pentylclohexyl)-ethyl Jbiphenyl(152) with
planar alignment. The pattern was a function of three control pa-
rameters: applied ac voltage, driving frequency and electrical con-
ductivity. Over certain range of conductivity, the initial transition
(supercritical Hopf bifurcation) leads to right and left traveling zig
and zag rolls.For the demodulation of images, Fourier transform
(FT) of a time series of images were taken with the sampling rate
greater than the Hopf frequency. To demodulate zig/zag rolls, the
region around Kk, ( the wave vector of a given mode) of interest at
one quarter of the FT was taken setting all FTs zero. Taking the
index of the maximum FT value at that region as the reference
point, again this region was separated into four parts and redis-
tributed at four corners. The absolute value of the inverse FT of
the modified function gives the required envelope.

*supported by NSF-DMS0407418

10:48

A8 15 Pattern Formation and Dynamics in Electroconvection
of Nematic Liquid Crystals: a Theoretical and Experimental
Study of the Weak Electrolyte Model* ITULIANA OPREA,
Colorado State University J.T. GLEESON, Kent State University
GERHARD DANGELMAYR, Colorado State University Gin-
zburg Landau formalism is used in the study of electrohydrody-
namic convection in a planar layer of nematic liquid crystal based
on the weak electrolyte model. Stable wave patterns predicted by
weak electrolyte model near a Hopf bifurcation of the basic state
are analyzed and bounds for the Eckhaus stability are obtained.
The weak electrolyte model, that treats the conductivity as a dy-
namical variable, is tested by quantitative comparison of experi-
mentally measured and theoretically calculations of specific pa-
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rameters, such as the recombination rate and charge transport, for
the nematic 152. The experimentally observed spatiotemporal
chaos evolving at the onset is qualitatively compared with the
spatiotemporal chaos obtained in the numerical simulations of the
four globally coupled Ginzburg Landau equations describing the
dynamics of the amplitudes of the bifurcated patterns.

*Supported by NSF DMS-0407418

SESSION A9: ELECTRONIC STRUCTURE ON
SURFACES AND IN REDUCED DIMENSIONS
Monday Morning, 13 March 2006

301, Baltimore Convention Center at 8:00

Hanno Weitering, University of Tennessee, presiding

8:00

A9 1 Single-electron tunneling force spectroscopy of electronic
states in nonconducting surfaces* EZRA BUSSMANN, NING
ZHENG, CLAYTON C. WILLIAMS, University of Utah Typi-
cally, the scanning tunneling microscope (STM) cannot directly
perform current-voltage spectroscopy on any electronic state with
a lifetime greater than ~ 107% seconds—the state cannot empty
fast enough to supply the necessary ~ 0.1 pA ( ~ 10° e/s) imaging
current. Recently, we reported a scanning probe technique that
detects, by electrostatic force, single-electron tunneling events be-
tween a probe and states in a nonconducting surface. Here we
determine the energy level of such a state by a single-electron
tunneling spectroscopy, implemented by tuning the probe Fermi
level with respect to the state by a dc voltage. A random telegraph
signal (RTS), due to an electron tunneling back-and-forth between
the probe and state, is observed when the Fermi level is near the
state energy. We present spectroscopic data and extract the energy
of a state in a thermal silicon dioxide film. The origin of the RTS
is discussed. Additionally, we find evidence for energy relaxation
and charge movement in these states. This new nanometer-scale
approach provides the means to characterize electronic states in
nonconducting surfaces, opening for exploration materials not ac-
cessible to the STM. [1] E. Bussmann, D. J. Kim & C.C. Williams,
itAppl. Phys. Lett. 85, 2538 (2004)

*This work supported by the Semiconductor Research Corpora-
tion.

8:12

A9 2 High Resolution Studies of the Electronic Properties of
Graphite and Graphene SHUYUN ZHOU, Department of Phys-
ics, University of California, Berkeley, CA 94720; Materials Sci-
ences Division, Lawrence Berkeley National Laboratory, Berke-
ley, CA GEY-HONG GWEON, DANIEL GARCIA, ELIZABETH
ROLLINGS, Department of Physics, University of California,
Berkeley, CA 94720 CATALIN SPATARU, STEVEN LOUIE,
DUNG-HAI LEE, ALESSANDRA LANZARA, Department of
Physics, University of California, Berkeley, CA 94720; Materials
Sciences Division, Lawrence Berkeley National Laboratory, Ber-
keley, CA We report a high-resolution angle-resolved photoemis-
sion spectroscopy (ARPES) study on the electronic properties of
bulk graphite and atomically-thin graphene layers. Data as a func-
tion of both in-plane and out-of-plane momenta, binding energy
and photon energy will be presented. We have observed for the

first time using ARPES some very interesting electronic properties
near the Fermi energy E;, whichshows that inter layer coupling is
an important ingredient in understanding the electronic properties
of graphite. In addition, the unique electronic properties in
atomically—thin graphene layers will be discussed and compared
with those from the bulk graphite sample.

8:24

A9 3 Positron Trapping and Annihilation at Reconstructed
Ge(100)-(2x1) and Ge(111)-(2x8) Surfaces ARNAB K. PAL,
NAIL G. FAZLEEV, University of Texas at Arlington The results
of experimental studies of Ge(100) and Ge(111) surfaces using
high-resolution positron-annihilation-induced Auger electron
spectroscopy are analyzed by performing calculations of the
‘‘image-potential’’ surface states and annihilation characteristics
for positrons trapped at the reconstructed Ge(100)-(2x1) and
Ge(111)-(2x8) surfaces. Estimates of positron binding energy,
work function, and annihilation characteristics reveal their sensi-
tivity to surface reconstruction of the topmost layers of clean Ge.
These results are compared to the ones obtained for the recon-
structed Si(100)-(2x1), Si(100)-p(2x2), and Si(111)-(7x7) sur-
faces. Comparison of theoretical positron annihilation probabili-
ties computed for different reconstructed surfaces of Ge with
experimental ones estimated from the measured Auger peak inten-
sities permits identification of the atomic structure of the topmost
layers of the reconstructed surfaces. The effects of adsorbates on
the localization of positron surface state at the semiconductor sur-
face and positron annihilation characteristics are discussed.

8:36

A9 4 Probing electron correlation effects of Ni(111) with STM
KEES FLIPSE, Eindhoven University of Technology K. BRAUN,
Ohio University, Athens, USA A. GRECHNEV, M. KATSNEL-
SON, Radboud University of Nijmegen, The Netherlands K.
RIEDER, Free University of Berlin, Germany The role of electron
correlation effects in the electronic structure of Ni-metal has been
attracting interest for a long time. Here we present an extensive
scanning tunneling microscopy and spectroscopy investigation on
Ni(111) at low temperature which shows a parabolic surface state
with a surprisingly low effective mass compared to the noble met-
als like Au, Ag and Cu and a d-surface resonance showing an
electron-electron interaction signature which can be understood by
a many-body calculation of the electronic structure (DMFT). For
the first time, a small energy shift and a significant broadening of
the electron state due to electron-electron correlation effects are
obtained in a STM experiment. This opens the possibility to study
electron many-body effects of surface states in detail with a very
high energy resolution on a clean and defect free part of the sur-
face.

8:48

A9 5 Low temperature scanning tunneling microscopy study
on electronic standing waves and step motion on Au(111) sur-
face HUI WANG, JONGHEE LEE, DAN SULLIVAN, Lab for
Physical Sciences, Dept. of Physics, University of Maryland
MICHAEL DREYER, Lab for Physical Sciences, Dept. of Elec-
trical And Computer Engineering, University of Maryland
BARRY BARKER, Lab for Physical Sciences, National Security
Agency We present a Low Temperature Scanning Tunneling Mi-
croscope investigation of step motion and electronic standing
waves of Au(111) surface epitaxially grown on Mica. By perform-
ing Fourier Transform Scanning Tunneling Spectroscopy, we
measured the parabolic surface state dispersion with an effective

6V \ DNINJOIN AVANOIN
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mass of 0.25m, . This agrees well with the theory and the photo-
emission data. We also report the step motion of Au(111) surface
at 4K. The speed of the motion is around 5 to 20nm/hr. Potential
causes for this motion include tip-sample interaction and surface
contamination. These and other possible causes will be discussed.

9:00

A9 6 On the inhomogeneous structure and charge transfer of
C4o monolayer on Ag(001) XIEQIU ZHANG, AIDI ZHAO, XU-
DONG XIAO, Department of Physics and Institute of Nano Sci-
ence and Technology, Hong Kong University of Science & Tech-
nology, Hong Kong, China WEI HE, JINLONG YANG, Heifei
National Laboratory for Physical at Microscales, University of
Science and Technology of China, Heifei, Anhui 230026, China
We have studied the morphological and electronic structure of Cg,
ML/Ag(001) by STM/STS and first principles calculation. The
bright-dim contrast of adsorbed Cg, molecules is identified as
originating from geometric effects. Among the dim Cgy molecules,
there consist of dim monomers (DM) and dim dimers (DD), which
display distinguished STS. The dI/dV spectra give the energy lo-
cations of HOMO, LUMO and LUMO+ 1-derivated energy bands
and the different STS spectra for B, DM, and DD Cg, molecules
indicate that the charge transfer from the substrate is strongly
inhomogeneous. The charge transfer has been estimated as ~ 0,
~ 1, ~ 2 electrons/molecule for B, DM and DD from the shift of
their corresponding LUMO+1 energy bands, respectively. The
DFT calculations give the consistent spectra for B, DM and DD C
¢0 Molecules with experimental STS data, but with smaller charge
transfer.

9:12

A9 7 Electronic Effects in the Length Distribution of
Si(553)-Au Chains®™ JASON CRAIN, MARK STILES, JOSEPH
STROSCIO, DANIEL PIERCE, Electron Physics Group, NIST
The electronic structure of nanostructures directly impacts their
energetics. For example, the confinement of electronic states de-
termines preferred sizes for clusters and thin films. In the present
study we investigate the effects of the electronic structure on the
self-assembly of Si(553)-Au atomic chains, which are broken into
finite-size segments by defects [1,2]. Chains are first fabricated by
depositing gold on stepped silicon surfaces [3]. Scanning tunnel-
ing microscopy measures the distribution of chain lengths and the
correlation between defects separating chains. The distribution of
chain lengths reveals incommensurate oscillations that are linked
to the electronic scattering vectors at the Fermi surface of the
surface states. The pairwise correlation function between defects
shows long-range correlations that extend beyond nearest-
neighbor defects, indicating coupling between chains. [1] J. N.
Crain, A. Kirakosian, K. N. Altmann, C. Bromberger, S. C. Erwin,
J. L. McChesney, J. L. Lin, and F. J. Himpsel, Phys. Rev. Lett., 90,
176805 (2003). [2] J. N. Crain and D. T. Pierce, Science, 307, 703
(2005). [3] J. N. Crain, J. L. McChesney, F. Zheng, M. C. Gal-
lagher, P. C. Snijders, M. Bissen, C. Gundelach, S. C. Erwin, and
F. J. Himpsel, Phys. Rev. B, 69, 125401 (2004).

*Supported in part by the Office of Naval Research.

9:24

A9 8 An Electronic View of the Step-edge Schwoebel Barrier
Problems YINA MO, Harvard University ZHENYU ZHANG,
Oak Ridge National Lab, University of Tennessee EFTHIMIOS
KAXIRAS, Harvard University Using First-principle calculations,
we studied the energetics of adatoms Co, Fe, Cu, and Zn on the
stepped Cu(111) surfaces and that of adatoms Rh, Pd, and Ag on

the stepped Pd(111) surfaces. We found that the behavior of the
adatoms at the step edge of these substrates is governed by the
electronic interactions instead of stain strain effects. The different
energetics and kinetics of the different adatoms on the same sub-
strates result from the difference in which these adatoms see the
charge distributions from the identical substrates. We further clari-
fied that atomic level studies of these cases are required because
the bond counting rules are not univeral.

9:36

A9 9 Electronic Structure of NiO (100) and CoO (100) Ultra-
thin Films on Fe;0,4(100)* HUI-QIONG WANG, VICTOR
HENRICH, Department of Applied Physics, Yale University, PO
Box 208284, New Haven, CT 06520 The electronic structure of
ultrathin epitaxial films of two insulating antiferromagnets, NiO
and CoO, grown on the metallic ferrimagnet Fe;O, is being in-
vestigated. NiO (100) and CoO (100) are grown monolayer by
monolayer on Fe;O, (100) using molecular beam expitaxy; the
thin-film electronic properties are characterized by measuring ul-
traviolet photoelectron spectra (UPS) as a function of overlayer
thickness. The evolution of the density-of-states in the O 2p/Fe 3d
and O 2p/Ni 3d bands exhibits a shift in the position of the NiO
valence band for ultrathin films relative to bulk-like thick films;
that band shift is also observed for ultrathin CoO (100) films
grown on Fe;0, (100). Several possibilities for the origin of that
shift will be discussed: one is modification of metal 3d - O 2p
hybridization in the thin film; another is change of the on-site
Coulomb interaction, U, due to polarization energy and substrate
image potentials.

*This research was supported by U.S. Department of Energy
Grant DE-FG02-00ER45844.

9:48

A9 10 Modification of Surface States in Ultrathin Films via
Hybridization with the Substrate — a Study of Ag on Ge
SHU-JUNG TANG, TOM MILLER, TAI-CHANG CHIANG,
University of lllinois at Urbana-Champaign The Shockley surface
state of Ag(111) develops unusual band dispersion relations for
Ag films of decreasing thicknesses on Ge(111), as observed by
angle-resolved photoemission. Its parabolic dispersion in the
thick-film limit shifts toward higher binding energies and splits
into multiple bands with dispersions that reflect the valence band
structure of Ge including the heavy-hole, light-hole, and split-off
bands. The results are explained in terms of a hybridization inter-
action between the Ag surface state and the Ge substrate states.

10:00

A9 11 Surface electronic structure of H/Li(110) — an applica-
tion of the semi-infinite method.* YONAS ABRAHAM,
N.A.W. HOLZWARTH, Wake Forest University We report the
application of our new semi-infinite method to study the Li (110)
surface. This method calculates continuum and bound electronic
states in the vicinity of a surface of a semi-infinite crystal. It is
designed for solving the Kohn-Sham equations in a pseudopoten-
tial formulation, including both local and separable non-local con-
tributions. It is based on the Numerov integration algorithm and
uses singular value decomposition to control the exponentially
growing contributions. For Li (110), we see that H changes the
interference patterns of the continuum states. In addition, we are
able to locate the energies of H-induced surface states relative to
the bulk band edges. Comparison with supercell calculations of
the same system, reveal interesting differences.

*Supported by NSF Grant No. DMR-0427055.
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10:12

A9 12 Possible superconductivity in hetero-polar interfaces of
CuC)/Si superlattices: (001) and (111)* S. H. RHIM, R. SANIZ,
A.J. FREEMAN, Northwestern U, J.J. YU, Seoul Natl. U. To
investigate possible interfacial superconductivity! in CuCI/Si su-
perlattices, we carried out first-principles calculations using the
highly precise FLAPW? method. Two possible growth directions,
(001) and (111), are compared through their band structures, den-
sity of states (DOS), charge densities and Fermi surfaces. While
the (111) superlattice is always metallic, the (001) superlattice is
metallic or insulating depending on the number of Si and CuCl
layers. Both directions exhibit two dimensional (2D) character at
the interfaces which is a result of charge transfer between CuCl
and Si layers. For metallic superlattices, the 2D conduction bands
at the interfaces, resemble the 2D Cu-O dpo bands of cuprate
superconductors. To obtain 7'~ based on conventional electron-
phonon (e-p) interactions, we calculated the e-p coupling constant,
N\, within the rigid muffin-tin approximation.® The results indicate
that while e-p coupling is present in both directions, it gives T
= 041 ~ 1.69 K, i.e. one order of magnitude lower than the
previously reported high transition temperature®>- which, if con-
firmed, would indicate a possible role for excitonic effects.

*DOE (DE-F602-88ER45372/A022))

L9, Mattes, %Physica C 162,554 (1989); Mattes and Foiles,
Physica 135B, 139 (1985)

2Wimmer, Krakauer, Weinert, and Freeman, Phys.Rev.B, 24, 864
(1981)

3Gaspari and Gyoffry, Phys. Rev. Lett. 28, 801, (1972)

10:24

A9 13 Measurement of Valley Splitting in a Si/SiGe 2DEG
Point Contact L.M. MCGUIRE, K.A. SLINKER, S. GOSWAMI,
University of Wisconsin-Madison J.O. CHU, IBM Research Divi-
sion, T. J. Watson Research Center M.A. ERIKSSON, University
of Wisconsin-Madison We measure the valley splitting as a func-
tion of magnetic field in a Si/SiGe two-dimensional electron gas
(2DEG) point contact defined by metal top-gates. Using a pair of
point contacts on a quantum dot, and a two-point measurement
technique, we apply a small ac bias to the source-drain and mea-

sure the differential current as we pinch off the channel by apply-
ing a negative voltage to the top-gate. As the voltage on the top-
gate is varied in zero magnetic field, we observe the conventional
steps at conductance values of multiples of 4¢/h. By applying a
perpendicular magnetic field, we lift both the spin and valley de-
generacies, and we see corresponding steps in conductance at ev-
ery e?/h. By fitting the conductance as a function of magnetic
field, we can extract both the subband spacing and the valley
splitting energy. Temperature dependence and source-drain spec-
troscopy plots are shown. At high magnetic fields, step-like fea-
tures appear at non-integer conductance values in addition to the
integer steps. Research made possible by ARDA, the NSA, and
NSF.

10:36

A9 14 Quantum effects in the conductivity of high-mobility Si
MOSFETSs at ultra-low temperatures. NIKOLAI N. KLIMOV,
Rutgers University ALEXANDER KUNTSEVICH, VLADIMIR
M. PUDALOV, Lebedev Physics Institute HARRY KOJIMA,
MICHAEL E. GERSHENSON, Rutgers University By thorough
suppression of electromagnetic noise in our experimental set-up,
we were able to cool the electrons in high-mobility Si MOSFETs
down to 17mK. We have studied how the conductivity depends on
the temperature and the in-plane magnetic field over the density
range n = (2 — 10) - 10"'¢m ™2, with the focus on the crossover
from ballistic transport (77 > 1, where 7 is the momentum
relaxation time) to diffusive transport (77 < 1). For our samples,
this crossover was observed 7" ~ 0.3K. The quasi-linear depen-
dence o(T) observed in the ballistic regime [1] is in a quantitative
agreement with the theory of interaction corrections to the con-
ductivity [2]. At lower temperatures, the interaction corrections
are strongly affected by the inter-valley scattering. We have de-
termined the inter-valley scattering rate by analyzing the weak-
localization corrections and the dephasing time in the studied Si
inversion layers. We will discuss how the interaction corrections
in the diffusive regime are modified by the inter-valley scattering.
[1] V.M.Pudalov, M.E.Gershenson, H.Kojima, G.Brunthaler,
A.Prinz, G.Bauer, Phys.Rev.Lett. 91,126403 (2003) [2] G.Zala,
B.N.Narozhny, and 1.L.Aleiner, Phys. Rev.B 64, 214204 (2001);
65, 020201 (2002).

SESSION A10: FOCUS SESSION: PHYSICAL CHEMISTRY OF NANOSCALE SYSTEMS I
Monday Morning, 13 March 2006; 302, Baltimore Convention Center at 8:00
Tim Lian, Emory University; Ken Kuno, University of Notre Dame, presiding

Invited Papers

8:00
A10 1 Fluorescence Kinetics in Nanoscale Systems.
DAVID NESBITT, JILA/NIST

This abstract was not received electronically.

Contributed Papers

8:36

A10 2 Magneto-optical spectroscopy of single CdSe nanocrys-
tal quantum dots H. HTOON, V. I. KLIMOV, Chemistry Divi-
sion, Los Alamos National Laboratory, New Mexico M. FURIS, S.
A. CROOKER, National High Magnetic Field Laboratory, Los
Alamos, New Mexico Understanding the spin structure of excitons
within nanocrystal quantum dots (NCs) is important on both fun-
damental grounds and also for technological spintronic applica-

tions. While single-NC photoluminescence (PL) studies have be-
come routine, there are no reports of spin-resolved magneto-PL
studies with single-NC sensitivity. To this end, we measure low
temperature (4 K), polarization resolved, magneto-PL of indi-
vidual CdSe NCs to 5 Tesla. We clearly observe an energy split-
ting between left- and right-circularly polarized PL peaks and a
strong degree of circular polarization in a subset ( < 10%) of the
studied NCs. We attribute this effect to a Zeeman splitting of
spin-up and spin-down excitons in those NCs having wurzite-c
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axes aligned parallel to the applied magnetic field. Our data reveal
that ST Zeeman splittings vary widely from one NC to another,
occasionally reaching values in excess of 2 meV. We compare the
results from many single nanocrystals with magneto-PL measure-
ments of NC ensembles.

8:48

A10 3 Optical properties of current carrying molecular wires
MICHAEL GALPERIN, Northwestern University ABRAHAM
NITZAN, Tel Aviv University We consider several fundamental
optical phenomena involving single molecules in biased metal-
molecule-metal junctions. The molecule is represented by its high-
est occupied and lowest unoccupied orbitals, and the analysis in-
volves simultaneous consideration of three coupled fluxes: the
electronic current through the molecule, energy flow between the
molecule and electron-hole excitations in the leads, and the inci-
dent and/or emitted photon flux. Using a unified theoretical ap-
proach based on the non-equilibrium Green function method we
derive expressions for an absorption lineshape (not an observable
but a useful reference for considering yields of other optical pro-
cesses) and for the current induced molecular emission in such
junctions. We find that current driven molecular emission and
resonant light induced electronic currents in single molecule junc-
tions can be of observable magnitude under appropriate realizable
conditions. In particular, light induced current should be observed
in junctions involving molecular bridges that are characterized by
strong charge transfer optical transitions. For observing current
induced molecular emission we find that in addition to the familiar
need to control the damping of molecular excitations into the
metal substrate the phenomenon is also sensitive to the way in
which the potential bias is distributed on the junction.

9:00

A10 4 Observation of Synchronous Photoluminescence Inten-
sity Fluctuations within Single CdSe Quantum Wires JOHN
GLENNON, RUI TANG, WILLIAM BUHRO, RICHARD LOO-
MIS, Department of Chemistry and Center for Materials Innova-
tion Washington Unviersity in St. Louis The intensity of the pho-
toluminescence (PL) within single colloidal CdSe quantum wires
(QWs) is observed to synchronously fluctuate along the entire
length of the wire in time. Statistical analysis of ‘on’ and ‘off’
events within the QWs indicates a power-law temporal depen-
dence nearly identical to that seen in colloidal CdSe quantum dots
(QDs). The low PL quantum yields (0.2-2%) of ensemble samples
of CdSe QWs suspended in solution are placed in perspective by
considering the large inhomogeneity observed in the PL intensities
of different QWs. Estimates of the quantum yields for the ‘on’
events in CdSe QWs are similar to those of CdSe QDs. We also
report on the observation of coordinated PL intensity fluctuations
in multiple QWs that lie in contact with each other, a surprising
entity dubbed a quantum network.

Invited Papers

9:36

9:12

A10 5 Plasmons in nearly touching metallic nanoparticles: sin-
gular response in the limit of touching dimers ISABEL
ROMERO, Donostia Intl Physics Center, DIPC, Donostia, Spain
JAVIER AIZPURUA, DIPC, Donostia, Spain GARNETT W.
BRYANT, NIST, Gaithersburg, MD F. JAVIER GARCIA DE
ABAJO, Unidad mixta CSIC-UPV/EHU and DIPC, Donostia,
Spain The response of gold nanoparticle dimers is studied near and
beyond the limit where the particles are touching. As the particles
approach each other, a dominant dipole feature is observed that is
pushed into the infrared due interparticle coupling and that is as-
sociated with a large pileup of induced charge in the gap region.
Lower-frequency, higher-order modes are observed in near touch-
ing dimers. After touching, singular behavior is observed through
the emergence of infrared absorption peaks, accompanied by huge
charge pileup at the nanoparticles junction region. These results
explain recent experiments on metallic nanoparticle dimers and
are relevant in the design of nanoparticle-based sensors and plas-
mon circuits.

9:24

A10 6 Surface-Enhanced Raman Scattering Based on Novel
Metal Nanostructures (Aggregates, Nanorods, and Nanoshells)
JIN ZHANG, ADAM SCHWARTZBERG, LEO SEBALLOS,
TAMMY OSHIRO, UC Santa Cruz CHAD TALLEY, Lawrence
Livermore National Lab REBECCA SUTPHEN, University of
South Florida YIPING ZHAO, University of Georgia Athens Ra-
tional design and study of new surface enhanced Raman scattering
(SERS) substrates is key to advancing chemical and biological
sensing. The next generation of biological probes will ideally be
single, small, SERS active nanostructures able to penetrate the
inner workings of cells. To this end, we have developed various
metal nanostructures based on aggregates, nanorods, and
nanoshells with the goal to optimize their SERS activities. We
have very recently demonstrated SERS from single, hollow nano-
structures. Exceptional sample homogeneity leads to a nearly ten-
fold increase in signal consistency over standard silver substrates.
At 30 nm in diameter, this is the smallest confirmed single SERS
active particle ever reported, representing a major step in advanc-
ing sensing technology based on SERS. In the meantime, we have
applied some of the substrates developed in detection of cancer
biomarkers and have achieved high sensitivity and molecular se-
lectivity. The results have shown that SERS is extremely promis-
ing for chemical and biological sensing and imaging applications.
To control the structure of the nanomaterials and thereby their
optical absorption as well as SERS properties is critical for these
emerging technological applications.

A10 7 Nanoparticle Optics: New Materials, Concepts, and Characterization Methods.
RICHARD VAN DUYNE, Northwestern University Department of Chemistry

Nanoparticle Optics is a materials driven subject. The unifying theme in this lecture will be the fabrication of size and
shape-tunable, metal nanoparticles using nanosphere lithography (NSL), electron beam lithography (EBL), and chemical
synthetic methods. Size and shape tunability leads to an exquisite degree of control over the magnitude and spatial extent
of the surface electromagnetic fields that surround optically excited nanoparticles. In turn, this has enabled fundamental
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new insights into the electromagnetic (EM) field enhancement mechanism underlying both localized surface plasmon
resonance (LSPR) spectroscopy and surface enhanced Raman spectroscopy (SERS). This lecture will focus on three
topics: (1) LSPR spectroscopy and its application to the development of nanoscale optical biosensors for the study
fundamental biological recognition events; (2) Dark-field Rayleigh scattering spectroscopy is used to show that diffrac-
tively narrowed plasmon bands can be produced in columnar arrays of Ag nanoparticles, fabricated by EBL, that are
spaced by approximately the single particle plasmon wavelength; and (3) the relationship between the LSPR spectrum of
Ag nanoparticles and the wavelength-scanned excitation spectra for both surface-enhanced Raman spectroscopy (WS
SERES) and second harmonic generation (WS SHGES) is discussed.

Contributed Papers

10:12

A10 8 Dielectric confinement effects on the emission lineshipe
of single semiconductor nanocrystals DANIEL GOMEZ, JOEL
VAN EMBDEN, PAUL MULVANEY, The University of Mel-
bourne We have explored the influence of different matrices on
the photoluminescence line shape of individual CdSe core shell
nanocrystals (NCs) at room temperature using confocal micros-
copy / spectroscopy. The results obtained corroborate previous
observations of a correlation between blinking events and spectral
diffusion but in addition, we have found that the extent of spectral
diffusion is almost independent of the dielectric environment of
the NC, thus suggesting that ionization and charge reorganization
events in the matrix are not responsible for the observed continu-
ous spectral shifts. We also observed that the emission line width
is correlated with the emission peak position and that the correla-
tion coefficient between these two variables is a function of the
dielectric constant of the matrix surrounding the NC. These results
are analyzed in terms of dynamic rearrangements of charges
trapped at the surface of the nanocrystal.

10:24

A10 9 Semi-empirical Study of a Multi-associated Rotaxane
KI-HO LEE, KARL SOHLBERG, Drexel University Rotaxanes
are prototype molecular devices based on two components; one or
more ring molecules threaded by a dumbbell-shaped, shaft mol-
ecule. In a switchable rotaxane, the shaft has two or more sites
strongly attracting the ring with different binding intensity, and
translation of the ring between the sites may be induced by switch-
ing the relative binding intensity. For amine binding sites, for
example, this switching may be accomplished by the protonation
of the amine to form a cationic ammonium site. In this study,
semi-empirical (AM1) electronic structure calculations have been
carried out for a multi-ring, multi-shaft rotaxane. Each of three
rings is threaded by a shaft and the three shafts are chemically
bonded to each other, limiting the number of degrees of freedom
in co-conformations of the entire complex. Each of the three shafts
contains one bipyridinium site and one amine site. The latter can
be switched to an ammonium site by protonation to induce trans-
lation of the associated shaft. We investigate concerted versus
stepwise protonation of the amine sites.

10:36

A10 10 Unoccupied electronic structure of and CO Chemi-
sorption on ultrathin Ni films HUA YAO, A.G DANESE, R.A
BARTYNSKI, Rutgers University The Ni/Cu(100) system has
drawn considerable of attention in recent years because of its im-
portance in both fundamental research and technological applica-

tions. Whereas many ultrathin metal systems are dominated by
quantum size effects (QSEs), for epitaxial Ni films on Cu(100)
there is an intermingling of QSEs, electronic hybridization, and
surface/interface effects, making it complicated and challenging to
obtain a microscopic picture of this bimetal system. We have
performed a series of inverse photoemission (IPE) studies of the
unoccupied electronic structure of the Ni/Cu(100) and CO/Ni/
Cu(100) systems as a function of Ni thickness. IPE spectra from
Ni films exhibit very rich structures. A Phase Accumulation
Model calculation suggests only one of the three main features is
consistent with metallic quantum well (MQW) State in Ni film.
CO adsorption strongly modifies the spectrum by dramatically
suppressing one of the main features indicating that this feature is
a Ni surface resonance. Furthermore, by comparing spectra from
Ni/Cu(100) with results from Cu/Ni/Cu(100), we suggest the third
feature is a state confined to the Ni/Cu interface. Since the elec-
tronic structure of these films changes as a function of film thick-
ness, it provides a very interesting opportunity to investigate how
different electronic state can modify the chemisorption properties
of Ni/Cu(100). We have used temperature programmed desorption
(TPD) to investigate the bonding between CO and Ni in Ni/
Cu(100) system.

10:48

A10 11 Are mechanochemistry and thermal chemistry equal?:
probing by nanonewton forces. MARTIN KONOPKA, IVAN
STICH, Slovak University of Technology DOMINIK MARX,
Ruhr Universitaet Bochum Chemical reactions can be triggered by
different energies, the most common being the thermal energy.
Despite the fact that mechanochemistry, where mechanical energy
is used instead of the thermal energy was long known, its practical
use and impact was limited. Recently advances in experimental
techniques, such as atomic force microscopy, fully opened the
intriguing possibility to use mechanical energy as a tool for chemi-
cal reactions driven by mechanical energy. We use technologically
important systems, short—chain (ethyl) thiolated copper clusters
and surfaces to investigate the differences between mechano
andthermal chemistry. This is an important and opened question as
mechanochemistry and thermal chemistry are rarely applied to the
same system. Quantum mechanics simulations based on density
functional theory indicate that the two chemical reactions are
vastly different. While thermal chemistry affects selectively the
thiolate-carbon bond, mechanochemistry leaves that bond intact
and leads to metal-metal bond breaking processes and creation of
unusual high- energy structures nonexistent in the nature.
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SESSION A11: FOCUS SESSION: PROMISES AND CHALLENGES IN CHEMICAL DYNAMICS I
Monday Morning, 13 March 2006; 303, Baltimore Convention Center at 8:00

Malcolm Bersohn, University of Toronto, presiding

Invited Papers

8:00

A11 1 Symmetry breaking and coherent control: the importance of the envelope.

MOSHE SHAPIRO, University of British Columbia

I shall review the progress of the field of ‘‘coherent control,”’ according to which control of dynamical processes is
achieved by using lasers to induce (destructive or constructive) interferences between different quantum pathways leading
to the same final outcome. I shall then discuss symmetry breaking stimulated by external laser fields and the role played
by the relative and the ‘‘envelope’” phase. Applications to chiral purification and the control of photo-current direction-

ality in semiconductors will be given.

Contributed Papers

8:36

A11 2 Coherent Phase Control of the Ionization and Dissocia-
tion of Vinyl Chloride* ROBERT J. GORDON, VISHAL J.
BARGE, ZHAN HU, JOYCE WILLIG, Department of Chemistry,
University of Illinois at Chicago Two-pathway quantum interfer-
ence was used to control the photochemical reactions of vinyl
chloride (C,H;Cl, VCI). A molecular beam of VCI was irradiated
simultaneously with 532 and 177 nm laser light, produced from
the second and sixth harmonics of a Nd:YAG laser. The relative
phase of the visible and UV lasers was adjusted by passing them
through a cell containing a variable pressure of hydrogen gas, and
the parent and fragment (C,H; and HCI) ions of VCI were de-
tected with a time-of-flight mass spectrometer. The phase lags
between different pairs of modulated ion signals depended on the
location of the laser focus. This variation of the phase lags was
produced by the axial spatial phase of the focused laser beam. A

Invited Papers

9:00

A1l 4 Recent Developments in Radiationless Transitions.

SHENG-HSIEN LIN, IAMS

This abstract was not received electronically.

Contributed Papers

9:36

A11 5 Energy transfer of highly vibrationally excited azulene:
crossed-beam study of collisions between azulene and krypton
CHI-KUNG NI, Institute of Atomic and Molecular Sciences, Aca-
demia Sinica The energy transfer dynamics between highly vibra-
tionally excited azulene molecules and Kr atoms in a series of
collision energies was studied using a crossed-beam apparatus
along with time-sliced velocity map ion imaging techniques. The
shapes of the collisional energy-transfer probability distribution
functions were measured directly from the scattering results of
highly vibrationally excited or ‘‘hot’’ azulene. At low enough
collision energies an azulene-Kr complex was observed, resulting
from small amounts of translational to vibrational/rotational (T-

non-zero phase lag between the parent and fragment ions produced
when the laser was focused in the center of the spectrometer slit is
indicative of coherent control of the branching between ionization
and dissociation.

*Support by the National Science Foundation is gratefully ac-
knowledged.

8:48

A11 3 Reaction Control through Coherent Excitation of a Su-
perposition State: Resonant Multiphoton Dissociation-
Ionization of Sulfur Dioxide BING XUE, JUN HAN, HAI-
LUNG DAL, Department of Chemistry, University of
Pennsylvania Through coherent excitation of a pair of eigenlevels,
an oscillation of 130 kcal/mole in energy excitation between elec-
tronic and vibrational motions on nano second time scale is cre-
ated for the molecule sulfur dioxide. The reactivity of the mol-
ecule can be influenced depending on whether the molecule is
vibrationally or electronically excited with this large amount of
energy. The effect of excitation on reactivity is demonstrated in
resonance enhanced multiphoton dissociation-ionization of sulfur
dioxide as a function of time following the coherent excitation.

V/R) energy transfer. T-V/R energy transfer was found to be quite
efficient. On the other hand, only a small fraction of vibrational
energy is converted to translational energy (V-T). We find that
substantial amounts of energy are transferred in the backward scat-
tering direction due to supercollisions at high collision energies.

9:48

A1l 6 Systematic degeneracies as a guide to the vibrational
dynamics of methanol DAVID PERRY, The University of Akron
The vibrational dynamics of the CH stretch and torsional vibra-
tions of methanol are explored using a 4-dimensional effective
Hamiltonian. The model parameters are constrained by a combi-
nation of low-resolution and high-resolution spectral data. At low
excitation energies, the torsion-vibration states are at most 2-fold
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degenerate as expected for the combination of the E-type torsional
tunneling species with the A” and A’” (in Cs) CH stretch vibra-
tions. At high torsional energies, we find a series of approximate
4-fold degeneracies characteristic of a degenerate E-type asym-
metric CH stretch in combination with the decoupled degenerate
free internal rotation. When a single CH bond is excited to a high
level, torsional tunneling is quenched causing all such levels to be
3-fold degenerate. When both a local CH stretch and internal ro-
tation are highly excited, we find systematic 6-fold degeneracies
characterized by free internal rotation decoupled from three
equivalent local CH stretches. The transition regions between
these simple limiting behaviors are explored.

10:00

A11 7 Vibrationally Enhanced Reactions of Highly Excited
Pyridine-ds (E,;,=38,000 cm™ ') with Cl Radicals AMY MUL-
LIN, ZIMAN LI, QINGNAN LIU, University of Maryland High

resolution transient IR probing of DCl reaction products at 4.9 um
is used to study the influence of large amounts of internal energy
on D-atom abstraction reactions of pyridine-ds (E,;,=38,100 cm
~1) with CI radicals. Vibrationally hot pyridine-ds molecules are
prepared using 266 nm pulsed excitation and Cl radicals are gen-
erated by photodissociation of Cl, at 355 nm. Cl radicals undergo
collisions with pyridine-ds with E,,;=2990 cm™' which is near
AH,,,=3050 cm~!. The D-atom abstraction rates are enhanced
by a factor of 200-300 when the pyridine reactant is vibrationally
excited. Energy measurements of the products show that the py-
ridinyl radical has lost only one quantum of the C-D stretch. We
find that the reaction mechanism is direct with a linear transition
state. The lack of energy equilibration among the reaction products
highlights the local nature of the transition state and shows that
most of the pyridine vibrational energy is not available to the
reaction. The experimental results are compared to phase space
theory calculations that predict a vibrational enhancement of
~10°-10°%.

SESSION A12: FOCUS SESSION: STEPS, GROWTH, AND SMOOTHING
Monday Morning, 13 March 2006; 304, Baltimore Convention Center at 8:00

Mina Yoon, Oak Ridge National Laboratory, presiding

Invited Papers
8:00

A12 1 Crystal Surface Morphological Evolution: From Step Motion to A Continuum Theory.

DIONISIOS MARGETIS, Massachusetts Institute of Technology

Modern technological advances rely on the synthesis of nanoscale surface features on crystalline materials. Despite 50
years of progress, the related evolution laws have evaded a complete theoretical description. In this talk I describe
analytically the recent derivation and applications of a continuum theory in 2+ 1 dimensions for crystal surfaces evolving
below the roughening temperature. First, microscopic laws are formulated for the motion of atomic steps, which compose
crystal surfaces, by incorporating: (i) diffusion of point defects (adatoms) on each terrace between steps; (i) atom
attachment-detachment at step edges; (iii) step curvature and elastic step interactions; and (iv) material deposition from
above. Second, macroscopic laws are derived from step models: The surface height satisfies a fourth-order, nonlinear
PDE for the anisotropic effect of fluxes of adatoms via an appropriate tensor mobility. The continuum solutions become
questionable near macroscopic, flat surface regions (‘‘facets’’) and step bunches. Third, particular solutions are invoked
to plausibly unify experimental observations of decaying bi-directional profiles via an interplay of step kinetics and
surface topography. Fourth, free-boundary problems are solved for the facet evolution of axisymmetric crystal shapes:
The appropriate boundary conditions are nonlocal with time. The continuum predictions compare favorably with nu-
merical simulations for individual steps. The formation of step bunches is studied via suitable continuum coordinates of

step motion.

Contributed Papers

8:36

A12 2 Mass Transport in Nano-scale Step Fluctuations® FER-
ENC SZALMA, T.L. EINSTEIN, M. DEGAWA, E.D. WILL-
IAMS, U. of Maryland D.B. DOUGHERTY, U. of Pittsburgh
Extending earlier work,! we investigate the linear response of a 2D
nano-scale system to small perturbations and determine its trans-
port properties. We use a 2-parameter-based energy landscape to
simulate a supersaturated lattice gas by a BKL kinetic MC algo-
rithm. The 2D gas atoms condense into a small island surrounded
by a dilute gas. Island-edge fluctuations are due to both the diffu-
sion of island atoms along its edge and atom exchange with the
surrounding rare gas. Their relative importance depends on the
ratio of the two energy parameters. We focus on adatom diffusion
on Pb(111) surfaces below the roughening temperature, with en-
ergy parameters taken from EAM calculations. We find that edge
fluctuations are mainly due to diffusion along the island edge, and

determine the temperature dependence of the associated hopping
rate. The Arrhenius behavior of the rates yields an effective energy
barrier which fits well in the series of similar barriers for Pt, Au,
and Ag. After comparing with experiments involving spirals as
well as islands on Pb, we assess our simple model.

*Work at UM supported by NSF MRSEC DMR 0520471 and
partially by DOE-CMSN DEFGO0205ER46227

'F. Szalma et al., Phys. Rev. B 71, 035422 (2005)

8:48

A12 3 Persistence Properties of Interacting Steps: Qualitative
Failure of Mean Field* HAILU GEBREMARIAM, T. L. EIN-
STEIN, U. of Maryland, College Park CHANDAN DASGUPTA,
Indian Inst. of Science, Bangalore In studying the persistence
properties of fluctuating steps on a vicinal surface, we examine the
effect of interactions between steps on the correlation function
C(t) of step excursions from their mean position. For times much
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longer than the correlation time 7., C(t) * exp( — t/7.). The
standard way to include step repulsions ( < A/I%) simply is the
mean field, Gruber-Mullins (GM) approximation, in which each
step experiences a harmonic potential that narrows with increasing
repulsion.! Monte Carlo simulations of a terrace-step-kink model
show that 7, then decreases with increasing A. Including the full
repulsion between neighboring steps, we find the opposite trend:
7, increases with A, due to in-phase meandering absent in GM.2
However, the time constant 7, associated with the exponential
decay of the survival probability decreases with A. The ratio 7,/ 7,
decreases slowly with A, from 0.38 at A = 0, thereby satistying
the theorem that this ratio be < 1.2. We also discuss the scaling
properties of autocorrelation and survival, in particular the depen-
dence on sampling time and on lateral system size.

*Work at UM supported by NSF MRSEC DMR 0520471.

IC. Dasgupta et al., Phys. Rev. B 69, 022101 (2004)
’Hailu Gebremariam, Ph.D thesis, and HG, CD, & TLE, to be
published.

9:00

A12 4 Debye Model of Steps on Vicinal Crystal Surfaces®
HOWARD L. RICHARDS, CLINT A. GREENE, Texas A & M
University-Commerce The steps on a vicinal crystal surface can be
mapped onto the world lines of spinless fermions, with the average
direction of the steps (the y-direction) being mapped to time. If the
interaction energy per unit length between neighboring steps is
given by V(L) = A/L? (as is common), this resulting quantum

system is integrable for only three values of A = BA/(kgT)?2. For

other values of A, the Pairwise Einstein Model gives an excellent
approximation for the Terrace Width Distribution (TWD, the his-
togram of x;,(y) — x;(y)) but is severely limited in describing
g(Ay) = ([x(y + Ay) — xi(»]%), particularly for Ay
> ¢, the correlation length. Here we show how the one- dimen-
sional Debye model correctly gives g.(Ay) even for large Ay.
The Pairwise Einstein Model also suggests a relationship between
the compressibility of the steps and the tails of the TWD, a rela-
tionship we clarify using the Debye model.

*Supported by a TAMU-Commerce Mini Grant and a Cottrell
College Science Award from Research Corporation.

9:12

A12 5 Step Evolution Toward Equilibrium: Fokker-Planck
Approach* AJMI BEN HAMOUDA, ALBERTO PIMPINELLLI,
LASMEA, U. Blaise Pascal Clermont-2, France HAILU GEBRE-
MARIAM, T. L. EINSTEIN, U. of Maryland, College Park We
have derived a Fokker-Planck equation (FPE) that describes the
relaxation of steps on vicinal surfaces toward the generalized
Wigner surmise Py(s) = as%exp( — bs?), arguably the best (both
conceptually and quantitatively) description of the equilibrium
terrace-width distribution (TWD) of steps on a vicinal surface.'
Focusing on the variance of the terrace-width distribution, we
consider several physically-relevant initial states: perfect cleavage
(straight, uniformly spaced), step bunch, and equilibrated distribu-
tions at different temperatures (prior to quenching), as well as
other models. We compare analytic results with Monte Carlo stud-
ies, Metropolis and kinetic. We discuss the crucial question of how
to make connections between the FPE time scale in analytic results
and the actual time scale in simulations of models and in measure-
ments of physical systems.

*Work at UM supported by NSF MRSEC DMR 0520471.

TA. Pimpinelli, Hailu Gebremariam, & T.L. Einstein, Phys. Rev.
Lett. 95, xxx (2005)

9:24

A12 6 Ab-initio Evaluation of Extended Lattice Gas Interac-
tions of Cu on Cu(111) and Cu(001)* T. J. STASEVICH, T. L.
EINSTEIN, University of Maryland, College Park S. STOLBOV,
Kansas State University Lattice gas models connect macroscopic
evolution to microscopic energies. The traditional empirical pa-
rameterization of these models can lead to incomplete descriptions
that yield effective rather than actual energies. More recently, self-
consistent computations from first principles of the relevant inter-
action energies can be used to diminish the risk of incompleteness.
We have used such an approach to calculate a variety of lattice-gas
interaction energies between Cu adatoms on Cu(001) and Cu(111).
We find that pair interactions beyond first neighbors are negligible
on Cu(111), whereas second neighbor interactions are significant
on Cu(001). Besides pair-interactions, we find that trio-
interactions can also be quite large. On Cu(111) these include two
orientation dependent trios that account for the difference in the
formation energies of A- and B-steps. When taken together, the
calculated interaction energies are self-consistent and compare
well with previous theory and experiment'.

*Work supported by the NSF-MRSEC

IT. J. Stasevich et al., Phys. Rev. B 70, 245404 (2004); 71, 245414
(2005)

9:36

A12 7 Surface Smoothening Mechanism of Plasma-Deposited
Amorphous Silicon Thin Films MAYUR VALIPA, University of
California, Santa Barbara TAMAS BAKOS, University of Mas-
sachusetts, Amherst ERAY AYDIL, University of Minnesota,
Minneapolis DIMITRIOS MAROUDAS, University of Massachu-
setts, Amherst An important concern in the plasma deposition of
thin hydrogenated amorphous silicon (a-Si:H) films is to obtain
smooth surfaces. Under conditions that lead to device-quality
a-Si:H films, the dominant deposition precursor is the SiH; radi-
cal. In this presentation, we report results of molecular-dynamics
simulations combined with first-principles density functional
theory calculations to elucidate the smoothening mechanism of
plasma deposited a-Si:H thin films. We show that SiH; may dif-
fuse rapidly on the a-Si:H film surface via overcoordinated surface
Si atoms and incorporate into the film preferentially in surface
valleys, after H atom transfer and formation of two Si-Si back-
bonds, with activation barriers for incorporation dependent on the
local surface morphology. Experimental data on smoothening and
SiH; diffusion are accounted for.

9:48

A12 8 On the Phase Shift of RHEED Intensity Oscillation
during Homoepitaxy by MBE B. SHIN, DEAS, Harvard Univ.
J.P. LEONARD, Dept. Mat. Sci. & Eng., Univ. of Pittsburgh J.W.
McCAMY, M.J. AZIZ, DEAS, Harvard Univ. Despite the wide-
spread usage of RHEED over many years, there still remain fun-
damental questions unanswered with regard to the interpretation of
RHEED measurements. One of these issues is the phase shift of
the RHEED intensity oscillations upon changing the incidence
angle of electron beams. Therefore, we have conducted a system-
atic investigation of the phase shift of the RHEED intensity oscil-
lations during homoepitaxy of Ge(001) by MBE for a wide range
of diffraction conditions. Our results show that for small incidence
angles with a beam azimuth several degrees away from crystallo-
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graphic symmetry directions, the phase stays the same; it starts to
shift once the (004) Kikuchi line appears in the RHEED pattern.
Moreover, under some conditions we observe the oscillations from
only the Kikuchi feature and not from the specular spot, and the
oscillatory behavior of the Kikuchi feature is almost out of phase
with that of the specular spot. All these results convincingly dem-
onstrate that the phase shift is caused by the interference of the
specular spot by the Kikuchi features. The lesson that can be
learned from our study is that in order to use the RHEED specular
intensity oscillation to learn about surface morphology, one must
be extremely careful that the RHEED measurements be conducted
under conditions where the influence of the Kikuchi features is
minimal.

10:00

A12 9 Properties of steps at faceted crystal-melt interfaces
from molecular dynamics simulations DOREL BUTA, North-
western University MARK ASTA, University of California Davis
JEFFREY HOYT, Sandia National Laboratories The properties of
steps at faceted solid-liquid interfaces are key elements to under-
standing the anisotropy of interfacial free energies and mobilities,
which in turn control the morphology of crystals grown from the
melt. We investigate the equilibrium and non-equilibrium dynam-
ics of arrays of steps at vicinal interfaces of Si(111) with molecu-
lar dynamics simulations of the Stillinger-Weber model. Step mo-
bilities determined from isothermal crystallization simulations are
found to decrease as the density of steps increases. We relate the
decrease in step mobility to an increase in the effective stiffness of
the interacting steps, manifested by a reduction in the width of
equilibrium step fluctuations as the average distance between steps
decreases. The analysis of step fluctuations is also instrumental in
determining the nature of step-step interactions.

10:12

A12 10 Ensemble Approach to Vicinal Crystal Surfaces RYAN
P. JACOB, HOWARD L. RICHARDS, Physics, Texas A & M
University-Commerce T.L. EINSTEIN, Physics, University of
Maryland Recent studies of the Step Position Distribution (SPD)
have made it clear that there exists a characteristic length Ly,
(along the y-axis, parallel to the average step direction) at which
the variance of the SPD is correctly predicted by the Pairwise
Einstein Model. We extend this to the case when neighboring
steps have different stiffnesses. A similar characteristic length
along y must be introduced to calculate average properties from an
ensemble of Gruber-Mullins models, subject to the constraint that
the variance of the Terrace Width Distribution (TWD) is as given

by the Pairwise Einstein Model. We discuss the relationship be-
tween these length scales for a range of step interactions.

10:24

A12 11 Growth and Atomic Structure of Periodically Striped
Ag Films on a One-dimensional Surface Reconstruction
TAKASHI UCHIHASHL* Nanomaterial Laboratory, National
Institute for Materials Science, 1-1, Namiki, Tsukuba, Ibaraki,
305-0044, Japan CHIGUSA OHBUCHI, SHIGERU TSUKA-
MOTO, TOMONOBU NAKAYAMA, We report the growth be-
havior of Ag thin films formed on the Si (111)4x1-In reconstruc-
tion, which is composed of periodic indium atomic chain arrays on
a silicon surface. We use a two- step growth method, i.e., low
temperature ( 100K) deposition of a Ag film followed by anneal-
ing up to room temperature. Scanning tunneling microscope
(STM) and low energy electron diffraction (LEED) measurements
clarify that Ag films have stripe structures with a periodicity equal
to that of the Si (111)4x1-In reconstruction (= 1.33 nm), thus
demonstrating its viability of an atomic-scale geometrical tem-
plate. The stripe structure persists up to the film thickness as large
as 30 monolayers (ML), contrary to the expectation that strained
films should relax rapidly. We attribute this stability to a coinci-
dental matching of the transverse periodicity and the corrugation
amplitude between the stripe structure and the substrate, which is
realized by periodic insertion of stacking faults into the Ag fcc
lattice.

*E-mail: UCHIHASHI.Takashi@nims.go.jp; also affiliated with
Nanoscale Quantum Conductor Array Project, ICORP, Japan
Science and Technology Agency, 4-1-8, Honcho, Kawaguchi,
Saitama, 332-0012, Japan

10:36

A12 12 Mound slope and shape selection during unstable
multilayer growth: Exact continuum formulation from a step
dynamics model JIM EVANS, lowa State University MAOZHI
LI, lowa State University Multilayer growth is unstable in the
presence of a step-edge barrier which leads to the formation of
mounds. Mound sides steepen at first, but then often attain a se-
lected slope controlled by such processes as downward funneling.
Atomistic modeling is very successful in describing such behavior
[1], but continuum PDE formulations are often more efficient and
instructive [2]. However, by analysis of a step-dynamics model for
mound formation, we show that existing phenomenological PDEs
fail to correctly predict mound slopes and shapes [3]. We coarse-
grain the step-dynamics models to obtain a correct theory. [1] K.J.
Caspersen et al. PRB 65 (2002) 194407; [2] M. Siegert, PRL 81
(1998) 5481; [3] M. Li and J.W. Evans, PRL in press.

SESSION A13: FOCUS SESSION: SPECTROSCOPY OF BIOMOLECULES FROM ISOLATED MOLECULES TO CELL

ENVIRONMENT I

Monday Morning, 13 March 2006; 305, Baltimore Convention Center at 8:00

David Pratt, University of Pittsburgh, presiding

Invited Papers

8:00

A13 1 Watching proteins function with picosecond X-ray crystallography and molecular dynamics simulations.*

PHILIP ANFINRUD, NIH

Time-resolved electron density maps of myoglobin, a ligand-binding heme protein, have been stitched together into
movies that unveil with < 2-A spatial resolution and 150-ps time-resolution the correlated protein motions that accom-
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pany and/or mediate ligand migration within the hydrophobic interior of a protein. A joint analysis of all-atom molecular
dynamics (MD) calculations and picosecond time-resolved X-ray structures provides single-molecule insights into
mechanisms of protein function. Ensemble-averaged MD simulations of the L29F mutant of myoglobin following ligand
dissociation reproduce the direction, amplitude, and timescales of crystallographically-determined structural changes.
This close agreement with experiments at comparable resolution in space and time validates the individual MD trajec-
tories, which identify and structurally characterize a conformational switch that directs dissociated ligands to one of two
nearby protein cavities. This unique combination of simulation and experiment unveils functional protein motions and
illustrates at an atomic level relationships among protein structure, dynamics, and function. In collaboration with

Friedrich Schotte and Gerhard Hummer, NIH.

*This research was supported by the Intramural Research Program of the NIH, NIDDK.

Contributed Papers

8:36

A13 2 Raman spectra of normal and cancerous mouse mam-
mary gland tissue using near infrared excitation energy VA-
MAN NAIK, University of Michigan-Dearborn G.K. SERHAT-
KULU, H. DAL N. SHUKLA, R. WEBER, J.S. THAKUR, D.C.
FREEMAN, A.K. PANDYA, G.W. AUNER, R. NAIK, Wayne
State Univ. R.F. MILLER, Karmanos Cancer Research Inst., De-
troit, MI A. CAO, M.D. KLEIN, R. RABAH, Children’s Hospital
of Michigan Raman spectra of normal mammary gland tissues,
malignant mammary gland tumors, and lymph nodes have been
recorded using fresh tissue from mice. Tumors were induced in
mice by subcutaneously injecting 4T1 BALB/c mammary tumor
(a highly malignant) cell line. The Raman spectra were collected
using the same tissues that were examined by histopathology for
determining the cancerous/normal state of the tissue. Differences
in various peak intensities, peak shifts and peak ratios were ana-
lyzed to determine the Raman spectral features that differentiate
mammary gland tumors from non-tumorous tissue. Tissues that
were confirmed by pathology as cancerous (tumors) show several
distinctive features in the Raman spectra compared to the spectra
of the normal tissues. For example, the cancerous tissues show
Raman peaks at 621, 642, 1004, 1032, 1175 and 1208 cm ™ 'that
are assignable to amino acids containing aromatic side-chains such
as phenylalanine, tryptophan and tyrosine. Further, the cancerous
tissues show a greatly reduced level of phospholipids compared to
the normal tissues. The Raman spectral regions that are sensitive
to pathologic alteration in the tissue will be discussed.

8:48

A13 3 Probing the B-hairpin local structure by FTIR, 2D IR
and ab initio calculations® JIANPING WANG, Department of
Chemistry, University of Pennsylvania, PA 19104 JIANXIN
CHEN, ROBIN M. HOCHSTRASSER, Small peptides form vi-
brational exciton systems that can be examined by means of re-
cently developed two-dimensional infrared (2D IR) correlation
techniques. We used these methods to examine a 12-residue
B-hairpin (trpzip2) and its two '*C-isotopomers in the 6-xm re-
gion. Different frequency shifts are seen when '*C=1°0 substitu-
tion is in the terminal or turn region of the hairpin. The difference
is believed to be due to the localization of the amide-I modes,
which is supported by molecular dynamics simulations. In addi-
tion, '3C-substitution perturbs the amide-I vibrational exciton
band, providing a spectroscopic probe for peptide local conforma-
tion. Peptide global and local structural information were derived
from the diagonal and the cross peaks of the 2D IR correlation
spectra. The measured intermode vibration coupling constants

were compared with those predicted by ab initio DFT computa-
tions and transition charge coupling calculations.

*This research was supported by grants from NIH (GM 12592 and
RR01348) and NSF to R.M.H.

9:00

A13 4 Spectral Signatures of 3,p- and a-Helices Revealed by
Two-Dimensional Infrared Spectroscopy® NIEN-HUI GE, HI-
ROAKI MAEKAWA, Department of Chemistry, University of
California at Irvine CLAUDIO TONIOLO, Department of Chem-
istry, University of Padova, Italy QUIRINUS BROXTERMAN,
DSM Research, Life Sciences, Advanced Synthesis and Catalysis,
The Netherlands Femtosecond two-dimensional infrared (2D IR)
spectroscopy is applied to the amide I modes of the homo-
octapeptide Z-[L-(a@Me)Val]g-OzBu in CDCl;, TFE and HFIP so-
lutions to acquire 2D spectral signatures that distinguish between
3,0- and a-helix structures. Suppression of diagonal peaks by con-
trolling polarizations of IR pulses clearly reveals cross-peak pat-
terns that are crucial for structural determination. A doublet fea-
ture is observed when the peptide forms a 3;4-helix in CDCl; and
TFE, and when it is at the initial stage of 3,4- to a-helix transition
in HFIP. In contrast, the 2D IR spectrum shows a multiple peak
pattern after the peptide has become an «a-helix in HFIP. This is
the first report on the experimental 2D IR signature of a 3;,-helical
peptide. These results for a model octapeptide demonstrate the
powerful capability of 2D IR spectroscopy to discriminate be-
tween different helical structures.

*Supported by ACS PRF and NSF

9:12

A13 5 Terahertz Absorption and Circular Dichroism Spec-
troscopy of Solvated Biopolymers* JING XU, Physics, UCSB
KEVIN PLAXCO, Chemistry and BioChemistry, UCSB S.
JAMES ALLEN, Physics, UCSB Biopolymers are expected to
exhibit broad spectral features in the terahertz frequency range,
corresponding to their functionally relevant, global and sub-global
collective vibrational modes with ~ picosecond timescale. Recent
advances in terahertz technology have stimulated researchers to
employ terahertz absorption spectroscopy to directly probe these
postulated collective modes. However, these pioneering studies
have been limited to dry and, at best, moist samples. Successful
isolation of low frequency vibrational activities of solvated
biopolymers in their natural water environment has remained elu-
sive, due to the overwhelming attenuation of the terahertz radia-
tion by water. Here we have developed a terahertz absorption and
circular dichroism spectrometer suitable for studying biopolymers
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in biologically relevant water solutions. We have precisely iso-
lated, for the first time, the terahertz absorption of solvated proto-
typical proteins, Bovine Serum Albumin and Lysozyme, and made
important direct comparison to the existing molecular dynamic
simulations and normal mode calculations. We have also success-

Invited Papers

9:24

fully demonstrated the magnetic circular dichroism in semicon-
ductors, and placed upper bounds on the terahertz circular dichro-
ism signatures of prototypical proteins in water solution.

*Supported by ARO, NASA.

A13 6 Intermediate couplings: NMR at the solids-liquids interface.

MEGAN SPENCE, University of Pittsburgh

Anisotropic interactions like dipolar couplings and chemical shift anistropy have long offered solid-state NMR spectros-
copists valuable structural information. Recently, solution-state NMR structural studies have begun to exploit residual
dipolar couplings of biological molecules in weakly anistropic solutions. These residual couplings are about 0.1% of the
coupling magnitudes observed in the solid state, allowing simple, high-resolution NMR spectra to be retained. Inthis
work, we examine the membrane-associated opioid, leucine enkephalin (lenk), in which the ordering is ten times larger
than that for residual dipolar coupling experiments, requiring a combination of solution-state and solid-state NMR
techniques. We adapted conventional solid-state NMR techniques like adiabatic cross- polarization and REDOR for use
with such a system, and measured small amide bond dipolar couplings in order to determine the orientation of the amide
bonds (and therefore the peptide) with respect to the membrane surface. However, the couplings measured indicate large
structural rearrangements on the surface and contradict the published structures obtained by NOESY constraints, a
reminder that such methods are of limited use in the presence of large-scale dynamics.

Contributed Papers

10:00

A13 7 Time correlation functions in Light Harvesting Com-
plexes embedded in Glassy Hosts* FELIPE CAYCEDO, FER-
NEY RODRIGUEZ, Universidad de los Andes Using a Monte
Carlo Wave function approach we describe the dynamics and cor-
relation functions of light harvesting complexes (LH2) embedded
in glassy hosts interacting with a classical light field. Using a
dipolar interaction, we investigate the general features of coher-
ence and (anti) bunching on a multiple-molecular system subject
to cw excitation light. Spectral difusion due to environmental per-
turbations, produces distinct features on the fluorescent intensity
and statistical properties of light emitted by the chromophores. We
demonstrate how it is possible to quantify the number of chro-
mophores involved in emission through the second-order correla-
tion function g®(7) at small 7 values. By changing properly the
incident field, it is possible modulate the bunching or antibunching
features. Finally we compare g®)(7) for different environment
conditions.

*Banco de la Republica. Facultad de Ciencias.

10:12

A13 8 Conformational Dynamics of the Receptor Protein
Galactose/Glucose Binding Protein® TROY MESSINA,
DAVID TALAGA, Rutgers, the State University of New Jersey,
Department of Chemistry and Chemical Biology, Pistataway, NJ
08854 We have performed time-correlated single photon counting
(TCSPC) anisotropy and Stokes Shift measurements on bulk so-
lutions of galactose/glucose binding protein. Site-directed mu-
tagenesis was used to provide a single cysteine amino acid near the
sugar-binding center of the protein (glutamine 26 to cysteine —
Q26C). The cysteine was covalently labeled with the
environmentally-sensitive fluorophore acrylodan, and a long-lived
ruthenium complex was covalently attached to the N-terminus to
provide a fluorescent reference. The TCSPC data were analyzed
using global convolute-and-compare fitting routines over the en-

tire glucose titration and temperature range to provide minimal
reduced chi-squared values and the highest time resolution pos-
sible. Using a standard ligand-binding model, the resulting distri-
butions show that the closed (ligand-bound) conformation exists
even at zero glucose concentration. At 20°C, the relative abun-
dance of this conformation is as high as 40%. The temperature
dependence of this conformational study will be discussed and
related to the ligand-binding free energy surface.

*supported by NIH Ruth L. Kirschstein NRSA Post Doctoral Fel-
lowship F32GM072328

10:24

A13 9 Quantifying Energy, Entropy and Free-Energy in Pro-
tein Folding Funnels* BERNARD GERSTMAN, PREM
CHAPAGAIN, Department of Physics, Florida International Uni-
versity The folding of proteins is a self-organizing process in
which a long chain heteropolymer in a disorganized configuration
spontaneously changes its shape to a highly organized structure.
Several different forces work together to organize the structure
while random thermal motion tends to cause disorganization. In
order for folding to occur in a biologically relevant time, the
Levinthal Paradox shows that folding cannot occur by a process
that samples all of configuration space by randomly jumping from
one microstate to another. Instead, folding pathways allow the
organizing forces to incrementally direct the chain to ever-
shrinking regions of configuration space in a funneling process. In
order to understand how these self-organizing forces direct fold-
ing, we have quantified the narrowing of the folding funnel for a
model two helix bundle. We have calculated the dependence of
entropy and free-energy as a function of average energy by deter-
mining the statistical mechanical canonical probability for the
chain to occupy each possible configuration as a function of av-
erage energy.

*PC acknowledges the support of the Graduate School at FIU
through a Dissertation Year Fellowship

€1V \ DNINJOIN AVANOIN
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10:36

A13 10 Landscape model of protein-DNA search: coupling of
folding and sliding. MICHAEL SLUTSKY, MEHRAN KAR-
DAR, LEONID MIRNY, MIT In search for its specific site on
genomic DNA, a DNA-binding protein needs to sample 10°-10°
other sites. Classical model of this process suggests that sliding
along DNA provides an efficient mechanism for sampling sites.
This model however disregards the sequence-specific energy of
binding and flexibility of the protein. Recent NMR studies suggest
that a protein searching for its site is partially unfolded, while
folding on the cognate site. Can conformational flexibility of the
protein-DNA complex help it to sample sites fast and then strongly
bind its cognate site? Here we study how a protein finds its site on
DNA by modeling protein sliding as diffusion in the sequence-
specific free energy landscape. The landscape has two dimensions:
one corresponds to motion along DNA, the other is a reaction
coordinate of protein’s conformational transition. Our simulations
demonstrate that low-energy sites can trigger folding transition in
the protein, making it fold preferentially on cognate-like sites.
This mechanism provides kinetic pre-selection of sites, allowing a
protein to search fast and strongly bind its cognate site. Impor-
tantly our study connects microscopic time of the conformational
transition (10™°-10"3s) to the macroscopic time of promoter bind-
ing (10'-10%s). Comparison with recent experimental studies of
Lacl conformational dynamics suggests that coupling between
protein flexibility and sequence-specific binding is necessary for
rapid regulation of gene expression.

10:48

A13 11 Modelling Ultra-fast folding proteins KINGSHUK
GHOSH, S. BANU OZKAN, KEN DILL, Dept of Pharm. Chem,
University of California, San Francisco Ultrafast-folding proteins
are interesting because of their complex temperature dependent
rates (including negative activation barriers). We develop a simple
mesoscopic model that represents protein folding as a funnel
through multiple routes. We have compared the model to experi-
ments on several ultra-fast folding proteins. The model predicts
the observed temperature dependences of folding and unfolding
relaxation. Our model allows us to calculate the number of routes
a molecule takes as it folds. We show that number of folding
routes correlates with the folding time and also with the relative
contact order: faster folders have more folding routes. Our model
suggests a hard speed limit of 50 ns, when every protein folds via
its own private route, and this corresponds to the folding time of
an alpha helix. The model also computes folding time distributions
which will be of interest for single molecule experiments.
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Duane Johnson, University of Illinois, Urbana-Champaign,
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8:00

A15 1 Ultrasmall metal clusters and their interaction with a
molecular matrix — the fullerene-Au model system PETRA
REINKE, HUI LIU, University of Virginia HELGE KROEGER,
Universitaet Goettingen Metal clusters with less than 50 atoms,
are of great interest in the development of true nanoscale electron-
ics. The electronic structure is strongly size dependent and future

applications rely on a narrow size distribution. Our goal was to
investigate the possibility to use fullerene surfaces as templates in
the formation of cluster arrays, to analyze the cluster-fullerene
interface and the electronic structure of the components. This
study was performed by using photoelectron spectroscopy, and
scanning tunneling microscopy and spectroscopy (UHV-
conditions). The Au-cluster size is controlled by the coverage and
the fullerene lattice limits the cluster surface mobility, making
them accessible to STM analysis. The fullerene matrix enhances
the cluster stability and ripening occurs above 500 K. A compre-
hensive description of the Au-cluster-fullerene system has been
achieved and includes the interface characteristics, local and glo-
bal electronic structure, and the spatial distribution of Au-clusters
with respect to the fullerene matrix. Our understanding is currently
most advanced for the Au-Cg, and Si- Cgysystem, where in the
latter, a preferential nucleation at the interstitial lattice sites of the
Cgo Was confirmed.

8:12

A1S5 2 Simulation of tunneling I-V curves from gold nanocrys-
tals JIANFEI SHAO, PHILLIP FIRST, Georgia Institute of Tech-
nology Tunneling current versus voltage (I-V) spectra were simu-
lated for model double junction systems where the central
electrode has a discrete energy spectrum, chosen to approximately
model gold nanocrystals in the diameter range of 1-3 nm. The
interplay between Coulomb charging and the discrete energy
states introduces interesting features in the I-V curves. Electron-
hole excited configurations of the nanocrystal, with up to two e-h
excitations, have been included in the calculations. As compared
with the orthodox theory, features in the dI/dV spectra can be
modified substantially as a consequence of the nanocrystal excited
states, depending on the energy spacing between states relative to
both the HOMO-LUMO gap and the charging energy.

8:24

A15 3 Modeling of UV laser-induced patterning of ultrathin
Co films on bulk SiO2: verification of short- and long-range
ordering mechanisms JUSTIN TRICE, Department of Physics,
Washington University in St. Louis, MO 63130 CHRISTOPHER
FAVAZZA, Department of Physics, Washington University in St.
Louis, MO 63130 RAMKI KALYANARAMAN, Department of
Physics, Washington University in St. Louis, MO 63130 R.
SURESHKUMAR, Department of Chemical Engineering, Wash-
ington University in St. Louis, MO 63130 DEPARTMENT OF
PHYSICS, WASHINGTON UNIVERSITY IN ST. LOUIS, MO
63130 TEAM, DEPARTMENT OF CHEMICAL ENGINEER-
ING, WASHINGTON UNIVERSITY IN ST. LOUIS, MO 63130
COLLABORATION, Irradiating ultrathin Co films (1 to 10 nm)
by a short-pulsed UV laser leads to pattern formation with both
short- and long-range order (SRO, LRO). Single beam irradiation
produces SRO, while two-beam interference irradiation produces a
quasi-2D arrangement of nanoparticles with LRO and SRO. The
pattern formation primarily occurs in the molten phase. An esti-
mate of the thermal behavior of the film/substrate composite fol-
lowing a laser pulse is presented. The thermal behavior includes
the lifetime of the liquid phase and the thermal gradient during
interference heating. Based on this evidence, the SRO is attributed
to spinodal dewetting of the film while surface tension gradients
induced by the laser interference pattern appear to influence LRO
[1]. [1] C.Favazza, J.Trice, H.Krishna, R.Sureshkumar, and R.Ka-
lyanaraman, unpublished.
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8:36

A15 4 X-Ray Study of the Epitaxial Growth of Magnetron
Sputtered Ni-Al Thin Films WOLFGANG DONNER, Univer-
sity of Houston NOUREDDINE ANIBOU, University of Houston
Epitaxial growth of metals on semiconductors is of significant
interest for both fundamental and technological reasons. Nickel-
rich NiAl alloys are model materials for high-temperature shape-
memory alloys. The sputter deposition growth of NiAl thin films
and the X-ray study of the different phases grown on those films
are the main purpose of this work. NiAl films were grown on
different substrates. The Ni63Al137/Si(001) system is investigated
and showed a fiber textured growth along the [111] direction of the
low temperature phase L1o. On the other hand, the system NiAl/
Cu(001)/Si(001) with different compositions ranging from 36% to
50% Aluminium showed epitaxial BCC films with 2 different do-
mains. The two domains grow in the [110] direction and are ro-
tated 90 degrees with respect to each other. The FCC phase L12
(Ni3Al) was seen to grow first in sample Ni63Al137/Cu(001)/
Si(001).

8:48

A15 5 Two-dimensional magic Ag nanopucks on Pb quantum
islands* Y.P. CHIU, L.W. HUANG, Institute of Physics, Aca-
demia Sinica, Taipei, Taiwan, ROC C.M. WEI, Institute of Phys-
ics, Academia Sinica, Taipei, Taiwan, ROC and Institute of Atomic
and Molecular Sciences, Academia Sinica, Taipeil06, Taiwan,
ROC C.S. CHANG, TIEN T. TSONG, Institute of Physics, Aca-
demia Sinica, Taipei, Taiwan, ROC Periodic patterns of electronic
origin found on Pb quantum islands can be employed as the tem-
plates to grow self-organized nanopucks of various materials. Ow-
ing to a strong interaction existing between Ag and the template,
nearly perfect two-dimensional arrays of Ag nanopucks can be
grown from 70 K to 150K. Not only is the notable site-selected
feature of Ag nanopucks observed on Pb islands but their size
distribution also registers a remarkable abundance variation.
Those nanopucks with significantly enhanced intensity are de-
noted as two dimensional magic Ag nanoclusters. Detailed calcu-
lations based on itab initio density functional theory have been
made to illuminate how the size and shape effects related to elec-
tronic confinement influence the formation of two-dimensional
metal nanostructures. Furthermore, when the Ag nanopuck grows
to a certain size, the geometrical effect takes hold from the elec-
tronic effect as the major attribute, which drive the Ag nanopucks
towards well defined hexagonal crystalline structures.

*This project is sponsored by National Science Council of Tai-
wan, ROC. (grand no. NSC94-2120-M-001-006).

9:00

A15 6 Geometric and Electronic Structure of Self-Assembled
Monolayers Grown on Noble Metal Substrates: Dodecanethiol
on Au, Ag, Cu, and Pt HEIKE GEISLER, LAUREN POWELL,
Dept. of Chemistry, Xavier Univ. SHAWN HUSTON, TIM
SWEENEY, DANIEL BORST, CARL VENTRICE, Dept. of
Physics, Univ. of New Orleans The geometric and electronic struc-
ture of dodecanethiol (C;,H,sSH) SAMs on Au(111), Ag(111),
Cu(111), and Pt(111)) substrates has been studied using angle-
resolved ultra-violet photoelectron spectroscopy and low energy
electron diffraction. The SAMs were grown both by vapor depo-
sition in UHV and in solution. The electronic structure of the fully
saturated SAM is similar on all of these substrates, with peaks
observed at binding energies of 6.5, 10, 14, and 20 eV. The geo-
metric structure of the molecular films at intermediate coverages is
different for each substrate. Growth on Au proceeds through a

well-ordered lying-down phase followed by a disordered phase
and a well-ordered (3 standing-up phase at saturation. Initial
growth on Pt(111) shows first a p(2x2)symmetry followed by a |3
symmetry, which indicates that the initial growth is via
standing-up phases on Pt. This is followed by a disordered phase
at saturation. Films on Ag show a great deal of disorder at all
stages of growth.

9:12

A15 7 Scanning tunneling microscopy study of the charge den-
sity wave in rare-earth tritellurides* ALEKSANDRA TOMIC,
CHRISTOS MALLIAKAS, HYUN-JEONG KIM, MERCOURI
KANATZIDIS, SIMON BILLINGE, STUART TESSMER,
Michigan State University A number of correlated electron oxides
exhibit surprisingly intricate ordered density modulations which
underlie their novel properties. These modulations arise from in-
commensurate charge density waves (IC-CDWs). We have ap-
plied scanning tunneling microscopy (STM) to study the nature of
IC-CDWs in the rare- earth tritellurides — simple, cleavable, lay-
ered materials. In particular, for CeTe3 we have observed both the
atomic lattice of surface Te atoms and the CDW modulations
oriented at 45 degrees with respect to the Te net. Two-dimensional
Fourier transforms of the STM images were obtained to search for
discommensurations. These are essentially domain walls whose
presence has been strongly suggested by atomic pair distribution
function studies. We observe satellite peaks in addition to the
principal CDW peaks. These represent strong evidence for the
presence of discommensurations with a characteristic length scale
of about 38 angstroms.

*Research supported by the National Science Foundation grant No
DMRO03-05461.

9:24

A15 8 Electronic Structure of Ultra-thin Graphite GEY-
HONG GWEON, ELIZABETH ROLLINGS, SHUYUN ZHOU,
University of California, Berkeley BONGJIN MUN, ALEXEI FE-
DOROV, ALS, LBNL P. N. FIRST, W.A. DE HEER, School of
Physics, Georgia Tech ALESSANDRA LANZARA, University of
California, Berkeley We report a high resolution angle resolved
photoemission spectroscopy (ARPES) study on ultra-thin graphite
samples, grown and characterized successfully in ultra-high-
vacuum environment by a thermalization of SiC. We discuss simi-
larities to and differences from the data obtained on bulk graphite.
Notable differences include doping, electronic structure as a func-
tion of k, (momentum component perpendicular to graphene
layer), line width, and substrate-induced features in ultra-thin
graphite samples. We discuss the effects of grain boundaries, dis-
order, and symmetry breaking, as possible explanations of these
differences.

9:36

A1S5 9 Transverse Plasmon Wakes in the Electron Gas ZA-
CHARY LEVINE, NIST ERIC COCKAYNE, NIST Relativistic
electrons have transverse electric fields comparable in magnitude
to the longitudinal fields. We determine the relative effects of
transverse and longitudinal fields of a moving point charge on the
dielectric response of a uniform electron gas, using Lindhard’s
longitudinal and transverse dielectric functions and, separately, the
Drude dielectric function. In the direction of motion, the trans-
verse wake fields are approximately — v?/c? times the longitu-
dinal wake fields. The stopping power, as determined by applying

SIV \ DNINJON AVANOIN
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Poynting’s theorem, is reduced. Perpendicular to the direction of
motion, the transverse wake fields are small compared to the lon-
gitudinal fields. Electromagnetic fields of a moving point charge
are given in Fourier space for the Lorentz, Hamiltonian, and Cou-
lomb gauges.

9:48

A15 10 Optical conductivity of MnN: a combined experimen-
tal and theoretical study. WALTER R. L. LAMBRECHT, Case
Western Reserve University S. GRANVILLE, B. J. RUCK, F.
BUDDE, A. KOO, J. E. DOWNES, H. J. TRODAHL, Victoria
University of Wellington A. BITTAR, N. STRICKLAND, G. V.
M. WILLIAMS, Industrial Research Limited, Lower Hutt, NZ
TIMOTHY LEARMONT, KEVIN E. SMITH, Boston University
V. J. KENNEDY, A. MARKWITZ, Inst. Geol. and Nuclear Sci-
ences, Lower Hutt, NZ A comparison between measured and cal-
culated optical conductivity is presented for MnN films prepared
by ion assisted deposition. X-ray diffraction and extended x-ray
absorption fine structure show the films to be nanocrystalline but
phase pure. X-ray emission spectroscopy of the N K-edge and
X-ray absorption near edge spectroscopy of the N K- and Mn
L-edges are used to probe the occupied and empty densities of
states, which compare well with the N-2p and Mn-3d partial den-
sities of states calculated using the linearized muffin-tin orbital
method. The optical conductivity was measured by spectroscopic
ellipsometry/reflectivity in the infared to UV range. The major
differences between calculated and measured spectra can be un-
derstood on the basis of a limited electron mean-free-path in these
nanocrystalline films, which relaxes the momentum conservation
requirement. The calculated optical functions are analyzed in
terms of their dominant band-to-band contributions including the
polarization dependence. The temperature dependent conductivity
shows a clear metallic behaviour and a weak Kondo-like low tem-
perature anomaly.

10:00

A15 11 Europium L, 3 and iron K-edge x-ray magnetic circular
dichroism investigation of ferromagnetic ordering in
EuFe,Sby,* VEMURU KRISHNAMURTHY, Oak Ridge Na-
tional Laboratory JONATHAN LANG, DANIEL HASKEL,
GEORGE SRAIJER, Advanced Photon Source, Argonne National
Laboratory LEE ROBERTSON, BRIAN SALES, DAVID MAN-
DRUS, Oak Ridge National Laboratory The magnetic behavior of
Eu and Fe in the filled skutterudite ferromagnet EuFe,Sb;, has
been investigated using Eu L, 5 edge and Fe K edge x-ray mag-
netic circular dichroism (XMCD) spectroscopy. Eu L; edge x-ray
absorption spectra (XAS) in EuFe,Sb, clearly show that Eu is in
a mixed valence state with about 15% non-magnetic Eu® " states at
5 K. By comparing the XMCD spectra measured at the Eu L, 5
edges in the ferromagnetic state at 5 K in EuFe,Sb;, and in the
clathrate EugGa,sGes,, in which the 4f magnetic moment of Eu is
known to be 7 up, and by accounting for the mixed valence of Eu
in the XAS, we show that Eu>" has the free ion like magnetic
moment of ~ 7 up in EuFe,Sb;,. XMCD observed at the Fe K
edge in EuFe,Sb,, at 5 K indicates magnetic short range order and
a small orbital magnetic moment for the 4p states of Fe. The
relative signs of XMCD at Eu L edge and Fe K edge indicate that
the 5d spin moment of Eu and the 4p spin moment of Fe are
ferromagnetically coupled in EuFe,Sb,.

*This work is supported by US Department of Energy

10:12

A15 12 Modeling of LMM-MVYV Auger-Auger Coincidence
Spectra From Solids R. SUNDARAMOORTHY, A.H. WEISS,
University of Texas at Arlington S.L. HULBERT, Brookhaven
National Laboratory R.A. BARTYNSKI, Rutgers University At-
oms that are highly excited due to the presence of a hole in an
inner shell often relax via an Auger transition. This auto-ionizing
process results in a final state with two or more holes from an
Auger cascade. We present results of the direct measurements of
the second and third Auger decays in this sequence. We have
measured the Mn MVV Auger spectra from a single-crystal
sample of MnO in time coincidence with Auger electrons emitted
from prior Mn LMM Auger decays and find these to be much
wider than the MVV spectrum measured in time coincidence with
M core photoelectron emission. We present a model which at-
tributes the increased energy width of the MVV transitions that
follow LMM decays to the rearrangement of ‘‘not so innocent’’
bystander hole(s) in the valence band. The energetics of the Auger
cascade process are modeled mathematically in terms of correla-
tion integral(s) and convolution integral(s) over the valence band
density of states. Comparisons with recent Auger-Auger coinci-
dence studies of Ag and Pd will be made. Acknowledgements:
Welch Foundation, NSF DMR98-12628, NSF DMR98-01681, and
DOE DE-AC02-98CH10886.

10:24

A15 13 EuB; and the Low-Density Double Exchange Model*
VITOR M. PEREIRA, J.M.B. LOPES DOS SANTOS, CFP and
Departamento de Fisica, Faculdade de Ciencias Universidade do
Porto, 4169-007 Porto, Portugal ANTONIO H. CASTO NETO,
Department of Physics, Boston University, 590 Commonwealth
Avenue, Boston, Massachusetts 02215, USA The low electronic
density regime of the double exchange model is explored in the
presence of electron-electron interactions. The single particle
problem and its extension to low densities, when a Wigner crystal
of magnetic polarons is generated due to unscreened Coulomb
interactions, is studied. It is argued that the Wigner crystal is the
natural alternative to phase separation when the Coulomb interac-
tion is taken into account. We address the thermal and quantum
stability of the crystalline phase towards a polaronic Fermi liquid
and a homogeneous, metallic, ferromagnetic phase. These results
are relevant in the context of the polaronic physics recentely ob-
served in EuBg, and provide an important consistency-check for
the double-exchange description of these magnetic hexaborides.
References: V. M. Pereira et al., tt cond-mat/0505741; V. M.
Pereira et al., Phys. Rev. Lett. 93, 147202 (2004).

*Acknowledgements: We acknowledge FCT and EU through
grant SFRH/BD/4655/2001 and POCTI(QCA TII), and the NSF
grant DMR-0343790.

10:36

A15 14 Magneto-optical evidence of double exchange in a per-
colating lattice G. CAIMI, A. PERUCCHI, H.R. OTT, ETH Zu-
rich V.M. PEREIRA, A.H. CASTRO NETO, Dept. of Physics,
Boston University A.D. BIANCHI, Hochfeldlabor Dresden Z.
FISK, Dept. of Physics, UC Davis L. DEGIORGI, ETH Zurich
Substituting Eu by Ca in ferromagnetic EuBg leads to a perco-
lation limited magnetic ordering. We present and discuss magneto-
optical data of the Eu,_,Ca By series, based on measurements of
the reflectivity R(w) from the far infrared up to the ultraviolet, as
a function of temperature and magnetic field. Via the Kramers-
Kronig transformation of R(w) we extract the complete absorp-
tion spectra of samples with different values of x. The change of
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the spectral weight in the Drude component by increasing the
magnetic field agrees with a scenario based on the double ex-
change model, and suggests a crossover from a ferromagnetic
metal to a ferromagnetic Anderson insulator upon increasing
Ca-content at low temperatures.

10:48

A15 15 Constructing the effective spin model of MngR, from
ab initio calculations SHUN TONOOKA, KOICHI KUSAK-
ABE, Osaka University HIROKI NAKANO, University of Hyogo
NAOSHI SUZUKI, Osaka University Determination of the effec-
tive spin model is an important issue for molecular magnetism.
Generally, the effective spin model is determined so that the
model reproduces the structure of the excitation spectrum. Only
this strategy sometimes could not determine which model is the

SESSION A16: FOCUS SESSION: HYDROGEN STORAGE I

most suitable among several candidates. An example showing this
difficulty is seen in [Mn(hfac),NITPh]; abbreviated as MngRg.
Two different models are proposed for MngR¢ by reproducing the
magnetization process. One is the Heisenberg model with three-
spin interactions. The other is the Heisenberg model with frustra-
tion. In this work, in order to examine the validity of each model,
we calculate the spin density by the itab- initio calculation based
on the unrestricted Hartree-Fock method and the density func-
tional theory. We also calculate the spin density of the ground
state in each model by numerical diagonalization. Each model
shows the different spin density. The spin density of the ground
state should give essential knowledge so as to constructing the
effective spin model. We discuss the method to connect the effec-
tive spin model with the first principle calculation by calculating
the spin density.

Monday Morning, 13 March 2006; 312, Baltimore Convention Center at 8:00

Louis G. Hector, General Motors, presiding

Invited Papers

8:00

A16 1 Quaternary Li-B-N-H Hydrides: New Hydrogen-Rich Storage Materials.
FREDERICK PINKERTON, General Motors Research and Development Center

We have synthesized light metal Li-B-N-H quaternary hydrides by ball milling mixtures of LiNH, and LiBH, for a series
of compositions (LiNH,) (LiBH4), _, (x = 0.33 to 0.8). We discovered a new quaternary hydride phase, referred to here
as a Li-B-N-H, as the primary constituent for amide-rich (x > 0.6) compositions. Although previously tentatively
identified as Li;BN,Hg, its true equilibrium composition is LiyBN;H, as determined by single crystal x-ray diffraction
(XRD). Li;BN;H,, has a body-centered cubic crystal structure, space group 12,3 (# 199) with a = 10.68 A. In situ XRD
data demonstrate that the a-phase also forms without ball milling by reacting mixed LiNH, and LiBH, powders at
temperatures above about 95°C. The a phase melts at about 190[r]C and releases hydrogen from the liquid above
250[r]C, forming solid Li;BN,. Using mass spectrometry residual gas analysis (RGA) we observe that NHj is released
concurrently, and the quantity of NH; released is strongly dependent on the composition x. Maximum hydrogen release,
exceeding 10 wt%, with minimum NHj release (1-3 mole % of the evolved gas) occurs for compositions near
LiNH,:LiBH, = 2:1 (x = 0.667). Small additions of Ni, Pt, or Pd as powder or metal chloride reduce the dehydroge-
nation temperature by as much as 112[r]C, and also reduce the quantity of NH; released by about an order of magnitude.
Differential scanning calorimetry shows an endothermic melting peak above 190[r]C, followed by substantial exothermic
heat flow above 250[r]C associated with hydrogen release and solidification of Li;BN,. The exothermic hydrogen release
suggests that the reverse reaction is not thermodynamically favored. This new quaternary compound and its derivatives
nonetheless represent promising research candidates in the search for practical on-board hydrogen storage materials.

Contributed Papers

8:36

A16 2 Composition dependence of hydrogen and ammonia re-
lease in the lithium-boron-nitrogen-hydrogen quaternary sys-
tem GREGORY P. MEISNER, MATTHEW L. SCULLIN, FRE-
DERICK E. PINKERTON, MARTIN S. MEYER, MICHAEL P.
BALOGH, Materials and Processes Lab and Chemical and Envi-
ronmental Sciences Lab, General Motors Research and Develop-
ment Center The new quaternary hydride in the lithium-boron-
nitrogen-hydrogen (Li-B-N-H) quaternary phase diagram forms by
the reaction of lithium amide (LiNH,) and lithium borohydride
(LiBH,) near the approximate composition LiBg33Nge7H;7-
When heated, the quaternary hydride first melts and then releases
greater than 10 wt% hydrogen and a small amount of ammonia
(2-3 mole% of the generated gas). We studied hydrogen and
ammonia release from the series of reactant mixtures

(LiNH,),(LiBHy), _ as a function of composition using volumet-
ric, gravimetric, mass spectrometer, and itin situ x-ray diffraction
measurements. We found that maximum hydrogen and minimum
ammonia release do occur for x = 0.67. We observe that this
composition corresponds to the ternary decomposition end product
Li3BN, rather than to the true single phase composition of the
quaternary hydride as determined from our single crystal x-ray
diffraction measurements.

8:48

A16 3 First-principles Study on Li-N-H System for Hydrogen
Storage TAKAO TSUMURAYA, TATSUYA SHISHIDOU, TA-
MIO OGUCHI, ADSM, Hiroshima University Lithium amide
(LiNH,) and lithium imide (Li,NH) have been noticed as one of
the most promising candidates for hydrogen storage due to their
high gravimetric densities of hydrogen. As regards the hydroge-
nating and dehydrogenating processes that involve these lithium
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hydrides, there is an argument about whether ammonia gas is
relevant and it still remains as a matter to be studied. Furthermore,
the crystal structure of Li,NH is not fully determined yet because
of the difficulty in identifying hydrogen positions. Recently, vari-
ous transition-metal compounds have been examined with ball
milling technique for exploring catalysis to promote reaction pro-
cesses, and they found that some of the Ti compounds show good
performance. Measurements of x-ray absorption spectroscopy
(XAS) at Ti K edge are currently under way to have a clue for
understanding the catalysis mechanism. To address these issues
and to get fundamental insights from microscopic level, we per-
formed first-principles calculations by using all-electron full-
potential linear augmented plane wave (FLAPW) method. We will
discuss structural stability, electronic structure of lithium hydrides
LiNH, and Li,NH and the heat of formation in reaction processes.
Structural optimization is carried out to evaluate total energies
involved in reaction processes. XAS spectra and electronic struc-
ture of Ti compounds are also discussed.

9:00

A16 4 First-principles study of structural properties of Li,NH
AMRA PELES, Georgia Institute of Technology, Atlanta, Geor-
gia, USA SUCHISMITA SANYAL, MAHESH CHANDRAN, GE
Global Research, John F Welch Technology Centre, Bangalore,
560066 INDIA JOB RIJISSENBEEK, GE Global Research, 1 Re-
search Circle, Niskayuna, New York, 12309 USA MEI-YIN
CHOU, Georgia Institute of Technology, Atlanta, Georgia, USA
Nitrogen containing hydrides have attracted much attention re-
cently as viable candidates for hydrogen storage materials. One
example is the amide and imide involved in the reversible chemi-
cal reaction

LiNH, + LiH—Li,NH+H, .

In an effort to understand the reaction mechanism, one needs to
have the informations on the structural properties of these com-
pounds. There is a disagreement in the existing literature regarding
the crystal symmetry of Li,NH. We present a summary of first-
principles investigations of the structural properties of Li,NH in
an attempt to identify the lowest energy structure. Calculations
were performed within density functional theory framework em-
ploying plane waves and projector-augmented-wave potentials.
Various crystal structures were obtained by minimazing the total
energy and the forces. The stability and energetics of these struc-
tures will be discussed.

9:12

A16 5 Theoretical Investigation of the Li amide/Li imide Hy-
drogen Storage Reaction JAN HERBST, LOUIS HECTOR, JR.,
GM R&D Center Considerable recent interest has centered on the
reaction LiNH, + LiH < Li,NH + H, as a mechanism for hy-
drogen storage. We have conducted density functional calculations
of the electronic structure, vibrational properties, and enthalpy of
formation for each component. The long established crystal struc-
tures for LiH and LiNH, (Li amide) were employed, while a
newly determined orthorhombic structure for Li,NH (Li imide)
was used. Our 298K results within the generalized gradient ap-
proximation for AH(LiNH,) and AH(LiH), as well as for the
overall heat of reaction, are in excellent accord with experiment,
suggesting that the measured AH(Li,NH) is inaccurate. Phonon
densities of states calculated for the amide and imide compare
very favorably with observed infrared and Raman spectra.

9:24

A16 6 More insights into LiNH,-(LiH, MgH,) system from
DFT studies C. MOYSES ARAUJO, RALPH H. SCHEICHER,
Condensed Matter Theory Group, Dept of Physics, Uppsala Uni-
versity, Sweden PURU JENA, Physics Dept, Virginia Common-
wealth University, Richmond VA RAJEEV AHUJA, CMT Group,
Uppsala; Applied Materials Physics, Dept of Materials Science
and Engineering, Royal Institute of Technology, Stockholm, Swe-
den First-principles calculations based on density functional
theory have been carried out by us to understand the hydrogen
desorption reactions for systems involving LiNH, mixed with ei-
ther LiH or MgH,. We first determined the crystalline structures
and total energies of the reactants and possible products, which
have been proposed from experiment. Our results for LiNH, and
Li,NH show good agreement with experimental data. For the
mixed compound Li,Mg(NH),, we have performed geometry op-
timization by force minimization and in addition also using mo-
lecular dynamics and simulated annealing. The circumstance that
the crystalline structure of this system has not yet been resolved-
prevented us from comparing our results with experimental data.
However, the calculated reaction enthalpy agrees very well with
recent measurements [1]. Furthermore, we have also investigated
all involved reactions in the gas phase by carrying out molecular
calculations. This approach has allowed us to achieve a better
understanding of the reaction mechanisms. We found that reaction
energies for the molecular systems follow the same trend as for the
bulk systems. [1] Weifang Luo, J. Alloys Comp. 381, 284 (2004).

9:36

A16 7 In-situ Neutron Diffraction Studies of the Hydrogen
storage material Li;N* ASHFIA HUQ, IPNS, Argonne National
Laboratory JAMES W. RICHARDSON, IPNS, Argonne National
Laboratory EVAN R. MAXEY, IPNS, Argonne National Labora-
tory DHANESH CHANDRA, Metallurgical and Materials Engi-
neering, University of Nevada, Reno WEN-MING CHIEN, Met-
allurgical and Materials Engineering, University of Nevada, Reno
The search for alternative fuel has spurred interest in complexes
with high hydrogen absorption-desorption capacities. Among
these compounds complex metal hydrides have received much
attention. More recently it was proposed that simple metal nitrides
such as Lithium Nitride (Li;N), with its 9 wt % recyclable hydro-
gen uptake, could be good candidates for reversible hydrogen stor-
age. In this presentation we present the results of detailed struc-
tural study of Li;N through the temperature range 20K to 673K
using Neutron Powder Diffraction. Commercially purchased com-
pound showed a coexistence of alpha and beta phases of Li;N. We
observed a steady decline of the beta phase above 473K and a very
small fraction ( ~ 3 wt %) was frozen in at 673K. This transfor-
mation (B to a) was not reversible on cooling. We will also
present the findings of in-situ neutron diffraction measurements of
hydrogen absorption and desorption of the title material.

*Research carried out at the Intense Pulsed Neutron Source at
Argonne National Laboratory is funded by the U.S. Department
of Energy under Contract W-31-109-ENG-38.

9:48

A16 8 Characterization of Lithium Borohydride using Neu-
tron Scattering Techniques MICHAEL HARTMAN, JACK
RUSH, TERRY UDOVIC, National Institute of Standards and
Technology Lithium borohydride, LiBH,, is a complex metal hy-
dride that shows great promise as a hydrogen storage medium with
a volumetric hydrogen density of 122 kg H/m® and a gravimetric
hydrogen density of 18.5 wt. %. While numerous NMR, Raman,
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and infrared investigations have been reported in the literature,
neutron scattering investigations of LiBH, have been limited due
to the large neutron absorption cross-section of naturally occurring
lithium and boron. We have recently synthesized an isotopically-
enriched lithium borohydride, containing "Li and ''B, which
eliminates the large neutron absorption cross-section that arises
from the presence of °Li and '°B. The results of powder neutron
diffraction, inelastic neutron scattering, and quasi-elastic neutron
scattering investigations on the ’Li''"BH, material are presented.
These measurements provide a fundamental understanding of the
behavior of hydrogen within lithium borohydride, and they pro-
vide a basis to understand changes concomitant with the introduc-
tion of catalytic or destabilizing compounds.

10:00

A16 9 Structural transitions in NaBH4 under pressure®
RAVHI KUMAR, ANDREW CORNELIUS, University of Ne-
vada, Las Vegas The structure of the technologically important
hydrogen storage compound NaBH, has been investigated under
pressures up to 30 GPa by itin situ angle dispersive high pressure
x-ray diffraction using synchrotron x-rays and a diamond anvil
cell. Our experimental results show pressure-induced structural
transitions of a-NaBH, (cubic — itFm3m) to 8 — NaBH, (tetrag-
onal — P42,c) at 6.3 GPa and further to orthorhombic phase
(itPnma) at 8.9 GPa. The high pressure orthorhombic phase is
found to be stable up to 30 GPa. The cubic phase is completely
recovered on releasing the pressure to the ambient.

*We acknowledge support from DoE Award No. DE-FG36-
05G0O08502.

SESSION A17: FOCUS SESSION: STRUCTURE AND
PROPERTIES OF NANOSCALE OXIDE FILMS

Monday Morning, 13 March 2006

313, Baltimore Convention Center at 8:00

Gennadi Bersuker, SEMATECH, presiding

Contributed Papers
8:00
A17 1 Crystallization and defect formation in HfO, films on

silicon. JACOB GAVARTIN, ALEXANDER SHLUGER, MAR-
SHALL STONEHAM, University College London GENNADI

Invited Papers

8:24

BERSUKER, SEMATECH Hafnium dioxide currently is consid-
ered a dielectric of choice for novel MOSFET devices but it has an
important drawback (as most high-k films on silicon) of low crys-
tallization temperature. We use large scale plane wave density
functional simulations of the HfO,/SiO,/Si system to determine
the properties of the amorphous hafnia films and the mechanisms
of their crystallization and defects formation associated with it.
We propose that the kinetics of interface formation stipulates some
oxygen sub-stoichiometry in hafnia. The resulting ‘amorphous’
films are characterized by the sub-coordinated (by less than 7
oxygen) Hf ions and some shortened Hf-Hf distance ( ~ 3 A
compared to ~ 3.5 A in the monoclinic HfO,). Such structures
may not have defect states (understood as localized states with
energies in the band gap). However, they are characterized by the
long band tails, whose origin will be discussed. Crystallization of
such amorphous structures during thermal annealing results in the
oxygen vacancy formation. We discuss the role of these vacancies
in the trapping and de-trapping of carriers from the channel and
the possibilities of control of their concentration.

8:12

A17 2 Observation of Oxygen Bridging at the Si-SiO, Inter-
face PHILIP BATSON, IBM Thomas J. Watson Research Center
Annular Dark Field (ADF) images of the Si-SiO, interface have
been obtained using a 0.08 nm probe in an aberration corrected
Scanning Transmission Electron Microscope (STEM). The 2 nm
thick SiO, layer lies under an HfO, high dielectric constant struc-
ture, and contains isolated Hf atoms which are highly mobile un-
der the beam. Assuming that Hf atoms occupy low energy sites
within the oxide, they can substitute for Si atoms in tetrahedral
coordination, or occupy incomplete octahedral pockets. In either
case, they should provide a probe of the structure of the amor-
phous oxide. 0.3-0.6 nm from the crystalline Si, Hf atoms move
mostly parallel to the interface, suggesting that quasi-planar struc-
tures may occur near the Si interface. Within 0.3 nm of the Si,
tunnels run parallel to the [110] direction. Inside the tunnels, a
single column of atoms is observed between two adjacent interface
Si columns. ADF image simulations show that the observed scat-
tering intensity for this column is consistent with oxygen, support-
ing the oxygen bridging model proposed by Tu and Tersoff (Phys
Rev. Lett. 84 4393 (2000)).

A17 3 Atomic-level imaging and properties of stray Hf atoms in Si-SiO,-HfO, nanoscale structures.®

STEPHEN PENNYCOOK, Oak Ridge National laboratory

The aberration-corrected scanning transmission electron microscope (STEM) provides a new level of sensitivity for
analyzing nanoscale oxide films. The sub-Angstrom probe provides much improved resolution, but equally important,
greatly increased sensitivity to individual atoms. Single Hf atoms are visible within the nanometer thick SiO, interlayer
between a HfO, dielectric and the Si substrate. Furthermore, the depth of focus of the aberration-corrected STEM is
greatly reduced, and Hf atoms can be located in depth to better than 1 nm precision. Strikingly, no Hf atoms are seen to
be in contact with the Si substrate, and exhibit preferred distances from the interface. First-principles density-functional
calculations find that the energy of single Hf atoms rises sharply if they approach closer than ~ 0.3 nm, in agreement with
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observations. The Hf atoms introduce localized states within the Si band gap, which are detected by electron energy loss
spectroscopy. These states may mediate leakage currents. The effect of the stray Hf atoms on the electron mobility in the
Si channel has been calculated using a novel first-principles approach and found to be consistent with measured mobility
values. Work performed in collaboration with K. van Benthem, S. N. Rashkeev, M. H. Evans, and S. T. Pantelides.

*Research sponsored by the U.S. DOE under Contract # DE-AC05-000R22725 with ORNL, NSF grant ECS-0524655,
AFOSR grant FA9550-05-1-0306 and the Alexander-von-Humboldt Foundation in the framework of a Feodor-Lynen

research scholarship.

Contributed Papers

9:00

A17 4 Characterization of local electronic structure and di-
electric properties at a Hf02/Si02/Si gate dielectric interface.™
KLAUS VAN BENTHEM, ORNL SERGEY RASHKEEV, ORNL
GENNADI BERSUKER, International Sematech SOKRATES
PANTELIDES, Vanderbilt University STEPHEN PENNYCOOK,
ORNL Electron Energy-Loss Spectroscopy (EELS) measurements
were performed using an aberration-corrected Scanning Transmis-
sion Electron Microscope (STEM) to investigate local electronic
structure across a HfO2/Si02/Si gate dielectric interface with a
lateral resolution of approximately 0.1 nm. The low energy-loss
regime in EELS is dominated by intra-and interband transitions
and plasmon excitations. Hence, by a Kramers-Kronig analysis of
the low energy-loss regime the determination of the complex di-
electric function becomes possible on a sub-nanometer length
scale. As a consequence, local optical properties and the local
interband transition strength can be discussed as a function of
position across the gate dielectric. Single Hf atoms present within
the SiO2 interlayer introduce localized states in the Si band gap
and gradients in the local dielectric function. Microscopic mea-
surements will be correlated with macroscopic device characteris-
tics.

*K.v.B. acknowledges partial financial funding from the
Alexander-von-Humboldt Foundation

Invited Papers

9:24

9:12

A17 5 Oxygen transport and interfacial layer engineering in
high-k metal oxide gate stacks LYUDMILA GONCHAROVA,
MATEUS DALPONTE, ERIC GARFUNKEL, TORGNY
GUSTAFSSON, Rutgers University GENNADI BERSUKER,
BRENDAN FORAN, PAT LYSAGHT, Sematech Much recent
work has been devoted to integrating metal oxide dielectrics into
silicon based CMOS. High-« metal oxide stacks processing may
lead to diffusion and reactions with negative impact on the elec-
trical properties. We report here results from Medium Energy Ion
Scattering (MEIS) on (i) the mechanism of oxygen transport and
interfacial layer behavior in multilayer high-« gate stacks and (ii)
the influence of crystallinity and grain boundaries on thin Hf oxide
and silicate films using isotope tracing. Changes in oxide and
silicate interface composition and thickness, phase mixing and
crystallization within the film, and film decomposition will be
discussed in terms of bulk and grain boundary diffusion. A func-
tional device must include not just a dielectric, but a conducting
gate as well. Our results show that the interfacial SiO, layer thick-
ness is reduced by using a Ti overlayer with high solubility for
oxygen. We also find that Si atoms initially present in the inter-
facial SiO, layer incorporate in the high-« layer. Oxygen is also
being removed from the Hf oxide, leaving an oxygen depleted
HfO, layer. The presence of grain boundaries in crystalline HfO,
films suggests an additional path for Si diffusion through the high-
k film in the presence of Ti gate.

A17 6 Defects on Magnesium Oxide Surfaces: An STM and ESR Study.

HANS-JOACHIM FREUND, Fritz Haber Institute

Thin MgO(100) films have been prepared on Ag(100) und Mo(100) substrates. Color centers are not present on these
MgO surfaces but can be induced by electron bombardment. F* and F° centers may be identified with scanning tunnelling
spectroscopy and found to be located not on terrace but rather on edge sites primarily. This is corroborated by electron
spin resonance experiments. Methods are described to engineer surfaces with particular defects and thus its interaction
with both, molecules and metal atoms, can be studied. Additional techniques such as Fourier-Transform Infrared Spec-
troscopy allow us to get closer insight into the influence of defects on the properties of adsorbed atoms and molecules.

Contributed Papers

10:00

A17 7 Zintl Concepts for Interface Engineering ALEX
DEMKOV, The University of Texas at Austin Crystalline epitaxial
oxides on semiconductors (COS) could very well extend the Com-
plimentary Metal Oxide Semiconductor (CMOS) technology from
Si to other semiconductors and thus give new lease on life to the
paradigm responsible for the outstanding success of the semicon-
ductor electronics. Another tantalizing possibility is the growth of
functional oxide structures utilizing ferroelectricity, superconduc-
tivity, magnetism, and other such properties not normally acces-

sible in conventional semiconductors in monolithic integration
with Si. There also may be applications of COS at the end of the
Si Roadmap. Two dimensional (2D) crystal growth of ionic oxides
on covalent semiconductors and visa versa is essential for these
approach to work. In this talk I will discuss how concepts devel-
oped by Edward Zintl more than seventy years ago can be used for
interface engineering. I will use itab-initio density functional
theory to demonstrate how the bonding character at the oxide/
semiconductor interface is manipulated through charge transfer in
the engineered intermetallic contact layer. This transition layer
lowers the energy of the interface and results in 2D growth, and
high quality epitaxial films.
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10:12

A17 8 One-dimensional PtO, oxide at Pt steps: formation and
reaction with CO J.G. WANG, W.X. LI, T.M. PEDERSEN, B.
HAMMER, University of Aarhus, Denmark J. KLIKOVITS, M.
SCHMID, Technische Universitat Wien, Austria M. BORG, J.
GUSTAFSON, A. MIKKELSEN, J. WEISSENRIEDER, E.
LUNDGREN, J.N. ANDERSEN, Lund University, Sweden The
structure and catalytic activity of a one-dimensional PtO, oxide,
which forms along the steps on the Pt(332) surface, is studied
using HRCLS and DFT [1]. Our investigations reveal a much
higher CO-oxidation activity of the one-dimensional oxide as
compared to the chemisorbed oxygen phase of Pt(111). The reason
could be explained by DFT by the detection of a significantly
lower barrier for the CO, formation using O from the oxide stripe,
as compared to the O chemisorbed on the terrace. Finally, the
one-dimensional oxide is predicted to be stable at conditions be-
tween chemisorbed oxygen and the bulk oxide, which at 500 K
includes ambient oxygen pressures. This range is expected to be
similar on other step structures of Pt. Hence the one-dimensional
oxide could be of major importance for the catalytic activity of Pt
nano particles, as used in industrial catalytic devices. [1] J. G.
Wang et al., Phys. Rev. Lett. In Press. This work was financially
supported by the Swedish Research Council, the Danish Research
Council, Dansk Center for Scientific Computing, the EC contract
No. NMP3-CT-2003-505670 (NANO2), and the Austrian Fonds
zur Fororderung der Wissenschaftlichen Forschung.

10:24

A17 9 Ultrathin TiO, films on Pt(111) GAETANO GRA-
NOZZI, FRANCESCO SEDONA, Dept. of Chemical Sciences,
University of Padova KLAUS SCHIERBAUM, Heinrich-Heine-
Universitat Diisseldorf Ultrathin ordered titanium oxide films on
Pt(111) surface were prepared by reactive evaporation of Ti in
oxygen. By varying the Ti dose and the annealing conditions,
several long-range ordered phases were obtained and characterized
by means of LEED, XPS, UPS, photoelectron diffraction, STM
and XAS. XPS and photoelectron diffraction data indicate that all
the phases, except two, are one-monolayer thick and composed of
a Ti-O bilayer with interfacial Ti. Atomically resolved STM im-
ages of all the prepared phases have been obtained. At a low Ti
dose (0.4 MLE), an incommensurate itkagomé-like low density
phase is observed where hexagons are sharing their vertices. At a
higher Ti dose (0.8 MLE) two denser phases are found, both char-
acterized by a zigzag motif, but with distinct rectangular unit cells.
When the post-annealing of the 0.8 MLE deposit is carried out at
high temperatures and oxygen partial pressures, an incommensu-
rate non-wetting fully oxidized phase is found, whose symmetry
and lattice dimensions are almost identical with those observed in
the system VO,/Pd(111). At higher coverage, two commensurate
hexagonal phases are formed, which show wagon-wheel-like
structures and have slightly different lattice dimensions. Competi-
tively to the formation of ultrathin films, nanosized TiO, crystal-
lites can grow on top of the surface. They predominate the entire
morphology only for large initial Ti deposits.

10:36

A17 10 Surface structure of alumina ultrathin film grown on
Ni3Al (111) studied by nc-AFM CLAUDE R. HENRY, CLEM-
ENS BARTH, GUIDO HAMM, CRMCN-CNRS, Campus Luminy,
13288 Marseille CLUSTER GROUP TEAM, Alumina ultrathin
films grown by high temperature oxidation of a Ni3Al (111) sur-
face have the peculiarity to be nanostructured. Indeed, as shown
previously by the group of C. Becker [1], they present two hex-
agonal structures with lattice parameters of 2.4 and 4.16 nm. How-
ever, no atomic resolved structure was evidenced by this STM
study. In the present study we used the same preparation technique
to grow the alumina film. The surface structure of the film was
studied, in situ under UHV, by nc-AFM. By this technique we
confirm the presence of the two structures and we clearly show
that the larger one is the basic structure of the topmost layer of the
film. The 2.4 nm structure is a sub-lattice of the 4.1 structure.
These two structures provide two different local environments that
could explain why metals condensed on this film form hexagonal
lattice with a parameter of 2.4 or 4.1 nm. Atomic resolution has
been obtained showing that the topmost surface is terminated by a
distorded hexagonal lattice of atoms (most probably oxygen). The
relationships betwen the atomic lattice and the two superstructures
have been derived from the nc-AFM measurements. We will dis-
cuss on the possible origin of the complex structure of this films.
[17 S. Degen et al. Surf. Sci. 576(2005)L.57

10:48

A17 11 Oxygen storage and release by Ceria: New insights into
the mechanism based on STM FRIEDRICH ESCH, CNR-INFM
Laboratorio TASC STEFANO FABRIS, SISSA and CNR-INFM
DEMOCRITOS, Trieste CRISTINA AFRICH, CECILIA BLA-
SETTI, University of Trieste and CNR-INFM Laboratorio TASC
PAOLO FORNASIERO, University of Trieste and INSTM
RENZO ROSEI, GIOVANNI COMELLI, University of Trieste
and CNR-INFM Laboratorio TASC In the attempt to understand
the structure-dependent characteristics of ceria (CeO,) surfaces
with various morphologies (films, nanoparticles, single crystals),
we focus on high-resolution scanning tunneling microscopy of a
(111) single crystal surface. A new preparation procedure is de-
scribed that generates one trilayer deep pits on the surface, expos-
ing (001) and (110) steps that can systematically be studied. Pit
shapes reflect the surface mobility of ceria and relative stability of
the steps. Atomic oxygen exposure leads to the formation of ceria
nanoparticles at step edges. Upon reduction, various oxygen va-
cancies can be distinguished on the (111) terraces and are assigned
to single 1st layer vacancies, single 2nd layer vacancies, linear and
other vacancy clusters (VCs) by comparison to density functional
calculations [1]. It is shown that electron localization determines
which VCs can be formed and which can not: VCs expose exclu-
sively reduced Ce** ions. In linear VCs, that dominate the
strongly reduced surface, this occurs by including one single sub-
surface vacancy per VC. [1] F. Esch et al., Science 309 (2005)
752.
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SESSION A18: FOCUS SESSION: CARBON NANOTUBES: SYNTHESIS AND GROWTH I
Monday Morning, 13 March 2006; 315 Baltimore Convention Center at 8:00

Michael Arnold, Northwestern University, presiding

Invited Papers

8:00
A18 1 Super Growth Carbon Nanotubes.
KENJI HATA, AIST

Water assisted CVD (denoted as Super Growth) results in a significant enhanced catalyst activity and enlonged lifetime
of the catalysts to synthesize carbon nanotubes. The high efficient growth results in massive growth of vertically-aligned
single-walled nanotubes forests with heights up to 2.5 millimeters and carbon purity over 99.98%. Super Growth
simultaneously addresses many critical problems such as scalability, purity, and cost, and opens up innumerable oppor-
tunities ranging from fundamental research to real applications. This presentation will provide an overview of our recent
development of the ‘‘Super Growth’> CVD. First, the synthesis of highly efficient impurity free SNWT forest will be
described. Second, the growth dynamics will be explored with our recent advance in CNT synthesis, as well as charac-
terizing the physical and chemical properties of SWNT forests. Third, various new forms of carbon nanotube material
such as DWNT forests, SWNT solids made by utilizing the super-growth technique will be demonstrated with emphasis
on their applications such as super-capacitors. Lastly, challenges and future projects that are planed will be summarized.

Contributed Papers

8:36

A18 2 Density functional study of cyclacene-based carbon
nanotubular compounds.* SHINYA OKANO, Michigan State
University GLEN P. MILLER, University of New Hampshire
DAVID TOMANEK, Michigan State University We use ab initio
Density Functional calculations to investigate the interplay be-
tween structural and electronic properties of a new class of one-
dimensional nanowires, related to carbon nanotubes. The cycla-
cene building blocks consist of phenyl rings, and can be viewed as
the shortest segments of (n,0) zigzag nanotubes. In our study, we
focus on cyclacenes with n=6-12 phenyl rings, and compare our
results to infinitely large cyclacenes, corresponding to narrow
graphene ribbons. The nanowires are formed by inter-connecting
cyclacenes to a chain using biphenyl, tetrazine, or acetylene link-
ers. Depending on the nature and the orientation of the linkers, we
find it possible to change the systems from narrow- to wide-gap
semiconductors, and to modulate the band dispersion, suggesting
the possibility of band gap engineering. We will also discuss the
relevance of our results for a diameter- and chirality-selective syn-
thesis of carbon nanotubes.

*Supported by NSF NIRT grant ECS-0506309 and NSF NSEC
grant EEC-425826.

8:48

A18 3 The mechanism for low temperature growth of verti-
cally aligned boron nitride nanotubes* JIESHENG WANG,
Michigan Tech University MING XIE, Michigan Tech University
YOKE KHIN YAP, Michigan Tech University Boron nitride
nanotubes (BNNTSs) are well recognized as the candidate that will
complement the uses of carbon nanotubes (CNTSs) in nanotechnol-
ogy. However, high growth temperatures ( > 1100 °C), low pro-
duction yield, and impurities have prevented effective synthesis
and applications of boron nitride nanotubes (BNNTS) in the past
ten years. For the first time, we have succeeded on the growth of
pure BNNTSs on substrates [ 1, 2]. This has been realized based on
our experiences of growing CNTs and boron nitride (BN) phases
(cubic phase BN, hexagonal phase BN). According to our hypo-

thetical model, energetic growth species play an important role on
controlling the phases of BN solids. We have experimentally veri-
fied that BNNTs can be grown by energetic growth species by a
plasma-enhanced pulsed laser deposition (PEPLD) technique.
These BNNTSs can be grown vertically aligned into arrays of regu-
lar patterns at 600 °C, and can be used for applications without
purification. The growth mechanism of thee BNNTs will be dis-
cussed. [1]. Yap et al., Bull APS Vol 50, 1346-1347 (March 2005).
[2]. Wang itet al., nano Letters (2005) ASAP, DOL: 10.1021/
nl051859n.

*Y.K.Y acknowledges supports from Army Research Office
(W911NF-04-1-0029), CNMS at ORNL, and NSF CAREER
Award (0447555).

9:00

A18 4 Selective Growth of Single Wall Carbon Nanotubes
from Superparamagnetic Maghemite RAMA BALASUBRA-
MANIAN, RICHARD GRANT, Roanoke College PAOLA BAR-
BARA, Georgetown University The growth of carbon nanotubes
in specific configurations and geometry is crucial to developing
useful applications in nanoelectronics and smart coatings. We
have shown that single wall carbon nanotubes (SWNT) of diam-
eters less than 2 nanometers can be grown directly from catalyst
particles comprising of maghemite (y — Fe,O3) on a Silicon sub-
strate using the conventional chemical vapor deposition process.
The sizes of SWNT were measured using Atomic Force Micros-
copy. The average tube diameter was measured to be 1.5% 0.2 nm.
Scanning Electron Microscopy measurements revealed that the
catalyst oxide particles formed in clusters of 100 nm diameters.
Transmission Mossbauer measurements at room temperature
showed the presence of a magnetic sextet corresponding to
maghemite with a particle size > 100 nm and a superparamag-
netic phase with particle size less than 20 nm. Our results also
indicate that the superparamagnetic phase of maghemite with av-
erage particle size of about 5 nm plays a critical role in the for-
mation of SWNT with specific tube dimensions. Experiments are
currently underway to characterize the relaxation rates of the su-
perparamagnetic phase of maghemite. The fundamental role of
arrays of metal nano-catalysts and superparamagnetic nanoclusters
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of maghemite in the selective growth of single wall carbon nano-
tubes will be presented.

9:12

A18 5 Controlling the height of CVD-grown multi-wall nano-
tube arrays MICHAEL STADERMANN, SARAH SHERLOCK,
BRIAN DICK, HYUNG-GYU PARK, ALEXANDER AR-
TYUKHIN, WILLIAM PITZ, ALEXANDER NOY, OLGICA
BAKAIJIN, Lawrence Livermore National Laboratory Due to vari-
ous difficulties, carbon nanotube arrays have seen only limited use
in industrial applications to date. One of the difficulties is the
reproducible growth of these arrays, let alone a good measure of
control over the obtained height. In this work, we have preformed
a parametric study of multi-wall carbon nanotube (MWNT)
growth. The investigated parameters were gas flow rate, process
pressure, and water content of the feed gas. We were able to
identify a region in the parameter space that yields stable and
highly reproducible growth of tall nanotubes arrays. As a result,
we can controllably grow MWNT forests to any height between 1
pum and 1 mm by choosing the right combination of pressure,
humidity, flow rate, and growth time. Additionally, we were able
to perform kinetic studies of the carbon nanotube growth, and our
results suggest that the precursor for nanotube growth is formed in
the gas phase.

9:24

A18 6 Real-Time Study of the Kinetics of Vertically Aligned
Single Wall Carbon Nanotube Array Nucleation and Growth
GYULA ERES, Oak Ridge National Laboratory H. CUI, C. M.
ROULEAU, A. A. PURETZKY, D. B. GEOHEGAN, A molecu-
lar beam of carbon containing molecules in conjunction with time
resolved reflectivity was used to study the kinetics of nucleation
and growth of vertically aligned single wall carbon nanotube ar-
rays. The molecular beam environment decouples the source gas
and the substrate temperature dependent variables and eliminates
secondary gas phase reactions, to allow carbon nanotube growth
by surface reactions only [1]. The incidence rate of the carbon
containing species is the key variable that through the nucleation
density determines all the important properties of the arrays in-
cluding the type, the diameter, and the packing density of the
nanotubes. The addition of trace amounts of impurities such as
water and oxygen enhances the nucleation density but does not
affect growth. This highly controlled reaction environment reveals
that carbon nanotube growth is a complex multicomponent reac-
tion in which not just C but also H and O play a critical role. The
picture that emerges form this study is at odds with the conven-
tionally accepted dissolution/precipitation model for carbon nano-
tube growth. Instead, we explain the observed results by a new
mechanism that is based on carbon network formation and stabi-
lization by stepwise addition of acetylene type species. [1] G. Eres
itet al. J. Phys. Chem. B 109, 16684 (2005).

9:36

A18 7 Defect induced modification in thermal property of Re-
gioreguler Poly(3-hexylthiophene) nanotube composites
ANANTA ADHIKARI, College of Nanoscale Science and Engi-
neering, State University of New York, Albany, NY-12203
CHANG RYU, Department of Chemistry and Chemical Biology,
Rensselaer Polytechnic Institute Troy, NY-12180 PULLICKEL
AJAYAN, Department of Material Science and Engineering,
Rensselaer Polytechnic Institute Troy, NY-12180 HASSARAM
BAKHRU, The interaction particularly, interfacial bonding be-
tween polymer and filler has remained a crucial phenomenon to be
understood to optimize their uses in many practical applications.

Up to now, most of the work is on the chemical fuctionalization
for improving nanotube/matrix interaction. In this paper, we stud-
ied the effects of ion irradiation induced defects on thermal be-
haviors of Poly(3-hexylthiophene) nanotube composites using
Thermogravimetry Analysis (TGA) and Differential Scanning
Calorimetry (DSC). Where, the irradiation is used to introduce the
defects in a control way on pristine nanotube before composite
formation. Several interesting effects were observed; including
thermal stability enhancement and defects induced enhanced in-
teraction between nanotube and polymer, and substantial changes
in spectroscopic behaviors of the composites due to irradiation.

9:48

A18 8 Effect of graphitic order on the electron field emission of
carbon nanotube films* BENJAMIN ULMEN, Michigan Tech
University VIJAYA KAYSTHA, Michigan Tech University
YOKE KHIN YAP, Michigan Tech University Carbon Nanotubes
(CNTs) are known to be excellent electron field emitters. How-
ever, the fundamental factors that contribute to the emission sta-
bility have not been well studied. Here, we found that stability of
emission current from CNTs is related to their graphitic orders.
We have tested various types of CNTs grown by thermal chemical
vapor deposition (CVD) and plasma enhanced CVD (PECVD).
Our samples were grown in a circular area of 0.385cm? on low
resistance Si substrates. Field emission measurements were con-
ducted in a planar diode configuration, with a pair of electrodes
separated with a gap of 1000 = 10 wm. The vacuum level during
the measurement is ~ 2.0 X 10”7 mbar. We found that the emis-
sion currents from PECVD grown CNTs degraded by as much as
70% within a period of 20 hours. In contrast, random CNTs grown
by thermal CVD exhibit stable emission current for at least 20
hours. These CNTs also have relatively lower threshold electric
field of field emission. Since all samples are tested in a same
condition, the detected results are thus related to the structural
order of the CNTs. Transmission electron microscopy and Raman
spectroscopy confirmed that field emission stability is depends on
the graphitic structures of these CNTs.

*Y.K.Y acknowledges supports from Army Research Office
(W911NF-04-1-0029) and CNMS at ORNL,

10:00

A18 9 Structure and Applications of Nanoporous Carbon*
MIKAEL WOOD, JACOB BURRESS, ROBERT SCHOTT,
DEMETRIUS TAYLOR, PETER PFEIFER, Physics Dept., Uni-
versity of Missouri, Columbia, MO 65211 Recently fractal net-
works of nanopores in activated carbon have been discovered
(Pfeifer et al., Phys. Rev. Lett. 88, 115502 (2002)). We study the
formation and properties of these networks with the goal of using
them to store methane at low pressures (Alliance for Collaborative
Research in  Alternative ~ Fuel Technology, http://all-
craft.missouri.edu). Van der Waals forces in the nanopores force
methane into a dense fluid (supercritical adsorption). We investi-
gate the pore structure by nitrogen and methane adsorption iso-
therms, small-angle x-ray scattering (SAXS), and electron micros-
copy, and use the data to model the formation of the pore network
using probabilistic cellular automata on a lattice. The calculated
scattering from our simulated networks is in close agreement with
experimental SAXS data. The models are designed to give us a
deeper understanding of the growth of these networks and allow us
to optimize their properties. Currently our best sample stores 0.11
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¢ methane per cm® monolithic carbon at 25 °C and 34 atm (90%
of industry target).

*Support: National Science Foundation (EEC-0438469), Univer-
sity of Missouri, Midwest Research Institute, U.S. Department of
Education (GAANN), and U.S. Department of Energy (W-31-
109-Eng-38)

10:12

A18 10 Boron-doped SWNTs for Electromagnetic Interference
Shielding P. EKLUND, D. NAREHOOD, Dept. of Physics, The
Pennsylvania State University N. DITROLIO, N. ANDREWS,
CarboLex, Inc., 500 Parkway Ave, Broomall, PA 19008 U.J. KIM,
X.M. LIU, H.R. GUTIERREZ, Dept. of Physics, The Pennsylva-
nia State University SWNTs have been proposed for electromag-
netic interference shielding as an additive in polymers. However,
2/3 of the SWNTs are expected to be semiconducting and only 1/3
are metallic. B-doping of graphite is known to lead to strongly
p-doped material. In SWNTSs, doping is therefore expected to lead
to degenerately-doped semiconducting tubes and then a shielding
benefit can be derived from all tubes in the sample. We find that
1-2 at% B-doping is possible at 25-50 gr/hr production. The qual-
ity of the HCl-purified product has been investigated by Raman
scattering (RS), optical adsorption, transmission electron micros-
copy and temperature programmed oxidation. RS spectra were
found to exhibit sharp G,R bands and a very weak D-band com-
ponent is also observed. We note that after B-doping the 2" order
RS cross section is enhanced, as reported previously for pulsed
laser produced B-doped SWNTs by Rao et al. All band positions
are very close to that observed for undoped SWNTs, indicating a
reasonably good molecular structure of the B-SWNTs and consis-
tent with the small size of atomic boron (i.e., substitutional dop-
ant). OA show that the interband absorption peaks associated with
semiconducting and metallic tubes upshift by 20-50 meV, indicat-

ing p-doping.

10:24

A18 11 Detachment and re-attachment of vertically aligned
single-walled carbon nanotube films YOICHI MURAKAMI,
SHIGEO MARUYAMA, The University of Tokyo A hot-water
assisted detachment method of CVD-grown vertically aligned
single-walled carbon nanotube (VA-SWNT) films from substrates
has been developed. In particular, we found that the VA-SWNT
films is efficiently peeled off by submersing the substrate into
heated ( = 60 [r]C) distilled water, and the detached film floats on
the water surface. Furthermore, the detached film is readily re-
attached to arbitrary surfaces. SEM observation confirms that the
aligned morphology is perfectly preserved even after the re-
attachment to other substrates. Mechanism of the proposed hot-
water assisted film detachment method is investigated and sug-
gested.

10:36

A18 12 Fabrication and characterization of nanopatterned ul-
trathin epitaxial graphite films.* ZHIMIN SONG, XUEBIN LI,
TIANBO LI, CLAIRE BERGER, PHILLIP FIRST, WALTER A.
DE HEER, Georgia Institute of Technology High quality ultrathin
graphite films, composed of less than 10 graphene layers, have
been epitaxially grown on single crystal SiC substrate by thermal
decomposition. Hall bar structures, top gate and side gated field
transistor structures have been fabricated using electron beam li-
thography methods. Scanning Electron Microscopy (SEM),

Atomic Force Microscopy (AFM) and Electrostatic Force Micros-
copy (EFM) have been used to characterize the structures. These
results demonstrate that nanopattened epitaxial graphite (NPEG) is
a promising quasi-two-dimensional electronic material.

*NSF,NIRT,INTEL

10:48

A18 13 Structural modification of boron nitride nanotubes by
plasma irradiation TAKASHI IKUNO, GAVI BEGTRUP,
SHAUL ALONI, ANDRAS KIS, DAVID OKAWA, ALEX
ZETTL, UC Berkeley, Lawrence Berkeley National Laboratory
Boron nitride (BN) and boron-carbon-nitride (B-C-N) nanotubes
(NTs) are candidates for potential nanosized electronic and optical
devices due to extraordinary physical and chemical properties. In
terms of electronic property, in contrast to the insulating BNNTs
with about 5.5 eV band gap, ternary B-C-N NTs has semiconduct-
ing property, the band gap of which is primarily determined by
their chemical compositions. Although one of the methods to
make B-C-N NTs is C doping to BNNTs, it is difficult to modify
the structure and composition of BNNTSs due to its chemical in-
ertness and strong sp2 bond. In this study, we performed to modify
the structure and composition of BNNTs by plasma irradiation for
synthesizing B-C-N NTs. Hydrocarbon plasma was utilized for
structural modification of BNNTs. The structural properties and
the composition were characterized by high-resolution transmis-
sion electron microscopy and electron energy loss spectroscopy.
After the plasma irradiation, outer several BN layers were modi-
fied to wavy structure from straight shape, and the defects were
observed in almost BN layers, indicating destruction of crystal
structure by collision of energetic particles in plasma and BNNTs.
There are 5 — 30 at% of C in BNNTSs and C atoms were inhomo-
geneously distributed in B-C-N NTs. The electron transport prop-
erty of the modified B-C-N NTs will be reported in our presenta-
tion.

SESSION A19: FOCUS SESSION: OPTICAL AND
ELECTRICAL SPIN GENERATION IN
SEMICONDUCTORS

Monday Morning, 13 March 2006

316, Baltimore Convention Center at 8:00

David Awschalom, University of California, Santa
Barbara, presiding

Contributed Papers

8:00

A19 1 Spatial Imaging and Mechanical Control of Spin Co-
herence in Strained GaAs Epilayers* HADRIAN KNOTZ, VA-
NESSA SIH, JASON STEPHENS, DAVID AWSCHALOM,
Center for Spintronics and Quantum Computation, University of
California, Santa Barbara, CA 93106 Recent work has shown that
electron spins in GaAs and related compounds respond to strain
dramatically. In particular, the manipulation of the spin-orbit cou-
pling in GaAs via strain may be used for the development of
all-electrical spintronic devices. Here we have developed a me-
chanical vise to controllably and reproducibly tune the tensile
strain in-situ over a typical range for strain engineered heterostruc-
tures, from 0.0 - 0.2%'. The effect of uniaxial tensile strain on spin
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coherence and transport phenomena in n-type GaAs epilayers is
probed using time-resolved Kerr rotation, photoluminescence, and
optically-detected nuclear magnetic resonance spectroscopies. The
bandgap, electron spin lifetime, electron g-factor, and nuclear
quadrupole splitting are imaged over millimeter scale areas of the
epilayers for continuously varying values of strain. Simple non-
destructive techniques for characterizing strain dependent phe-
nomena in semiconductor heterostructures will facilitate the de-
velopment of strain engineered spintronic devices.

*This work was supported by DARPA/DMEA and the AFOSR.

H. Knotz, A Holleitner, J. Stephens, R. C. Myers, and D. D.
Awschalom, submitted (2005)

8:12

A19 2 Generating spin currents mechanically in a
semiconductor® PRASHANT SHARMA, Argonne National
Laboratory It is theoretically predicted that a traveling shear wave
will create a spin current in certain direct-gap (for example M-V
compound) semiconductors with contributions from both the va-
lence bands and the conduction band (for n-doped semiconduc-
tors). We show that this spin-current is a property of the Fermi-

Invited Papers
8:36

Dirac sea, and is controlled by a geometric phase accumulated by
the strain-induced Rashba parameters in a cycle.

*The author acknowledges support from the U.S. Dept. of Energy,
under Contract No. W-31-109-ENG-38

8:24

A19 3 Adiabatic quantum pumping of a desired ratio of spin
current to charge current SUNGJUN KIM, Department of Phys-
ics, The Pennsylvania State University, University Park, PA KU-
NAL DAS, Department of Physics, Fordham University, Bronx,
NY ARI MIZEL, Department of Physics, The Pennsylvania State
University, University Park, PA We present a prescription for gen-
erating pure spin current or spin selective current, based on adia-
batic quantum pumping in a tight-binding model of a one dimen-
sional conductor. A formula for the instantaneous pumped current
is derived without introducing the scattering matrix. Our calcula-
tions indicate that some pumping cycles produce the maximum
value 2 of pumped spin while others reverse the direction of cur-
rent as a result of small alterations of the pumping cycle. We find
pumping cycles which produce essentially any ratio of spin current
to charge current.

A19 4 Theory of coherent optical generation of ballistic spin currents.
JOHN SIPE, Department of Physics and Institute for Optical Sciences, University of Toronto

Ballistic spin polarized currents, and ballistic pure spin currents, can be directly injected in semiconductors by a variety
of all-optical processes. No bias voltage is required. Carrier and spin distributions far from equilibrium can thus be
produced in both doped and undoped semiconductors, and their evolution and the resulting transport studied. We review
the calculations we have made of these processes, and highlight some of the experimental results of our colleagues.

Contributed Papers

9:12

A19 5 Ballistic-diffusive crossover in spin propagation and
precession CHRIS WEBER, JOE ORENSTEIN, JASON
STEPHENS, DAVID AWSCHALOM, University of California,
Berkeley In the transient spin grating (TSG) technique, electron
spins are optically oriented in a standing wave (‘‘grating’”) of spin
polarization with wavevector g. TSG measures spin propagation
through the time-dependence of the grating amplitude. We have
shown! that for GaAs 2DEGs diffusive spin motion at low mobil-
ity u crosses over at high u to motion that is ballistic on length-
scale of the grating—the mean free path exceeds ¢~ '. The ballis-
tic regime is characterized by oscillations in the spin-grating
amplitude with frequency @ =~ vq. In this talk we present data
from TSG and time-resolved Kerr rotation measurements on
n-doped GaAs quantum wells. We explore the crossover between
ballistic and diffusive behavior as a function of temperature and of
disorder. We also explore a second, distinct crossover in the spin
dynamics that occurs as v g is tuned through the spin-orbit pre-
cession frequency, Q ¢, ~ 0.2 THz. [1] C. P. Weber itet al. Nature
437 p. 1330 (2005).

9:24

A19 6 Dissipation through spin Coulomb drag in electronic
spin transport and optical excitations* IRENE D’ AMICO, De-
partment of Physics, University of York CARSTEN A. ULLRICH,
Department of Physics and Astronomy, University of Missouri-
Columbia Spin Coulomb drag (SCD) constitutes an intrinsic

source of dissipation for spin currents in metals and semiconduc-
tors. We discuss the power loss due to SCD in potential spintron-
ics devices and analyze in detail the associated damping of col-
lective spin-density excitations. It is found that SCD contributes
substantially to the linewidth of intersubband spin plasmons in
semiconductor quantum wells, which suggests the possibility of a
purely optical quantitative measurement of the SCD effect in a
parabolic well through inelastic light scattering.

*Work supported by DOE Grant No. DE-FG02-05ER46213, NSF
Grant No. DMR-0553485, Research Corporation, and the Nuff-
ield Foundation Grant NAL/01070/G.

9:36

A19 7 Inhomogeneously-doped semiconductor junctions as a
source of spontaneous spin polarization®* YUNONG QI,
MICHAEL FLATTE, University of lowa The dynamics of
electric-field-driven packets of spin polarized carriers passing
through an n+/n semiconductor junction have been studied. We
find that spin packets that are initially very weakly spin polarized
can have their polarization significantly amplified within the junc-
tion. The nonlinear spin transport and amplification is due to a
spin-polarization dependent mobility originating from the Pauli
exclusion principle that also gives rise to the spin Gunn effect. The
spin polarization amplification we describe here is driven by the
inhomogeneous doping density, and thus does not require the large
applied electric field of the spin Gunn effect. Hence it may apply
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to situations at low electric fields and low temperatures in which
spontaneous spin polarization has been seen experimentally. We
further believe that these studies provide a direct way to study the
spin-polarization dependent mobility in semiconductors.

*Work supported by DARPA/ARO DAAD19-01-1-0490.

9:48

A19 8 Enhancement and suppression of spin density polariza-
tion due to inhomogeneous electric fields* DAN CSONTOS,
SERGIO ULLOA, Dept. of Physics and Astronomy, Ohio Univer-
sity, Athens, OH 45701 We report on a theoretical and computa-
tional study of the spin polarization propagation in charge and spin
inhomogeneous semiconductor structures. We use a self-
consistent, semiclassical approach based on the Boltzmann trans-
port equation to calculate the spin density imbalance, on, defined
as on, = n; — n|, and the spin density polarization, P, , defined
as the ratio P, = on/n, where n is the total charge density, in the
presence of inhomogeneous electric fields. We find that the spin-
polarized transport can be drastically enhanced or suppressed by
inhomogeneous electric fields, such as those arising at semicon-
ductor interfaces. Furthermore, we find that the spin density im-
balance, dn,, and spin density polarization, P, have diametrally
opposite dependence on doping concentrations and charge inho-
mogeneous distributions. This is in contrast to the common as-
sumption in the literature that these two quantities essentially have
the same spin relaxation lengths.

*This work was supported by the Indiana 21st Century Research
and Technology Fund.

10:00

A19 9 Spin polarization amplification within nonmagnetic
semiconductors at room temperature SOON-WOOK JUNG,
HYUN-WOO LEE, Department of Physics, Pohang University of
Science and Technology We show theoretically that the spin po-
larization of current can be electrically controlled within nonmag-
netic semiconductors by exploiting the fact the spin current, com-
pared to the charge current, is weakly perturbed by electric driving
forces. In particular, in a T-shaped current branching geometry
made entirely of a nonmagnetic semiconductor, the spin polariza-
tion can be amplified to 100% by tuning current branching ratios
properly. The proposed amplification scheme does not use ferro-
magnets or magnetic field, and does not require low temperature
operation, providing an efficient way to generate a highly spin
polarized current in nonmagnetic semiconductors at room tem-
perature.

10:12

A19 10 Spin currents in the presence of non-uniform fields.
ADNAN REBEI, Seagate Technology A two dimensional electron
gas with spin-orbit coupling and in the presence of an in-plane
electric field give rise to a spin Hall current independent of the
Rashba coupling. We show that this universality of the strength of
the spin current survives even in the presence of non-uniform
electric and magnetic fields. Gradients in magnetic fields are
shown to couple charge and spin transport and hence provide a
better way to detect spin currents. Our calculation parallels that of
the derivation of the Chern-Simons effective action in a relativistic
electron gas and hence avoids the use of the Kubo formula. The
spin conductivity is also discussed in terms of spin accumulation
in a non-uniformly magnetized square loop.

10:24

A19 11 Magneto-Oscillations of Current-Induced Spin Polar-
ization in 2DEG MAXIM VAVILOV, Yale University We con-
sider a disordered two-dimensional electron gas with spin-orbit
coupling placed in a perpendicular magnetic field and calculate the
magnitude and direction of the current-induced spin polarization.
We find that in strong magnetic fields the polarization becomes an
oscillatory function of the magnetic field and that the amplitude of
these oscillations is parametrically larger than the polarization at
zero magnetic field. We show that the enhanced amplitude of the
polarization is a consequence of strong electron-hole asymmetry
in a quantizing magnetic field.

10:36

A19 12 Spontaneous Spin Polarization in Quantum Wires* A.
D. KLIRONOMOS, J. S. MEYER, K. A. MATVEEV,* Materials
Science Division, Argonne National Laboratory, Argonne IL,
60439, USA A number of recent experiments report spin polariza-
tion in quantum wires in the absence of magnetic fields. These
observations are in apparent contradiction with the Lieb-Mattis
theorem, which forbids spontaneous spin polarization in one di-
mension. We show that sufficiently strong interactions between
electrons induce deviations from the strictly one-dimensional ge-
ometry and indeed give rise to a ferromagnetic ground state in a
certain range of electron densities. At higher densities, more com-
plicated spin interactions lead to a possibly novel ground state.

*This work was supported by the U. S. Department of Energy,
Office of Science, under Contract No. W-31-109-ENG-38.

fOn leave from The Ohio State University, Columbus, OH 43210-
1117.

On leave from Duke University, Durham, NC 27708-0305.

10:48

A19 13 Spin-polarized current created by quantum point con-
tacts with spin-orbit interaction MIKIO ETO, Faculty of Sci-
ence and Technology, Keio University, Japan We propose a new
idea to create spin-polarized currents using quantum point contact
(QPC) with spin-orbit interaction.' Neither magnetic fields nor
magnetic materials are required. By numerical studies using Green
function recursion method,”> we show that (i) the conductance is
quantized in units of 2e2/h even in the presence of spin-orbit (SO)
interaction, (ii) the current is spin-polarized in the transverse di-
rection, and (iii) a spin polarization of more than 50% can be
realized with SO interaction strength in InGaAs heterostructures.
The spin polarization stems from the transition between subbands
of different spins during the transport through QPC. The spin-
polarization ratio is determined by the adiabaticity of the transi-
tion, which is evaluated by the Landau-Zener theory. Since the
two-terminal devices with QPC are easy to fabricate on semicon-
ductors, they may be utilized for the spin injection in the spintron-
ics.

'M. Eto, T. Hayashi, and Y. Kurotani, J. Phys. Soc. Jpn. 74, 1934
(2005).
’T. Ando, Phys. Rev. B 44, 8017 (1991).
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8:00
A20 1 An atomic-scale view of the structure and electronic properties of manganite thin films and superlattices.™*
MARIA VARELA, Oak Ridge National Laboratory

Epitaxial manganite ultrathin films and heterostructures constitute an ideal system to study the nature and effects of
inhomogeneity and phase competition in these materials. The presence of interfaces and epitaxial strain may cause new
phenomena to arise, and a comprehensive study of the relations between structural, chemical and electronic properties at
the atomic scale is needed. The combination of scanning transmission electron microscopy and energy loss spectroscopy
represents a very powerful tool to analyze locally such relations. Unlike diffraction techniques, STEM-EELS allows clear
separation of electronic valence from structural relaxations. Several examples will be presented, including the study of
charge ordering in Bi, 3,Caj ¢;MnO;. We find atomically-resolved striping of the Mn L, 5 spectra that correlate with two
distinct formal charge states (+3/+4). Theoretical results obtained by first-principles density-functional calculations
reproduce the structural relaxation that leads to the striping with minimal charge transfer. In contrast, charge transfer may
occur across YBa,Cu;0, _,/La, ¢;Ca; 3;3MnO;interfaces, where extensive charge transfer processes drastically affect the
ferromagnetic/superconducting properties. Epitaxial strain can also play a determining role in ultrathin LCMO films,
inducing a nanoscale modulation in the Mn+3/Mn+4 ratio which evidences the existence of nanoclusters with different
electronic densities.

*Collaborators: W. Luo, J. Tao, S. Pantelides, S. Pennycook, H. Christen, H.N. Lee, D. Mandrus, V. Pena, Z. Sefrioui,
J. Santamaria. Research sponsored by the LDRD Program of ORNL, managed by UT-Batelle LLC, for the US DOE

under Contract DE-AC05-000R22725.

Contributed Papers

8:36

A20 2 Doping without Disorder: Digital Synthesis of Manga-
nite Superlattices* ANAND BHATTACHARYA, Argonne Na-
tional Laboratory XIAOFANG ZHAI, MAITRI WARU-
SAWITHANA, University of Illinois at Urbana Champaign
JERALD KAVICH, University of Illinois, Chicago and Argonne
National Laboratory JOHN FREELAND, Argonne National
Laboratory JIM ECKSTEIN, University of illinois at Urbana
Champaign SAM BADER, Argonne National Laboratory We
have synthesized digital superlattices of (LaMnOs3),,(StMnO5),,
using ozone-assisted oxide MBE. This technique of itdigital syn-
thesis allows the realization of superlattices with the same overall
stoichiometry as random alloys of composition La ,,,,+, Sr
wm+nMnOj3, without introducing the random A-site disorder asso-
ciated with bulk synthesis. In these digital superlattices, the ‘dop-
ing’ or charge transfer occurs at well ordered coherent interfaces,
whose electronic and magnetic properties may be studied by local
probes, scattering techniques, and transport and magnetization
studies. We shall present our results on a series of samples syn-
thesized for various values of m and n, exploring both metallic and
insulating phases of the nominal phase diagram for the bulk coun-
terpart. The results will be discussed in the context of the interfa-
cial states that arise in structures obtained with digital synthesis.

*work supported in part by DOE contract # W-31-109-ENG-38

8:48

A20 3 Electronic Interfacial Effects in Epitaxial Heterostruc-
tures based on LaMnO3;. HANS M. CHRISTEN, M. VARELA,
H.N. LEE, D.H. KIM, M.F. CHISHOLM, C. CANTONI, L.

PETIT, T.C. SCHULTHESS, D.H. LOWNDES, Oak Ridge Na-
tional Laboratory, Oak Ridge, TN, USA Studies of chemically
abrupt interfaces provide an ideal platform to study the effects of
discontinuities and asymmetries of the electronic configuration on
the transport and magnetic properties of complex oxides. In addi-
tion, the behavior of complex materials near interfaces plays the
most crucial role not only in devices and nanostructures but also in
complex structures in the form of composites and superlattices,
including artificial multiferroics. Interfaces in the ABO; perov-
skite system are particularly attractive because structurally similar
oxides with fundamentally different physical properties can be
integrated epitaxially. To explore the electronic effects at inter-
faces and to probe the physical properties that result from local
electronic changes, we have synthesized structures containing
LaMnO; and insulating perovskites using pulsed laser deposition.
The local electron energy loss spectroscopy (EELS) capability of
a scanning transmission electron microscope (STEM) is used to
probe the electronic configuration in the LaMnOj; films as a func-
tion of the distance from the interfaces. The results are compared
to macroscopic measurements and theoretical predictions. Re-
search sponsored by the U.S. Department of Energy under contract
DE-ACO05-000R22725 with the Oak Ridge National Laboratory,
managed by UT-Battelle, LLC.

9:00

A20 4 Phase Separation in Ferromagnetic/Charge-ordered Su-
perlattices T. ZAC WARD, University of Tennessee JIANXING
MA, University of Tennessee DANE GILLASPIE, Unversity of
Tennessee HONG-YING ZHAI, ORNL E. WARD PLUMMER,
University of Tennessee JIAN SHEN, ORNL The coexistence of
ferromagnetic metal (FFM) and charge-ordered insulator (COI)
observed in manganites, such as Lasjg ,Pr,Cas3sMnOj3, has been
an intensive focus in the study of transition metal oxides (TMO).
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Theories related to structural nanoscale disorder of charge carrier
dopants and self-organization caused by an intrinsic elastic energy
landscape have been proposed. To understand the subtle balance
and competition between the different electronic phases, we have
grown LasgCazsMnO;/Prs;sCassMnO; superlattices with differ-
ent stacking periods in order to control the chemical ordering of
La/Pr ions and thus the elastic energy landscape. The magnetic
and transport properties of FM/CO superlattices as well as La/Pr
disordered Las;¢Prs;;4Cas;sMnO; will be presented and the driving
mechanism of FM/CO phase separation will be discussed. Re-
search sponsored by the U. S. Department of Energy under con-
tract DE-AC05-000R22725 with the Oak Ridge National Labo-
ratory, managed by UT-Battelle, LLC

9:12

A20 5 New metallic interface state in oxide artificial superlat-
tices investigated by optical spectroscopy SUNG SEOK A.
SEO, WOO SEOK CHOI, KYUNGWAN KIM, School of Physics
and Research Center for Oxide Electronics, Seoul National Uni-
versity, Seoul 151-747, Korea HO NYUNG LEE, Condensed Mat-
ter Sciences Division, Oak Ridge National Laboratory, Oak Ridge,
TN 37831 LI YU, CHRISTIAN BERNHARD, Department of
Physics, University of Fribourg, Fribourg, CH-1700, Switzerland
TAE WON NOH, School of Physics and Research Center for
Oxide Electronics, Seoul National University, Seoul 151-747, Ko-
rea Interfaces between the artificial structures of oxides have been
attracting a lot of attention because of their novel physical prop-
erties, which are usually not obtained in single-phase bulk mate-
rials. As a model system to understand the interfaces between the
Mott insulators and the band insulators, high quality artificial su-
perlattices of SrTiO5 / LaTiO; were epitaxially grown by pulsed
laser deposition equipped with reflection high energy electron dif-
fraction. Mid infrared-visible optical transmittance and reflectance
spectra were measured to show highly conducting interface, pro-
viding clear evidences for electronic reconstruction at the inter-
face. Moreover, temperature-dependent infrared ellipsometry re-
sults showed that the interface state was different from
conventional metal, indicating a new two dimensional metallic
state.

9:24

A20 6 Understanding the atomic structure of epitaxial
SrTiO;-GaAs (001) hetero-interfaces. ROBERT KLIE, YIMEI
ZHU, Center for Functional Nanomaterials, Brookhaven National
Laboratory, Upton NY 11021 YONG LIANG, Motorola Labs,
Tempe, AZ 85284 ERIC ALTMAN, Department of Chemical En-
gineering, Yale University, New Haven, CT 06520 WERONIKA
WALKOSZ, JUAN-CARLOS IDROBO, SERDAR OGUT, De-
partment of Physics, University of Illinois at Chicago, Chicago IL
60607 The combination of high-resolution Z-contrast imaging,
electron energy-loss spectroscopy (EELS), and density functional
theory (DFT) calculations was used to study the interfacial struc-
ture of ultra-thin SrTiO; films on GaAs(001). Z-contrast imaging
suggests an atomically sharp hetero-interface with SrTiO5 [110] in
registry with As-terminated GaAs [100] with no visible recon-
struction of either surface. Our initial DFT-calculations reveal that
such a stoichiometric interface would have states in the band gap,
while X-ray photoelectron spectroscopy (XPS) shows a clean band
gap and a valence band offset more than twice of the calculated
offset. Therefore, we will use atomic-column resolved EELS and
further DFT-calculations to explore the role of oxygen vacancies
at the interface in compensating for the As dangling bonds and
search for the low-energy semi-conducting SrTiO;/GaAs-system.

9:36

A20 7 Magnetic properties of La,;;Sr;;3;MnQO;/Pr,;Ca;;;MnO;
superlattices DARIO NIEBIESKIKWIAT, Department of Phys-
ics, University of Illinois at Urbana-Champaign, Urbana, IL
61801 LUIS HUESO, Department of Materials Science, Univer-
sity of Cambridge, Cambridge CB2 30Z, UK MYRON SALA-
MON, Department of Physics, University of Illinois at Urbana-
Champaign, Urbana, IL 61801 NEIL MATHUR, Department of
Materials Science, University of Cambridge, Cambridge CB2
30Z, UK We present a magnetization study of ferromagnetic/
antiferromagnetic (FM/AFM) manganite superlattices, grown by
pulsed laser deposition on SrTiO; substrates. The FM layers are
15-nm-thick La,;;Sr;;3MnO5; (LSMO) sheets and the AFM layers
were made of Pr,;Ca;sMnO; (PCMO), with variable thickness t,
between 0 and 7.6 nm. Although all our multilayers exhibit a
PM-FM transition of the LSMO layers at T ~ 340K, only for
t,=0 do we observe a FM moment M, close to the expected
saturation for the 1/3 doping. As soon as the AFM layers are added
(t4= 0.8nm) M, decreases, related to the introduction of the FM/
AFM interfaces. The lack of exchange bias would indicate that the
reduction of the FM moment is due to the appearance of a mag-
netically dead layer in the LSMO close to the interface with the
AFM volume. Upon a further increase of t,, the FM moment
increases again and develops a peak at t; ~ 3.5 nm. We explain
this behavior in terms of the accommodation of nanometric FM
droplets in the PCMO layers.

9:48

A20 8 Strong interaction of ultra thin cuprate superconductor
and ferromagnetic manganites XIAOFANG ZHAI, JAMES
ECKSTEIN, University of Illinois, Urbana We have made bi-layer
films with thick manganite layers on top of thin layers of the
cuprate  superconductor Bi,Sr,CaCu,0;, s (BSCCO). The
samples were grown using ozone assisted atomic layer by layer
molecular beam epitaxy. For samples in which the manganite is
the ferromagnet Lay;Sr;;MnO5(LSMO), the normal and super-
conducting properties of the BSCCO can be strongly affected by
the LSMO when the BSCCO layer is sufficiently thin. In particu-
lar, samples with ten molecular layers of BSCCO were largely
unaffected by the LSMO. On the other hand, when the number of
BSCCO molecular layers was reduced to 5 and then to 4, the
normal state above 80K became much more resistive and the su-
perconducting Tc was reduced. However, a sample with four mo-
lecular layers of BSCCO capped with insulating and presumably
antiferromagnetic STMnO3 showed no effect of the manganite of
BSCCO transport. This indicates that the reduced conductivity of
the 4-layer sample capped with LSMO is due to the interaction of
mobile carriers from the two systems at the interface. This inter-
action extends about 4 unit cells into the BSCCO.

10:00

A20 9 Oscillatory behavior of the magnetoresistance of F/S/F
trilayers NORBERT M. NEMES, Instituto de Ciencia de Mate-
riales de Madrid (ICMM-CSIC). 28049 Cantoblanco. Madrid M.
GARCIA-HERNANDEZ, ICMM V. PENA, Z. SEFRIOUI, J.
GARCIA-BARRIOCANAL, C. VISANI, D. ARIAS, C. LEON,
UCM J. SANTAMARIA, GFMC, Departamento de Fisica Apli-
cada IlII, Universidad Complutense de Madrid, 28040 Madrid,
Spain S.G.E. TE VELTHUIS, ANL A. HOFFMANN, Materials
Science Division, Argonne National Laboratory, Argonne, Illinois
60439 We have measured magnetoresistance of trilayers made of
highly spin polarized Lay;Cay3MnO; ferromagnets and high-
T. superconducting YBa,Cu30O,_s with the current in plane
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(CIP) geometry. Large magnetoresistance peaks occur for antifer-
romagnetic (AF) alignment of the manganite layers, much resem-
bling the GMR in metallic superlattices, and probably resulting of
enhanced interface scattering in the AF configuration. We show
RKKY-type oscillations in the intensity of the giant magnetore-
sistance (GMR) peak as a function of the thickness of the super-
conductor, perhaps originating in oscillatory magnetic coupling.
The magnetoresistance vanishes for thickness of the supercon-
ductor in excess of 30 nm suggesting that this length could be an
upper limit for the spin diffusion length.

SESSION A21: COLLOIDS I: EMULSIONS, FOAMS,
AND SUSPENSIONS

Monday Morning, 13 March 2006

318, Baltimore Convention Center at 8:00

P. Chaikin, New York University, presiding

8:00

A21 1 Bubble size distribution in a steady-state column of
aqueous foam. KLEBERT FEITOSA, DOUGLAS J. DURIAN,
University of Pennsylvania We report on measurements of the
distribution of bubble sizes in a vertical column of aqueous foam.
The sample is generated and maintained in steady-state by con-
tinuous bubbling of gas ([**mathtt**]CO,) in a surfactant so-
lution ([**mathtt**]H,[**mathtt**]O0 + AOS + NaCl) at
the bottom of a tall Lucite cylinder. The constant flow of gas
produces nearly identical bubbles that accumulate at the liquid/
foam interface and subsequently move up with constant velocity.
The distribution of bubble sizes depends on height, being mono-
disperse near the bottom, turning bidisperse at some intermediate
height, and then becoming polydisperse further up in the column.
This behavior is exclusively due to coarsening and drainage, since
film-rupture and convection are not observed. The development of
a bidisperse distribution cannot be explained by mean-field theo-
ries of coarsening, in which bubbles of a given size grow or shrink
at a rate that depends only on their size in comparison with a mean
size.

8:12

A21 2 Rheology of Foams Bubble by Bubble STEPHAN KOE-
HLER, Physics, Emory University We present rheological mea-
surements of single bubbles, and collections of bubbles to inves-
tigate cooperative effects between the bubbles that comprise a
foam. For small numbers of monodisperse bubbles we measure the
elastic behavior and yield stresses, and make comparisons with
polydisperse foams composed of many bubbles. We also present a
technique for measuring an ageless foam, where the bubble size
and liquid volume fraction remain constant, outside of a micro-
gravity environment.

8:24

A21 3 Pattern formation in flowing foams. SOMA SANYAL,
JAMES GLAZIER, Indiana University We report on a new fin-
gering morphology which an expanding air bubble generates in a
foam flowing due to an applied pressure across a Hele-Shaw cell.
Previous studies have only looked at patterning when the back-
ground is stationary. Our simulations using the Glazier & Grain-
er’s Cellular Potts model show that the transition between the

different morphologies depend on the rate of bubble flow into the
foam. Since the rate of bubble in-flow is related to the shear strain
rate, this agrees with previous experiments which have shown
fingering morphologies in foams depend on the shear strain rate.
The new mushroom morphology occurs for a high rate of bubble
inflow corresponding to a very low shear strain rate. It is associ-
ated with a highly non-uniform velocity profile of the bubbles in
the foam. These new morphologies should be easy to observe
experimentally.

8:36

A21 4 Rigidity percolation in foamy sands SYLVIE COHEN-
ADDAD, REINHARD HOHLER, MARCEL KRZAN, MARIJO
MARINIC, Universite de Marne-la-Valleee BENJAMIN
HERZHAFT, Institut Francais du Petrole When subjected to a
small shear stress, an aqueous foam behaves as a linear viscoelas-
tic materials, whereas large applied shear stress triggers bubble
rearrangement which causes the foam to flow as a viscous liquid.
The elastic behavior arises from the surface tension of the gas-
liquid interfaces. We study experimentally how the shear modulus
and the yield stress of foam are modified if non colloidal solid
particles of controlled size are dispersed in the sample. We show
that even small amounts of non colloidal particles added to a foam
can enhance the viscoelastic shear modulus by more than an order
of magnitude. The yield stress is also increased, but to a smaller
extent. The scaling of the elasticity enhancement with solid frac-
tion qualitatively agrees with that predicted by an effective me-
dium rigidity percolation model in the superelastic limit. To gain
insight about the interactions between solid particles that are in-
volved in the rigidity percolation, we study the dependence of the
percolation threshold with particle to bubble size ratio.

8:48

A21 5 Diffusive liquid transport in poroelastic materials : the
case of foams in microgravity ARNAUD SAINT-JALMES, SE-
BASTIEN MARZE, HERNAN RITACCO, DOMINIQUE
LANGEVIN, Laboratoire de Physique des Solides, Universite
Paris-Sud, Orsay On Earth, the liquid inside an aqueous foam
irreversibly flows due to coupled gravitational and capillary ef-
fects. In microgravity, one can study liquid transport with only
capillarity as a driving force. Here, we report results of capillary
imbibition experiments performed in parabolic flights in which we
follow how and where some liquid locally injected into a foam
spreads with time. Different setup geometries, imbibition modes
and bubble surface mobilities are studied. New behaviors, not
observed on ground, with high liquid fractions are found. Com-
parisons with theoretical models are presented, allowing us to find
their limits of validity as the liquid fraction is increased. These
experiments also give us some insights on the convective instabil-
ity occurring on ground, and allow us to discuss the analogy with
diffusive liquid transport and swelling in other poroelastic mate-
rials, like plants and tissues.

9:00

A21 6 Structure and dynamics of foam-like emulsions VI-
NOTHAN MANOHARAN, Dept of Physics and Division of En-
gineering and Applied Sciences, Harvard University JOHN C.
CROCKER, Chemical and Biomolecular Engineering, University
of Pennsylvania We report the results of real-space, microscopic
experiments on model concentrated emulsions (¢ > 0.65) in
which the continuous and dispersed phases are both index- and
density-matched. Like foams, these systems coarsen and age due
to diffusion of fluid from small to large droplets, but unlike foams,
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they are transparent and do not drain during the course of an
experiment. Thus we are able to probe their internal structure and
dynamics at volume fractions ranging from 0.65 to 0.90. Measure-
ments of the mean-squared displacement of small tracer particles
embedded in the emulsion reveal that the system exhibits non-
thermal stress fluctuations with Lorentzian power spectral density.
We relate these fluctuations to intermittent droplet rearrangements,
presumably driven by coarsening, that we observe directly through
confocal microscopy.

9:12

A21 7 Mean Field Theory of Foam Aging OLIVIA HALT, Uni-
versity of Pennsylvania RANDALL KAMIEN, University of
Pennsylvania We describe our work on the geometrical properties
of a random foam as a function of the number of faces, based on
Isotropic Plateau Polyhedra [1,2]. Analytic values of specific area,
the stretching moment, and curvature can be obtained for these
geometrical constructs. The expression for curvature is a ratio of
the volume to the area of the foam cell. Focusing on this quantity
will allow a better description of the coarsening of a foam. Con-
clusions from this mean field study will be discussed. [1] Glicks-
man M., itPhil. Mag., 85 (2005) 3. [2] Hilgenfeldt S., Kraynik A.,
Reinelt D., and Sullivan J. itEurophys. Lett. 67 (2004) 484.

9:24

A21 8 Emulsions Plugging Agent for Sealing Leaky Gas Wells
KHALIL ZEIDANI, MARCEL POLIKAR, University of Alberta
This study was undertaken to investigate the physics of emulsion
flow in porous media. The objective of experiments were to study
the applicability of oil-in-water emulsion as a plugging agent in
the vicinity of the well bore for thousands of Canadian gas wells
that are continuously leaking gas to surface. The motion of oil
droplets and the capture mechanisms were investigated through
visualized experiments. Well-characterized emulsions were in-
jected into a micro model resembling a two parallel plate model
packed with glass beads. Effects of emulsion properties and wet-
tability of the medium were studied on a plugging mechanism.
The results demonstrate the reduction in permeability mainly due
to droplets size exclusion compared to the pore constrictions.
Also, smaller droplets may lodge and coalesce in pores crevices
thereby accelerating the blockage process. Moreover, more vis-
cous emulsions are more effective compared with the less viscous
ones due to combined effects of capillary and viscous forces. The
deposition of droplets was adjusted through utilizing different pre-
flush solutions. Criteria were set for enhancing emulsion penetra-
tion depth thereby defining the extent of the blocked region. In
conclusion, this work characterizes the physics of emulsion flow in
porous media and demonstrates its application as a novel sealant in
near well bore region. The novelty, which constitutes a step-
change in technology, is a method that emplaces an emulsion at a
desired location in underground media.

9:36

A21 9 Wigner Crystals from Charge Stabilized Water in Oil
Emulsions MIRJAM E. LEUNISSEN, ALFONS VAN BLAAD-
EREN, University of Utrecht ANDREW D. HOLLINGSWORTH,
MATT SULLIVAN, Princeton Unviersity PAUL CHAIKIN, New
York University SOFT CONDENSED MATTER GROUP COL-
LABORATION, PRINCETON INSTITUTE FOR THE SCI-
ENCE AND TECHNOLOGY OF MATERIALS COLLABORA-
TION, A drop of water shaken or sonicated in a CHB-Decalin oil
mixture produces a stable emulsion of 1-100 micron scale water
droplets. The interdroplet correlations indicate strong electrostatic

repulsion. When the preparation is by sonication the particle size
is smaller and more uniform and the water droplets arrange in a
BCC structure characteristic of a Wigner Crystal. The lattice con-
stants are up to 20 microns. We suggest that the water droplets
deionize the organic solvent due to water’s high dielectric constant
and hydration energy. This decreases the electrostatic screening. A
slight preference of the water hydration energy for different ionic
species will lead to slightly larger droplet uptake of one charge
over the other and will result in the droplets being charged. The
amount of charging can be controlled by changing pH. Experi-
ments with oil-water and colloids will also be discussed.

9:48

A21 10 Microrheological Study of the Time Dependent Gela-
tion of Single Wall Carbon Nanotube Suspensions D.T.N.
CHEN, L.A. HOUGH, M.F. ISLAM, A.G. YODH, Dept. of Phys-
ics & Astronomy, University of Pennsylvania Single wall carbon
nanotubes (SWNTs) dispersed in water using an anionic surfac-
tant, sodium dodecylbenzene sulfonate (NaDDBS) form reversible
gels because of the bonding between the individual nanotubes
(L.A. Hough, M.F. Islam, P.A. Janmey and A. G. Yodh Phys. Rev.
Lett. 93, 168102 (2004)). We study the time dependence of this
reversible gelation using particle tracking microrheology. We em-
pirically collapse the mean square displacement onto a single mas-
ter curve that extends over several decades in time using a time-
cure superposition. The frequency scaling exhibited by the
viscoelastic moduli obtained from the master curve is remarkably
similar to that of semiflexible polymer networks. By comparing
the results from a range of initial SWNT concentrations below and
above the rigidity percolation threshold, we gain insight into the
evolution of structure during gelation. This work has been partially
supported by the NSF through Grants DMR 05-20020 (MRSEC)
and DMR-0505048, and by NASA grant NAG8-2172.

10:00

A21 11 Yielding and flow of soft particle dispersions: the role
of elasto-hydrodynamic interactions. MICHEL CLOITRE, Ma-
tiere Molle et Chimie (UMR ESPCI-CNRS 7167), ESPCI, 10 rue
Vaugquelin, Paris, France JYOTI SETH, ROGER BONNECAZE,
Department of Chemical Engineering and Texas Materials Insti-
tute, The University of Texas at Austin, Austin, Texas 78172, USA
Concentrated dispersions of soft particles such as emulsions, col-
loidal pastes and granular suspensions exhibit many fascinating
phenomena such as yielding, shear thinning, aging and memory,
slip and fracture. Elucidating the physical parameters controlling
these properties and the mechanisms at work is a formidable chal-
lenge. Recently we have found that various soft particle pastes
share in common universal flow properties that can be character-
ized with very simple constitutive equations involving the solvent
viscosity, the bulk elasticity and geometrical factors. We shall
describe a generic flow model based on internal slip and non-
contact elasto-hydrodynamic forces between squeezed particles'
that quantitatively accounts for the measured properties. This ap-
proach offers new routes to predict the bulk non-linear rheology of
pastes. 'S.P. Meeker, R.T. Bonnecaze, M. Cloitre, itPhys. Rev.
Lett. 92, n[r] 198302 (2004).

10:12

A21 12 Mixture Stress in a Non-Uniform Suspension® QUAN
ZHANG, ANDREA PROSPERETTL' Johns Hopkins University
In nature, most suspensions are non-uniform and the particles are
subjected to external forces, such as gravity. The external force
induces relative motions between the particles and the fluid, which
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introduce a new degree of freedom. We investigate the ensemble
averaged stress system in a non-uniform suspension of equal
spheres with external forces. It is found that, as a consequence of
the spatial non-uniformity of the particle distribution and the rela-
tive motion between the two phases, new terms arise in the sym-
metric part of the bulk stress. In addition, an anti-symmetric con-
tribution is found even in the absence of external torques. All the
new terms in the stress tensor depend on the particle volume frac-
tion and the gradient of the relative velocity but, for a given vol-
ume fraction, are independent of the particle size. To determine
the new transport coefficients for small volume fractions, the
renormalization method is extended to the non-uniform situation.
For finite volume fractions, numerical simulations of several pro-
totypical physical problems are carried out, from which the new
transport coefficients are calculated. The numerical results agree
well with the dilute limit calculations.

*Supported by NASA and NSF
"University of Twente and Burgerscentrum

10:24

A21 13 Brownian Motion of an ellipsoid® YILONG HAN, De-
partment of Physics and Astronomy; University of Pennsylvania

AHMED ALSAYED, MAURIZIO NOBILI, CNRS-University
Montpellier I, France JIAN ZHANG, TOM LUBENSKY, AR-
JUN YODH, We report direct digital-video-microscopy measure-
ments of the Brownian motion of isolated anisotropic (ellipsoidal)
particles in water under quasi-2D confinement. The probability
density function (PDF) of displacements in the lab-frame is found
to be nonGaussian. This effect originates from the anisotropy of
the hydrodynamic drag coefficient. The transition from anisotropic
to isotropic diffusion and the correlations between translational
and rotational motions are also measured. The observations are
confirmed numerically and understood theoretically via a Lange-
vin formalism. We also observed the ratio of diffusion coeffi-
cients, D, /D, , along long and short axes, respectively, could be
larger than 2, the theoretical upper limit in three dimension.

* ACKNOWLEDGE GRANTS: DMR05-20020

10:36

A21 14 Sound propagation in nanofluids X. XIE, R. ANNA-
MALAI R. SOORYAKUMAR, D. STROUD, V. SUBRAMA-
NIAM, J. HEREMANS, The Ohio State University The thermal
properties of nanofluids, i.e. liquids containing nanoparticles of
sizes in the 3 to 100 nm range, have recently been shown to exhibit
an unexpectedly large enhancement in thermal conductivity.
While this enhancement has been observed for metallic nanopar-
ticles and carbon nanotubes, the physical origin of the enhance-
ment remains to be understood. The propagation of acoustic waves
through a nanoparticle-laden colloidal fluid system offers many
advantages towards understanding its thermal properties. We re-
port on results of Brillouin scattering which probes the frequency
range of ~ 1 — 100 GHz to study sound propagation in such
complex fluids which possess structures on length scales larger
than the molecules that comprise the host fluid. Thus compared to
simple liquids, nanofluids possess additional relaxation mecha-
nisms that can be observed in the frequency dispersion of the
sound propagation. We present light scattering results from nanof-
luids comprised of a suspension of relatively long (1 - 2 wm) 20
nm diameter single-walled carbon nanotube bundles dispersed in
N,N dimethylformamide.

10:48

A21 15 Electrokinetic Phenomena of Colloidal Suspensions
JIAN LIU, Department of Physics and Texas Center for Super-
conductivity, University of Houston, 202 Houston Science Center,
Houston, Texas 77204-5002 JASON SHULMAN, Department of
Physics and Texas Center for Superconductivity, University of
Houston, 202 Houston Science Center, Houston, Texas 77204-
5002 YUY XUE, Department of Physics and Texas Center for
Superconductivity, University of Houston, 202 Houston Science
Center, Houston, Texas 77204-5002 FENG CHEN, Department of
Physics and Texas Center for Superconductivity, University of
Houston, 202 Houston Science Center, Houston, Texas 77204-
5002 CHING-WU CHU¥*, Department of Physics and Texas Cen-
ter for Superconductivity, University of Houston, 202 Houston
Science Center, Houston, Texas 77204-5002 We investigate the
colloidal particle motion of colloid suspension in which giant elec-
trorheological effect has been found. The colloids consist of urea
coated Bay gRb,, 4TiO(C,0,), particles suspended in silicon oil. In
the experiment, a cell with cross-aligned top and bottom stripe-
electrodes is used. The electric potential, the field and the field
gradient, therefore, possess different space distribution. Significant
difference of colloids motions and equilibrium particle distribu-
tions are observed under ac, dc and ac+dc fields. The result sug-
gests dipole may not be the only factor for colloid aggregation
(meso-structure), and hence, its electrorheological effect. *also at
Hong Kong University of Science and Technology and Lawrence
Berkeley National Laboratory
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8:00

A22 1 Spin-Transfer Effect in Nanopillar Spin Valves With A
Thick Polarizing Layer VLAD PRIBIAG, G.D. FUCHS, P.M.
BRAGANCA, N.C. EMLEY, O. OZATAY, J. SANKEY, D.C.
RALPH, R.A. BUHRMAN, Cornell University 1. KRIVORO-
TOV, U.C. Irvine Current-induced magnetization switching has
been the object of intensive study, motivated in part by possible
applications for non-volatile magnetic storage. To date, the major-
ity of studies have focused on structures where the moments of the
magnetic layers lie in plane. Recently, however, it has been pre-
dicted that significantly faster switching times, as well as lower
switching currents could be achieved in a device where the mag-
netization of the polarizing layer is perpendicular to the plane of
the free layer [1, 2]. To study this effect we have fabricated Py
60nm / Cu 40nm / Py 5Snm nanopillar spin valves patterned as 80
nm by 150 nm ellipses. The magnetization of the thick polarizing
layer can be readily coerced to high out-of-plane angles by apply-
ing a weak field perpendicular to plane, while the much thinner
free layer is only weakly affected. Here we present a phase dia-
gram for our devices, obtained through DC and microwave-
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frequency measurements as function of current and applied out-
of-plane field. We will discuss the results in the context of
switching with an out-of-plane polarizer. [1] A. D. Kent et al.,
Appl. Phys. Lett. 84, 3897 (2004). [2] K. J. Lee et al., Appl. Phys.
Lett. 86, 022505 (2005).

8:12

A22 2 Spin-transfer-induced magnetization reversal in bilayer
magnetic nanopillars at high fields: dependence on free layer
thickness* WENYU CHEN, ANDREW D. KENT, Department of
Physics, New York University M.J. ROOKS, N. RUIZ,
JONATHAN Z. SUN, IBM T. J. Watson Research Center Spin
transfer in asymmetric Co/Cu/Co bilayer magnetic nanopillar
junctions has been studied as a function of free (thin) Co layer
thickness from 1.8 to 5.3 nm. In particular, the critical current for
magnetization reversal in large magnetic fields applied perpen-
dicular to junction surface has been measured. Junctions with sub-
micron lateral size were fabricated using a nano-stencil process.
Junctions resistances scale with lateral area and their in-plane
magnetoresistance was found to be independent of free layer
thickness. The critical current decreases linearly with decreasing
free layer thickness and extrapolates to a finite critical current in
the limit of zero thickness. This can be understood as either a

Invited Papers

8:36
A22 4 Phase Locking of Spin-Transfer Oscillators.
MATTHEW PUFALL, NIST, Boulder, CO

decrease in efficiency of the spin-transfer torque and/or an inter-
facial contribution to the damping of the free magnetic layer.

*The research is supported by NSF-DMR-0405620.

8:24

A22 3 Linewidths for spin-transfer-driven precession in mag-
netic nanopillars as a function of the direction of applied mag-
netic field KIRAN V. THADANI, J.C. SANKEY, L.N. KRIVO-
ROTOV, O. OZATAY, P.M. BRAGANCA, R.A. BUHRMAN,
D.C. RALPH, Cornell University In a magnetic multilayer spin
valve, the spin-transfer torque from a spin-polarized DC current
can drive the free-layer magnetic moment into steady-state pre-
cessional modes [1, 2]. We report measurements of how the line-
widths of these modes depend on the angle and magnitude of an
applied magnetic field, for devices in the nanopillar configuration
with elliptical cross sections. We find that the field direction stud-
ied most commonly, in-plane along the magnetic easy axis of the
ellipse, generally gives the largest linewidths, corresponding to the
least coherent precession. As the field is rotated either in plane or
out of plane, the linewidths can change dramatically, decreasing
by a factor of 50 or more in some devices. We will discuss the
temperature dependence of the linewidths for the field directions
that give the minimum linewidths, and we will compare both the
field-angle dependence and the temperature dependence to theo-
retical models. [1] S. 1. Kiselev et al., Nature 425, 380 (2003). [2]
J. C. Sankey et al., cond-mat/0505733.

DC current flowing through a nanometer-scale lithographic contact made to a continuous spin-valve multilayer induces
stable magnetic precession of the free layer at GHz frequencies. The resonance frequency of the spin-transfer oscillator
(STO) is a function of both the applied current and external magnetic field, and the resonance has linewidths on the order
of MHz. To study the properties of this resonance, and to determine the suitability of STOs for communications
applications, we measured the response of these oscillators to variations in the magnetic field, electric current, and
spin-wave environments. We studied phase locking effects induced by injecting ac currents, and by applying ac magnetic
fields near the precession frequency of the device. In addition, we have fabricated two nanocontact devices in close
proximity on the same magnetic film, and looked at the interactions between the two devices. In each case, when the
impressed ac signal is sufficiently close to the STO frequency, the device will phase lock. For ac currents and fields, the
device locks to the external signal via injection locking, a general property of nonlinear oscillators, taking on the
frequency and phase characteristics of the source. For interacting nanocontacts, the devices modify each other’s reso-
nances, and lock together at frequency slightly different from the individual resonances. I will review these phase locking
results, and discuss the variations of the locking with the excited mode of the oscillator. I will also present results on
mutual locking of STOs, discuss the relative roles of dipolar fields and spin-wave interactions in the locking mechanism,

and comment on the possible uses of phase controlled, coherent STOs.

Contributed Papers

9:12

A22 5 Probing wavenumbers of current-induced excitations in
point-contact experiements MAXIM TSOI, The University of
Texas at Austin ZHEN WEI, The University of Texas at Austin
The magnetic state of a ferromagnet can be altered by an electrical
current. For instance, the current was shown to induce spin waves,
precession, and reversal of magnetization in magnetic nanostruc-
tures. Today a variety of experimental techniques provide a vast
amount of data on such current-induced excitations. A typical
experiment usually exploits dc resistance measurements to detect
the excitations. In addition, high-frequency techniques can provide
valuable information on frequencies of the current-induced spin

waves. Probing wavenumbers of the excitations, however, repre-
sents an experimental challenge. Point contacts were instrumental
both for our original observation of current-induced excitations
and in providing the first data on frequencies of the current-
induced spin waves. In the present work we demonstrate that
point-contact technique can also provide valuable information on
the wavenumber of spin waves induced by the current. By varying
the size of point contacts we have been able to control the size of
the excitation volume and therefore the wavelength of current-
induced spin waves. This leads to a technique with in situ sensi-
tivity to wavenumbers of current-induced excitations. The detailed
size-dependent measurements of the current-induced excitations
display an interesting relation between current and voltage thresh-
olds for such excitations.
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9:24

A22 6 Influence of Electrode Structure on Switching Charac-
teristics in Nanopillar Spin Valves P. M. BRAGANCA, O.
OZATAY, A. G. F. GARCIA, J. C. SANKEY, N. C. EMLEY, D.
C. RALPH, R. A. BUHRMAN, Cornell University We examine
the effect spin scattering within the electrodes of a spin-valve
nanopillar has on spin torque and damping within the structure.
Devices were fabricated with the free layer adjacent to either the
top or bottom electrode and with Au or Pt top electrodes. Mac-
rospin simulations, when compared to pulsed current switching
experiments, indicate that gold electrode samples of either free
layer orientation have similar switching parameters, while devices
with the free layer adjacent to a top platinum electrode exhibit
lower spin torque and larger damping than Au capped devices, in
agreement with spin accumulation [1, 2] and spin pumping [3]
models. However, by placing the free layer opposite a platinum
cap, the largest values for spin torque and damping were achieved,
which was an unexpected result. In addition, we will discuss how
placement of the free layer close to the bottom electrode induces
effects such as fixed layer switching and microwave excitations in
zero effective field, which are not seen in the opposite configura-
tion. [1] J. Manschot, A. Brataas, G. E. W. Bauer, Appl. Phys.
Lett. 85, 3250 (2004). [2] A. A. Kovalev, A. Brataas, G. E. W.
Bauer, Phys. Rev. B 66, 224424 (2002). [3] Y. Tserkovnyak, A.
Brataas, G. E. W. Bauer, Phys. Rev. B. 67, 140404 (2003).

9:36

A22 7 X-Ray Imaging of Spin Transfer Induced Magnetization
Reversal YVES ACREMANN, Stanford Synchrotron Radiation
Laboratory J.P. STRACHAN, V. CHEMBROLU, Department of
Applied Physics, Stanford University S.D. ANDREWS, Depart-
ment of Materials Science and Engineering, Stanford University

T. TYLISZCZAK, Advanced Light Source J.A. KATINE, M.J.
CAREY, Hitachi Global Storage Technologies San Jose Research
Center B.M. CLEMENS, Department of Materials Science and
Engineering, Stanford University H.C. SIEGMANN, J. STOHR,
Stanford Synchrotron Radiation Laboratory Magnetization
switching by spin injection has been observed in giant magneto-
resistance measurements, giving an insight into the temporal evo-
lution of the magnetization. So far, however, the nanoscale mag-
netization distribution during the switching process has remained
hidden. Here we report, for the first time, imaging the magnetic
switching process using advanced pump-probe x-ray microscopy.
We observe that the switching process is initiated and determined
by the lateral motion of a magnetic vortex driven by the spin
current. Motion pictures with 200 picosecond time resolution
show that the switching process is based on the motion of a mag-
netic vortex, leading to C-like patterns which may decay later into
a uniform magnetic state. Our measurements show the fundamen-
tal role played by the curled Oersted field which necessarily ac-
companies the spin injection current.

9:48

A22 8 Effects of current on the magnetization states of Per-
malloy nanodisks SERGEI URAZHDIN, West Virginia Univer-
sity CHIA-LING CHIEN, Johns Hopkins University KONSTAN-
TIN GUSLIENKO, Argonne National Laboratory We will
describe expreimental evidence and theoretical model demonstrat-
ing that both the vortex and the single domain magnetic configu-
rations of Ni80Fe20 circular nanodiscs can be achieved by the
application of magnetic field or current flowing perpendicular to
the disc plane. The magnetic configurations of Ni80Fe20/Cu/
Ni80Fe20 trilayers have been determined by the response to a

small current via the giant magnetoresistance. In addition, we re-
port detection of the vortex state in a single magnetic layer, by
exploiting a magnetoresitance arising from the suppression of
spin-accumulation in the vortex state. Our analysis shows that this
magnetoresistance effect becomes increasingly significant in small
nanostructures.

10:00

A22 9 Spin-mixing effects on magnetic switching, probed by
thermoelectric measurements® JEAN-PHILIPE ANSERMET,
LAURENT GRAVIER, MOHAMED ABID, SANTIAGO
SERRANO-GUISAN, IPN, EFPL, Station 3, CH-1015 Lausanne,
Switzerland Current-Induced Magnetization switching has been
observed in single nanowires of Co, Ni, Co-Cu and Ni-Cu multi-
layers. A novel thermoelectric measurement under high DC cur-
rent is presented. It features a field dependence stronger than
GMR. Its dependence on field orientation shows that it provides
information complementary to GMR or magneto-thermoelectric
power measurements. It is argued with a simple model that this
measurement depends strongly on the difference of spin mixing
rates of spin conversions going from ‘‘up’’ to ‘‘down’’ and con-
versely. Thus, this novel transport measurement provides informa-
tion on electron-magnon collisions in magnetic nanostructures.
The field dependence of this signal is about 10 times larger than
the magnetoresistance of the same sample, be it AMR or GMR. In
multilayers, the field dependence is shown to decay away when
the thickness of the layers is larger than the spin-diffusion length.

*Swiss National Science Foundation grant 200020-100271

10:12

A22 10 Universal spin pumping with rf magnetic fields S. M.
WATTS, C. H. VAN DER WAL, B. J. VAN WEES, MATERI-
ALS SCIENCE CENTER, UNIVERSITY OF GRONINGEN,
PHYSICS OF NANODEVICES TEAM, A new method for gen-
erating spin accumulation in metals or semiconductors is by ap-
plication of an rf magnetic field [1], similar to the spin battery
effect induced by a ferromagnet in resonance [2]. A dc spin accu-
mulation is produced that is in general a small fraction of % w,
where w is the rotation frequency of the rf field. When a resonant
dc magnetic field is also applied the spin accumulation can be
enhanced towards the universal value i w. In addition, spin diffu-
sion into an adjacent region without fields can dramatically en-
hance spin accumulation at the interface. We discuss the applica-
tion of this method to produce spin accumulation in semiconductor
or metal spin electronic devices without the necessity of either
ferromagnetic electrodes or charge currents. [1] S. M. Watts
et al., submitted to PRL [2] A. Brataas et al., Phys. Rev. B 66
(2002).

10:24

A22 11 Spin Transfer in Magnetic Nano Devices with Perpen-
dicular Anisotropy JIAN-PING WANG, HAO MENG, Electri-
cal Engineering, University of Minnesota Spin transfer predicted
by Slonczewski and Berger has attracted a great deal of attention
in recent years. Experimental findings have proved spin transfer in
current-perpendicular-to-plane (CPP) spin-valves (SV) and mag-
netic tunnel junctions (MTJs) with in-plane magnetization con-
figuration. MRAM cells with perpendicular magnetic anisotropy
may support high recording density than that using shape anisot-
ropy with in plane magnetization configuration. However, there is
no report on spin transfer in any magnetic nano device with per-
pendicular anisotropy. In this work, perpendicular magnetized
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spin transfer nano-devices with sub-200 nm dimensions: Si/SiO
,/bottom electrode/[CoFe2.5A/Pt15 A],/CoFe5 A /Cu30 A
/[CoFe4.5 A /Pt23 A],/Top electrode, has been fabricated and
tested. Two [CoFe/Pt],, multilayers with different coercivities are
used as the free layer and fixed layer in nano-devices. CPP mag-
netoresistive (MR) loop tested under perpendicular magnetic field
shows the GMR is around 0.47%. The switching field for the free
layer is around 200 Oe. Current induced magnetization switching
was realized with a positive switching current 48 mA and a nega-
tive switching current -62 mA, respectively. Furthermore, field
dependence of the switching current will also be demonstrated.

SESSION A23: STRONGLY CORRELATED
ELECTRONS I

Monday Morning, 13 March 2006

320, Baltimore Convention Center at 8:00

Chris Stock, John Hopkins University, presiding

8:00

A23 1 High magnetic field thermal-expansion and magneto-
striction of URu,Si, VICTOR CORREA, TIMOTHY MURPHY,
ERIC PALM, STANLEY TOZER, National High Magnetic Field
Laboratory, Florida State University PETER SHARMA, NEIL
HARRISON, MARCELO JAIME, National High Magnetic Field
Laboratory, Los Alamos National Laboratory GEORGE
SCHMIEDESHOFF, Occidental College JOHN MYDOSH, 11
Physikalisches Institut, Universitat zu Koln We present high mag-
netic field (up to 45 T) thermal-expansion and magnetostriction
results on URu,Si, single crystals. The volume change associated
with the transition to the ‘‘hidden’” order phase becomes increas-
ingly discontinous as the magnetic field is raised above 30 T. This
confirms recent thermal conductivity and specific heat experi-
ments indicating a strong coupling between the ‘‘hidden’’ order
parameter and the lattice which suggest some sort of charge or-
dered state. Several other transitions are observed at higher fields,
many of them showing hysteresis, while a change in the sign of the
magnetostriction coefficient is observed at the metamagnetic tran-
sition (By; ~ 38 T).

8:12

A23 2 Phonon Thermal Transport of URu,Si,: Broken Trans-
lational Symmetry and Strong-Coupling of the ‘‘Hidden Or-
der”’ to the Lattice PETER SHARMA, National High Magnetic
Field Laboratory-LANL N. HARRISON, M. JAIME, NHMFL-
LANL Y.S. OH, K.H. KIM, Seoul Nat’l University C.D.
BATISTA, LANL H. AMITSUKA, Hokkaido University J.A. MY-
DOSH, Max Planck Institute, Dresden A dramatic increase in the
total thermal conductivity (k) is observed in the Hidden Order
(HO) state of single crystal URu,Si,. Through measurements of
the thermal Hall conductivity, we explicitly show that the elec-
tronic contribution to k is extremely small, so that this large in-
crease in k is dominated by phonon conduction. An itinerant BCS/
mean-field model describes this behavior well: the increase in k is
associated with the opening of a large energy gap at the Fermi
Surface, thereby decreasing electron-phonon scattering. Our
analysis implies that the ‘‘Hidden Order’’ parameter is strongly
coupled to the lattice, suggestive of a broken symmetry involving
charge degrees of freedom.

8:24

A23 3 On Heavy Fermion Superconductivity and Quantum
Criticality in the 115 series KENNETH BURCH, University of
California, San Diego We have performed a detailed analysis of
the optical properties of the 1-1-5 series (CeTInS where
T=Co,Ir,Rh), revealing the hybridization gap (A) as key to un-
derstanding their rich phase diagram. Surprisingly we find that A
for only one of the four bands crossing the Fermi surface deter-
mines the properties of the system. Furthermore, these carriers are
the lightest and produce the smallest A. Additionally we discuss
connections between this A, the superconducting transition tem-
perature and the symmetry of the superconducting gap. This study
demonstrates an experimental link between superconductivity and
the parameter governing the magnetic Quantum Critical Point.

8:36

A23 4 Quantum Criticality in CeMIns_,Sn, (M = Rh, Co)
FILIP RONNING, ED BAUER, Los Alamos National Laboratory
C. CAPAN, Louisiana State University Y. TOKIWA, J.D. TH-
OMPSON, J.L. SARRAO, R. MOVSHOVICH, Los Alamos Na-
tional Laboratory Non-Fermi liquid behavior, as characterized by
a T-linear resistivity and a T log(T) behavior in specific heat, is
observed in zero field in the heavy fermion system CeColns. The
application of magnetic field has revealed a field tuned quantum
critical point surprisingly coincident with the superconducting H
- We present data that shows the application of pressure reduces
the critical field Hycp more rapidly than H,, is suppressed. We
also investigate doping studies which show an anisotropically field
tuned QCP in CeRhlns_ ,Sn, at x=1.0, the critical doping where
antiferromagnetism is suppressed, while results on CeColns_,Sn,
maintains that the quantum critical field and the superconducting
upper critical field are intimately connected. We attempt to recon-
cile whether all the critical behavior in the CeMIns family can
have a common origin.

8:48

A23 5 Superconducting properties of Ce,Colng N. HUR, T.
PARK, E. D. BAUER, J. D. THOMPSON, J. L. SARRAO, Los
Alamos National Laboratory, Material Science Technology Divi-
sion, MST-10, Los Alamos, NM 87545 The new family of Ce-
based heavy-fermion compounds with the general formula Ce, TIn
an+2 (T=transition metal) have attracted sparked interest in recent
years owing to their various interesting phenomena, such as pres-
sure induced superconductivity, quantum criticality, and non-
Fermi liquid behaviors. However, among n=2 compounds, Ce
»Colng has not been studied sufficiently mainly because of the
difficulty in the synthesis of crystals of decent size. Herein, we
report the successful reproduction of Ce,Colng single crystals and
present their magnetic, thermal and transport properties. Observed
anomalies in resistivity and their magnetic field dependence will
be explained within the context of a filamentary superconductivity.
The nature and possible origin of the resistivity transition is dis-
cussed in comparison with that in Celrlns.

9:00

A23 6 Point Contact Spectroscopy Study of the Heavy Fer-
mion Superconductor Pr(Os,;_,Ru,),Sb;,* C. S. TUREL, J. Y.
T. WEI, University of Toronto N. A. FREDERICK, W. M. YU-
HASZ, S. K. KIM, J. PAGLIONE, M. B. MAPLE, University of
California at San Diego The recent discovery of superconductivity
in the heavy fermion material Pr(Os; _Ru,),Sb;, has generated
widespread interest. In particular, there is evidence for the exis-
tence of two competing superconducting order parameters, at least



March Meeting 2006: Session A23

95

one of which is believed to have nodes. We have performed point-
contact spectroscopy measurements on single crystals of
Pr(Os, _,Ru,),Sby,, using Pt-Ir tips in a dilution refrigerator with
a pulsed technique to minimize Joule heating. We present differ-
ential conductance spectra down to 100 mK, along with the mag-
netic field evolution. We discuss the implications of our data in
relation to recently proposed pairing symmetries.

* Acknowledgements: NSERC, CFI/OIT and Canadian Institute
for Advanced Research.

9:12

A23 7 de Haas van Alphen perspective on the origin of heavy
fermions in UPt; PATRICK ROURKE, University of Toronto
ALIX McCOLLAM, University of Toronto GREG MCMULLAN,
MRC-LMB, Cambridge MIKE NORMAN, Argonne National
Laboratory STEPHEN JULIAN, University of Toronto ANDREW
HUXLEY, DRFMC-CEA, Grenoble Precise de Haas van Alphen
(dHvA) oscillation measurements on the heavy fermion supercon-
ductor UPt; are available as a function of magnetic field angle. It
was recently proposed that the heavy quasiparticles in this material
arise from the localization of two of the three 5f electrons of the U
ions [Zwicknagl et al., PRB 65, 081103R (2002)]. The predicted
Fermi surface topology however differs from traditional band-
structure calculations. We will focus on the experimentally ob-
served angle dependence of the hole-like J-orbit, as this appears
difficult to reconcile with the Fermi surface of Zwicknagl et al.

9:24

A23 8 NMR measurement of spin-spin relaxation (T,) of URu
»Si, TOD CALDWELL, Los Alamos National Laboratory
NICHOLAS CURRO, Los Alamos National Laboratory We report
detailed temperature dependences of the 29Si spin-spin relaxation
rate T2 in the heavy fermion superconductor URu,Si, as a func-
tion of field and temperature. All experimental work was carried
out on an aligned powder sample. Both Carr-Purcell-Meiboom-
Gill (CPMG) and Hahn-Echo pulse sequence techniques were em-
ployed to examine differences in spin-spin relaxation. We find
unusual enhancements of the relaxation rate near the hidden order
transition, and will discuss our results in the context of various
theoretical scenarios.

9:36

A23 9 Indications of a Field Dependent Vortex Core Size in
CeColn; L. DEBEER-SCHMITT, M. R. ESKILDSEN, Depart-
ment of Physics, University of Notre Dame, Notre Dame, IN 46556
USA C. D. DEWHURST, Institut Laue-Langevin, 6 Rue Jules
Horowitz, F-38042 Grenoble, France B. W. HOOGENBOOM,
University of Basel, Klingelbergstasse 70, CH-4056 Basel, Swit-
zerland C. PETROVIC, Department of Physics, Brookhaven Na-
tional Laboratory, Upton, NY 11973 USA Using Small-Angle
Neutron Scattering, we have imaged the flux- line lattice (FLL) in
the d-wave, heavy fermion superconductor CeColns. At low
fields, a hexagonal FLL is observed which undergoes a first order
transition to a rhombic (distorted square) symmetry as the field is
increased above 0.55 T. As the field is increased futher, the FLL
approaches a square symmetry. Measurements of the FLL reflec-
tivity yields a constant form factor independent of the applied
magnetic field, in stark contrast to the exponential decrease usually

observed. The field-independent form factor may indicate a field
dependent vortex core size, £ « H~ 2, in qualitative agreement
with recent theoretical predictions for ultra-clean, high-« super-
conductors [V.G. Kogan and N.V. Zhelezina, PRB 71, 134505
(2005)].

9:48

A23 10 Quantum Criticality in Itinerant Antiferromagnet Cr
0965 V0.035s D-A. SOKOLOV, G. STRYCKER, M.C. ARONSON,
M.C. BENNETT, The University of Michigan S.E. NAGLER, M.
LUMSDEN, HFIR, ORNL We report results of triple-axis neutron
scattering experiments, in which we studied the development of
the magnetic fluctuations in the quantum critical itinerant antifer-
romagnet Crjgq5V035. Unexpectedly, we found temperature de-
pendent elastic scattering at the incommensurate wavevector q
*=(001= 6)2 m/a, which corresponds to the spin density
wavevector in pure Cr and no elastic scattering at the commensu-
rate wavevector q=(001)2 7r/a. We propose an electronic phase
separation scenario to account for the observed elastic scattering.
Temperature independent inelastic scattering was observed at the
commensurate wavevector q. This scattering showed a linear in-
crease with energy transfer E,, saturating at E,=18 meV, which
we interpret as a characteristic energy scale expected for the Fermi
liquid. The wave vector dependence of the scattering at q* is
Lorentzian, with an intensity which decreases with increasing en-
ergy transfer, and is temperature independent below 100 K. The
Lorentzian linewidth approaches the spectrometer resolution at the
lowest temperatures and energy transfers. These observations sug-
gest that the susceptibility underlying the incommensurate scatter-
ing is maximized, and is perhaps critical, for g=q*, E— 0, and T
— 0, as has been observed near other antiferromagnetic quantum
critical points. Work at the University of Michigan supported by
the National Science Foundation.

10:00

A23 11 Attractive electron-electron interaction induced by the
Bloch band topological field JUNREN SHI, Institute of Physics,
Chinese Academy of Sciences QIAN NIU, University of Texas at
Austin We demonstrate a new possibility for the occurrence of the
attractive electron-electron interaction in ferromagnetic metals.
Unlike that of the conventional origin via the boson-exchange
(spin fluctuation), this attractive interaction is induced by the
Bloch band topological field, which transforms the Coulomb re-
pulsion to a direct attractive interaction between electrons, result-
ing in unconventional superconductivity with the isotropic
p—wave pairing. Our study highlights the fundamental effects of
the Bloch band topological field, which presents in a large class of
crystalline materials. It also provides a plausible alternative theory
for the recently discovered ferromagnetic superconductors UGe,
and ZrZn,.

10:12

A23 12 Theory of the helical spin crystal. A candidate for the
partially ordered state of MnSi BENEDIKT BINZ, ASHVIN
VISHWANATH, UC Berkeley VIVEK All, UC Riverside MnSi is
an itinerant magnet which at low temperatures develops a helical
spin density wave. Under pressure it undergoes a transition into an
unusual partially ordered state whose nature is debated. Here we
propose that the helical spin crystal (the magnetic analog of a
solid) is a useful starting point to understand partial order in MnSi.
We consider helical spin crystals with BCC structure (composed
of superpositions of six different helical spin-density waves) and
determine conditions under which they may be energetically fa-
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vored. We introduce a Landau theory to study the properties of
these states, in particular the effect of crystal anisotropy, magnetic
field and disorder. These results compare favorably with existing
data on MnSi from neutron scattering and magnetic susceptibility
measurements. Future experiments to test this scenario are also
proposed.

10:24

A23 13 Anomalous quasiparticle transport in the supercon-
ducting state of CeColns YUICHI KASAHARA, Department of
Physics, Kyoto Univ. YASUYUKI NAKAJIMA, ISSP Univ. of
Tokyo KOICHI IZAWA, CEA-Grenoble, ISSP Univ. of Tokyo
KAMRAN BEHNIA, Laboratoire de Physique Quantique (CNRS)
ESPCI, ISSP Univ. of Tokyo YUJI MATSUDA, Kyoto Univ., ISSP
Univ. of Tokyo HIROAKI SHISHIDO, RIKIO SETTAI
YOSHICHIKA ONUKI, Osaka Univ. To investigate the quasipar-
ticle dynamics in the superconducting state of quasi-two dimen-
sional heavy fermion superconductor CeColns, the thermal Hall
conductivity k., is measured. In zero magnetic field, thermal Hall
angle shows up a steep increase below 7., indicating that the
quasiparticle mean free path is strongly enhanced. In spite of the
presence of a periodic vortex lattice, this enhancement is easily
suppressed by a very weak magnetic field. We found that the
density states of the delocalized quasiparticles N4, which is ob-
tained from «,, and k,, , exhibits a JH- dependence, indicating a
Volovik effect. Moreover, k,, reveals the scaling relation with
respect to 7/ VH, which is expected for d-wave symmetry. These
results provide a further support for d-wave superconducting sym-
metry in CeColns. We also argue that a small Fermi energy, a
short coherence length, and a long quasiparticle mean free path all
indicate CeColns is in the superclean regime. These results high-
light that CeColns is unique among superconductors.

SESSION A24: SEMI-CRYSTALLINE AND
STRUCTURED POLYMERS

Monday Morning, 13 March 2006

321, Baltimore Convention Center at 8:00

N. Sanjeeva Murthy, University of Vermont, presiding

8:00

A24 1 Crystalline Structure, Morphology and Gas Transport
in Semicrystalline Syndiotactic Polystyrene BRIAN OLSON,
JUSTIN BRANDT, SERGEI NAZARENKO, School of Polymers
and High Performance Materials, University of Southern Missis-
sippi Crystalline syndiotactic polystyrene (s-PS) continues to
amuse the researchers by showing very unusual properties. This
work mainly explored the remarkable free volume properties of
the crystalline structure of this polymer, and also very unusual gas
transport behavior. It was possible by varying the temperature of
the melt and crystallization conditions to prepare a series of semi-
crystalline samples with different crystallinities (0-50%) contain-
ing either pure a-form, pure S-form and pure y-form. Solid-state
structure and the morphology of all prepared systems were exam-
ined by an assortment of techniques: DSC, density, WAXS,
SAXS, and AFM. The structure was also probed by passing
through small gas molecules, and by means of positron lifetime
spectroscopy (PALS).

8:12

A24 2 Large Strain Requirements for Shear Induced Crystal-
lization of Isotactic Polypropylene* H. HENNING WINTER,
AADIL ELMOUMNI, DEEPAK ARORA, University of Massa-
chusetts Amherst Strain effects on the crystallization of a series of
isotactic polypropylenes (iPP), with various molecular weights,
were studied using rheology, light transmission, birefringence, dif-
ferential scanning calorimetry, and wide-angle X-ray diffraction.
Transmitted light intensity measurements demonstrate that the ef-
fect of pre-shear on crystallization rate keeps increasing up to very
larger strain levels, much beyond strains that are required to reach
steady shear flow (at given itWe). Crystal orientation sets in at a
total strain of about ity, = 600 or higher. WAXD and DSC analy-
ses corroborated the light transmission results. The samples were
pre-sheared and then crystallized at constant temperature. Total
shear strains ity, =200 to 1000 were applied to the iPP samples at
the beginning of a crystallization experiment, after the samples
had reached the crystallization temperature of 145°C (under-
cooled state). A constant Weissenberg number itWe=1 (itWe, de-
fined as the product of shear rate and a relaxation time) was main-
tained throughout the study. itWe=1 corresponds to the onset of
shear thinning in steady shear. Deborah number values were low,
itDe<< <1, indicating that steady shear flow had been reached in
all pre-shearing runs.

*Supported by PRF

8:24

A24 3 Real-time, Depth-Resolved Structure Development of
Flow-Induced ‘‘Skin-Core’> Morphologies in Polypropylene.
LUCIA FERNANDEZ-BALLESTER, DEREK THURMAN,
California Institute of Technology IGORS SICS, LIXIA RONG,
Brookhaven National Lab JULIE KORNFIELD, California Insti-
tute of Technology We present a new method to isolate the signal
arising from a given depth at each time point during flow-induced
crystallization of isotactic polypropylene using real time rheo-
optical and rheo-WAXD measurement based on the linear stress-
depth relationship in a pressure-driven flow through a rectangular
slit. Using thoughtfully selected sets of shearing conditions (con-
stant ts with varied ow), data analysis of the suite of experiments
allows us to examine the incremental contribution to the real-time
data from one shear stress to another (with all other conditions
fixed) and to attribute the difference to a small spatial region of the
sample. This ‘‘depth sectioning’’ technique has enabled us to con-
firm several existing results and uncovers several new keys to
understanding how anisotropic crystalline is induced by flow.
Threads first form near the channel wall where stress is highest
and grow in length with prolonged flow. After sufficient time,
thread length per unit volume saturates. The propagation of
threads varies in a nonlinear manner with stress. Prior to satura-
tion, thread propagation is linear with shearing time, providing
promising conditions for measuring the thread propagation veloc-
ity.

8:36

A24 4 Crystallization in Precision Polyolefins RUFINA
ALAMO, ANINDYA GHOSAL, FAMU-FSU College of Engi-
neering, Tallahassee FI EMINE BOZ, KENNETH WAGENER,
University of Florida, Chemistry Department, Gainesville, FI RI-
QIANG FU, NHMFL, Tallahassee, FI ALAMO, GHOSAL, FU
COLLABORATION, WAGENER, BOZ COLLABORATION,
Understanding the crystallization behavior of highly branched
polyolefins can be accomplished with model polymers with well
defined microstructures. Models for branched polyethylenes with
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precisely placed O, F, CI or Br on each and every 19 carbons have
been synthesized via acyclic diene metathesis (ADMET) polymer-
ization followed by hydrogenation. Compared to broad WAXS
and DSC melting peaks of systems with a random distribution of
the substituent, similar properties of precisely substituted polyole-
fins are very sharp, typical of the behavior of homopolymers. A
uniform partitioning of the substituent between crystalline and
non-crystalline regions, observed by NMR, relatively thick lamel-
lar crystallites (240 A) and WAXS angular shifts, parallel the
homopolymer-like crystallization behavior. In this series, ortho-
rhombic isomorphic structures are maintained in O and F substi-
tuted polymers or up to a van der Waals radius of about 1.6 A,
while accommodation of bulkier atoms in the lattice promotes the
formation of a new triclinic form. A linear correlation between
melting points and vdw radius in the halogen series is indicative to
the degree to which each substitution perturbs the symmetry of the
neighboring carbons in the lattice.

8:48

A24 5 Transitions of Polymers with Precise Oligomethylene
Sequences.* BERNHARD WUNDERLICH, WULIN QIU, Uni-
versity of Tennessee, Knoxville, and ORNL, Oak Ridge Polyethyl-
ene, PE, with precise branches has been analyzed by TMDSC and
X-ray diffraction. The branches were methyl, dimethyl, and ethyl
groups. Furthermore, atactic poly(octadecyl acrylate) and
poly(4,4’-phthaloimidobenzoyl-doeicosyleneoxycarbonyl)  were
studied. All are compared to LLDPE, of similar branch concen-
tration and linear PE. Compared to LLDPE the precisely struc-
tured polymers show much sharper melting. Compared to HDPE
lower melting temperatures and heats of fusion were observed, and
all have non-orthorhombic structures. In contrast to paraffins of
equal length which melt fully reversibly at a similar temperature,
the precisely designed polymers melt largely irreversibly with
only small amounts of reversing melting which is least for the
best-grown crystals. These results have important implications for
the description of melting of copolymers. Initial literature: W. Qiu,
J. Sworen, M. Pyda, E. Nowak-Pyda, A. Habenschuss, K. B.
Wagener, B. Wunderlich, itMacromolecules, 39 (2006).

*Supported by NSF, Polymers Program, DMR-0312233, and the
Div. of Mat. Sci., BES, DOE at ORNL, managed by UT-Battelle,
LLC, for the U.S. Department of Energy, DOE-ACO05-
000R22725.

9:00

A24 6 Ellipsometry as a Probe of Crystallisation Kinetics in
Thin Diblock Copolymer Films JESSICA L. CARVALHO,
MICHAEL V. MASSA, KARI DALNOKI-VERESS, Physics and
Astronomy, McMaster University We present our recent results on
the use of ellipsometry to probe the crystallisation kinetics of thin
films of a diblock-copolymer. Ellipsometry uses the ellipticity in-
duced upon reflection of light from a film covered substrate to
allow calculation of the refractive index and thickness of the film.
By studying the temperature dependence of these quantities one
can measure phase transitions including the crystallisation kinet-
ics. The samples used are thin films of a polybutadiene-b-
poly(ethylene oxide) diblock. The PB-b-PEO diblock has block
molecular weight of 26,000 and 6,800 respectively and micro
phase-separates into PEO minority spheres in a PB matrix. The
study presented is very similar to what is typically performed by
DSC, except that the ellipsometer also provides the expansion and
contraction of the film (i.e. expansion coefficients, contraction
upon crystallisation). We will discuss the results which can be
obtained with this approach.

9:12

A24 7 Growth mechanism changes in pseudo-dewetted mono-
layer poly(ethylene oxide) crystallization DUN-SHEN ZHU,
ER-QIANG CHEN, AN-CHANG SHI, STEPHEN CHENG, PE-
KING UNIVERSITY, CHINA COLLABORATION, MCMAS-
TER UNIVERSITY, CANADA COLLABORATION, UNIVER-
SITY OF AKRON, USA COLLABORATION, Crystal growth
mechanism changes have been observed in pseudo-dewetted
monolayers of low molecular weight (LMW) (PEO) on freshly
cleaved hydrophilic mica surfaces [HPEO(4250) which have -OH
groups at both ends and MHPEO(4700) which has one -OH and
one -OCHj; as end groups]. X-ray scattering reflectivity measure-
ments show a wetted monolayer of molten PEO with a thickness
of ~ 4.5 nm on the mica surface. Non-adsorbed PEO droplets sit
on top of the wetted monolayer. A two-step process for PEO
single crystal growth under isothermal conditions was identified
utilizing in-situ atomic force microscopy at different crystalliza-
tion temperatures (7). In the first step, the crystal grows within
the droplet which supplies the molten PEO that participates in the
crystal formation. In this second-step, the wetted monolayer at the
growth front is depleted by about 1.5 - 2.5 nm. The growing
crystal lateral sizes obey a power law of % (¢: time). At a high T,
of 63 [r]C for MHPEO(4700), the growth behavior obeys itr o« t
(a = 1). While in the case of HPEO(4250), its growth behavior
follows itr o t3 (@ = 0.5) in the whole 7, range. With decreasing
T, , the growth of MHPEO(4700) falls into a scaling law of itr o«

t*05<a< 1)

9:24

A24 8 Guiding the orientation of polymer crystals by nano-
imprint lithography ZHIJUN HU, JEAN-FRANCOIS GOHY,
VINCENT BAYOT, ALAIN JONAS, Universite catholique de
Louvain CERMIN TEAM, Polymer crystallization is notoriously
difficult to control at a local scale. Here, we report on a fast and
easy method to guide the orientation of crystals of semicrystalline
polymers at the nanometer scale by using nanoimprint lithography
(1). Whenever a silicon mold bearing topographical nano-features
(typical lateral size 50-250 nm; typical height 100 nm) is pressed
against a molten film of a crystallizable polymer (poly(vinylidene
fluoride was used here), the molten polymer is forced to flow into
the cavities of the mold. The isolation of polymer in separate
nano-cavities, which strongly decreases the importance of nucle-
ation by impurities, the confinement of the polymer in nano-sized
cavities, the probable partial orientation of chains near the vertical
walls of the mold due to polymer flow, and interfacial effects, lead
to a fine control over crystallographic orientation, crystal size and
shape. This is shown for a series of geometries, from simple
straight lines to more complex shapes such as concentric circles
and small squares. References (1) Zhijun Hu et al., Nano Letters
2005, 5, 1738.

9:36

A24 9 An Atomic Force Microscopy study of the thin film
crystallization behavior of blends of poly-(L-lactide) and poly-
(D-lactide). YURY YURYEV, PAULA WOOD-ADAMS, Con-
cordia University JOSEE BRISSON, Universite Laval MARIE-
CLAUDE HEUZEY, CHARLES DUBOIS, Ecole Politechnique

POLYLACTIDE RESEARCH COLLABORATION, Blends of
poly-(L-lactide) and poly-(D-lactide) form a triclinic stereocom-
plex during racemic crystallization while the pure optical isomers
crystallize in a pseudo-orthorhombic crystalline form. The triclinic
stereocomplex has a high melting point of 503 K compared to 453
K for the other crystalline form. Atomic Force Microscopy (AFM)

Y2V \ DNINJOIN AVANOIN
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allows one to image a polymer surface with nanoscale resolution
and is best suited for the studies of crystalline morphology in thin
polymer films. Individual spherulitic morphology, its growth rate
and its dependence on temperature and blend composition were
studied using tapping mode AFM. 500-600 nm thick polylactide
films were produced by solution casting. Excess nucleation sites
were eliminated by melting for a short time. It is found that
spherulites protrude from the surface of the film after annealing.
The crystallization rate is slower when both optical isomers are
present.

9:48

A24 10 Spectroscopic Analysis of Unusual Poly (lactic acid)
Structures. KAORU AOU, GUOLIN WU, SHUHUI KANG,
SHAW LING HSU, Polymer Sci. and Engn., Univ. of Massachu-
setts Amherst Poly (lactic acid) (PLA) is a biomass-derived poly-
mer with a broad range of applications. We previously unambigu-
ously determined the chain conformation of PLA to be a 10/3 helix
based on a combination of experimental and normal coordinate
analyses, in the process assigning band splittings to the intrahelical
interactions. Here, we investigate the nature of intermolecular in-
teractions within the PLA crystals as well as their molecular ori-
entation. In PLA, specific intermolecular interactions such as di-
polar coupling strongly influence the spectral features. Crystal
field splitting bands in the PLA crystal vibrational spectra were
identified. They indicated the strength and proximity of interacting
carbonyls and C-H groups and are thus relevant to PLA crystal
packing. Results of the studies were used to understand the origins
of unusual thermal stability of the PLA stereocomplex with a
melting point higher than the a-crystal by at least 50 °C. The
knowledge was also applied to characterization of orientation de-
velopment in PLA tubes during different stages of sequential bi-
axial deformation.

10:00

A24 11 Poly(L-lactic acid) Crystals: From 2D to 3D
SUOLONG NI, ROBERT E. MAJOR, ALAN R. ESKER, Depart-
ment of Chemistry (0212), Virginia Tech, Blacksburg, VA 24061
The crystallization behavior of poly(L-lactic acid) (PLLA) is stud-
ied in Langmuir and Langmuir-Blodgett (LB) films. PLLA Lang-
muir films exhibit a first-order liquid expanded to condensed (LE/
LC) phase transition. Temperature dependent isotherm studies
reveal an experimentally accessible critical temperature (Tc) for
the LE/LC phase transition. Below Tc, the LE/LC phase transition
induces the ordering of PLLA single chain helices, giving rise to
two dimensional (2D) smectic liquid crystalline-like lamella in the
condensed phase. The nucleation and growth of three dimensional
(3D) crystals from 2D helices can be achieved through isobaric
experiments. Above Tc, PLLA Lamgmuir monolayers collapse
directly from the isotropic LE phase to form 3D single crystals.
Annealing studies of the LB-films with 2D lamellar patterns via
in-situ atomic force microscopy track the time and temperature
dependence growth of 3D crystals. Our system provides a model
system for studying crystallization kinetics in ultra-thin films.

10:12

A24 12 Amylose Crystallization From Concentrated Aqueous
Solution: Role of Degree of Polymerization JOHN CREEK,
JAMES RUNT, GREGORY ZIEGLER, The Pennsylvania State
University In earlier research, we demonstrated that amylose
forms a spherulitic morphology when crystallized from concen-
trated amylose - water solutions, over a wide degree of crystalli-

zation conditions. The process has been described as depending on
a competition between crystallization and liquid-liquid phase
separation processes. In the present study acid degradation and
enzymatic debranching are utilized to create a number of amylose
fractions differing in degree of polymerization, ranging from DPs
of 20 to 920. It was determined (using DSC and x-ray diffraction)
that the shorter the chain length, the higher the final degree of
crystallinity. Atomic force microscopy is used to investigate the
microstructure of amylose lamella within the spherulites.

10:24

A24 13 Diffusion-limited growth of poly (caprolactone) in poly
(tert-butyl acrylate) matrices at the air/water interface BING-
BING LI, ALAN R. ESKER, Department of Chemistry (0212),
Virginia Tech, Blacksburg, VA 24061 Surface pressure induced
crystallization of poly (caprolactone) (PCL) in poly (tert-butyl
acrylate) (PtBA) matrices at the air/water interface has been moni-
tored in real time by Brewster angle microscopy (BAM).
Diffusion-limited morphologies of PCL crystals grown in PCL/
PtBA mixed monolayers were observed during the compression
process. The lateral forces applied on the mixed monolayer during
compression assist the diffusion of PCL molecules from the sur-
rounding monolayer to the crystal growth fronts, where the amor-
phous PtBA components are excluded. Surface pressure-area per
monomer isotherm studies suggest that the nucleation and growth
of PCL occurs at about 11 mN/m. The lamellar thickness of PCL
dendrites determined by atomic force microscopy is about 7-8 nm.
With decreasing surface concentration during expansion of the
mixed films, PCL chains slowly detach from the crystalline do-
mains and diffuse into the monolayer. These findings provide an
interesting model system for future studies of crystallization in
confined geometries.

10:36

A24 14 Crystallization and orientation studies in SWNTs
based nanocomposites TIRTHA CHATTERIJEE, University of
Houston RAMANAN KRISHNAMOORTI, University of Hous-
ton VIKTOR HADIJIEV, University of Houston Single walled car-
bon nanotubes (SWNTs) based polymer nanocomposites are at-
tractive for their improved mechanical, electrical and thermal
properties. We have obtained well-dispersed SWNTs samples in
two semi-crystalline polymers poly(&-caprolactone) and poly(eth-
ylene oxide) respectively. Initial crystallization studies show tubes
acts as a nucleating agent for PCL where as it hinders nucleation
of PEO crystals. Both polymer composites are studied for aligned
SWNTs samples. Raman spectroscopy studies show SWNTs are
aligned along the draw direction. The crystallization studies of the
aligned nanocomposites are performed using synchrotron small
angle x-ray scattering (SAXS). Our studies reveal that for an
aligned tube direction polymer crystals arrange themselves in a
particular orientation. For PCL the lamellar normal is parallel to
the tube axis where as for PEO it is perpendicular to the draw
direction. As SWNTs act as a nucleating agent for PCL, chains
grow parallel to the draw direction. For PEO, SWNTs act as bar-
riers and polymer lamellae grow parallel to the SWNTSs axis. This
observation is interesting because oriented tubes can be used as a
template to orient polymer crystals.
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David Martin, University of Michigan, presiding

Invited Papers

8:00
A25 1 Organic Semiconductors and Nanodielectrics for Flexible, Low Voltage Thin-Film Transistors.
TOBIN MARKS, Northwestern University

Molecular materials scientists are skilled at designing and constructing individual molecules with the goal of imbuing
them with predetermined chemical and physical properties. However, the subsequent task of rationally assembling them
into organized, functional supramolecular architectures with precise, nanometer-level control of bulk opt-electronic
properties presents another level of challenge. In this lecture, synthetic and computational approaches to addressing such
problems are described in which the ultimate goal is the fabrication of flexible electronic circuits employing unconven-
tional materials classes and unconventional fabrication techniques. The issues here concern not only the rational design,
realization, and understanding of high-mobility p- and n-type organic semiconductors, but also robust enabling nano-
scopic gate dielectrics having ultra-high capacitance, low leakage, and high breakdown fields. In the former area, routes
to and properties of, new high-mobility heterocyclic materials are described. These materials are then used to fabricate
high-performance organic thin film transistors and CMOS circuits. In the latter topic, the design, synthesis, and charac-
terization of new high-k nanoscopic gate dielectrics are described. It is then shown how these dielectrics can be employed
to significantly enhance the performance of thin-film transistors and other devices fabricated from a wide variety of both

organic as well as inorganic semiconductors.

Contributed Papers

8:36

A25 2 Complex Organic Semiconductor Devices Utilizing
Threshold Voltage Shifting and Carrier Sign Reversal
HOWARD KATZ, CHENG HUANG, JAMES WEST, Johns
Hopkins University We consider a range of materials and mecha-
nisms that lead to nonvolatile switching in field-effect transistors
made from organic semiconductors (OFETs). Charging of gate
dielectrics, secondary dielectrics, and/or the semiconductor/
dielectric interface can greatly shift the threshold voltage in these
OFETs. The dielectrics can consist of nonpolar electrets or ferro-
electric polymers. In the particular case of SiO, electret coated
with a hydrophobic surface layer, the shift is permanent on the
timescale of years and is in quantitative agreement with measured
surface charge. The semiconductor perfluoro copper phthalocya-
nine is shifted from electron- to hole-carrying by application of
sufficient field from a corona apparatus. Inverter circuits were built
from pairs of OFETs based on a single semiconductor, differing
only in the quantity of stored gate charge.

8:48

A25 3 Improving the electrical characteristics of a solution-
processable, anthradithiophene organic semiconductor by sol-
vent vapor annealing KIMBERLY DICKEY, University of Texas
at Austin JOHN ANTHONY, University of Kentucky YUEH LIN
LOO, University of Texas at Austin The development of organic
semiconductors is driven by the promise of low-cost device appli-
cations. To fully realize cost-effective organic -electronics,
solution-processable materials need to be developed. While sev-
eral solution-processable materials have been demonstrated, these
materials often suffer from significantly reduced carrier mobilities
due to defects and grain boundaries introduced during the deposi-
tion process. We have been studying triethylsilyl anthra-
dithiophene (TES ADT), a solution-processable, p-type organic
semiconductor. Transistors fabricated with spun-cast TES ADT
exhibit low carrier mobilities (0.002cm?/V-s). Subjecting the fab-

ricated transistors to dichloroethane solvent vapor annealing, how-
ever, yields average carrier mobilities of 0.2cm?/V-s. Addition-
ally, the current hysteresis observed during device operation is
eliminated with this annealing. This dramatic improvement in
transistor performance is solvent choice dependent, and can be
directly correlated with morphological transformations in the thin
film.

9:00

A25 4 Dielectric relaxation in semiconducting regioregular
poly(3-hexylthiophene)* TATIANA PSUREK, JAN OBRZUT,
Polymers Division, National Institute of Standards and Technol-
ogy Regioregular effect transistor applications. While, the electri-
cal mobility properties of P3HT have been examined the dielec-
tricpoly (3—hexylthiophene) (P3HT) is a material typically used
as an organic semiconductor in thin film field—relaxation pro-
cesses have not been systematically studied. We investigated the
dielectric response of P3HT films in the temperature range of 240
K to 315 K and at frequencies up to 12 GHz. In the low frequency
range P3HT shows a semi—conducting character and the overall
dielectric response is dominated by dc—conductivity with E,=17
kJ/mol. The apparent semi—conducting character cease at certain
frequency above which, the material becomes a dielectric. At
room temperature the semi—conducting to dielectric transition
takes place at about 5 kHz. In the range of 10 kHz to 12 GHz the
dielectric dispersion is insignificant and the dielectric constant is
about 4. The dielectric relaxation process, with 7=3%10"s and
E, = 24 kJ/mol, can be attributed to local molecular motion of
thiophene rings.

*Official contribution of NIST; not subject to copyright in the
United States.

STV \ DNINJON AVANOIN
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9:12

A25 5 All Electronic Time of Flight Mobility Measurements in
Pentacene Organic Field Effect Transistors LAWRENCE
DUNN, University of Texas at Austin and Institute of Materials
Research and Engineering, Singapore DEBARSHI BASU, LI-
ANG WANG, ANANTH DODABALAPUR, University of Texas
at Austin One of the most important figures of merit for an organic
semiconductor is its mobility, which is the proportionality constant
relating the velocity of charge carriers to the electric field in the
material. We present an all-electronic time of flight method for
measuring the in-plane mobility of charge carriers using a voltage
pulse (rise time < 60 ns) applied to the source of an OFET at
temperatures between 300 K and 77 K. The transit time mobilities
extracted at all temperatures are compared with the DC mobilities
extracted from the OFET transfer characteristics. We observe sig-
nificantly higher transit time mobilities at higher temperatures that
merge with the DC mobilities at lower temperatures. This is note-
worthy because the transit time technique measures the mobility of
the fastest carriers, which at higher temperatures seems to be un-
influenced by the interaction of charge carriers with deep traps,
and also before the bias stress effect influences transport. By com-
paring the DC and transit time mobilities at varying temperatures
we may gain an understanding of the time scale of the charge
carriers’ interaction with traps in the semiconducting material.

9:24

A25 6 Infrared Imaging of Charge Injection Landscape in
Organic Field-Effect Transistors ZHIQIANG LI, UCSD
GUANGMING WANG, UCSB NA SAI, UCSD DANIEL
MOSES, UCSB MICHAEL MARTIN, Lawrence Berkeley Na-
tional Laboratory MASSIMILIANO DI VENTRA, UCSD ALAN
HEEGER, UCSB DIMITRI BASOV, UCSD UCSD COLLABO-
RATION, UCSB COLLABORATION, LAWRENCE BERKE-
LEY NATIONAL LABORATORY COLLABORATION, We re-
port on infrared (IR) spectro-microscopy study of charge injection
phenomena in organic field-effect transistors (OFET) based on
regioregular poly(3-hexylthiophene) (P3HT). An analysis of the
oscillator strength of the spectroscopic signatures of charge injec-
tion allowed us to quantify the density of the injected carriers and
examine its evolution with applied voltages. Using IR microscopy,
the uniformity of the field- induced charge layer in OFETs with
high dielectric constant insulator TiO, as well as SiO, as gate
dielectrics was explored. These data uncover the critical role of the
gate insulator in defining the relevant charge injection length
scales. This work demonstrates the unique potential of IR spec-
troscopy for the investigation of the electronic excitations in
nanometer-thick accumulation layers in OFET devices.

9:36

A25 7 Oligothiphene nanostructure evolution in transition
from monolayer to multilayers. GEETHA DHOLAKIA, M.
MEYYAPPAN, NASA Ames Research Center, Moffett Field, CA
94035 ANTONIO FACCHETTI TOBIN MARKS, Department of
Chemistry, Northwestern University, Evanston, IL 60208. Organic
electronics offers tremendous potential in applications requiring
structural flexibility and large area coverage, with the added ad-
vantage of low fabrication cost. While the mobilities of organic
field effect transistors (OFETSs) have recently increased to the level
needed for practical applications, differences in the orientation of
interchain stacking, as well as defects in the film interfaces and the
presence of grain boundaries act as scattering centers and charge
traps, hence degrade their performance. Here we present tunneling
spectroscopic results and STM studies at the nanoscale analyzing

the evolution in morphology and grain connectivity of fluoroalkyl-
functionalized DFH-4T (a, w-diperfluorohexyl-4T) oligothiophene
films on Au(111) substrates, as the thickness is varied from one
monolayer to many multilayers. Monolayer thick DFH-4T films
exhibit a featureless morphology except for a number of pits simi-
lar to those in self-assembled thiol monolayers, while multilayer
films have a drastically different terraced morphology consisting
of overlapping platelets. This study provides important informa-
tion on the nature of the interface between organic semiconductors
and the source\drain electrodes in OFET devices.

9:48

A25 8 Charge injection and band alignment in organic field
effect transistors. BEHRANG HAMADANI, Department of
Physics and Astronomy, Rice University HUANJUN DING, De-
partment of Physics and Astronomy, University of Rochester JA-
COB CISZEK, Department of Chemistry, Rice University
YONGLI GAO, Department of Physics and Astronomy, Univer-
sity of Rochester JAMES TOUR, Department of Chemistry, Rice
University DOUGLAS NATELSON, Department of Physics and
Astronomy, Rice University GAO LABORATORY COLLABO-
RATION, TOUR LABORATORY COLLABORATION, We
have studied metal/organic semiconductor charge injection in
poly(3-hexylthiophene) (P3HT) field effect transistors with Pt and
Au electrodes as well as Au electrodes modified by self-assembled
monolayers (SAMs) as a function of annealing in vacuum. At low
impurity dopant densities, Au/P3HT contact resistances show
nonohmic behavior, whereas Pt/P3HT contacts remain ohmic. Ul-
traviolet photoemission spectroscopy (UPS) reveals that metal/
P3HT band alignment shifts dramatically as samples are dedoped,
leading to an increased injection barrier for holes. We also present
the results of a preliminary study in which we modified the Au
surface with electron poor (rich) SAMs, resulting in an effective
increase (reduction) of the workfunction of Au and drastically
changing the nature of charge injection at the contacts. Our results
indicate that understanding the band alignment at the metal/
polymer interface is an important step towards understanding the
nature of charge injection in these devices.

10:00

A25 9 Structural Determination of Interfaces in Organic Semi-
conductors using Coherent Bragg Rod Analysis BRANDON
CHAPMAN, RONALD PINDAK, Brookhaven National Lab
YIZHAK YACOBY, Hebrew University JULIE CROSS, Argonne
National Lab EDWARD STERN, University of Washington
CHRISTIAN KLOC, Bell Labs The low charge carrier mobilities
long associated with organic semiconductors have increased by
several orders of magnitude in recent years. Charge mobilities in
field-effect transistors (FETS) using single-crystals of rubrene
(5,6,11,12-tetra-phenyl-tetracene) have been reported with values
in the range from 5 to 30 cm2/Vs. However, little information is
known about the integrity of interfaces formed by electrical con-
tacts in organic FETSs, which can play a significant role in deter-
mining device performance. We are using a novel approach called
Coherent Bragg Rod Analysis (COBRA) to determine the atomic
structure of interfaces in organic FETs. COBRA uses the mea-
sured x-ray diffraction intensities along the substrate defined
Bragg (crystal truncation) rods to investigate the electron density
near the surface, interface and throughout the thin-film. The CO-
BRA method is uniquely suited for probing buried interfaces
formed by electrical contact materials on molecular crystals. Here,
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we present preliminary measurements of Bragg rods from the free
surface of rubrene single-crystals and we discuss progress toward
measuring a complete set of inequivalent Bragg rods from rubrene
that will provide a model-independent determination of the surface
structure.

10:12

A25 10 Transfer Printing of Pentacene Thin-Film Transistors
onto Flexible Substrates DANIEL HINES, University of Mary-
land VINCE BALLAROTTO, Laboratory for Physical Sciences
ELLEN WILLIAMS, University of Maryland Transfer printing
methods were optimized to fabricate high quality organic thin-film
transistors (TFT) on flexible substrates. Flexible TFT devices fab-
ricated from a 50 nm thick pentacene (Pn) semiconductor layer, a
600 nm thick polymer dielectric layer and Au electrodes on a
polyethylene terephthalate (PET) substrate constitute a model sys-
tem. A set of TFT devices with length L = 1 um to 45 um and
width W = 100 um were fabricated with both poly(methyl meth-
acrylate) (PMMA) and poly(4-vinylphenol) (PVP) as the dielectric
material. Output and transfer IV characteristics of these devices
were measured as a function of L. The data sets were analyzed to
determine both contact resistance and mobility. The Pn/PMMA/
PET device set exhibited a contact resistance of 2 M() and a
mobility of 0.237 cm?/Vs while the Pn/PVP/PET device set ex-
hibited a contact resistance of 0.5 M) and a mobility of 0.2 cm
2/Vs. A detailed comparison of these transfer printed device sets
will be presented. *Work supported by the Laboratory for Physical
Sciences, College Park, MD and ARDA.

10:24

A25 11 Optical Probe of the Density of Defect States in Or-
ganic Thin-Film Transistors MIHAELA BREBAN, DANILO
ROMERO, University of Maryland VINCENT BALLAROTTO,
Laboratory for Physical Sciences ELLEN WILLIAMS, Univerity
of Maryland We investigate the role of defect states associated
with different gate dielectric materials on charge transport in or-
ganic thin film transistors. Using a modulation technique we mea-
sure the magnitude and the phase of the photocurrent' in penta-
cene thin film transistors as a function of the modulation
frequency. The photocurrent generation process is modeled as ex-
citon dissociation due to interaction with localized traps. A time
domain analyses of this multi-step process allows us to extract the
density of defect states. We use this technique to compare the
physical mechanism underlying performances of pentacene de-
vices fabricated with different dielectric materials. *Supported by
the Laboratory for Physical Science ! M. Breban, et al. ‘‘Photo-
current probe of field-dependent mobility in organic thin-film tran-
sistors’” Appl. Phys. Letts. 87, 203503 (2005)

10:36

A25 12 Architecture Effects for Transfer-Printed Carbon
Nanotube Mat Transistors* VINOD SANGWAN, University of
Maryland, College Park (MD) DAN HINES, VINCENT BAL-
LAROTTO, GOKHAN ESEN, MICHAEL FUHRER, ELLEN
WILLIAMS, UNIVERSITY OF MARYLAND, COLLEGE
PARK (MD) TEAM, LABORATORY FOR PHYSICAL SCI-
ENCES, (MD) COLLABORATION, Transfer printing methods
have been developed to assemble both top gate — top source/drain
and bottom gate — bottom source/drain carbon nanotube (CNT)
thin-film transistors (TFT) onto flexible substrates. The devices
consist of CNT mats as the semiconductor layer, a poly(methyl
methacrylate) dielectric layer and gold electrodes on a polyethyl-
ene terephthalate substrate. As a function of gate voltage (V;), the

top gate — top source/drain devices exhibit ambipolar behavior
with no hysteresis*. This is in contrast to bottom gate — top
source/drain CNT mat TFTs with a SiO, dielectric layer which
show only p-type characteristics and a large hysteresis. Fabrication
and characterization of both CNT TFT architectures fabricated on
flexible substrates via transfer printing will be presented and dis-
cussed. * D. R. Hines et al., Appl. Phys. Lett. 86, 163101 (2005).

*Work supported by the Laboratory for Physical Sciences, Col-
lege Park, MD and ARDA

10:48

A25 13 ESR Study of Electric-Field Controlled Conductance
of Fully-doped Polymers in a Transistor Structure* FANG-
CHI HSU, ARTHUR J. EPSTEIN, Department of Physics, The
Ohio State University It was recently reported that use of doped
“‘metallic’” polymer as the active channel in a field effect transis-
tor structure results in unexpected ‘‘normally on‘ transistor-like
behavior. Epstein itet al. proposed [1] that ion motion is involved
in the conductance modulation of the ‘‘metallic’’ polymer. We
study here the role of ion migration in the ‘‘metallic’” polymer
(poly(3,4-ethylenedioxythiophene) doped with poly(styrene-
sulfonic acid) (PEDOT:PSS)) based transistors by employing ESR
spectroscopy. We found that approximately 18% reduction of lo-
calized polaron concentration in PEDOT:PSS caused by ions in-
sertion results in 10% times decrease in the polymer conductance.
The N(Er) determined from the Pauli susceptibility remains es-
sentially unchanged after ions are inserted into the active channel.
This indicates that the major conductance suppression in PEDOT-
:PSS occurs in the disordered regions. We proposed that the in-
serted ions modulate the charge carrier hopping distance in the
disordered regions of the PEDOT:PSS resulting in a conductor-
nonconductor transition. [1]A. J. Epstein itet al., Curr. Appl. Phys.
2, 339 (2002).

*Authors thank Dr. Vladimir N. Prigodin for invaluable discus-
sion.Supported in part by AFOSR Grant No. F49620-03-1-0175.

SESSION A26: BIOMOLECULAR COMPUTATION
Monday Morning, 13 March 2006

323, Baltimore Convention Center at 8:00

Thomas Darden, National Institute of Health, presiding

8:00

A26 1 Quantum Mechanical Study of C-Terminal Cleavage
Reaction in Inteins* PHILIP SHEMELLA, SAROJ NAYAK,
BRIAN PEREIRA, SHEKHAR GARDE, GEORGES BELFORT,
Rensselaer Polytechnic Institute - Troy, NY PATRICK VAN
ROEY, VICKY DERBYSHIRE, MARLENE BELFORT, Wad-
sworth Center - Albany, NY Although inteins undergo autocata-
Iytic cleaving and splicing reactions via a relatively well accepted
reaction scheme, the mechanism that induces these reactions is not
well understood. The reactions can be prevented or speeded up
through mutations of various critical amino acids proximal to the
active site or through changes in the solution pH and/or tempera-
ture. We are interested in obtaining an atomic level understanding
of the C-terminal cleavage reaction using quantum mechanical
reaction simulation techniques. The reaction is based on the highly
conserved catalytic module of histidine-asparagine-cysteine. Ex-
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perimentally, intein C-terminal cleavage occurs more readily at
low pH and high temperature. Working closely with experimen-
talists, we use a combination of gas phase and implicit solvent
techniques with density functional theory to compare energy bar-
riers for various proposed mechanisms. The mechanism with the
lowest energy barrier is consistent with experimental results and is
based on the protonation of the peptide amide by a hydronium ion
and the subsequent cyclization of the asparagine amino acid, re-
sulting in cleavage of the peptide bond.

*Supported by NSF CTS03-04055-NIRT

8:12

A26 2 Evolutionary Strategies for Protein Folding SRINI-
VASA MURTHY GOPAL, WOLFGANG WENZEL, INT, Fors-
chungszentrum Karlsruhe The free energy approach for predicting
the protein tertiary structure describes the native state of a protein
as the global minimum of an appropriate free-energy forcefield.
The low-energy region of the free-energy landscape of a protein is
extremely rugged. Efficient optimization methods must therefore
speed up the search for the global optimum by avoiding high
energy transition states, adapt large scale moves or accept un-
physical intermediates. Here we investigate an evolutionary strat-
egies(ES) for optimizing a protein conformation in our all-atom
free-energy force field([1],[2]). A set of random conformations is
evolved using an ES to get a diverse population containing low
energy structure. The ES is shown to balance energy improvement
and yet maintain diversity in structures. The ES is implemented as
a master-client model for distributed computing. Starting from
random structures and by using this optimization technique, we
were able to fold a 20 amino-acid helical protein and 16 amino-
acid beta hairpin[3]. We compare ES to basin hopping method.
[1]T. Herges and W. Wenzel,Biophys.J. 87,3100(2004) [2] A.
Verma and W. Wenzel Stabilization and folding of beta-sheet and
alpha-helical proteins in an all-atom free energy model(submit-
ted)(2005) [3] S. M. Gopal and W. Wenzel Evolutionary Strate-
gies for Protein Folding (in preparation)

8:24

A26 3 Towards predictive molecular dynamics simulations of
DNA: electrostatics and solution/crystal environments VOL-
ODYMR BABIN, JASON BAUCOM, North Carolina State Uni-
versity THOMAS DARDEN, National Institute of Environmental
Health Sciences CELESTE SAGUI, North Carolina State Univer-
sity We have investigated to what extend molecular dynamics
(MD) simulatons can reproduce DNA sequence-specific features,
given different electrostatic descriptions and different cell envi-
ronments. For this purpose, we have carried out multiple unre-
strained MD simulations of the duplex d(CCAACGTTGG)2. With
respect to the electrostatic descriptions, two different force fields
were studied: a traditional description based on atomic point
charges and a polarizable force field. With respect to the cell
environment, the difference between crystal and solution environ-
ments is emphasized, as well as the structural importance of diva-
lent ions. By imposing the correct experimental unit cell environ-
ment, an initial configuration with two ideal B-DNA duplexes in
the unit cell is shown to converge to the crystallographic structure.
To the best of our knowledge, this provides the first example of a
multiple nanosecond MD trajectory that shows and ideal structure
converging to an experimental one, with a significant decay of the
RMSD.

8:36

A26 4 Coarse-grained model of chaperonin-mediated protein
folding GEORGE STAN, National Institutes of Health D.
THIRUMALAI, GEORGE LORIMER, University of Maryland
BERNARD BROOKS, National Institutes of Health Chaperonins
are biological nanomachines that employ a spectacular mechanism
for simulated annealing. During the chaperonin cycle, concerted,
large scale, rigid body conformational changes, ultimately driven
by ATP hydrolysis, result in a dramatically expanded chaperonin
cavity serving as folding chamber. Chaperonins repeatedly bind
misfolded proteins, randomly disrupt their structure, and release
them in less folded states, allowing these substrate proteins mul-
tiple opportunities to find pathways leading to the native state.
What is the fate of the non-native protein during the chaperonin
cycle? We addressed this question using coarse-grained molecular
dynamics simulations. We find that the fundamental annealing
function of the GroEL chaperonin consists of forced unfolding and
refolding of the substrate protein. The annealing action is related
to the change in the nature of the interaction between the substrate
protein and the GroEL particle from predominantly hydrophobic
to largely hydrophilic. To identify the proteins most likely to be
natural substrates for GroEL we use a bioinformatic approach. Our
hypothesis is that natural substrates contain patterns of residues
similar to the co-chaperonin GroES.

8:48

A26 5 Using Molecular Dynamics simulations in the analysis of
Electron Spin Resonance spectra DENIZ SEZER, Physics
Dept., Cornell Univ. BENOIT ROUX, IMPS, IBD, CIS, Univ. of
Chicago ESR spectra from spin labeled sites in proteins are sen-
sitive both to the conformations of the spin label at the labeled site
and to its flexibility and rate of transition between multiple con-
formations. Even though measures of spin label mobility can be
extracted directly from the spectrum, deducing the wealth of fac-
tors that affect the spectral line shape is impossible in most of the
cases. Often, one has to model the motion of the spin label and
calculate spectra for different values of the parameters of the
model. From the work where this approach has been followed it
appears that anisotropic Brownian diffusion in a restricting poten-
tial constitutes a good description of the spin label motion. This
hydrodynamic depiction correlates poorly with the molecular
structure of the spin label and its linker. To address this limitation,
we combine MD simulations with stochastic models in the simu-
lation of ESR spectra. This allows us to treat the structure and the
fast dynamics of the spin label and its environment in atomistic
detail, while handling the slower motional modes to which the
spectrum is susceptible phenomenologically. We analyse the MD
trajectories with the Redfield formalism, appropriate in the fast
motional regime. The exchange between the populated rotamers of
the spin label and the overall tumbling of the macromolecule,
occurring on a longer time scale, are accounted for using stochas-
tic dynamics.

9:00

A26 6 Locating structural energy minimum of biological mol-
ecules in explicit solvent ERIC DYKEMAN, OTTO SANKEY,
Arizona State University Biological molecules in waters often
adopt several structural conformers. These structures correspond
to the various local energy minima on the solute-solvent potential
energy hyper-surface. Methods capable of predicting the various
conformations that a molecule can adopt in solution have in-
volved, (naming a few), annealing and replica exchange molecular
dynamics simulations. However, implementation of these methods
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with systems containing explicit solvent still requires large
amounts of computation time due to the requirement of a small
time step. The recent development of the activation relaxation
technique (ART) of Mousseau et al. provides an alternative that
may reduce computational costs. Instead of following a Newtonian
trajectory, ART locates local energy minima through a series of
activations to energy saddles followed by relaxation to a local
energy minimum. Here we discuss extensions of the method to
explicit solvent models. This development and extension of the
technique offers insight into how water affects the potential energy
surface of molecules in solution.

9:12

A26 7 Predicting 3D structures of transient protein-protein
complexes PETRAS KUNDROTAS, EMIL ALEXOV, Dept. of
Physics & Astronomy, Clemson University, Clemson, South Caro-
lina Predicting transient protein-protein complexes is a major task
of the post genomic era since the ultimate goal is to understand
how proteins interact in the living cell. Apparently experimental
methods as X-ray and NMR cannot be used at such large scale and
therefore numerical methods for predicting protein-protein com-
plexes should be applied. In this presentation we propose homol-
ogy based approach to predict 3D structure of protein complexes.
The underlying presumption is that if two proteins are homologous
to other two proteins that form a complex then they will form a
complex, 3D structure of which should be similar to the 3D struc-
ture of the existing complex. In order to test our method we have
created a database of template complexes. The methodology of
database creation will be presented and discussed. Due to very
limited number of protein-protein complexes in the Protein Data
Bank we expanded our database by including proteins containing
loosely connected domains. A jack-knife test was performed and
the quality of the models was evaluated against existing protein-
protein complexes. It is shown that including interfacial informa-
tion and residue pairing restrains in the sequence alignment im-
proves the results.

9:24

A26 8 Charge transfers from Na atom in (H20)n clusters and
in water solution TAKESHI NOZUE, JUNICHI HOSHINO, KA-
ZUO TSUMURAYA, Meiji University The charge state of sodium
ions in water is an essential issue in both biophysical and physi-
cochemical areas. Although the nominal charge state of sodium is
+1 in water solution, the true charge is less than unity and will
depend on the environments. We clarify the true charges states
with ab initio density functional methods. There have been several
methods to evaluate the charges that belong to each atom in mol-
ecules: Bader analysis divides up into regions where the dividing
surfaces are at a minimum in the density. [1] The Bader charge
analysis [2] has difficulty of finding all the critical points around
the atom. Henkelman et al. have proposed a modified partition
scheme. [3] We use a modified version of the Henkelman’s
scheme to integrate the core charge densities separately. The
method gives the charge transfer from Na to H20 to be 0.167¢ and
that to (H20)2 to be 0.522e. The original Bader charge scheme
gives 0.156e and 0.596e respectively. We present the transfers
surrounded by a large number of water molecules and those in
water solution in periodic system. [ 1]R.F.W.Bader, Atoms in Mol-
ecules: A Quantum Theory, Clarendon:Oxford. 1990. [2]C.F-
.Guerra, et al., J.Comp.Chem. 25, 189(2003). [3]G.Henkelman, et
al., Comp. Mat. Sci. in press.

9:36

A26 9 Coarse-graining protein energetics in sequence vari-
ables FEI ZHOU, GEVORG GRIGORYAN, AMY KEATING,
Departments of Biology, MIT GERBRAND CEDER, Departments
of Materials Science and Engineering, MIT DANE MORGAN,
Department of Materials Science and Engineering, University of
Wisconsin - Madison We show that cluster expansions (CE), pre-
viously used to model solid-state materials with binary or ternary
configurational disorder can be extended to the protein design
problem. We present a generalized CE framework, in which prop-
erties such as energy can be unambiguously expanded in the
amino-acid sequence space. The CE coarse grains over non-
sequence degrees of freedom (e.g., side-chain conformations) and
thereby simplifies the problem of designing proteins, or predicting
the compatibility of a sequence with a given structure, by many
orders of magnitude. The CE is physically transparent, and can be
evaluated through linear regression on the energies of training
sequences. [PRL 95, 148103 (2005)]. We show, as example, that
good prediction accuracy is obtained with up to pairwise interac-
tions for a coiled-coil backbone, and that triplet and/or quadruplet
interactions are important in the energetics of the more globular
zinc-finger and WW domain backbones. In the coiled-coil system,
where experimental data is available, the calculated pair interac-
tion parameters compare favorably with measured coupling ener-
gies. The clear advantage of a CE driven optimization over a direct
one is demonstrated by searching for low-energy sequences on the
zinc-finger backbone. Other possible applications of our approach
are also discussed.

9:48

A26 10 MAME Water Model: hydrogen bonding, electrostatic,
polarization and van der Waals interactions in water. EU-
GENE TSIPER, Hydrogen bonding is key to many unusual prop-
erties of water and its role in biological systems. I will describe an
elegant water model derived using the minimal atomic multipole
expansion (MAME). The minimal set for water consists of three
multipoles that are chosen to satisfy experimental molecular di-
pole and both components of the molecular quadrupole. Two
atomic polarizabilities, ¢, = 1.4146 A® and ay; = 0.0836 A3,
reproduce all three components of the polarizability tensor due to
a relation between the latter, which follows from the model and is
indeed satisfied experimentally. The model thus based on the
known monomer properties reproduces hydrogen bonding in the
dimer and compares favorably to the best available water-water
interaction potentials. I will also discuss the meaning of distrib-
uted polarizabilities for computing dispersion (van der Waals) in-
teractions. The atomic polarizabilities in water yield reasonable
dispersion energy of 1.4 kcal/mol, which is otherwise underesti-
mated when water molecules are treated as polarizable points.
[E.V. Tsiper, Phys. Rev. Lett. 94, 013204, 2005]

10:00

A26 11 Accurate computation and interpretation of spin-
dependent properties in metalloproteins* JORGE ROD-
RIGUEZ, Department of Physics, Purdue University Nature uses
the properties of open-shell transition metal ions to carry out a
variety of functions associated with vital life processes. Mono-
nuclear and binuclear iron centers, in particular, are intriguing
structural motifs present in many heme and non-heme proteins.
Hemerythrin and methane monooxigenase, for example, are mem-
bers of the latter class whose diiron active sites display magnetic
ordering. We have developed a computational protocol based on
spin density functional theory (SDFT) to accurately predict
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physico-chemical parameters of metal sites in proteins and bioi-
norganic complexes which traditionally had only been determined
from experiment. We have used this new methodology to perform
a comprehensive study of the electronic structure and magnetic
properties of heme and non-heme iron proteins and related model
compounds. We have been able to predict with a high degree of
accuracy spectroscopic (Mossbauer, EPR, UV-vis, Raman) and
magnetization parameters of iron proteins and, at the same time,
gained unprecedented microscopic understanding of their physico-
chemical properties. Our results have allowed us to establish im-
portant correlations between the electronic structure, geometry,
spectroscopic data, and biochemical function of heme and non-
heme iron proteins.

*Supported by NSF grant CHE-0349189 (JHR)

10:12

A26 12 Computational studies of a redox-driven proton pump:
Cytochrome ¢ oxidase and biological energy transduction®
ALEXEI A. STUCHEBRUKHOV, UC Davis Cytochrome ¢ oxi-
dase (CcO) is a redox-driven proton pump, an energy converting
molecular machine, which reduces atmospheric oxygen to water
and couples the oxygen reduction reaction to the creation of a
membrane proton gradient. The proton gradient subsequently
drives the synthesis of ATP. The structure of the enzyme has been
solved; however, the molecular mechanism of proton pumping is
still poorly understood. The correlated electron and proton trans-
port plays a crucial role in the function of the enzyme. Our com-
puter simulations — combined ab initio and classical, MD and MC-
indicate a possible mechanism of CcO. We find that one of the His
ligands of the catalytic site, and certain chains of water molecules
inside of the enzyme play a crucial role. In this presentation, com-
putational and experimental studies directed toward understand-
ingthe mechanism of cytochrome c¢ oxidase will be discussed.
D.M. Popovic and A.A. Stuchebrukhov, Proton pumping mecha-
nism and catalytic cycle of cytochrome ¢ oxidase: Coulomb pump
model with kinetic gating, FEBS Lett. 2004.

*NSF Che-0137652, NIH GM4052

10:24

A26 13 Ab Initio QM/MM Study of the Ester-hydrolysis Re-
action Mechanism in Haloalkane Dehalogenase YIMING
ZHANG, Departent of Physics and Astronomy, Rensselaer Poly-
technic Institute YU ZHOU, Departent of Physics and Astronomy,
Rensselaer Polytechnic Institute SAROJ NAYAK, Departent of
Physics and Astronomy, Rensselaer Polytechnic Institute ANGEL
GARCIA, Departent of Physics and Astronomy, Rensselaer Poly-
technic Institute CENTER FOR BIOTECHNOLOGY AND IN-
TERDISCIPLINARY STUDIES COLLABORATION, DEPART-
MENT OF PHYSICS COLLABORATION, Ab Initio QM/MM
calculations are used to investigate the ester-hydrolysis step of
dichloroethane hydrolysis catalyzed by haloalkane dehalogenase.
Amino acids around the active site (which includes ASP124,
HIS289, ASP260, TRP125, TRP175), dichoroethane and water are
treated by QM at a level of HF/6-31G(d,p). The remainder of the
protein and solvent are treated classically. Two scenarios of hy-
drolysis mechanism for the alkyl-enzyme intermediate have been
considered. In one, the HIS289-catalyzed water oxygen could be
incorporated in the carboxylate group of ASP124, leading the

cleavage of one of the original carbonyl bonds on ASP124. In the
other, the ASP124 and HIS289 as general base, activate water as
the nucleophilic agent, which attacks the alkyl carbon in substrate.
The reaction paths and potential energy profiles are compared for
both mechanisms.

10:36

A26 14 Combining biophysical and bioinformatical ap-
proaches for predicting residue’s contacts. EMIL ALEXOV,
AMBER ALLARDICE, PETRAS KUNDROTAS, Clemson Uni-
versity One of the most important task of the post genomics era is
to utilize the enormous sequence information delivered from the
genomes and to predict 3D structure of proteins. The quality of the
predicted structure depends on many factors including the im-
provement made in ab initio, threading and homology modeling
methods. Here we combine the method of correlated mutations
with biophysical restrains in order to predict residue’s contacts
from amino acids sequence alone. The parameters of the protocol
were optimized against a set of 21 proteins with known high reso-
lution 3D structures. The effects of the degree of residue conser-
vation, sequence similarity among the sequences within the mul-
tiple sequence alignment and conservation coefficient of two
amino acids positions were studied. It was shown that the predic-
tion accuracy of the method of correlated mutations alone is pure,
on average only 10% of the contacts are predicted correctly. How-
ever, adding biophysical filters greatly improves the accuracy of
the predictions. Thus, implying pairing rules for charged, polar
and hydrophobic residues significantly reduces the total number of
the predictions, e.g. reduces the coverage, however, most of the
rejected predictions are false positives. As result, the relative rate
of the correct predictions increases.

SESSION A28: POLYMER BLENDS

Monday Morning, 13 March 2006

325, Baltimore Convention Center at 8:00

Kalman Migler, National Institute of Standards and
Technology, presiding

8:00

A28 1 Component Terminal Dynamics in PEO / PMMA
Blends TIMOTHY LODGE, ILAN ZERONI, SAHBAN OZAIR,
University of Minnesota FRED COLLABORATION, As our un-
derstanding of the linear viscoelasticity of linear homopolymers
improves, miscible blends of linear homopolymers constitute
model systems at the next level of complexity. PEO / PMMA
miscible blends are remarkable in that the disparity between the
component glass transitions and monomeric friction factors is im-
mense. We are exploring this system further by obtaining compo-
nent terminal dynamics for linear PEO/PMMA miscible blends of
various compositions using two different methods: forced Ray-
leigh scattering, providing tracer diffusivity of a labeled compo-
nent, and tracer rheology, examining the relaxation of a few long
chains in lower molecular weight blend matrices of varying com-
position. Results obtained by the two methods agree well. Further-
more, results show that the mobility of PMMA is strongly affected
by the presence of PEO, its monomeric friction factor dropping
precipitously upon addition of small amounts of PEO. The mobil-
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ity of PEO, on the other hand, is not as greatly affected by the
presence of PMMA, although still much more than indicated by
published measurements on PEO segmental dynamics. These re-
sults will be discussed in the context of current models.

8:12

A28 2 A molecular dynamics simulation study of the segmental
relaxations in model polymer blends DMITRY BEDROV, Uni-
versity of Utah Molecular dynamics simulations of model miscible
polymer blends consisting of chemically realistic 1,4-
polybutadiene (CR-PBD) (slow component) and PBD chains with
reduced dihedral barriers (LB-PBD) (fast component) have been
performed in order to study the influence of blending on segmental
relaxation processes. We find that blending with a slow (high glass
transition temperature, or T,) component significantly increases
the separation between the «- and B-relaxations of the fast (low T
¢) component, which may be unresolvable or nearly unresolvable
in the pure melt. Detailed analysis of the dielectric response of the
blend allows us to conclude that the high-frequency loss observed
in numerous dielectric spectroscopy studies of miscible polymer
blends that is apparently uninfluenced by blending can be due to
the intrinsic B-relaxation of the fast component and not due to
concentration fluctuations and/or structural heterogeneities within
the blend. In other words, instead of assuming that some fraction
of the fast component is not affected upon blending due to pres-
ence of the pure melt-like local environments. We further inves-
tigate the segmental relaxations by examining torsional autocorre-
lation functions, dipole moment autocorrelation function, and
dielectric response for each component and for the blend as a
function of temperature and concentration.

8:24

A28 3 Dielectric Spectroscopy of Miscible Polymer Blends
WENIJUAN LIU, RALPH H. COLBY, Materials Science and En-
gineering Department, Penn State University JANE E. G. LIP-
SON, Department of Chemistry, Dartmouth College Segmental
dynamics are studied in two miscible polymer blends; both in-
volve polystyrene, which has sufficiently small polarizability to be
ignored in dielectric spectroscopy. One blend is with poly (vinyl
methyl ether) where the low-T, component is seen in dielectric
response and the other blend is with tetra-methyl BPA- polycar-
bonate where the high-T, component dominates the dielectric re-
sponse. Both blends have reasonably disparate glass transitions,
and both are weakly interacting. The glass transition temperature
(T,), linear viscoelasticity and dielectric spectroscopy of the pure
components and blends, respectively, are measured by differential
scanning calorimetry, Rheometric Scientific ARES™ Rheometer
and Novocontrol Broadband Dielectric Spectrometer in the fre-
quency range of 1072 ~ 10° Hz. We compare the experimental
results with a prediction for the relaxation spectrum obtained using
a simple lattice model, wherein we generate a distribution of en-
vironments around a given segment in the blend which leads to a
prediction for that component’s dielectric relaxation spectrum. We
show that it is possible to model the dielectric relaxation spectrum
by considering concentration fluctuations at the scale of the Kuhn
length (the shortest Rouse mode), which we take to be both com-
position and temperature independent.

8:36
A28 4 Assessment of the Flory diluent theory to evaluate its
applicability in the determination of the amorphous-

amorphous interaction energy* RUSHIKESH MATKAR,
THEIN KYU, University of Akron In the derivation of the Flory
diluent theory, Flory has removed two of three assumptions inher-
ent in Prigogine’s model to determine the solubility of solids using
regular solution theory, but the third assumption that solvent is
completely immiscible in the crystal. An analytical expression for
the calculation of the liquidus line is a consequence of the third
assumption. Various researchers have also applied this theory to
determine Xy representing the amorphous-amorphous interaction
energy. We contest this methodology in light of the reported dis-
crepancies in the determination of Yy in comparison with other
test methods. We have removed the third assumption and estab-
lished the thermodynamics of binary crystalline mixtures by the
incorporation of crystal-solvent interaction effects. We identify the
source of the discrepancies in this framework and recommend that
all literature regarding the present topic should be treated with
circumspect.

*NSF-DMR 05-14942

8:48

A28 5 Designing Balanced Surfactants for Organizing Immis-
cible Polymers MEGAN RUEGG, BENEDICT REYNOLDS,
NITASH BALSARA, University of California, Berkeley MIN
LIN, DAVID LOHSE, ExxonMobil Research and Engineering
The phase behavior of A/B/A-C polymer blends with attractive
and repulsive interactions was analyzed with scattering experi-
ments and mean field theories. Transitions between lamellar
phases, microemulsions, homogeneous phases and macrophase
separated states are easily accessed in A/B/A-C blends simply by
adjusting the temperature. The domain spacing was predicted uti-
lizing the Random Phase Approximation (RPA) and Self-
Consistent Field Theory (SCFT) in the homogeneous and orga-
nized states, respectively, with no adjustable parameters. The only
inputs into the calculations were the binary Flory-Huggins inter-
action parameters (chi) and statistical segment lengths. The do-
main spacing determined from theory was often within 5 percent
of the experimental values. Furthermore, in this particular A/B/
A-C system, in which the chi parameter between the immiscble A
and B homopolymers is 2.0-2.6 in our accessible temperature
range, a blend was found to form an organized phase with only 3
percent of the diblock copolymer in the blend. This is the lowest
amount of polymeric surfactant to form an organized phase to our
knowledge. The transition temperature from single-phase systems
to a macrophase separated state determined from theory was in
good agreement with experimental values.

9:00

A28 6 The Effect of Copolymer Composition on the Dynamics
of Random Copolymers in a Homopolymer Matrix. SUDESH
KAMATH, MARK DADMUN, University of Tennessee Copoly-
mers can be used as interfacial modifiers in phase separated poly-
mer blends and selective surface segregation. Important param-
eters in both processes include the amount of copolymer that
migrates to the surface and the rate of this segregation, both of
which are altered by changing the copolymer composition. The
dynamics of random copolymers in a homopolymer matrix are
studied using Neutron Reflectivity (NR), Quasi-Elastic Neutron
Scattering (QENS) and Lattice Monte Carlo simulations. We have
carried out NR and QENS measurements on blends containing
10% Poly(S-ran-MMA) random copolymers with 3 different co-
polymer compositions dispersed in a PMMA matrix. We have also
carried out lattice Monte-Carlo simulations on blends of A-B ran-
dom copolymers containing 33%, 50% and 66% A in a matrix of
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a homopolymer melt containing only A monomers using the bond-
fluctuation model for polymer melts. Our results indicate that the
copolymer composition has a significant impact on the dynamics
of the copolymer. Our simulation results also indicate that copoly-
mer composition has a significant impact on the conformation of
the copolymer in the homopolymer melt, which in turn has an
impact on the system dynamics.

9:12

A28 7 Dynamics of Ternary Mixtures with Photosensitive
Chemical Reactions: Designing Three Dimensional Hierarchi-
cally Ordered Composites OLGA KUKSENOK, RUI D.M.
TRAVASSO, ANNA C. BALAZS, University of Pittsburgh Using
coarse-grained computer modeling, we show that photo-induced
chemical reactions can be exploited to create long-range order in
binary and ternary mixtures. In the binary case, a photosensitive
AB blend is illuminated by a spatially uniform light and therefore
undergoes both a reversible chemical reaction and phase separa-
tion. The late-time morphology resembles the lamellar morphol-
ogy of diblock copolymers, with lamellae oriented isotropically
within the sample. Rastering a secondary, higher intensity light
over the sample locally increases the reaction rate and introduces
long-range ordering along the rastering direction (i.e., effectively
“‘combing’’ the lamellar domains). We also illustrate an applica-
tion of our combing technique as a replicative process, which
transfers an image on the substrate through the sample. In the
ternary case, we add a non-reactive component C, which is im-
miscible with both A and B. We show that C migrates to regions
that are illuminated by the secondary, higher intensity light. Using
a stationary secondary light source allows us to effectively write a
three-dimensional pattern of C onto the AB sample. Rastering over
the ternary system with an additional light source leads to hierar-
chically ordered patterns of A, B and C.

9:24

A28 8 Shear-Induced Crystallization and Rheology Behavior
of Isotactic Polypropylene and Poly (ethylene-co-octene) Blend
XIA DONG, KUN MENG, CHARLES C. HAN, PPCL, Joint
Lab. of Polymer Science and Materials, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100080, China YONGYAN
PANG, DUJIN WANG, KLEP, Joint Lab. of Polymer Science and
Materials, Institute of Chemistry, Chinese Academy of Sciences,
Beijing 100080, China Shear-induced crystallization of isotactic
polypropylene (iPP) and poly (ethylene-co-octene) (PEOc) blend
was studied by means of in-situ optical microscopy with a shear
hot stage. Shear promoted the orientation of the polymer chains in
shear direction, which results in cylindrite crystals. The cylindrites
were observed when the shear rate is necessarily higher than 10s
~lafter liquid-liquid phase separation (LLPS) at 170° for 420min.
The cylindrites appear and grow across the phase regions and have
some defects after decomposition. The cylindrites growth rates
remain unchanged with shear at any given temperature, while the
nucleation density increases dramatically after LLPS when shear
rate is more than 10s™'. The Blends viscosity and modulus de-
pending on shear frequency was increased with the PEOc contents.

9:36

A28 9 Eutectic Modeling of Blend Crystallization from the
Homogeneous Melt SUDHAKAR BALIJEPALLI, Dow Chemi-
cal Company JEROLD SCHULTZ, University of Delaware The
morphology and kinetics of binary polymer blends crystallizing
from the homogeneous melt is similar to that of eutectic crystal-
lization in small-molecule or metal systems. While analyses of the

small molecule case exist, extension to the polymer blend case
requires accounting for (a) large deviation from equilibrium and
(b) growth velocity dependence on temperature and composition.
Such analytical modeling has been performed, assuming low Pe-
clet numbers. The model and results are presented here and com-
pared with the crystallization of a blend of high and low molecular
weight fractions of poly(ethylene oxide). The analysis shows a
sharply peaked relationship between growth arm periodicity and
velocity of growth. An assumption that the operating condition is
the maximum growth velocity appears to hold. A satisfactory cor-
relation between analysis and experiment is found.

9:48

A28 10 Interplay Between Two Phase Transitions: Crystalli-
zation and Liquid-Liquid Phase Separation in a Polyolefin
Blend CHARLES C. HAN, XIAOHUA ZHANG, PPCL, Joint
Lab. of Polymer Science and Materials, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100080, China The corre-
lation between liquid-liquid phase separation (LLPS) and crystal-
lization at several compositions in statistical copolymer blends of
poly (ethylene-co-hexene) (PEH) and poly (ethylene-co-butene)
(PEB) has been examined by optical microscopy (OM), atomic
force microscopy (AFM) and differential scanning calorimetry
(DSC). The overwhelming change in the crystallization Kinetics
due to the density fluctuation caused by the spontaneous spinodal
LLPS is observed. This coupling mechanism suggests a new
mechanism in the nucleation-crystallization process. All evidences
are pointing to a cross-over mechanism from the spinodal fluctua-
tions (of liquid-liquid phase separation) to the nucleation and than
crystallization. The detailed experimental evidences and a sug-
gested physical model will be presented.

10:00

A28 11 Rheological modeling relating mesoscopic morphology
for polymer blends YUANZE XU, Dept. Macromol.Sci., Fudan
University, Shanghai 200433, China WEI YU, Department of
Polymer Science and Engineering, Shanghai Jiao Tong Univer-
sity, Shanghai 200240, P.R. China CHARLES C. HAN, PPCL,
Joint Lab. of Polymer Science and Materials, Institute of Chem-
istry, Chinese Academy of Science, Beijing 100080, China The
key issue to model polyblends rheologically is to solve the prob-
lem of dynamic coupling between interfacial morphology and vis-
coelastic flow. This work will outline our approaches. The frame-
work of irreversible thermodynamics was employed and the
conformation of both polymer chains are introduced. By compar-
ing with the ellipsoidal model, the constitutive equation of dilute
immiscible viscoelastic blends is established. To construct the
model of concentrated blends, the hydrodynamic interaction of
drops was treated. The theoretical predictions were proved by
measured rheological material functions and the drop dynamics in
a four-roll mill rheometer. Even greater challenge exists in the
formulation of multi-scale rheological model of immiscible blends
with complex morphology evolution, including drop break-up and
collapse. Experiments show how the interfacial processes are in-
terfered by non-linear viscoelasticity of polymers.

10:12

A28 12 Design of Co-Continuous Nanostructured Polymer
Blends by Solid-State Shear Pulverization. YING TAO,
JUNGKI KIM, JOHN M. TORKELSON, Northwestern Univer-
sity, Evanston, IL 60208 Achievement of co-continuous nano-
structured polymer blends is of interest as such materials may have
enhanced properties (e.g., toughness, stress at break, and creep
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resistance) in comparison to conventional blends with a micron-
scale dispersed phase in a matrix phase. Leibler and co-workers
(Nature Materials 1, 54 (2002)) recently produced co-continuous
nanostructured blends via reactive melt blending in which irregu-
lar graft copolymers were made in situ. Here we demonstrate that
achievement of such blends is possible in the solid state by use of
solid-state shear pulverization (SSSP). During SSSP, polymers are
mixed by exposure to high shear and compressive forces in the
absence of melt processing. The morphology of the blended SSSP
output is obtained by forming a consolidated sample using a cold
platen press and then analyzing by scanning electron microscopy.
In the case of polystyrene (PS)/poly(methyl methacrylate)
(PMMA) blends, the PMMA phase can be etched with acetic acid,
revealing the presence of a 3-D, nanostructured ( ~ 100 nm
length-scale), irregular morphology. Studies are underway to de-
termine whether such a blend nanostructure can be maintained
during subsequent, limited melt processing into a final product via
addition of block copolymers or gradient copolymers to the blend
during SSSP. Studies are also underway with other blend systems.

10:24

A28 13 Polymer blends containing Linear Telechelic Su-
pramolecular Polymers MITCHELL ANTHAMATTEN, Uni-
versity of Rochester, Dept. of Chemical Engineering MICHELLE
WRUE, University of Rochester, Dept. of Chemical Engineering
We are studying a new class of polymer blends: linear polymers
blended with end-to-end associating supramolecular polymers (un-
imers). Since the degree of unimer association depends on con-
centration and temperature, we expect unusual phase behavior that
differs greatly from traditional blends of two linear polymers. Low
molecular weight polybutadiene unimers that bear strong
hydrogen-bonding, ureidopyrimidinone end groups were synthe-
sized. These polymers were systematically blended with monodis-
perse polystyrene polymers, and the resulting blends were studied
using a combination of optical microscopy and light scattering
techniques. Results are compared to predictions made using a
simple lattice association model. Inputs include the lengths of the
unimers and polymers, the free energy of forming supramolecular
bonds, and a Flory-Huggins interaction parameter.

10:36

A28 14 Rheology of blends of dense star-like polystyrene soft
nanospheres AJAY KULKARNI, R.M. KANNAN, Wayne State
University Highly branched polymeric materials exhibit signifi-
cantly different rheological behavior compared to linear polymers,
suggesting that controlled branch density can have technological
benefits. We have synthesized a dense star polystyrene molecule,
(PS,,4n0) With 50 arms, M,= 5,000 g/mol. Using rheo-optics and
triple-detection GPC, we have shown that these materials act as
soft nanospheres, with a size of ~ 8 nm. We are studying the
effect of the nanospheres on the blending behavior of miscible
polystyrene/ poly (vinyl methyl ether) (PS/PVME) blends with the
help of dynamic stress-optical measurements. In PS,,,,/PVME
blends, at higher PS,,,,wt. fractions, the interparticle distance
between PS,,,, is smaller than radius of gyration of PVME.
Therefore we expect to see the conformational changes in PVME
chains induced by PS,,,, and compare it with linear PS (L—PS)/
PVME blends. However the rtheo—optics data suggests that the
relaxation dynamics of PVME is not significantly altered by
PS,, .., Whereas for L—PS/PVME blends the relaxation dynamics
of PVME is slowed down by L—PS. DSC results show a single

transition suggesting miscibility. Our results suggest that, the seg-
ments of PS near the periphery of PS,,,,, may be miscible, but the
segments at the core would be immiscible, resulting in a molecu-
larly dispersed blend, rather than a segmentaly miscible L—PS/
PVME blend.

10:48

A28 15 Reactive extrusion: A computational approach.
MANORANJAN PRUSTY, PATRICK ANDERSON, HAN
GOOSSENS, HAN MEUER, Technical Univeristy Eindhoven Re-
active extrusion is attractive for various reasons. One of them is
the flexibility of extruders for processing of polymers, but also the
choice of the scale of the operation that can be adjusted to the
needs for research and development or commercial production.
We model reactive extrusion using a diffuse interface modeling
(DIM) approach. The problem is studied by dividing it into four
small/sub problems. First, the structure growth in case of homo-
polymer blends was studied with the effect of hydrodynamics. The
logarithmic structure factor was found to scale as 1/3 with time for
higher capillary numbers and 2/3 for lower capillary numbers.
Second, the growth of structure for the block copolymer was stud-
ied for the symmetric blocks, for which only micro phase separa-
tion was observed. Then, the structure growth for the mixture of
block copolymers and homo-polymers was studied and both micro
and macro phase separation can be observed. The final step in-
cluding the reaction kinetics of the formation of block copolymers
from the homo-polymer is studied. Results are mainly presented
showing morphology development and growth rates as a function
of time.

SESSION A29: EXPERIMENTAL TECHNIQUES IN
BIOPHYSICS

Monday Morning, 13 March 2006

326, Baltimore Convention Center at 8:00

J. P. Landry, University of California, Davis, presiding

8:00

A29 1 The healing mechanism for excited molecules near me-
tallic surfaces B. BARBIELLINI, Northeastern U. P.M. PLATZ-
MAN, Bell Labs Radiation damage prevents the ability to obtain
images from individual molecules. We suggest that this problem
can be avoided for organic molecules by placing them in close
proximity with a metallic surface. The molecules will then quickly
dissipate any electronic excitation via their coupling to the metal
surface. They may therefore be observed for a number of elastic
scattering events that is sufficient to determine their structure.[1]
B. Barbiellni and P. M. Platzman, cond-mat/0506403

8:12

A29 2 Pulse-shaping and Fourier Transform Techniques in
Multiphoton Microscopy JENNIFER OGILVIE,*DELPHINE
DEBARRE, EMMANUEL BEAUREPAIRE, ANTIGONI ALEX-
ANDROU, MANUEL JOFFRE, Laboratoire d’Optique et Bio-
sciences, Ecole Polytechnique Multiphoton microscopy is an im-
portant tool that is increasingly used in biological research. The
ease with which broadband femtosecond pulses can be created and
manipulated has opened up new directions for enhancing multi-
photon microscopy. In particular, pulse-shaping techniques can
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tailor broadband light to selectively excite fluorescent species.[1]
Here we demonstrate the use of pulse-shaped excitation to en-
hance multiphoton fluorescence imaging of live drosophila em-
bryos. Other promising multiphoton techniques include coherent
anti-Stokes Raman scattering (CARS) microscopy, which offers
endogenous contrast based on the inherent vibrations of different
chemical species.[2] Most implementations of CARS microscopy
image single vibrational modes, providing limited ability to simul-
taneously follow multiple chemical species. An alternate time-
domain Fourier transform-based method can produce spectrally
resolved CARS images over the considerable bandwidth of a
broadband laser source, This approach provides straightforward
removal of the nonresonant background from CARS images while
offering a compact, single-laser approach. [1] V. V. Lozovoy et al.
J. Chem. Phys, (2003) 118, 3187. [2] A. Zumbusch et al. Phys.
Rev. Lett. (1999) 82 4142.

*current address: Department of Physics/Biophysics Research Di-
vision, University of Michigan

8:24

A29 3 Templated biomineralization on self assembled protein
fibers S. PALMACCIO, Sachem High School NY K. SUBBURA-
MAN, N. PERNODET, Stony Brook Univ Stony Brook NY S.-Y.
KWAK, E. DIMASI, BNL, Upton, NY S. GE, Stony Brook Univ
Stony Brook NY N.L. YANG, CUNY, Staten Island, NY M. RA-
FAILOVICH, Stony Brook Univ Stony Brook NY We have previ-
ously shown that fibrillogenesis of extracellular matrix (ECM)
proteins like Fibronectin and Elastin can be induced when ad-
sorbed on charged polymer surfaces. These self assembled fiber
networks reach sizes of dimensions similar to natural ECM. Here
we present a study of biomineralization on these protein fibers,
achieved using CaCOj; through Kitano & Flow cell methods. The
mechanical properties were measured usingShear Modulation
Force Microscopy (SMFM) as part of early stage mineralization
studies. Results indicated increase in modulus with exposure time
on fibers, with no increase off the fibers. Control studies with other
Ca salts showed no change in fiber modulus, differentiating min-
eralization from salt adsorption. Late Stage Mineralization studied
using ToF SIMS showed preferential Ca adsorption on the fibers.
Optical Microscopy also showed preferential crystal formation on
fibers. TEM was used to identity the crystal structure and orien-
tation. Effect of proteins on crystal orientation and mineralization
of natural ECM from osteoblasts are under study. Supported by
USDOE Contract No. DE—AC02—98CH10886, NSF—MRSEC
& BNL—SBU Seed Grant.

8:36

A29 4 Advances in energy filtered electron tomography for
quantitative 3-D phosphorus imaging of cell nuclei MARIA A.
ARONOVA, GUOFENG ZHANG, RICHARD D. LEAPMAN,
NIH Electron tomography (ET) is an established and valuable tool
for determining three-dimensional subcellular structure at a mac-
romolecular scale. Contrast in conventional tomograms is gener-
ated through high-angle elastic scattering of the incident electrons
by heavy atoms in stained plastic sections or through phase dif-
ferences of elastic scattering in frozen hydrated specimens. Energy
filtered transmission electron microscopy (EFTEM) has undergone
recent developments to provide an improved capability for quan-
titative mapping of elemental distributions. We have developed a
new approach where specific chemical elements in biological sys-
tems can be imaged in three dimensions. This method of collecting
electron tomograms with inelastically scattered electrons com-
bines ET and EFTEM. We have applied this technique to analyze

unstained sections of rapidly frozen, freeze-substituted and em-
bedded cells. Using intrinsic phosphorus as a label for nucleic
acid, we have investigated the distribution of DNA in nuclei of
itDrosophila larvae. We show that quantitative analysis of the
three-dimensional phosphorus distribution has the potential to pro-
vide new information about the DNA packing density of chroma-
tin.

8:48

A29 5 Adaptive wave-front correction for multi-photon mi-
croscopy using coherence-gated wave-front sensing MARKUS
RUECKEL, WINFRIED DENK, Max-Planck Institute for Medi-
cal Research, Germany The contrast and the resolution of a multi-
photon microscope highly depend on the shape of the focus which
can be distorted by refractive index inhomogeneities within the
specimen. Coherence-gated wave-front sensing (CGWS) allows
reliable adaptive wave-front correction of these distortions (M.
Feierabend, M. Ruckel, and W. Denk, Optics Letters, 2004,
29(19)). We developed a model for CGWS for which we evalu-
ated in detail, using Monte-Carlo simulations, how the measured
wave-fronts depend on the density of scatterers, the position and
length of the coherence gate, and on the polarization of the light
used. Predictions from this model were confirmed experimentally.
Further we report on early results from an exploration of how
much the two-photon excitation efficiency improves when apply-
ing corrections as predicted by CGWS. Experiments and numeri-
cal simulations show for a wave-front with a RMS distortion of
N/5 that the excitation efficiency was about 60% of that for a
diffraction-limited focus. This was done for both astigmatism and
coma.

9:00

A29 6 Label-free optical detection of protein binding on small-
molecule ligand microarrays™ Y. S. SUN, J. P. LANDRY, X. D.
ZHU, Dept. of Physics, Univ. of California at Davis T. BAO, K.
S. LAM, Dept. of Internal Medicine, Univ. of California at Davis
Medical Center Biomolecular microarrays are becoming indis-
pensable tools in proteomic research and biomarker discovery pro-
cesses. The need for label-free microarray detection methods that
are complementary to fluorescence-based methods is also increas-
ing. We have developed oblique-incidence reflectivity difference
(OI-RD) microscopes for detecting protein-protein and protein-
small molecule reactions in microarray format through changes in
density, thickness, and conformation of surface-bound proteins on
solid supports. This can be done without extrinsic labeling mol-
ecules (e.g. organic fluorophores or quantum dots), which are
costly and potentially intrusive. Of particular interest to one of our
current investigations are microarrays of small molecules that may
be used for high-throughput screening for protein ligands. With
OI-RD microscopes, we have detected antibody-antigen capture
and streptavidin-biotin binding reactions in microarray format us-
ing mixtures of proteins as well as pure proteins in prescribed
sequences. In the streptavidin-biotin binding reaction, we used
BSA molecules as the scaffold to anchor biotin molecules on the
solid support. We will report these recent experimental results and
the analysis.

*This work was supported by a UC-BREP GREAT Fellowship
and the NSF Center for Biophotonics Science and Technology.
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9:12

A29 7 Dynamic Dimensional Analysis of itIn-Vivo Microor-
ganisms Using Polarized Light Scattering WILLEM VAN DE
MERWE, Indiana Wesleyan University JOZSEF CZEGE, USUHS
We have successfully determined average lengths and diameters
of randomly-oriented rod-shaped bacteria in-vivo by evaluating
the Mueller matrix ratio < S;;, > /<< S;; > together with Coulter
counter measurements of cell volumes (references 1 and 2.) We
showed that our technique allows one to follow real-time dimen-
sional changes taking place at a rate of about 14 nm/min. We
expect to extend this method to synchronized cultures and will
attempt to measure changes in the ratio for partially aligned bac-
terial cells. We will give a rationale for our expectation that this
will provide additional information for example about growth
characteristics of the bacteria. We used the coupled dipole model
to compare theoretical predictions and experimental observations.
Specifically, by refining our dimensional analysis we expect soon
to be able to study the dynamic of bacterial cell division real-time
as well as obtain additional identifying signatures of importance to
medicine, biotechnology and detection. 1) Applied Optics 43
(2004) 5295-5302 2) Biophysical J. 69 (1995) 1170-1177

9:24

A29 8 Fast Cooling and Vitrification of Aqueous Solutions for
Cryopreservation® MATT WARKENTIN, Laboratory of Ap-
plied and Solid State Physics, Physics Department, Cornell Uni-
versity NAJI HUSSEINI, VIATCHESLAV BEREINOV, Labora-
tory of Applied and Solid State Physics, Physics Department,
Cornell University ROBERT THORNE, Laboratory of Applied
and Solid State Physics, Physics Department, Cornell University
In many applications, a small volume of aqueous solution must be
cooled at a rate sufficient to produce amorphous solid water. Two
prominent examples include flash-freezing of protein crystals for
X-ray data collection and freezing of cells (i.e. spermatozoa) for
cryopreservation. The cooling rate required to vitrify pure water
( ~ 10° K/s) is unattainable for volumes that might contain cells or
protein crystals, but the required rate can be reduced by adding
cryoprotectants. We report the first measurements of the critical
concentration required to produce a vitrified sample as a function
of the sample’s volume, the cryogen into which the sample is
plunged, and the temperature of the cryogen, for a wide range of
cryoprotectants. These experiments have broad practical conse-
quences for cryopreservation, and provide insight into the physics
of glass formation in aqueous systems.

*This work is supported by a grant from the NIH

9:36

A29 9 Active and Passive Microscopic Viscoelastic Response in
Poly(Ethylene) Oxide Solutions OLGA LATINOVIC, H.
DANIEL OU-YANG, It has been proposed that one can determine
the viscoelastic response function from the thermal fluctuations of
colloidal tracer particles. Despite attempts to validate the ap-
proach, there has not been a direct comparison between the vis-
coelastic response obtained by thermally driven particles, and in-
dependent microscopic measurements which do not depend on
thermal fluctuations. This paper reports a study that compares the
two approaches. In the passive measurements, the Brownian mo-
tion of a probe particle was used to obtain the viscoelastic modulus
of poly (ethylene) oxide solutions using the fluctuation-dissipation

theorem and the generalized Stokes-Einstein relation. In the active
measurements, the same probe particle is set into forced oscilla-
tions by oscillating optical tweezers and the viscoelastic moduli of
the solution are obtained from the in-phase and out-of-phase com-
ponents of the particle’s motion.

9:48

A29 10 Specifically Detect Vascular Endothelia Growth Factor
(VEGF) with Micro Cantilever Resonator®* JIANHUA GU,
DEBIN LI, DAVID LEDERMAN, Dept of Physics, West Virginia
University JAROD KABULSKI, PETER GANNETT, Basic Phar-
maceutical Sciences, West Virginia University DANIEL FLYNN,
Mary Babb Randolph Cancer Center, West Virginia University
VEGEF is an important protein marker for lung cancer. Current
state of the art detection strategies use enzyme linked immunosor-
bent assays (ELISA), where only nanogram levels can be detected
in serum. We have developed a sensing method to rapidly detect
VEGF based on the micro cantilever resonator technique, which
has advantages over the standard ELISA method. We have co-
valently linked a polyclonal anti-VEGF antibody to a silicon can-
tilever surface. The shift of cantilever resonant frequency due to
specific VEGF binding with this antibody allows us to detect the
presence of VEGF in solution at detection levels of approximately
one picogram or even smaller. Efforts were made to reduce non-
specific adsorption on cantilever either by covering non-specific
sites on the cantilever with proteins (such as bovine serum albu-
min (BSA)), or by self-assembly of a protein resistant monolayer
on the cantilever surface. We also used different protein samples
(like VEGF-C or MMP-9) to confirm the specific detection of
VEGF.

*Supported by the West Virginia University WVNano Initiative.

10:00

A29 11 Serial Crystallography: imaging single proteins at a
synchrotron® DAVID SHAPIRO, Center for Biophotonics Sci-
ence and Tech. JOHN SPENCE, R. BRUCE DOAK, DMITRI
STARODUB, UWE WEIERSTAL, Arizona State University
HENRY CHAPMAN, STEFANO MARCHESINI, Lawrence Liv-
ermore Nat. Lab. MALCOLM HOWELLS, Lawrence Berkeley
Nat. Lab. A new method is proposed for the imaging of uncrys-
tallized proteins at third generation x-ray sources. The method,
serial crystallography, uses the diffraction pattern produced by a
beam of hydrated proteins as they sequentially traverse a continu-
ous x-ray beam after having been aligned by an intense laser field.
Each particle is exposed to the x-ray beam so briefly that radiation
damage is not a concern. The diffraction pattern is integrated as
many identically aligned particles cross the beam and then the
laser polarization is rotated to allow collection of other particle
orientations. The diffraction pattern can then be phased by an
iterative algorithm and the protein structure recovered with a Fou-
rier transform. We are currently constructing a serial crystallogra-
phy apparatus to be installed on beamline 9.0.1 of the Advanced
Light Source at Lawrence Berkeley National Lab that will be
operational by May, 2006. Preliminary experiments will use a 5
Watt CW IR laser to align particles of Tobacco Mosaic Virus and
their soft x-ray diffraction patterns will be collected. We present
the design of the serial crystallography apparatus and the current
status of this project.

*Supported by NSF funding SGER DBI-0429814 and CBST
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10:12

A29 12 Structural investigations of human hairs by spectrally
resolved ellipsometry BENJAMIN SCHULZ, D. CHAN, M.
RUEBHAUSEN, Institute of Applied Physics, Jungiusstrasse 11,
D-20355 Hamburg, Germany S. WESSEL, R. WEPF, Beierdorf
AG, Hamburg, Germany Human hair is a biological layered sys-
tem composed of two major layers, the cortex and the cuticle. We
show spectrally resolved ellipsometry measurements of the ellip-
sometric parameters ¥ and A of single human hairs. The spectra
reflect the layered nature of hair and the optical anisotropy of the
hairs structure. In addition, measurements on strands of human
hair show a high reproducibility of the ellipsometric parameters
for different hair fiber bundles from the same person. Based on the
measurements, we develop a model of the dielectric function of
hair that explains the spectra. This model includes the dielectric
properties of the cuticle and cortex as well as their associated layer
thicknesses. In addition, surface roughness effects modelled by a
roughness layer with an complex refractive index given by an
effective medium approach can have a significant effect on the
measurements. We derive values for the parameters of the cuticle
surface roughness layer of the thickness d -, = 273 — 360nm
and the air inclusion f, = 0.6 — 5.7%. [1] accepted for publi-
cation in J. Biomed Opt., 2005

10:24

A29 13 Evanescent Wave Excitation and Raman Spectroscopy
of Bacteriorhodopsin on Gallium Nitride Waveguide Struc-
tures ALFONS SCHULTE, SONYA ORTIZ, ALFRED
KELLER, APRIL POPE, YU GUO, HEIDI HOCKEL, ERIC
JOHNSON, University of Central Florida Composite structures of
protein-semiconductor layers have potential for molecular elec-
tronics and sensor applications. We investigate gallium nitride
waveguide structures created by UV lithographic techniques as
substrates for photoactive bacteriorhodopsin  films. The
waveguides were characterized through electron and optical inter-
ference microscopy. The top biomolecular layer is optically acces-
sible through the evanescent field of a mode propagating in the
gallium nitride waveguide. A 488 nm or 514 nm beam from an
Argon ion laser was coupled into the waveguide and the evanes-
cent field was employed to initiate the photocycle and excite Ra-
man scattering in the bacteriorhodopsin film. Under stationary
conditions the Raman spectrum in the fingerprint region shows the
presence of the light-adapted state and the M intermediate. This
suggests that the protein is in its native state and that optical
switching of bacteriorhodopsin can be achieved and probed by
evanescent wave excitation.

10:36

A29 14 Probing Protein Structural Dynamics Using Microflu-
idic Diffusional Mixer Based FT-MIR Micro-Spectroscopy
PETER GALAJDA, ROBERT AUSTIN, Princeton University
JARMILA GURJARRO, JESUS VEGA, CYRUS ARIAN,
AIHUA XIE, Oklahoma State University AUSTIN TEAM, XIE
TEAM, Time-resolved Fourier transform Infrared (FTIR) spec-
troscopy is a powerful technique to ‘‘see’” proteins in action. Such
a technique has been mostly applied to study photoreceptor pro-
teins since their biological functions can be conveniently triggered
in synchronization using short laser pulses. However, only a few
proteins in nature are photo-active. In order to study a broad range
of chemically activated proteins, we have developed a microfluidic
diffusional mixing device, based on computational modeling of
microfluidic flow and advection diffusion, microlithographic fab-
rication, and time-resolved FTIR micro-spectroscopy. This tech-
nique can be applied to probe functionally important structural
dynamics of proteins that are chemically activated, thus opening
up a broader application of time-resolved FTIR spectroscopic
techniques. We will report such applications including experimen-
tal studies on GTPase system in biological signal transduction.

10:48

A29 15 Modeling Electric Fields of Peripheral Nerve Block
Needles.* JAMES CH. DAVIS, NORMAN E. ANDERSON,
MARK W. MEISEL, Dept. of Physics, Univ. of Florida JASON
G. RAMIREZ, F. KAYSER ENNEKING, Dept. Anesthesiology,
Univ. of Florida Peripheral nerve blocks present an alternative to
general anesthesia in certain surgical procedures and a means of
acute pain relief through continuous blockades. They have been
shown to decrease the incidence of postoperative nausea and vom-
iting, reduce oral narcotic side effects, and improve sleep quality.
Injecting needles, which carry small stimulating currents, are often
used to aid in locating the target nerve bundle. With this technique,
muscle responses indicate needle proximity to the corresponding
nerve bundle. Failure rates in first injection attempts prompted our
study of electric field distributions. Finite difference methods were
used to solve for the electric fields generated by two widely used
needles. Geometric differences in the needles effect variations in
their electric field and current distributions. Further investigations
may suggest needle modifications that result in a reduction of
initial probing failures.

*This work was supported in part by the NSF through DMR-
0305371 and by the University of Florida through the University
Scholars and the Alumni Fellows Programs.
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Nitash Balsara, University of California, Berkeley, presiding

Invited Papers

8:00

A30 1 A Renormalized Theory of Composition Fluctuations in Polymer Mixtures.

DAVID MORSE, University of Minnesota

Attempts to calculate corrections to Flory-Huggins theory using field theoretic methods have been plagued by an
unwanted sensititivity to very short wavelength fluctuations, or to the value of an arbitrary cutoff length. This reflects the
fact that the total free energy of a polymer mixture is dominated by effects of local fluid structure. Z.-G. Wang [1] has
shown how the cutoff-dependence of a one-loop approximation for the free energy of a binary blend can be absorbed into
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an expression for the experimentally observed y parameter, yielding a cutoff-independent renormalized theory of the
contributions of mesoscopic fluctuations. We apply an analogous renormalization procedure to one-loop calculations of
intramolecular and collective correlation functions at arbitrary wavenumbers in both homopolymer blends and copolymer
melts, in which the dependence on local fluid structure is absorbed into the values of x and of statistical segment lengths.
We discuss predictions for homopolymer blends and diblock copolymer melts, and relationships to earlier work. [1] Z.-G.

Wang, J. Chem. Phys. 117, 481 (2002).

Contributed Papers

8:36

A30 2 An efficient pseudo-spectral algorithm for the RPA re-
sponse of ordered phases of block copolymer melts AMIT
RANJAN, DAVID MORSE, Department of Chemical Engineer-
ing and Materials Science, University of Minnesota We present a
pseudo-spectral algorithm for calculating the linear response of
monomer concentration field in ordered phases of block copoly-
mer melts to small perturbations of the monomer chemical poten-
tial fields. The method is both considerably simpler and more
efficient than the fully spectral perturbation theory presented by
Laradji, Shi and coworkers.[1] The method will be used to re-
examine the stability of the gyroid phase in diblock copolymer
melts. [1] Laradji et al., Macromolecules, 30, 3242 (1997).

8:48

A30 3 Random isotropic structures and possible glass transi-
tions in diblock copolymer melts CHENGZHONG ZHANG,
ZHEN-GANG WANG, Chemical Engineering, Caltech We study
the microstructural glass transition in diblock-copolymer melts us-
ing a thermodynamic replica approach. Our approach performs an
expansion in terms of the natural smallness parameter — the in-

verse of the scaled degree of polymerization N, which allows us to
systematically study the approach to mean-field behavior as the
degree of polymerization increases. We find that in the limit of
infinite chain length, both the onset of glassiness and the vitrifi-
cation transition (Kauzmann temperature) collapse to the mean-
field spinodal, suggesting that the spinodal can be regarded as the
mean-field signature for glass transitions in this class of
microphase-separating system. We also study the order-disorder
transitions (ODT) within the same theoretical framework; in par-
ticular, we include the leading-order fluctuation corrections due to
the cubic interaction in the coarse-grained Hamiltonian, which has
been ignored in previous studies on the ODT in block copolymers.
We find that the cubic term stabilizes both the ordered (body-
centered-cubic) phase and the glassy state relative to the disor-
dered phase. In melts of symmetric copolymers the glass transition
always occurs after the order-disorder transition (below the ODT
temperature), but for asymmetric copolymers, it is possible for the
glass transition to precede the ordering transition.

9:00

A30 4 Dynamics of PEO-PMMA diblock copolymers. JAVIER
SACRISTAN, CHUNXIA CHEN, JANNA MARANAS, Depart-
ment of Chemical Engineering, The Pennsylvania State Univer-
sity, University Park, Pennsylvania 16802 The structure and dy-
namics of a poly(ethylene oxide)—poly(methyl methacrylate)
diblock copolymer (PEO-PMMA) are studied by molecular dy-
namics simulation using a united atom model, with emphasis on
the junction point effect. These results are compared to those from
a homopolymer blend. The intermolecular pair distribution func-
tion reveals that the internal packing of unlike segments is en-
hanced in the copolymer with respect to the blend. Thus the ef-
fective concentration of both PEO and PMMA decay towards the

bulk faster as a function of local volume size in the copolymer
than in the blend. The mean square displacement (MSD) illustrates
differing mobilities of PEO and PMMA in both systems. In the
copolymer, their mobilities are separated by less than in the blend.
The junction point accelerates motion of PMMA up to a distance
of 5A. In contrast, on both systems PEO mobility reach the aver-
age value close to the junction point. In spite of the different
PMMA effective concentration on both systems copolymer and
blend its dynamics are not affected by changes in local packing. In
contrast PEO dynamics are strongly influenced by the differences
on its effective concentration.

9:12

A30 5 Kinetics of Transition between HEX and Lamellar
Phases in a triblock copolymer solution in a selective solvent.
YONGSHENG LIU, RAMA BANSIL, Boston University MILOS
STEINHART, Institute of Macromoleculear Chemistry, Academy
of Sciences of the Czech Republic Synchrotron based time-
resolved small angle x-ray scattering (SAXS), was used to study
the kinetics of ordering transition (OOT) between cylindrical mi-
celles in HEX phase and lamellar (LAM) phase in a 0.4 (w/v)
solution of a triblock of polystyrene (PS) and poly(ethylene-itco-
butylene) (PEB), SEBS (PS-PEB-PS) copolymer in Dibutyl Ph-
thalate (DBP), a selective solvent for the PS block. From a tem-
perature ramp experiment the OOT was identified at about 137C
and an ODT above 160 C. Several temperature jump experiments
from HEX to LAM and the reverse were performed over the tem-
perature range of 110-155C. Detailed analysis of the time evolu-
tion of the intensities of the Bragg peaks to follow the kinetics of
the transition between HEX and LAM phases will be presented. A
model to explain the transition mechanism will be discussed. This
research was supported by NSF-DMR.

9:24

A30 6 Kinetics of HEX-BCC Transition of Cylinders to
Spheres: Comparison of Time-resolved SAXS data with a
Model of Coupled Anisotropic Fluctuations* RAMA BANSIL,
MINGHALI LI, Boston University MILOS STEINHART, Institute
of Macromolecular Chemistry, Czech Academy of Sciences The
kinetics of the transition of HEX cylinders to BCC spheres was
studied by coupling anisotropic fluctuations on cylinders, similar
to the pearling instability, according to which the amplitude of a
transverse wave along the length of the cylinder grows causing the
cylinder to break up into spheroidal droplets. We find that the
sphere BCC phase arises with phase shifts of 0, it47/3 and it87/3
for the sinusoidal waves on 3 neighboring cylinders on the HEX
lattice, which correspond to the minimum of overlap volume of
rippled cylinders and wavelength it\ related to the nearest neigh-
bor distance of the rippled cylinders by d = 2\/5)\/3. The azi-
muthally averaged scattering function from an un-oriented system
of cylinders, as well as the 2-dimensional scattering from an ori-
ented system was calculated with varying amplitude of the fluc-
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tuation. The results are in excellent agreement with time-resolved
SAXS measurements of the kinetics of this transition in a Styrene
(S)-ethylene-co-butylene (EB)-Styrene (S)) triblock copolymer in
mineral oil, a selective solvent for the EB block.

*Supported by NSF-DMR

9:36

A30 7 Modeling of twist grain boundaries in block copoly-
mers: structure, stability, and motion XUSHENG ZHANG,
ZHI-FENG HUANG, JORGE VINALS, McGill University Twist
grain boundaries, which are widely observed in block copolymer
samples of lamellar phase, have been investigated through both
direct numerical solution and multiscale analysis of a coarse-
grained mesoscopic model equation. We show that the twist
boundary profile can be well described by two sets of appropriate
amplitude equations characterizing the slow evolution of lamellae.
Stability of the grain boundary configuration has been examined,
and our results show that the boundary width, albeit varying with
twist angle, is of order € " with e the measure of the distance
from the order-disorder threshold. We also study the motion of
twist grain boundaries subjected to slow transversal modulations
of lamellae, and obtain both analytically and numerically the trav-
eling velocity of the boundary as well as its dependence on modu-
lation wave number.

9:48

A30 8 Removal of non-equilibrium microdomain defects in
block copolymer thin film simulations AUGUST BOSSE, Uni-
versity of California, Santa Barbara SCOTT SIDES, Tech-X Cor-
poration KIRILL KATSOV, CARLOS GARCIA-CERVERA,
GLENN FREDRICKSON, University of California, Santa Bar-
bara In recent years, there has been increased interest in using
microphase-separated block copolymer thin films as sub-optical
lithographic masks in next generation semiconductor and mag-
netic media fabrication. However, if such techniques are to evolve
into a useful and commercially feasible lithographic tool, one must
have control over, or at least an understanding of the in-plane
ordering of the block copolymer microdomains. In the context of
self-consistent field theory (SCFT), we introduce new simulation
techniques intended to efficiently remove non-equilibrium micro-
domain defects in 2D block copolymer simulations, and thus allow
further study of equilibrium defect populations associated with 2D
systems (cf., KTHNY theory) and/or defects induced by confine-
ment. The first technique, which we call spectral amplitude filter-
ing, is used in parallel with a saddle point relaxation algorithm.
Spectral amplitude filtering zeros out all Fourier components with
amplitude below some fraction of the maximum amplitude. This
encourages symmetries associated with the dominant Fourier
modes to rapidly set in. The other technique is a variation on a
force-biased, Fourier-accelerated Monte Carlo algorithm, which is
shown to be efficient in controlled removal of non-equilibrium
microdomain defects.

10:00

A30 9 Mixed Lamellae in Symmetric Diblock Copolymer Thin
Films DONG MENG, QIANG WANG, Colorado State Univer-
sity For symmetric diblock copolymers confined between two flat
and homogeneous surfaces, three morphologies (parallel, perpen-
dicular, and mixed lamellae) have been obtained in experiments.
While the effects of surface preference (for one of the two blocks)

and film thickness on the thin-film morphology are well under-
stood, less studied is the influence of a hard (impenetrable) surface
on the copolymer chain conformations, referred to as the ‘‘hard-
surface effect.”” It is this effect that favors the perpendicular
lamellae between two neutral surfaces over parallel lamellae, at all
film thicknesses. It also leads to the formation of mixed lamellae
between asymmetric surfaces. Here we use the self-consistent field
(SCF) theory in continuum to study the morphology of mixed
lamellae. The SCF equations are solved in real space with high
accuracy. Results under different boundary conditions (zero-
density vs. non-flux) are compared to examine their effects on the
copolymer chain conformations near the surface. We also study in
detail the chain conformations at the T-junction in the mixed
lamellae. Conditions under which the mixed lamellae are a stable
phase (over parallel and perpendicular lamellae) are determined,
and compared with experiments and Monte Carlo simulations.

10:12

A30 10 Correlated defect dynamics in block copolymer melts*®
ROBERT MAGERLE, Technische Universitaet Chemnitz LAR-
ISA TSARKOVA, ARMIN KNOLL, Universitaet Bayreuth With
in-situ scanning force microscopy we image the ordering of cy-
lindrical microdomains in a thin film of a diblock copolymer melt.
Tracking the evolution of individual defects reveals their annihi-
lation pathways via interfacial undulations and formation of tran-
sient phases, such as spheres and lamella. Repetitive transitions
between distinct defect configurations suggest a cooperative
movement of chain clusters. The microdomain dynamics is corre-
lated on a length scale of several domain spacings. Characteristic
times of structural relaxations range from ~ 1 to ~ 100 min.

*Supported by Deutsche Forschungsgemeinschaft (SFB 481)

10:24

A30 11 Dislocation Density and Orientational Order of Spheri-
cal Microdomains in Shear-Aligned Block Copolymer Thin
Films ANDREW MARENCIC, MINGSHAW WU, RICHARD
REGISTER, Princeton University PAUL CHAIKIN, New York
University Studies of annealed monolayers of cylindrical diblock
copolymers (striped patterns) showed that the disclination density
dictated the orientational correlation length. Here we test the role
of dislocations in the orientational order of shear aligned hexago-
nal patterns. Shearing block copolymer thin films using a viscous
fluid overlayer creates long-range orientational order of the micro-
domains, extending over a centimeter or more, by eliminating
grain boundaries. However, some isolated dislocations remain that
perturb the both translational and local orientational order of the
hexagonal lattice formed by the spherical microdomains in these
thin films. Atomic force microscopy was used to image the lattice,
and image analysis software was written to determine dislocation
density and alignment quality using an orientational order param-
eter. In such shear- aligned films, a linear relationship between the
density of isolated dislocations and the orientational order param-
eter was found.
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8:00

A31 1 Gold Nanorod/Single-Wall Carbon Nanotube Hetero-
junctions Formed Directly on Surfaces ROMANEH JALILIAN,
University of Louisville, Department of Physics ANETA
MIESZAWSKA, FRANCIS ZAMBORINL., University of Louis-
ville, Department of Chemistry GAMINI SUMANASEKERA,
University of Louisville, Department of Physics In this presenta-
tion we describe work on the formation of heterojunctions be-
tween single-wall carbon nanotubes (SWNTs) and one-
dimensional (1D) gold nanorods (AuNRs) assembled directly on
surfaces. The chemical procedure is a simple benchtop method
using commercially available reagents. Au NRs are grown directly
and selectively on surface-attached SWCNTs by depositing
hexanethiolate-terminated Au monolayer protected clusters
(MPCs) on the SWCNTs and growing Au MPCs into NRs by
seed-mediated growth, involving reduction of AuCL, onto Au
MPCs in the presence of cetyltrimethylammonium bromide
(CTAB). UV-vis, AFM, and SEM show highly selective growth of
Au on SWCNTs only. Different combinations of junctions are
possible, including AuNRs connecting two CNTs or two AuNRs
attached to one CNT. We also show that Au nanostructures en-
hance Raman scattering of SWNTs. Several NRs and CNTs inte-
grated into a connected assembly were studied. Electrical mea-
surements with contacts on the AuNRs of these heterostructures
will be presented. Finally carbon-supported metal structures with
unique size and shape may be useful in electrocatalysis or elec-
trochemical sensing applications.

8:12

A31 2 Formation of Silver Nanostructures (nanowires,
nanoshells, and nanorods) on MgZnO hexagonal and Cubic
Alloys SHIVA HULLAVARAD, TA KUN CHEN, R. VISPUTE,
T. VENKATESAN, University of Maryland With potential appli-
cations in many fields from fundamental science to engineering
technology, multi-dimensional (MD) metal nanostructures such as
nanowires, nanoshells, and nanotubes have been very popular top-
ics of research. They have been used to experimentally probe the
effects of quantum confinement on electronic, magnetic, and other
related properties, and they could be used as active components or
interconnects in fabricating electronic, photonic, and sensing de-
vices. Silver nanowires are particularly interesting to explore be-
cause bulk silver exhibits the highest electrical and thermal con-
ductivities among all metals. Other modern applications of silver
nanowires have also been discovered in many fields including
catalysis, electronics, photonics, and photography. In this study,
we present the formation of silver nanowires, shells and rods by
the thermal reduction of an aqueous silver nitrate solution on the
surface of Magnesium Zinc Oxide (Mg, Zn; _,O) multiphase alloy
thin films. In this context, the formation of silver nanostructures on
MgZnO alloy films is technologically important as it would lead in
to the potential area of nano metallic contacts to emerging oxide
electronic materials.

8:24

A31 3 Oxygen clamps in gold nanowires. ANTONIO J. R. DA
SILVA, FREDERICO D. NOVAES, EDWIN HOBI JR., A.
FAZZIO0, Instituto de Fisica, Universidade de Sao Paulo EDISON
Z. DA SILVA, Instituto de Fisica ‘‘Gleb Wataghin,”” UNICAMP
We investigate how the insertion of an oxygen atom in an atomi-
cally thin gold nanowire can affect its rupture. We find, using itab
initio total energy density functional theory calculations, that O
atoms when inserted in gold nanowires form not only stable but
also very strong bonds, in such a way that they can extract atoms
from a stable tip, serving in this way as a clamp that could be used
to pull a string of gold atoms (see Novaes et al., Phys. Rev. Lett.
2006). In all calculations we have used a GGA-PBE approxima-
tion and norm-conserving pseudopotentials. All calculations were
performed using the SIESTA code, and we employ a DZP basis
function. We observe that the presence of O atoms increases the
stability of a local configuration composed of the O atom and its
two nearest neighbors at each side (an Au-Au-O-Au-Au structure).
This indicates that in an oxygen reach atmosphere it may be pos-
sible to pull a longer string of gold atoms (an effect as predicted
here has been observed by W. H. A. Thijssen et al., cond-mat/
0509376). Finally, local vibrational modes will be investigated.

8:36

A31 4 Phase transitions in escape processes of metal
nanowires® JEROME BURKI, University of Arizona CHARLES
STAFFORD, University of Arizona DANIEL STEIN, New York
University Thermally induced conductance jumps of metal nanow-
ires are modeled using stochastic Ginzburg-Landau field theories.
The activation rate displays nontrivial dependence on nanowire
length, and undergoes first- or second-order-like transitions, with a
critical length proportional to the wire radius. Several experimen-
tal manifestations of the predicted phase transition are identified,
including the temperature- and radius-dependence of peak heights
in conductance histograms, and the length dependence of I-V char-
acteristics of gold nanowires.

*This work was supported by NSF Grant Nos. 0312028 and
0351964.

8:48

A31 5 Stability of metal nanowires with multipolar cross sec-
tions CHARLES STAFFORD, University of Arizona HAKAN
TURECI, Yale University JEROME BURKI, University of Ari-
zona DANIEL URBAN, Albert-Ludwigs University, Freiburg,
Germany HERMANN GRABERT, Albert-Ludwigs University,
Freiburg, Germany DOUGLAS STONE, Yale University A linear
stability analysis of metal nanowires with arbitrary cross sections
is performed within the nanoscale free-electron model, focusing
on quadrupolar, hexapolar, and octopolar deformations. Families
of stable wires with similar cross sections and various dimensions
are found, which are stabilized semiclassically in the vicinity of
bifurcations of important classical periodic electron orbits. For
large deformations, quadrupolar cross sections are found to be
most favorable. The predicted highly-deformed stable structures
are compared to experimental data for Aluminum nanowires.

9:00

A31 6 Mechanical testing of slanted and isolated copper nano-
rods using Atomic Force Microscope* C. GAIRE, D.-X. YE,
T.-M. LU, G.-C. WANG, Dept. of Physics, Rensselaer Polytech-
nic Inst, Troy, NY 12180 C. R. PICU, Dept. of Mechanical, Aero-
space and Nuclear Engg, Rensselaer Polytechnic Inst, Troy, NY,
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12180 Recently, the study of mechanical properties of sub-micron
and nano-scale specimen has drawn a renewed attention. With the
atomic force microscope (AFM) it is possible to probe the me-
chanics of these structures. Here we report one such test to find the
force constant, Young’s modulus and yield stress of a new type of
nanostructures - polycrystalline Cu slanted nanorods of approxi-
mately rectangular cross section, fixed at one end to the substrate.
These were grown by oblique angle physical vapor deposition. An
AFM was used to image, locate the rod and apply force to get
deflection at its free end as a function of applied force. Samples
with different dimensions and rise angles were tested in bending
using this technique. The method employed by our group for fab-
rication as well as the mechanical testing will be discussed and a
comparison of the mechanical properties of the bulk and nano-
scale specimen will be made based on our results. *Supported by
NSF grant No. CMS-0324490.

9:12

A31 7 Electron Transport through curved and rolled Two Di-
mensional Electron Gas NAKUL SHAIJL, Univeristy of
Wisconsin-Madison HUA QIN, LEVENTE KLIEN, MARK
ERIKSSON, ROBERT BLICK, CHRISTOPHER DENEKE,
Max-Plank-Institut fir Festkorperforschung OLIVER SCHMIDT,
We report on topology dependent electron transport in tubular
shaped two-dimensional electron gases. These micron-sized tubes
are realized in a strained InGaAs quantum well. This is the first
step towards investigating geometric potentials in low dimensional
quantum systems. We investigate magneto-resistance of the tubu-
lar systems in a perpendicularly applied magnetic field. At low
magnetic field, an increased zero field magneto resistance fol-
lowed by a negative magneto resistance is observed. We ascribe
this effect to an increase in electron scattering along the curved
regions due to newly formed dangling bonds. At high magnetic
fields we observe a linear increase in resistance of the curved
region as compared to planar regions.

9:24

A31 8 Intensity-Intensity correlations of waves propagating in
disordered quasi-one-dimensional geometries GABRIEL
CWILICH, Department of Physics, Yeshiva University LUIS S.
FROUFE-PEREZ, JUAN JOSE SAENZ, Departamento de Fisica
de la Materia Condensada, Universidad Autonoma de Madrid
Spatial intensity correlations between waves transmitted through
random media are analyzed within the framework of the random
matrix theory of transport. Assuming that the statistical distribu-
tion of transfer matrices is isotropic, we found that the spatial
correlation function of the normalized intensity can be expressed
as the sum of three terms, with distinctive spatial dependences.
This result coincides with the one obtained in the diffusive regime
from perturbative calculations, (Patrick Sebbah et al in Phys. Rev.
Lett. 88, 123901,(2002)) but holds all the way from quasi-ballistic
transport to localization. Only the specific value of the prefactors
depends on the transport regime. Their values obtained from the
Monte Carlo solution of the Dorokhov, Mello, Pereyra, and Ku-
mar (DMPK) scaling equation are in full agreement with micro-
scopic numerical calculations of bulk disordered wires. The ex-
perimental and numerical results are recovered in the large-N
(number of propagating channels)limit in Random Matrix theory.
While correlations are positive in the diffusive regime, we predict
a transition to negative correlations as the length of the system
decreases.

9:36

A31 9 Manipulation of nanowires in suspension by ac electric
fields D.L. FAN, F.Q. ZHU, R.C. CAMMARATA, C.L. CHIEN,
Johns Hopkins University While highly desirable for nanoscale
devices, manipulation of nanoentities in suspension has been a
formidable problem because of the extremely low Reynolds num-
ber at the level of 1075, In this work, we show that nanowires a
few m in length can be efficiently manipulated by ac electric fields
applied to strategically designed microelectrodes. The nanowires,
both magnetic and non-magnetic, can be driven to align, to chain,
to accelerate in directions parallel or perpendicular to the nanow-
ires orientation. The nanowires can also be patterned into desired
structures with high efficiency. This versatile method of manipu-
lation has also been applied to other small elongated entities such
as carbon nanotubes.

9:48

A31 10 On the Formation of Monatomic Metal Wires A.
HASMY ., * NIST Center for Theoretical and Computational Nano-
sciences, Gaithersburg, MD R. HERNANDEZ, FEscuela de
Quimica, UCV, Caracas, Venezuela L.C. RINCON, Dpto. de
Quimica, ULA, Merida, Venezuela V. MUIJICA, Escuela de
Quimica, UCV, Caracas, Venezuela R.J. MAGYAR, C. GONZA-
LEZ, NIST Center for Theoretical and Computational Nano-
sciences, Gaithersburg, MD The formation of monatomic metal
wires under stress has been observed with HRTEM. It has been
revealed that gold chains can be obtained if the stress is applied on
the (111) and (100) orientations, while not on the (110) orienta-
tion. Other experiments have evidenced that some metals are un-
able to exhibit this monatomic wire formation. Theoretical efforts
addressed to determine what are the geometrical and chemical
conditions for such monatomic chain formations is still lacking in
the literature. We have implemented Tight-Binding Molecular Dy-
namics simulations for the formation of metallic wires under
stress, making special attention to the dynamics at the end of the
contact breakage. Different geometrical orientations and chemical
elements were considered. In order to determine the evolution of
the electronic structure the simulations were complemented with
ab initio calculations of the atomic configurations. The study al-
lows us to give some insights about the required conditions for the
formation of such monatomic metal wires.

*Also: INEST Group, PMUSA, Richmond, VA

10:00

A31 11 Quantum confinement between self-organized Pt
nanowires on Ge(001) NURI ONCEL, ARIE VAN HOUSELT,
JEROEN HUIJBEN, WOUTER J. VAN BEEK, ANN SOFIE
HALLBACK, HAROLD  J.W. ZANDVLIET, BENE
POELSEMA, University of Twente, MESA + Institute for Nano-
technology, Solid State Physics Group Annealing of Pt covered
Ge(001) surface leads to formation of one atom thick, hundreds of
nanometers long, literally defect free chains of Pt atoms, hereafter
named as Pt nanowires. By using scanning tunneling spectroscopy
(STS) we have discovered one dimensional (1D) electronic states,
confined between these Pt nanowires. The nanowires are separated
by either 1.6 or 2.4 nm. The Pt atoms create a potential barrier for
the surface state electrons on modified Ge-terraces located just
below the Fermi level. The peak positions obtained from I-V spec-
troscopy experiments are in good agreement with the eigenvalues
of a quantum mechanical particle in box problem. The spatial
mapping of the differential conductivity of the 1D states reveals
that the states are confined in the troughs between the nanowires.
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As an additional proof, we performed careful analysis of the re-
gions, where either the nanowires or the underlying substrate have
defects. This analysis clearly shows that the confined states around
the defect sites fade away, i.e. the electron states ‘‘leak’” out of the
trough via the defects.

10:12

A31 12 Hall of Mirrors Scattering from Impurities in Quan-
tum Waveguides J. Y. VAISHNAV, Harvard University Depart-
ment of Physics A. ITSARA, Harvard College E. J. HELLER,
Harvard University Department of Physics and Harvard Univer-
sity Department of Chemistry and Chemical Biology We develop
a scattering theory to examine how a point impurity affects trans-
port through multimode quantum wires. While some of our new
results apply specifically to hard-walled wires, others are more
general; for example, an effective optical theorem which we derive
for two- dimensional waveguides. Using the method of images, we
examine the hard-walled guide, explicitly showing the effect of
each reflection from the impurity on the wire’s conductance. We
express the effective cross section of a confined s-wave scatterer
entirely in terms of the empty waveguide’s Green’s function, sug-
gesting a way in which to use semiclassical methods to understand
transport properties of smooth wires. In addition to predicting
some new phenomena, our approach provides a simple physical
picture for previously observed effects such as conductance dips
and confinement-induced resonances. We discuss generalizations
of this work to include higher partial waves, as well as the case of
two interacting particles confined in other geometries, such as
nanotubes and tori.

10:24

A31 13 A fine-scale nanostructure in y-alumina* GIANLUCA
PAGLIA, EMIL BOZIN, SIMON BILLINGE, Department of
Physics and Astronomy, Michigan State University, Biomedical
Physical Sciences, East Lansing, M1, 48824-2320 Despite the pre-
eminent industrial importance of y-alumina in catalysis, details of
the structure remain unresolved due to its 15-30~ nm domain
nanocrystalline nature. Diffraction patterns are broad and single
crystals are not available making accurate structural solution dif-
ficult using conventional crystallographic methods. We have ap-
plied a local structural technique, the atomic pair distribution func-
tion (PDF) analysis of powder diffraction, to obtain a quantitative
structure. This is a total scattering technique that incorporates both
Bragg and diffuse scattering information in the PDF, allowing all
diffracted intensities from the XRD pattern to be equally consid-
ered. Surprisingly, we find a previously unknown fine-scale nano-
structure with a domain size ~ 1 nm. Within these nanodomains
the oxygen sublattice is modified from the average structure and
retains aspects of the boehmite precursor. This results in a novel
and unexpected view of the y-alumina structure since earlier con-
troversies about it centered on the arrangement of Al ions among
different cation sites, whereas the oxygen sublattice arrangement
was not usually questioned.

*The work at MSU was funded under National Science Founda-
tion (NSF) grant no. CHE-0211029. X-ray data were collected at
beamline 6IDD of the Advanced Photon Source at Argonne Na-
tional Laboratry.

10:36

A31 14 Conversion of CDW TaS; to superconducting TaS,
nanowires YEW SAN HOR, TAO WU, JOHN F. MITCHELL,
Materials Science Division, Argonne National Laboratory, Ar-
gonne, Illinois 60439 PETER L. LEE, Advanced Photon Source,
Argonne National Laboratory, Argonne, lllinois 60439 The syn-
thesis of nanowires has attracted considerable interest for their
potential applications in many areas of advanced nanotechnolo-
gies. Recently we have developed a simple method to fabricate
nanowires of a transition metal dichalcogenide through a nonde-
structive reduction from one-dimensional (1D) trichalcogenide
nanostructures.' In this report, we present results on synthesis and
characterization of TaS, nanowires. Our approach includes the
synthesis of 1D charge-density-wave (CDW) TaS; nanostructure
precursors followed by the nondestructive and controlled adjust-
ment of the S composition. The nanowires, as identified with scan-
ning electron microscopy, have a rectanglelike cross section with
widths of 20 to 700 nm and lengths of up to a few millimeters.
TaS; nanowires show the canonical CDW behaviors. However,
the converted TaS, nanowires show superconducting behavior
with Tc ~ 4 K, which is different from the bulk property. ' Appl.
Phys. Lett. 87, 142506 (2005).
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8:00

A32 1 The measuring the conductance of carbon fullerene and
onion. MAKOTO YOSHIDA, YOSHIHIKO KURUI, YOSHI-
FUMI OSHIMA, KUNIO TAKAYANAGI, Tokyo Institute of
Technology Department of Physics TOKYO INSTITUTE OF
TECHNOLOGY DEPARTMENT OF PHYSICS TEAM, In this
study, we simultaneously observed the conductance and the struc-
ture of carbon nano-materials (C60 and carbon onion) using trans-
mission electron microscopy(TEM). This TEM is combined with
scanning tunneling microscope (STM) system. C60 and carbon
onion was fabricated and sandwiched between two gold electrodes
of STM. As a results, the C60 and carbon onion show a metallic
conductance (the same order magnitude of 2e?/h) at the low bias.
These values are near to results of previous theoretical reports.
Further more, we obtained the conductance variation which is
strongly affected by the connection between the C60 and metal
electrodes.

8:12

A32 2 On the zero-bias anomaly in K-doped Cg, on Ag(100)
NOAH BRAY-ALI, AMY KHOO, Department of Physics, UC
Berkeley JEFFREY NEATON, STEVEN LOUIE, Department of
Physics, UC Berkeley and the Molecular Foundry, Lawrence Ber-
keley National Laboratory RYAN YAMACHIKA, ANDRE
WACHOWIAK, MICHAEL CROMMIE, JOEL MOORE, De-
partment of Physics, UC Berkeley and the Materials Science Di-
vision, Lawrence Berkeley National Laboratory The fullerene
molecule Cg, is known to undergo a strong Jahn-Teller distortion
when electrons are added. Recent STM/STS experiments indicate
that a single C¢, molecule on a Ag(100) surface can be control-
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lably doped with charge-donating potassium atoms; [ 1] moreover,
the experiments suggest that the molecular electronic structure can
be tuned so that a single electronic orbital lies near the Fermi level.
Starting from a Hamiltonian with parameters inferred from com-
panion density functional theory (DFT) calculations of K,Cg, on
Ag(100), we use Wilson’s numerical renormalization group to
compute the spectrum near the Fermi level of a doped Cg, mol-
ecule coupled to a metallic continuum. The result compares favor-
ably with spectroscopic measurements of the zero-bias anomaly
and, together with the DFT calculations, explains the electronic
structure of this system over a range of dopings. [1] R. Ya-
machika, M. Grobis, A. Wachowiak, and M.F. Crommie, Science
304, 281-284 (2004).

8:24

A32 3 Ab initio modeling of STM elastic and inelastic tunnel-
ing spectra of tetramantane on Au(111) surface. EMMAN-
OUIL KIOUPAKIS,*R. YAMACHIKA, Y. WANG, X.H. LU,
Department of Physics, University of California at Berkeley M.F.
CROMMIE, STEVEN G. LOUIE, Department of Physics, Uni-
versity of California at Berkeley and Materials Sciences Division,
Lawrence Berkeley National Laboratory The recent discovery of
the higher diamondoids in crude oil has stimulated interest in their
study and several potential technological applications of these
molecules have already been proposed. In studying the electronic
properties of molecular or nanoscale structures on surfaces, the
scanning tunneling microscope is usually the probe of choice.
Currently, scanning tunneling microscopy experiments of isolated
tetramantane molecules on a (111) gold surface are being carried
out. We have performed ab initio pseudopotential density func-
tional theory calculations of the electronic properties of tetraman-
tane and provide a comparison of the elastic and inelastic tunnel-
ing spectra between our simulation and the ongoing experiment.
This work was supported by the NSF Grant Nos. DMR04-39768
and EEC-0425914 and U.S. DOE Contract No. DE-ACO03-
76SF00098.

*Fellow of the Onassis Foundation

8:36

A32 4 Anomalous electric conductivity in C60-Ag co-deposited
films at low temperature GENKI YOSHIKAWA, IMR, Tohoku
University; The University of Tokyo YUKI TSURUMA, SUS-
UMU IKEDA, KOICHIRO SAIKI, The University of Tokyo The
C60-Ag interface has attracted interest recently. In addition to
charge transfer from Ag to C60 or metallization of C60, tempera-
ture dependent gap was observed at the Fermi level of the C60
monolayer on Ag, suggesting the possibility of interfacial super-
conductivity. In order to clarify the effect of this interfacial elec-
tronic state on the transport properties, we measured the electric
conductivity of the C60-Ag complex films. To increase the inter-
face area, Ag and C60 were co-deposited on the insulating sub-
strate, such as mica, maintained at 23 K, suppressing the aggre-
gation of Ag atoms. The electric conductivity of the C60-Ag co-
deposited films was measured in-situ in a temperature range of
23-300 K. Two peaks were observed in the conductivity curve
around 50 K and 85 K. They disappeared once the film was an-
nealed up to room temperature. This phenomenon was observed
when the Ag/C60 ratio is approximately 1 to 6 while we studied in
the range of 0.5-20. We confirmed that these peaks were not
caused by the influence of Joule heating or residual gases. The
observed anomalous electric conductivity strongly suggests the
formation of peculiar structure and electronic states in the films at
low temperature.

8:48

A32 5 Novel orientational ordering in a K-doped Cg, mono-
layer RYAN YAMACHIKA, YAYU WANG, ANDRE
WACHOWIAK, MICHAEL GROBIS, DUNG-HAI LEE, AMY
KHOO, STEVEN LOUIE, MICHAEL CROMMIE, Department
of Physics, University of California, Berkeley, Materials Sciences
Division, Lawrence Berkeley National Laboratory, Berkeley, CA
Orientational ordering, which originates from broken rotational
symmetry, is a central feature of a broad range of materials in-
cluding liquid crystals, quantum magnets, and some biological
systems. By doping Cg, monolayers with alkali impurities, the
symmetry of Cg, molecules can be broken, opening up the possi-
bility for unique two-dimensional molecular orientational order-
ing. Here we present a scanning tunneling microscopy/
spectroscopy study of K,Cy, monolayers on Au(111), x = 4. We
find novel orientational orderings in the C4, monolayers at differ-
ent doping levels, which coincide with strong variations in the
monolayer local density of states. This demonstrates the impor-
tance of the interplay between Coulomb repulsion, electron-
phonon coupling, electronic quadrupolar interactions, and direct
orbital overlap in determining the behavior of fullerene nanostruc-
tures.

9:00

A32 6 Study of Trapping Sites for Beryllium Atom in
Cgo-Fullerene and Electron Capture for "Be Nucleus. LEE
CHOW, ARCHANA DUBEY, University of Central Florida, Or-
lando GARY S. COLLINS, Washington State University, Pullman
R.H. SCHEICHER, Michigan Technological University. Hough-
ton R.H. PINK, DIP N. MAHATO, T.P. DAS,* State University
of New York at Albany First-Principles Hartree-Fock studies of Be
atom in Cgy-fullerene are being carried out for the trapping sites
and electron densities at the “Be nucleus for these sites, the latter
expected to be helpful for understanding the significantly higher
electron capture rate for 'Be as compared to a number of other
materials experimentally studied including graphite [1]. Possible
trapping sites including those found from Hartree-Fock investiga-
tions [2] on muonium (H atom) and additional ones above and
below the surface perpendicular to C-C bond centers are being
investigated. Results will be presented and discussed. [1] T. Oht-
suki et al, Phys. Rev. Lett. 93, 112501-1 (2004) and references
therein. [2] O. Donzelli, T. Briere and T.P. Das, Sol. St. Comm.
90, 663(1994); Indian J. Phys. 67(Spec. Issue), 35(1993).

*Also UCF Orlando

9:12

A32 7 Novel Silicon-Carbon Nanostructures: A DFT Study on
the Stability of SigC,, (n= 3, 10, 12) Clusters.* A. SRINI-
VASAN, University of Texas at Arlington M.N. HUDA, Univer-
sity of Texas at Austin A K. RAY, University of Texas at Arlington
In this work, we extend our previous work on Sig,C,, (n=1, 2)
clusters by the addition of six, twenty and twenty-four carbon
atoms on the surfaces of the Sig, cages by substitution and inside
the cage at various symmetry orientations [ 1]. The theoretical for-
malism used is the generalized gradient approximation to density
functional theory and full geometry and spin optimizations have
been performed using the Gaussian 03 software. For the silicon
atom, the Hay-Wadt pseudo-potential with the associated basis set
is used for the core and the valence electrons, respectively. For the
carbon atom, the Dunning/Huzinaga double zeta basis set is em-
ployed. Different electronic properties of these nanostructures will
be discussed in detail. The binding energy per atom for these
nanostructures increases with the number of carbon atoms, with
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the structures having carbon atoms on the surface being more
stable. The stability of the nanostructures depends on the orienta-
tion of the carbon atoms, as well as on the natures of Si-C and C-C
bondings. [1] A. Srinivasan, M. N. Huda and A. K. Ray, Phys.
Rev. A, in press; A. Srinivasan and A. K. Ray, J. Nanosci. and
Nanotech., in press.

*Work supported, in part, by the Welch Foundation, Houston,
Texas (Grant Nos. Y-1525 and F-0934).

9:24

A32 8 What is the Goundstate Structure of Intermediate-sized
Carbon Clusters? M. YU, I. CHAUDHURI, C.S. JAYANTHI,
S.Y. WU, Univ. of Louisville Recent study on the equilibrium
structures of quantum dots of tetravalent semiconductors such as
Si clusters revealed that the ground state structures of these clus-
ters with diameters d<< 5 nm are icosahedrons comprising of tet-
rahedral building blocks rather than corresponding bulk-truncated
clusters[1]. Among tetravalent semiconductors, carbon is the only
element whose atoms could form sp, or sp> or sp> bonding con-
figurations, leading to compact, fullerene, and bucky-diamond
clusters[2]. It is then natural to raise the question as to what is the
ground-state structure for the carbon cluster C, for a given n
= 20? We have recently initiated a preliminary study on the rela-
tive stability of carbon clusters C,, with nup to 700, using a mo-
lecular dynamics scheme based on a self-consistent and
environment-dependent Hamiltonian developed at the U. of Lou-
isville in the framework of the linear combination of atomic or-
bitals[3]. Our preliminary result indicates that in the range of n
studied, the carbon fullerene clusters are still the most stable clus-
ters, in contrast to the icosahedral cluster being the ground state
structure for a series of discrete n values for the other tetravalent
clusters. We will also discuss the other electronic properties of
intermediate-sized carbon clusters. This work was supported by
the U.S. DOE (DE-FG02-00ER4582). [1] Y. Zhao, itet alit., Phys.
Rev. Lett. 93, 015502 (2004). [2] J. Y. Raty, itet al.it, Phys. Rev.
Lett. 90, 037401 (2003). [3] S.Y. Wu, itet. al., itHandbook of
Materials Modeling Vo.l, p.2935 (2005).

9:36

A32 9 Electronic structure and electron-phonon coupling in
carbon diamondoids studied by scanning tunneling micros-
copy YAYU WANG, XH. LU, R. YAMACHIKA, A.
WACHOWIAK, E.S. KIOUPAKIS, S.G. LOUIE, M.F. CROM-
MIE, Department of Physics, University of California at Berkeley,
Materials Sciences Division, Lawrence Berkeley National Labo-
ratory, Berkeley, CA J.E. DAHL, S.G. LIU, RM.K. CARLSON,
MolecularDiamond Technologies, ChevronTexaco Technology
Ventures, CA Diamondoids are hydrocarbon molecules with
diamond-like cage structures. Their structural complexity and
chemical bond tunability make them ideal building blocks for cre-
ating novel nanostructures. We have used cryogenic scanning tun-
neling spectroscopy to examine the electronic structure of indi-
vidual diamondoid molecules on the Au(111) surface. We
observed variations in the filled and empty state local density of
states for individual 121-tetramer diamondoid molecule. Despite a
large HOMO-LUMO gap (A > 5eV) around the Fermi energy,
there exists a strong interaction between the tunneling electrons
and the diamondoid C-H stretch mode, as revealed by inelastic
tunneling spectroscopy (IETS). We further show that the strength
of the electron-phonon coupling has a distinct spatial distribution
with the dominant inelastic channel localized to a specific region
of the diamondoid molecule.

9:48

A32 10 NMR Probes of the Molecular Orientational Dynamics
of the Endohedral Fullerene Sc;N@Cg,. JOE MARTINDALE,
KRZYSZTOF GORNY, CHARLES PENNINGTON, Department
of Physics, The Ohio State University PAGE PHILLIPS, STEVEN
STEVENSON, Department of Chemistry and Biochemistry, Uni-
versity of Southern Mississippi We report NMR lineshapes and
spin-lattice relaxation times for both '*C and **Sc in the endohe-
dral fullerene Sc;N@Cyg, . The data show rapid reorientation of the
molecule with an activated temperature dependence for the motion
over the observed temperature range (50 — 350 K). The ratchet to
rotator transition found in Cgj is not observed in Sc;N@Cg,,. The
measurements strongly suggest the motion of the encapsulated
Sc;3N derives from the reorientational dynamics of the Cg, cage,
however without the Sc;N being fixed to the cage in the motional
narrowing regime.

10:00

A32 11 Towards Implementation of a Solid State Quantum
Computer Based on Endohedral Fullerenes D.V. PELEKHOV,
The Ohio State University P. BANERIEE, The Ohio State Uni-
versity LH. LEE, The Ohio State University K.C. FONG, The Ohio
State University YU. OBUKHOV, The Ohio State University J.
MARTINDALE, The Ohio State University P. C. HAMMEL, The
Ohio State University J.P. PHILLIPS, University of Southern Mis-
sissippi S. STEVENSON, University of Southern Mississippi We
report on progress investigating the feasibility of fabricating a
Solid State Quantum Computer based on endohedral fullerenes
(fullerenes containing species with unpaired electron spins). The
results of experiments on endohedral fullerene systems using
Magnetic Resonance Force Microscopy, conventional Electron
Spin Resonance and Scanning Tunneling Microscopy will be pre-
sented.

10:12

A32 12 Quasi Small-World Nanomaterials: Quantum Studies™
M.A. NOVOTNY, JEREMY YANCEY, STEVEN GWALTNEY,
SERKAN CALISKAN, Mississippi State U. We present results
for two studies of quasi-small-world nanomaterials [1,2]. These
are materials that would have the connectivity governed by small-
world (SW) networks. Hence these materials should have both
their critical behavior and transport properties governed by mean-
field fixed points, not finite-dimensional fixed points. One study
utilizes density-functional-theory to obtain reasonable carbon-
based molecules that should have the SW property. In particular,
several candidates for quasi- SW nanomaterials (or molecules)
based solely on carbon will be presented. Trends in the energy per
atom of various types of SW nanomaterials and numbers of carbon
atoms will be presented. The transmission coefficient and conduc-
tivity for related quantum models of SW nanomaterials connected
to metal leads will also be presented. [1] M.A. Novotny, et al, J.
Appl. Phys, vol. 97, p.10E510 (2005). [2] M.A. Novotny and S.W.
Wheeler, Brazilian J. Phys., vol. 34, p. 395 (2004).

*Supported by the NSF.

10:24

A32 13 Dynamics of Bulk vs. Nanoscale WS,: Local Strain
and Charging Effects* J. L. MUSFELDT, S. BROWN, R. D.
LUTTRELL, J. CAO, University of Tennessee, Knoxville R.
ROSENTSVEIG, R. TENNE, Weizmann Institute of Science, Is-
rael We measured the infrared vibrational properties of bulk and
nanoparticle WS, in order to investigate the structure- property
relations in these novel materials. In addition to the symmetry-
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breaking effects of local strain, nanoparticle curvature modifies the
local charging environment of the bulk material. Performing a
charge analysis on the xy-polarized E,, vibrational mode, we find
an approximate 1.5:1 intralayer charge difference between the lay-
ered 2H material and inorganic fullerene-like (IF) nanoparticles.
This effective charge difference may impact the solid-state lubri-
cation properties of nanoscale metal dichalcogenides.

*This work is supported by U.S. Department of Energy.

10:36

A32 14 Collective excitations in concentric metallic nanoshells
SHYAMALENDU BOSE, EDWARD ZALE, Drexel University
Invention of nanoshells made of a silica core coated with an ultra-
thin metallic layer [1] has opened a floodgate of many applications
in medical and other fields. Most of these applications are trig-
gered by the fact that the nanoshells have unusual electronic and
optical properties which can be controlled by controlling the inner
and outer radii of the nanoshell. Employing a classical hydrody-
namic model, we have obtained a general expression for the reso-
nant frequencies (plasmons) of the electrons for N concentric
nanoshells. Results obtained using this theory will be compared
with previous calculations for two concentric nanoshells [2] and
possible applications of the new results will be discussed. 1. S.J.
Oldenburg, et al., Chem. Phys. Letts. 288, 243 (1998). 2. E.
Prodan, et al., Science 302, 419 (2003).

SESSION A33: FOCUS SESSION: ECONOPHYSICS

10:48

A32 15 A 13C NMR Spectroscopic Investigation of Carbon
Nanohorns HIDETO IMAI, PANAKKATTU BABU, ERIC
OLDFIELD, ANDRZEJ WIECKOWSKI, DAISUKE KASUYA,
TAKESHI AZAMI, YUICHI SHIMAKAWA, MASAKO
YUDASAKA, YOSHIMI KUBO, SUMIO IJIMA, UNIVER-
SITY OF ILLINOIS AT URBANA-CHAMPAIGN TEAM, FUN-
DAMENTAL AND ENVIRONMENTAL RESEARCH LABO-
RATORIES, NEC CORPORATION, JAPAN TEAM, SORST,
JAPAN SCIENCE AND TECHNOLOGY AGENCY, C/O NEC
TEAM, MEIJO UNIVERSITY, NAGOYA, JAPAN TEAM, 13C
NMR spectroscopic investigation of carbon nanohorn aggregates
(CNH) shows that they consist of two components, characterized
by different chemical shifts and spin-lattice relaxation (T;) behav-
ior. The first component with a chemical shift of 124 ppm and
faster T, is assigned to the nanotube-like horns on the particles’
surface. The second component with a chemical shift of 116 ppm
and much slower T, is assigned to the graphite-like part of the
CNH. Integrated peak area measurements indicate a 1:2 ratio of
nanohorns to the graphite-like substrate. The lack of a Knight shift
and the absence of a clear Korringa relaxation for either compo-
nent of Ty ruled out any metallic behavior and indicate a relax-
ation behavior characteristic of semiconducting materials with
paramagnetic centers arising from structural defects. We also ob-
served an anomalous change in T, in the nanohorn domains near
17 K, suggesting the development of an antiferromagnetic corre-
lation between localized electron spins.

Monday Morning, 13 March 2006; 336, Baltimore Convention Center at 8:00

Mark Newman, University of Michigan, presiding

Invited Papers

8:00

A33 1 Statistical Mechanics of Money, Income, and Wealth.
VICTOR YAKOVENKO, Department of Physics, University of Maryland

In Ref. [1], we proposed an analogy between the exponential Boltzmann-Gibbs distribution of energy in physics and the
equilibrium probability distribution of money in a closed economic system. Analogously to energy, money is locally
conserved in interactions between economic agents, so the thermal Boltzmann-Gibbs distribution function is expected for
money. Since then, many researchers followed and expanded this idea [2]. Much work was done on the analysis of
empirical data, mostly on income, for which a lot of tax and census data is available. We demonstrated [3] that income
distribution in the USA has a well-defined two-class structure. The majority of population (97-99%) belongs to the lower
class characterized by the exponential Boltzmann-Gibbs (*‘thermal’’) distribution. The upper class (1-3% of population)
has a Pareto power-law (‘‘superthermal’’) distribution, whose parameters change in time with the rise and fall of stock
market. We proposed a concept of equilibrium inequality in a society, based on the principle of maximal entropy, and
quantitatively demonstrated that it applies to the majority of population. Income distribution in other countries shows
similar patterns. For more references, see http://www2.physics.umd.edu/~ yakovenk/econophysics.html. References: [1]
A. A. Dragulescu and V. M. Yakovenko, ‘‘Statistical mechanics of money,”” Eur. Phys. J. B 17, 723 (2000). [2]
“‘Econophysics of Wealth Distributions,”” edited by A. Chatterjee, S. Yarlagadda, and B. K. Chakrabarti, Springer, 2005.
[3] A. C. Silva and V. M. Yakovenko, ‘‘Temporal evolution of the ‘thermal’ and ‘superthermal’ income classes in the
USA during 1983-2001,”” Europhys. Lett. 69, 304 (2005).
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8:36

A33 2 A study of personal income distributions in Australia
and Italy ANAND BANERJEE, VICTOR YAKOVENKO, De-
partment of Physics, University of Maryland The study of income
distribution has a long history. A century ago, the Italian physicist
and economist Pareto proposed that income distribution obeys a
universal power law, valid for all time and countries. Subsequent
studies proved that only the top 1-3% of the population follow a
power law. For USA, the rest 97-99% of the population follow the
exponential distribution [1]. We present the results of a similar
study for Australia and Italy. [1] A. C. Silva and V. M. Yak-
ovenko, Europhys. Lett.69, 304 (2005).

8:48

A33 3 An out-of-equilibrium price model for Gamma-Pareto
distributions of wealth and income NICOLA SCAFETTA, Duke
University SERGIO PICOZZI, BRUCE J. WEST, The distribution
of wealth/income among the members of a society is herein as-
sumed to result from two fundamental mechanisms, trade and
investment. An empirical distribution of wealth/income shows an
abrupt change between the low-medium range, that may be fitted
by a non-monotonic function with an exponential-like tail such as
a Gamma distribution, and the high wealth range, that is well fitted
by a Pareto or inverse power-law function. We demonstrate that an
appropriate trade-investment model, depending on three adjustable
parameters associated with the total wealth of a society, a social
differentiation among agents, which causes the prices to be out-
of-equilibrium, and economic volatility referred to as investment
can successfully reproduce the distribution of empirical wealth/
income data in the low, medium and high ranges.

9:00

A33 4 Boltzmann—Gibbs distribution of fortune and broken
time reversible symmetry in econodynamics PING AO, Univer-
sity of Washington Within the framework of stochastic differential
equations it is demonstrated that the existence of Boltzmann—
Gibbs type distribution in economy is independent of the time
reversal symmetry in econodynamics. Both power law and expo-
nential distributions can be accommodated naturally. The demon-
stration is based on a mathematical structure discovered during a
study in gene regulatory network dynamics. Further possible anal-
ogy between equilibrium economy and thermodynamics is ex-
plored, suggesting that statistical physics methods can indeed play
an important role in the study of complex systems. Ref: 1. P. Ao,
Commun. Nonlinear Sci. Num. Sim. (online September 8,
2005) Arxiv: physics/0506103

9:12

A33 5 The Inequality Process as a Wealth Maximizing Process
JOHN ANGLE, Inequality Process Inst., P.O. Box 429, Cabin
John, MD 20818-0429 The Inequality Process (IP) is a particle
system scattering a positive quantity, wealth. The IP is abstracted
from social theory which sets tests for it. It is a jump process in
which wealth exchange is driven by a discrete 0,1 uniform random
variable. The losing particle, i, gives up a fixed proportion of its
wealth, w;. IP win/loss asymmetry is clearer than in more recent
generalizations of the ideal gas model, some isomorphic to the IP
up to its stochastic driver. The IP’s asymmetry acts like Maxwell’s
Demon transferring wealth from particles with larger w; to smaller
w; , those more productive of wealth. While the stationary distri-
bution of the IP is not a gamma pdf, a gamma pdf approximation

to it is found from the IP’s solution. This gamma pdf model is
tightly constrained, expressed in terms of IP parameters, and fits
both the IP’s stationary distribution and empirical distributions.
Annualizing the IP’s wealth allows it to model the distribution of
wage income conditioned on education in the U.S. 1961-2001.
Smaller w; fit the distribution of the more educated, as hypoth-
esized. The IP is also confirmed by the dynamics of individual
wage incomes and wealth distributions over techno-cultural evo-
lution. The smaller the harmonic mean of the w,’s, the more active
the IP’s Demon, the less noise and the more w; signal there is in
wealth, the ‘‘cooler’” the process. The process models the emer-
gence of skill as a society’s primary form of wealth and the re-
duction in competition that accompanies it. To appear in Physica
A.

9:24

A33 6 Econo-Thermodynamics: The Nature of Economic In-
teractions JUERGEN MIMKES, Physics Department, Paderborn
University, Germany Physicists often model economic interactions
like collisions of atoms in gases: by interaction one agent gains,
the other loses. This leads to a Boltzmann distribution of capital,
which has been observed in wealth distributions of different coun-
tries. However, economists object: no economic agent will attend
a market in which he gets robbed! This conflict may be resolved
by writing basic laws of economics into terms of calculus. In these
terms the daily struggle for survival of all economic systems turns
out to be a Carnot cycle that is driven by energy: heat pumps and
economic production depend on oil, GNP and oil consumption run
parallel for all countries. Motors and markets are based on the
same laws of calculus (macro-economics) and statistics (micro-
economics). Economic interactions mean exploiting a third party
(nature) and are indeed close to robbing! A baker sells bread to his
customers, but the flour comes from nature. Banks sells loans to
investors, but the money comes from savers. Econo-
thermodynamics is a thrilling new interdisciplinary field.

9:36

A33 7 Correlation between the Gini index and the observed
prosperity IGOR MAZIN, Georgetown University It has been
well established by computer simulations that a free, unregulated
market economy (in the simplest model of a yard sale economy) is
unstable and collapses to a singular wealth distribution. It is now
a common procedure in computer simulations to stabilize a model
by favoring the poorer partner in each transaction, or by redistrib-
uting the wealth in the society in favor of the poorer part of the
population. Such measures stabilize the economy and create a
stationary state with a Gini index G < 1. This suggests that there
is some optimal range of the Gini index which is indicative of a
healthy and dynamic economy. To verify this assumption, I plot-
ted the PPP (parity purchasing power) for all countries in the
world against their Gini indices, and found that they all (with only
2 outliers) fall into one of two groups: ‘‘wealthy’” countries with
PPP> $10,000/year, and the rest. The former are characterized by
G = 0.29 = 0.07, and the latter by a uniform distribution of all
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possible Gs. This means that an enforced wealth redistribution is
not a moral act of social consciousness, but a necessary precon-
dition for a sustainable economy. The existence of an optimal G is
illustrated through a simple model of a yard sale economy with
taxation.

9:48

A33 8 Reflection on econophysics by a statistician SAMUEL
KOTZ, Department of Engineering, George Washington Univer-
sity, DC Some comments on econophysics from a statistician
steeped in income distributions and power law. The pioneering
work T. Lux and J. Angle will be discussed, and its connection
with the classical approach to income distributions and inequali-
ties will be analized. Special attention will be devoted to tracing
the changes in the income inequalities in Russian Federation dur-
ing the transiton period 1992-2004.

10:00

A33 9 Proposal of a New SI Base Unit for Value. An Hedonic
Estimation of the Physical Purchasing Power (PhPP) of
Money. STEIVAN DEFILLA, Technology, Environment and En-
ergy Policy Division, SECO, Berne Hitherto, the purchasing power
of money, i.e. its transaction value, has been measured in terms of
inflation index numbers and consumer baskets. Consumer baskets
are variable phenomena and their use as measurement units for
value confuses the measuring with the measurand. We propose an
invariant numeraire, or value unit, based on the market value of a
Planck energy (1956 MJ). Planck units form a natural system of
units independent of any civilization. The hedonic estimation of
the PhPP of a currency differentiates energy by product as well as
by thermodynamic quality (exergy). Following SI rules, we pro-
pose to name the value unit walras (Wal) in honour of the econo-
mist Leon Walras (1834 - 1910). One Wal can also be interpreted
as the minimum cost of physiological life of a reference person
during one year. The study uses official disaggregated Swiss Pro-
ducer and Consumer Price Index data and estimates the PhPP of
the Swiss franc in 2003.

10:12

A33 10 Wealth per capita in inhomogeneous wealth distribu-
tions model of self-organized hierarchies MARCELO
CASTILLO-MUSSOT, GERARDO NAUMIS, LUIS PEREZ,
GERARDO VAZQUEZ-FONSECA, Instituto de Fisica, UNAM,
Mexico A simple model explained the emergence of social hier-
archies through fighting and randomness, and a phase transition
between an egalitarian and an hierarchical society was found when
the past fights are not forgotten fast enough [1]. Here we include
in the model inhomogeneous wealth (water, food, oil, etc.) in the
2D lattice. Agents move randomly except when a preferred rich
rich site is nearby. A strong dependence of the global inequality on
the distribution of wealth is found, specially in the case when the
density of the agents is small. Therefore, the overall phase diagram

for the first-order transition between egalitarian and hierarchical
societies does change much by inclusion of preferred sites. For
low densities of agents with a poor distribution of wealth, it is
found that the wealth per capita does not reach its maximum value
due to lack of global information of the agents. [1] A. O. Sousa
and D. Stauffer, Int. J. Mod. Phys. C, 11, 1063 (2000).

10:24

A33 11 A Statistical Approach to Project Cost Estimation:
Modeling the Stochastic Component of the Projected Cost

DORU VELEA, ANATOLEY ZHELEZNYAK, Planning Sys-
tems Inc., VA Based on the assumption that there is always a
stochastic component in project cost data, we developed a statis-
tical methodology for the analysis of the project cost fluctuations.
We considered as examples two different AF projects: a relatively
short term project in the framework of the Earned Value Model,
and a long-term project in the framework of the traditional ac-
counting. For both data sets we extracted the stochastic component
of the project cost fluctuations and found the appropriate statistical
description. We calculated the variance on different time scales
and established the presence of two statistical regimes: uncorre-
lated with linear time dependence of variance, and correlated
where variance saturates as a function of time. We applied the
Ornstein-Uhlenbeck stochastic model and calculated the time
scaled parameter of the so-called return force, which characterizes
the time period it typically takes for the project cost to return to the
estimated value. We predicted the project cost for the near term
future and defined the respective cost margins. We formulated
criteria for the identification of the potential cost overruns.

10:36

A33 12 Statistical Anomalies of the Project Cost and Stock
Market Fluctuations ANATOLEY ZHELEZNYAK, DORU VE-
LEA, Planning Systems Inc., VA Based on the analysis of fluctua-
tions of both project cost and stock market data, we identified
some conditions when the statistics significantly depart from con-
ventional distributions such as Heston and Ornstein-Uhlenbeck.
Considering the Probability Distribution Functions (PDF) for sub-
sets of fluctuations with the initial conditions corresponding to the
extreme fluctuations, we found that the bell-shaped PDFs are
gradually distorted and approach the form that is better approxi-
mated by the uniform distribution, once the magnitude of initial
fluctuations is increased. Similar statistical anomalies were found
from analysis of the stock market time series intra-day data. Con-
sidering the PDFs for different volumes, we found the similar
distortion of the statistical regimes when the large volume trans-
actions occur on the short time intervals, which potentially could
be used as a viable tool for identifications of the extreme fluctua-
tions. We believe that the fluctuations could be divided into two
classes: the first class covering the majority of fluctuations that
obeys the conventional statistical models, and the second class of
the fluctuations having the entirely different statistical behavior
and possibly belonging to non-Markov processes.
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A35 1 Nanoscale, phonon-coupled calorimetry with sub-attojoule/kelvin resolution.

WARREN FON, Caltech

We have developed a nanofabricated calorimeter for ultrasensitive heat capacity measurements upon externally-affixed
(phonon-coupled) samples at low temperatures. For a 5s measurement at 2K, we demonstrate unprecedented resolution
of C of 0.5 aJ/K (approximately 36,000 kB). This sensitivity enables, for example, possible applications such as heat
capacity measurements upon zeptomole-scale samples and upon adsorbates at extremely minute coverage. We describe
the configuration and operation of these devices, and demonstrate their operation by measuring an adsorbed He4 film with
maximum resolution of approximately 3 x 10e-5 monolayers upon the minute device surface area, A approximately 1.2

x 10e-9 m2.

Contributed Papers

8:36

A35 2 Thermal relaxation below 1 K by phonons and photons
in metallic nanostructures ILARI MAASILTA, JENNI KAR-
VONEN, PANU KOPPINEN, LASSE TASKINEN, University of
Jyvaskyla, Finland We present experimental results on thermal
energy flow (dissipation) from different metallic nanostructures
below 1K, concentrating on the two possible channels: relaxation
by phonon or by photon emission. We show how phonon emission
can be suppressed either by lowering the dimensionality of the
phonon gas (2D membranes), or by introducing impurities into the
metal. As an example, we discuss Aluminum doped with Manga-
nese, a material with significant technological importance for ul-
trasensitive detectors and solid-state coolers. We also discuss re-
laxation by photon emission in the near field, which becomes
siginificant for distances in the sub-micron lengthscale at the sub-
Kelvin temperature range. Theoretical understanding for most of
the results obtained is still lacking.

8:48

A35 3 Profiling the Seebeck Coefficient of III-V Superlattice
Structures with nanometer resolution using Scanning Thermo-
electric Microscopy (SThEM) JIANLONG LI, ALEXANDER
KHAJETOORIANS, HO-KI LYEO,*COLIN FOLTA, The Univ.
of Texas at Austin, Dept. of Mech. Engr. ALI SHAKOURI, Univ.
of California Santa Cruz, Dept. of Elect. Engr., Quantum Elec-
tronics Group L1 SHI, The Univ. of Texas at Austin, Dept. of
Mech. Engr. CHIH-KANG SHIH, The Univ. of Texas at Austin,
Dept. of Physics Recent theoretical efforts demonstrate that quan-
tum well structures such as superlattices, nanowires, and quantum
dots are good candidates for high itZT materials. The ability to
probe the thermoelectric properties of these materials on the na-
nometer scale requires the ability to resolve thermoelectric param-
eters with high spatial resolution. Recently, Scanning Thermoelec-
tric Microscopy (SThEM) has demonstrated the ability to resolve
the Seebeck coefficient and the carrier profile of GaAs p — n
junctions with unprecedented spatial resolution (H.K. Lyeo et al
itScience v.303 p816 (2004)). By applying this new technique, this
work focuses on direct measurement of local thermoelectric power
of GaAs/AlAs and GaAs/InGaAs superlattice structures using ul-

tra high vacuum SThEM. We observed that the thermoelectric
power in the superlattice region is greatly enhanced. Moreover,
oscillations of Seebeck coefficient within the superlattice regions,
with a periodicity commensurating with the superlattice structure,
are also observed.

*Now at Korea Research Institute of Standards and Science

9:00

A35 4 A modified high-resolution TEM for thermoelectric
properties measurements of nanowires and nanotubes C.
DAMES, C. T. HARRIS, Mechanical Engineering, MIT S.
CHEN, J. Y. HUANG, Z. F. REN, Physics, Boston College M. S.
DRESSELHAUS, Physics and EECS, MIT G. CHEN, Mechanical
Engineering, MIT Nanowires are interesting candidates for ther-
moelectric applications because of their potentially low thermal
conductivity and high Seebeck coefficient. However, measure-
ments at the single-wire level are challenging and tend to lack
detailed information about the atomic-level structure of the sample
and contacts. We are modifying a high-resolution transmission
electron microscope (HRTEM) with integrated scanning tunneling
microscope (STM) for in-situ measurements of thermoelectric
properties. A slender Wollaston wire is used to make electrical and
thermal contact to the free end of a single nanowire or nanotube.
The electrical conductance of the sample can be measured with the
usual STM mode of operation. The Seebeck coefficient of the
sample can be extracted from the transient voltage response to a
step change in the joule heating of the Wollaston wire. These
measurements are combined with detailed HRTEM observations.

9:12

A35 5 Bi nanobelts, nanocubes and their thermoelectric prop-
erties WENZHONG WANG, SHUO CHEN, JIANYU HUANG,
ZHIFENG REN, Boston College T. HARRIS, GANG CHEN, M.
DRESSELHAUS, Massachusetts Institute of Technology Highly
crystallized Bi nanobelts and monodispersed nanocubes have been
synthesized via a low-temperature organic solution approach, in
which sodium bismuthate was reduced by ethylene glycol in the
presence of poly(vinylpyrrolidone) (PVP). By changing some ex-
perimental conditions, Bi nanobelts and nanocubes have been pre-
pared successfully. The as-prepared Bi nanobelts are single crystal
with high crystallinity. The width of the nanobelts is in the range

SEV \ DNINJON AVANOIN
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of 50-500 nanometers and the length is up to of several tens of
micrometers. The as-synthesized Bi nanocubes are highly crystal-
lized and monodispersed with edge length of 50-60 nm. The elec-
trical, thermal, and Seebeck properties of the as-grown nanobelts
were studied by a TEM-STM probe inside a high resolution TEM.
The same studies were also carried out on bulk samples made by
hot-press using the nanocubes.

9:24

A35 6 Bismuth Nanobelts for Enhanced Thermoelectric
Performance™® XU ZHAO, MING TANG, GANG CHEN, M. S.
DRESSELHAUS, Massachusetts Institute of Technology, Cam-
bridge, MA ZHIFENG REN, Boston College, Chestnut Hill, MA
Bismuth is a semimetal with high promise for thermoelectric ap-
plications if it could be made into a semiconductor by a combi-
nation of size reduction (based on quantum confinement consid-
erations) and antimony addition. The recent experimental
preparation of bismuth Nanobelts has motivated calculation of the
phase diagram for the bismuth-antimony system in the regime of
nanobelt cross sectional area and antimony concentration where
semiconducting behavior is expected. Both direct and indirect
bandgap regions are considered and regimes where the highest
valence band is at the T-point, the L-point and the H-point are
identified. The dependence of the semiconductor-semimetal tran-
sition on sample geometry, crystal orientation and temperature
will be considered to guide in the preparation of a sample set for
use in exploration of this materials system for thermoelectric ap-
plications.

*The authors gratefully acknowledge support from the NSF NIRT
program CTS-0506830.

9:36

A35 7 Facet-edge fluctuations on finite volume crystallites*
MASASHI DEGAWA, WILLIAM CULLEN, ELLEN WILL-
[IAMS, Univ. of MD phys dept. MRSEC Technological demands of
the fabrication of nano-structures provide renewed motivation for
understanding the atomistic properties that control the morphology
changes of nano-structures and nano-crystallites. Using the con-
tinuum step model of the thermodynamic correlation function of
step fluctuation has proven to be very powerful in such studies.
For straight isolated steps on fce(111) metal surfaces, the principal
mass transport mechanism is often found to be periphery diffusion,
with time correlations ~ t'*. However with decreasing structure
size, issues of finite size and shape effects become non-negligible.
When considering facet-edge fluctuations, the normal assumptions
of “*straight’” and ‘‘isolated’” do not apply. ‘‘Straight’’ is changed
to “‘curved’’ due to finite size, which results in a KPZ term in the
equation of motion. ‘‘Isolated’’ is changed to ‘‘restricted’” where
the amplitude of fluctuation is restricted due to mass conservation,
which alters the scaling property of the noise term. Such consid-
erations result in a different universality class of dynamic scaling
giving @=1/3, f=1/11 and z=11/3. Here we present results of
facet-edge fluctuation measurements on Pb crystallites using scan-
ning tunneling microscopy. Results of the temporal correlation
function show an exponent different from 1/4, of 0.15* 0.02 at
early times, closer to 2/11 predicted for facet-edge fluctuations.
*Supported by the UMD NSF-MRSEC, with originating support
from DOE-NNIL.

9:48

A35 8 Pb-based Nanomaterials for Thermoelectric Application
BED POUDEL, DEZHI WANG, LILI CHEN, WENZHONG
WANG, YI MA, ZHIFENG REN, Boston College QING HAO,
HOHYUN LEE, GANG CHEN, Department of Mechanical En-
gineering, MIT MILDRED S. DRESSELHAUS, Department of
Physics and Department of Electrical Engineering, MIT PbTe,
PbSe, PbSeTe, and PbSnTe nanocrystals having sizes in the range
of ~ 5-50 nm have been synthesized using a simple hydrothermal
method. As-prepared nanopowder was processed using P2C de-
vice, and samples with almost 100 percent density and small grain
sizes were achieved. The thermoelectric properties of such
samples have been investigated. Lower values of thermal conduc-
tivity were obtained from the samples prepared from nanomateri-
als. For further enhancement of the thermoelectric properties, the
nanocrystals were doped with different elements, for example Ag,
Cu, Eu, Bi, Sb, etc., and their thermoelectric properties have been
studied.

10:00

A35 9 Nanoscale clusters in the thermoelectric AgPb,,SbTe
m+2 and Ag,Sn,,Sb, Te,, ,,, materials* HE LIN, EMIL BOZIN,
KHANG HOANG, S.D. MAHANTI, SIMON BILLINGE, De-
partment of Physics and Astronomy, Michigan State University
ERIC QUAREZ, JOHN ANDROULA, MERCOURI KANATZI-
DIS, Department of Chemistry, Michigan State University The
local structure of the AgPb,,SbTe,, ., series of high performance
thermoelectric materials has been studied using the atomic pair
distribution function (PDF) method. The dimensionless thermo-
electric figure of merit, Z7T, of the m ~ 18 composition material
was found to reach 1.7 at 700 kelvin, compared to the highest
observed ZT of only 0.84 for PbTe at 648 kelvin in n-doped
material. This is asurprisingly large enhancement in ZT for the
addition of just 10%per formula-unit of silver and antimony ions.
It is clearly of the greatest importance to trace the origin of the ZT
enhancement. Three candidate-models were attempted for the-
structure of this class of materials using either a one-phase or a
two-phase modeling procedure. Combining modeling the PDF
with HRTEM data we show that AgPb,,SbTe,, ,, contains nanos-
cale inclusions with composition close to AgPb;SbTes randomly
embedded in a PbTe matrix. We extended the local structural PDF
study to Ag,Sn,,Sb, Te,, ., , preliminary results of which suggest
the presence of nanoscale inclusions in this system as well.

*NSF NIRT grant DMR-0304391

10:12

A35 10 Thermal conductivity of nanoparticle suspensions
DAVID CAHILL, SHAWN PUTNAM, University of Illinois We
present our experimental study on the thermal conductivity of
nanofluids loaded with small volume fractions of Cgy-Cyy
fullerenes and alkanethiolate-protected Au nanoparticles. We use
an optical beam deflection technique that measures the thermal
diffusivity of fluid mixtures and suspensions of nanoparticles with
a precision of better than 1%. Our approach is tested using the
thermal conductivity of ethanol-water mixtures; in nearly pure
ethanol, the increase in thermal conductivity with water concen-
tration is a factor of two larger than predicted by effective medium
theory. The solutions of the Cgy-Cyy fullerenes and the
alkanethiolate-protected Au nanoparticles were measured to maxi-
mum volume fractions of 0.6% and 0.35 vol%, respectively. We
do not observe anomalous enhancements of the thermal conduc-
tivity that have been reported in previous studies of nanofluids; the
largest increase in thermal conductivity we have observed is 1.3
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* 0.8% for 4 nm diameter Au particles suspended in ethanol.
However, within the context of effective medium theory, these
findings are expected: effective medium theory predicts that the
largest possible increase in the thermal conductivity of a fluid
loaded by a volume fraction ¢ << 1 of spherical particles will be
3¢pA,, where A is the thermal conductivity of the carrier fluid.

10:24

A35 11 Thermal Conductance of metal-metal interfaces
BRYAN GUNDRUM, DAVID CAHILL, ROBERT AVER-
BACK, University of Illinois The first quantitative measurement of
a metal-metal interface thermal conductance has been carried out
using time-domain transient reflectivity in the temperature rage 78
< T < 278 K. The thermal conductance, at room temperature, for
the as deposited Al-Cu interface was measured to be 4 GW m ™2
K™ !. This is an order of magnitude larger than the largest phonon-
mediated interface transport measured to date. It is shown that an
extension of the diffusive mismatch model to electrons reproduces
the magnitude and temperature dependence accurately. The
chemical abruptness of the Al-Cu interface is systematically var-
ied by ion-beam mixing using 1 MeV Kr ions. These results com-
bined with the interface form of the Wiedemann-Franz law could
provide a powerful tool for investigating the thermal and electrical
transport across metal interfaces.

10:36

A35 12 Thermal conductance of hydrophilic and hydrophobic
interfaces ZHENBIN GE, PAUL BRAUN, DAVID CAHILL,
University of Illinois at Urbana-Champaign Interfaces between
water and hydrophilic or hydrophobic surfaces are of great impor-
tance for many biological and engineering systems. Using time-
domain thermoreflectance, we have measured the transport of
thermally-excited vibrational energy across planar interfaces be-
tween water and solids that have been chemically functionalized
using self-assembled monolayer. The thermal conductance per
unit area of the interface G for hydrophobic Al or Au surface in
water is determined to be 37 to 55 MW m~2 K~!. G for hydro-
philic Al or Au surface in water is 150 to 300 MW m~2 K~ !. Our
new work on thermal transport complements the extensive re-
search literature on momentum transport at aqueous interfaces: the
Kapitza length—i.e., the thermal conductivity of water divided by
the thermal conductance per unit area of the interface—is analo-
gous to the ‘‘slip-length’ for water flowing tangentially past a
solid surface. We find that the Kapitza length at hydrophobic in-
terfaces (11-16 nm) is a factor of 3-8 larger than the Kapitza length
at hydrophilic interfaces (2-4 nm); a change of terminal group
from methyl to hydroxyl increases the Kapitza length by approxi-
mately 10 nm.

10:48

A35 13 Interfacial thermal transport at Liquid-Liquid and
Biomolecular Interfaces PAWEL KEBLINSKI, NATALIA
SHENOGINA, HARSHIT PATEL, SHEKHAR GARDE, Rens-
sealer Polytechnic Institute Systems with nanoscopic features con-
tain a high density of interfaces. Thermal transport in such systems
can be governed by the resistance to heat transfer of the interface.
Although soft interfaces, such as those between immiscible liquids
or between a biomolecule and solvent, are ubiquitous, few studies
of thermal transport at such interfaces have been reported. Here
we characterize the interfacial conductance, i.e., the inverse of the
interfacial resistance, of soft interfaces as a function of molecular
architecture, chemistry, and the strength of cross-interfacial inter-
molecular interactions through detailed molecular dynamics simu-

lations. The conductance of various interfaces studied here, for
example, water-organic liquid, water-surfactant, surfactant-
organic liquid, is relatively high (in the range of 65-370 MW/m2/
K) compared to that for solid-liquid interfaces ( 10 MW/m2/ K).
Interestingly, the dependence of interfacial conductance on the
chemistry and molecular architecture cannot be explained solely in
terms of either bulk property mismatch or the strength of intermo-
lecular attraction between the two phases. We will also discuss
vibrational mode dependent thermal coupling at biomolecule-
water interfaces.

SESSION A36: STRUCTURAL, OPTICAL, AND
ELECTRONIC PROPERTIES OF NANOSTRUCTURES
Monday Morning, 13 March 2006

339, Baltimore Convention Center at 8:00

Stefan Badescu, Naval Research Laboratory, presiding

8:00

A36 1 3-D Structure of Semiconductor Nanomaterials ILKE
ARSLAN, University of Cambridge NIGEL BROWNING, Uni-
versity of California-Davis TIMOTHY YATES, JENNA TONG,
PAUL MIDGLEY, University of Cambridge In recent years,
nanotechnology has become a key component in the field of ma-
terials physics, placing a more rigorous demand on characteriza-
tion of nanomaterials, ultimately in three dimensions. This has led
to the development of electron tomography for inorganic materials
using Z-contrast imaging in the scanning transmission electron
microscope (STEM). Here we present high resolution 3-D recon-
structions of quantum dots and tetrapods. The results from Sn
quantum dots in a Si matrix illustrate the ability to identify the
size, shape and distribution of embedded dots in a layer in three
dimensions, as well as identifying their formation mechanism.
Dual axis tomography is demonstrated for the first time for inor-
ganic materials on semiconducting nanorods in the shape of tetr-
paods made of CdTe. These results indicate approximately 1nm
resolution in all three dimensions using single axis tomography.

8:12

A36 2 Propagation of coherence in X-ray Optics for Nanoc-
rystallography MENGNING LIANG, IAN ROBINSON, Univer-
sity of Illinois at Urbana-Champaign Coherent X-ray Diffraction
is a powerful tool for studying the internal structure of nanostruc-
tures to angstrom precision in three dimensions. A coherent dif-
fraction pattern is a single 2D slice through the 3D Fourier Trans-
form of an object. These diffraction images can be inverted with
iterative phasing algorithms to obtain an image of a projection of
the physical object. The success and accuracy of the inversion
depends strongly on the quality of the initial diffraction pattern
and thus on the coherence properties of the incoming X-ray beam.
Coherence of synchrotron radiation depends on machine param-
eters but also on the optics in the beam path. Focusing optics,
which are necessary to provide sufficient flux onto the sample,
distort the wavefront and can especially alter the coherence of the
beam. For a finite object, fringes will result from the interference

9¢V \ ODNINYOIN AVANOIN
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of opposite sides or facets and the visibility of these fringes is a
quantitative measure of the coherence quality. We present a study
of the effect of optical elements in altering the coherence of an
x-ray beam by using the coherent diffraction images from gold
nanoparticles.

8:24

A36 3 X-ray Studies of Ultrathin Wires and Tubes in Nanos-
cale Confinement JONATHAN M. LOGAN, OLEG G.
SHPYRKO, ERIC D. ISAACS, Center for Nanoscale Materials,
Argonne National Laboratory, Argonne, IL and JFI/Physics De-
partment, University of Chicago, Chicago, IL RAFAEL
JARAMILLO, YEJUN FENG, JFI/Physics Department, Univer-
sity of Chicago, Chicago, IL JEFFREY W. ELAM, Energy Sys-
tems Division, Argonne National Laboratory, Argonne, IL DAVID
J. COOKSON, Australian Synchrotron Research Program, Ar-
gonne, IL MICHAEL J. PELLIN, Materials Science Division, Ar-
gonne National Laboratory, Argonne, IL Nanoporous Anodized
Aluminum Oxide (AAO) membranes are composed of self-
assembled, densely packed, co-aligned cylindrical pores. The pore
diameter of these membranes can be controllably reduced to as
little as =~ 1 nm through Atomic Layer Deposition (ALD) process.
AAO pores have been used as templates for formation of metallic
nanotubes and nanowires through ALD or thermal vapor deposi-
tion. These embedded structures have been characterized by small-
and wide-angle x-ray scattering (SAXS, WAXS). The penetrating
ability of x rays provides a non- destructive structural character-
ization technique for materials confined within AAO matrix, on
both atomic (WAXS) and nanometer (SAXS) length scales.

8:36

A36 4 Three-dimensional Structure of Nanoparticles from
High-energy X-ray Diffraction and Atomic Pair Distribution
Function Analysis VALERI PETKOV, Dept. Physics, Central
Michigan University Knowledge of the atomic-scale structure is
an important prerequisite to understand and predict the properties
of materials. In the case of crystals it is obtained from the positions
and intensities of the Bragg peaks in the diffraction patterns. How-
ever, materials constructed at the nanoscale lack the translational
symmetry and long-range order of perfect crystals. The diffraction
patterns of such materials show only a few Bragg peaks, if any,
and a pronounced diffuse component. This poses a real challenge
to the usual techniques for structure characterization. The chal-
lenge can be met by employing the so-called atomic Pair Distri-
bution Function (PDF) technique and high energy x-ray diffrac-
tion. This non-traditional experimental approach takes into
account both Bragg and diffuse scattering and yields the atomic
structure in terms of a small set of parameters such as a unit cell
and atomic coordinates. The basics of the technique will be intro-
duced and its potential demonstrated with results from recent
structural studies gold, ZrO, and GaN nanoparticles.

8:48

A36 5 Anomalous scattering and PDF analysis of HgSe nano-
clusters in zeolites using synchrotron X-ray radiation®* M.
CASTRO-COLIN, M. ABEYKOON, S.C. MOSS, W. DONNER,
E. ANOKHINA, A.J. JACOBSON, U. of Houston HgSe, has been
grown inside LTL and Nd-Y zeolites (tubular and spherical nano-
sized pores, respectively). A first sharp diffraction peak appears in
an X-ray diffraction profile, that we associate with the clustering
of HgSe constrained to the zeolite pore diameter. Charge imbal-
ance within the zeolite pores, combined with the guest material
properties, affects the cluster-cluster correlation (clusters in sepa-

rate pores), either in a filled-unfilled-like fashion or through a
relative local orientational order. Such correlations are expressed
through a broad diffuse modulation, absent in the pure host, upon
which the more obvious, Bragg peaks are imposed. This effect
might be seen via pair-distribution function (PDF) analysis.
Anomalous scattering experiments carried out both below the Se
K-edge and the Hg L-edge, as well as off-edge for each zeolite,
aided in calculating average crystallographic parameters of HgSe.
These results and the PDF analyses promise to reveal an under-
standing of the structural configuration and cluster allocation
mechanisms. A potential technological application of this system
should arise, due to the transparency of these zeolites and ease of
interaction of visible light with species contained within the
pores.* M.C-C. now at U.T. El Paso

*DOE/BES DE-FG02-04ER46160

9:00

A36 6 Amorphous-Ge Nanocluster Formation During Ion Im-
plantation [.D. SHARP, Materials Science and Engineering, Uni-
versity of California, Berkeley and Materials Sciences Division,
Lawrence Berkeley National Laboratory, CA 94720 D.O. Y], Ap-
plied Science and Technology, University of California, Berkeley
and Materials Sciences Division, Lawrence Berkeley National
Laboratory, CA 94720 C.W. YUAN, Q. XU, C.Y. LIAO, Mate-
rials Science and Engineering, University of California, Berkeley
and Materials Sciences Division, Lawrence Berkeley National
Laboratory, CA 94720 J.W. AGER 1ll, Materials Sciences Divi-
sion, Lawrence Berkeley National Laboratory, CA 94720 DARYL
CHRZAN, E.E. HALLER, Materials Science and Engineering,
University of California, Berkeley and Materials Sciences Divi-
sion, Lawrence Berkeley National Laboratory, CA 94720 Ge
nanocrystals formed by ion implantation followed by thermal an-
nealing have an average diameter of 5.1 nm with a distribution full
width at half maximum (FWHM) of 3.4 nm. This contrasts with
Kinetic Monte Carlo (KMC) and rate equation predictions which
give a much narrower distribution. Here, we show that the differ-
ence between theory and experiment is the result of amorphous
nanocluster formation during room temperature implantation.
Therefore, thermal annealing to form nanocrystals is predomi-
nantly a crystallization process rather than a conventional nucle-
ation, growth, and coarsening process during thermal annealing.
This work is supported in part by U.S. Department of Energy
under contract No. DE-AC02-05CH11231 and in part by U.S.
NSF Grant No. DMR-0109844.

9:12

A36 7 A Computational Investigation of the Structure and
Optical Properties of Nanoconfined Semiconducting Polymers
M.L. DRUMMOND, B.G. SUMPTER, Oak Ridge National Labo-
ratory M.D. BARNES, University of Massachusetts, Amherst
W.A. SHELTON, JR., RJ. HARRISON, Oak Ridge National
Laboratory The promise of semiconducting organic polymers lies
in their incredible flexibility, both through varied structure types
and via chemical modifications of the polymer backbone. One type
of structure we have recently explored, both experimentally and
theoretically, arises from the use of ink-jet printing methods to
produce nanoconfined particles with arbitrary size and composi-
tion. We have found substantial evidence indicating the production
of highly ordered, rod-shaped, pi-stacked folded chain structures
for single molecule PPV-based systems. Results show that chain
organization, which is greatly influenced by the solvent, is crucial
in determining the photophysical properties. Recent multiscale
calculations, including molecular dynamics, molecular mechanics,
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and both ground-state and excited-state ab initio calculations, have
been used to elucidate the role of the substituents in controlling the
structure of the nanoconfined polymer, as well as the resultant
effect on the optical properties. Through this work, a structure-
property relationship is developed that will prove to be of great
utility to experimentalists and polymer theorists alike.

9:24

A36 8 Single-particle energy levels and interparticle Coulomb
interactions in CdSe quantum dots measured by Scanning
Tunneling Spectroscopy LUCIAN IDIRA, Institute for Mol-
ecules and Materials, Radboud University Nijmegen, The Nether-
lands PETER LILJEROTH, Debye Institute, Utrecht University,
The Netherlans ERIC STOFFELS, Institute for Molecules and
Materials, Radboud University Nijmegen, The Netherlands
DANIEL VANMAEKELBERGH, Debye Institute, Utrecht Uni-
versity, The Netherlans SYLVIA SPELLER, Institute for Mol-
ecules and Materials, Radboud University Nijmegen, The Nether-
lands Semiconductor quantum dots (QDs) provide the opportunity
to study the evolution of electronic properties in a size range
intermediate between molecular and solid state regime. We report
a detailed size evolution analysis of the electronic structure of
colloidal CdSe QDs of different sizes, by employing Scanning
Tunneling Spectroscopy to individual dots. Tuning the
tunnelling-in versus tunnelling-out rates allows one to show the
electron occupation in the dot. The energy level structure and
electron-hole Coulomb attraction in the dot are obtained by a com-
bination of shell-tunneling spectroscopy and optical spectroscopy.
The results are in agreement with tight-binding calculations. The
electron-electron interactions are investigated by shell-filling spec-
troscopy. The tunneling spectra in this regime are analyzed by
solving the master equation for electron and hole occupancy of the

QD.

9:36

A36 9 Optical Phonons and Multiphonon Raman Scattering in
Spherical PbSe Quantum Dots* SERGEI KLIMIN, VLADIMIR
FOMIN, JOZEF DEVREESE, TFVS, Departement Fysica, Uni-
versiteit Antwerpen, B-2610 Antwerpen, Belgium YUL HYUN,
FRANK WISE, Department of Applied Physics, Cornell Univer-
sity, Ithaca, New York 14853, USA The experimentally observed
multi-phonon resonant Raman scattering spectra in spherical PbSe
quantum dots are interpreted using our non-adiabatic approach [1].
The optical phonons in quantum dots are treated within the mul-
timode dielectric continuum model, taking into account both the
electrostatic and mechanical boundary conditions for the relative
ionic displacement. Our multimode dielectric continuum model,
which includes, as a substantial ingredient, the realistic dispersion
of optical phonons, adequately describes the optical-phonon spec-
tra of spherical PbSe quantum dots. The non-adiabaticity leads to
a substantial enhancement of the relative intensities of multi-
phonon peaks with respect to the intensity of the one-phonon peak.
The peak positions and intensities of the calculated Raman scat-
tering spectra for spherical PbSe quantum dots are in good agree-
ment with recent experimental results on the Raman scattering in
oleic-acid-capped colloidal PbSe nanocrystals. [1] E. P. Pokatilov,
S. N. Klimin, V. M. Fomin, J. T. Devreese, and F. W. Wise, Phys.
Rev. B 65, 075316 (2002).

*This work was supported by the GOA BOF UA 2000, IUAP,
FWO-V projects G.0274.01N, G.0435.03 and the WOG
WO.035.04N (Belgium) and by the US National Science Foun-
dation.

9:48

A36 10 Power dependent spectral diffusion in single CdSe
quantum dots Y. SHEN, L. PANG, K. TETZ, Y. FAINMAN,
Department of Electrical and Computer Engineering, University
of California, San Diego M. GRISWOLD, SEN YANG, L.V. BU-
TOV, L.J. SHAM, Department of Physics, University of Califor-
nia, San Diego Optical emission from a single CdSe quantum dot
was investigated. We studied spectral diffusion effects which were
observed earlier[ 1].We found that the spectral diffusion character-
istic frequency increases with the pump power. In addition, in-
creasing laser pump power causes occurrence of additional emis-
sion lines. The measured correlations show that the lines
correspond to multiparticle complexes. The physics describing
these effects is analyzed. [1]S. A. Empedocles, D. J. Norris, and
M. G. Bawendi, Phys. Rev. Lett. 77, 3873 (1996).

10:00

A36 11 Experimental and numerical confirmation of compos-
ite diffracted evasnescent-wave (CDEW) model for enhanced
transmission of subwavelength apertures HENRI J. LEZEC,
Caltech, Pasadena CA, and CNRS, Paris, France TINEKE THIO,
Arinna LLC When a subwavelength aperture in an opaque film is
surrounded by periodic surface corrugations, its optical transmis-
sion can be enhanced or suppressed with respect to that of an
identical aperture without surface corrugations. We have proposed
a model in which the subwavelength surface structure scatters the
incident light into evanescent waves: The total, or composite, dif-
fracted evanescent waves (CDEWSs) travel along the surface and
their interference with the light directly falling on the aperture
leads to the transmission modulation. The CDEW model is valid
for metallic as well as non-metallic surfaces, and thus differs
qualitatively from the surface plasmon model, which requires a
metallic surface. We show that the optical transmission of an em-
bedded periodic array of dots, where the surface is absent alto-
gether, is related to the transmission of hole arrays by Babinets
principle, underscoring the importance of diffraction. Further-
more, numerical calculations on small- area corrugations verify
the functional form of the CDEWs.

10:12

A36 12 Transport Properties of Gold Nanoparticle Arrays at
Low Temperatures T. TRAN, University of Chicago 1. BE-
LOBORODOV, X.M. LIN, V. VINOKUR, Argonne National
Laboratory P. JIANG, W. KANG, H. JAEGER, University of
Chicago We investigated the effects of elastic and inelastic cotun-
neling on the electronic transport properties of Au monolayers and
multilayers. Highly-ordered monolayers of dodecanethiol-ligated
Au particles (6nm in diameter)! were assembled onto Si;N, sub-
strates with prefabricated electrodes. Multilayers were created by
adding layers to the original monolayers”. Current-voltage (IV)
measurements were performed with 50fA resolution down to
30mK. TEM images were taken posterior to all measurements. We
found that transition from inelastic to elastic cotunneling occurred
at T~ 5K. In the inelastic cotunneling regime, the IV curves were
found to be nonlinear for kzT < eV/N < E. and linear when kzT
> eV/N where N is the number of grains across the electrode gap.
In the elastic regime below 5K, the IV curves were found to be
linear for eV/N < (E. 8)where & is the level spacing and E is
the charging energy. As a consequence of cotunneling, Efros-

9¢V \ ODNINYOIN AVANOIN
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Shklovskii variable-range-hopping-like conduction (VRH) was
observed near zero bias. Above T~ 80-100K, transition from
VRH to nearest-neighbor hopping took place. X.M. Lin, itet.al., J.
Nanoparticle Res. 2 157 (2000). T.B. Tran, itet.al., Phys. Rev.
Lett. 95 076806 (2005),

10:24

A36 13 Observation of Optical Signature of the Aharonov-
Bohm Phase in Type-II Quantum Dots IGOR KUSKOVSKY,
W. MACDONALD, Queens College, NY M.C. TAMARGO, City
College, NY A.O. GOVOROV, Ohio U., Athens X. WEI, NHMFL
M. TADIC, FE.M. PEETERS, University of Antwerp Recent theo-
retical studies! on the optical response of type-II excitons in the
magnetic field have shown that the excitons will acquire the
Aharonov-Bohm (AB) phase as the electrical dipole, formed due
to carrier separation, interacts with the field, resulting in the field
dependent exciton energy and the emission intensity. Experimen-
tally, the former has been reported®; however, the behavior of the
intensity is still not fully understood. We present results of
magneto-photoluminescence studies on type-II ZnTe/ZnSe quan-
tum dots (QDs) formed in Zn-Se-Te multilayer systems®; this
ensures that electron move within the x — y plane. The observed
strong oscillations in the intensity is explained in terms of the AB
effect'>> due to the electron motion around a stack of QDs, when
the hole is strongly localized in one them. This is in qualitative
agreement with the theoretical predictions®. 1. Kalameitsev, itet
al., JETP Lett. 68, 669 (1998); Govorov, itet al., PRB R66, 081309
(2002); Janssens, itet al., PRB 67, 235325 (2003). 2. Janssens, itet
al., PRB 69, 235320 (2004). 3. Ribeiro, itet al., PRL 92, 126402
(2004). 4. Gu, itet al., PRB 71 045340 (2005). 5. Dias da Silva, itet
al., PRB 70, 155318 (2004).

10:36

A36 14 Observation of the Aharonov-Bohm Effect in Self-
Assembled InGaAs/GaAs Nano-Volcanoes® N.A.J.M. KLEE-
MANS, P. OFFERMANS, J.H. WOLTER, P.M. KOENRAAD,
Department of Semiconductor Physics, TU Eindhoven, The Neth-
erlands 1.M.A. BOMINAAR-SILKENS, U. ZEITLER, P.C.M.
CHRISTIANEN, J.C. MAAN, High Field Magnet Laboratory,
IMM, Radboud University Nijmegen, The Netherlands D. GRA-
NADOS, J.M. GARC1A, Instituto de Microelectronica de Madrid,
CSIC, Spain V.M. FOMIN, V.N. GLADILIN, J.T. DEVREESE,
TFVS, Universiteit Antwerpen, Belgium According to our X-STM
data, self-assembled InGaAs/GaAs nano-volcanoes are character-
ized by an asymmetric rim and a depression rather than an opening
at the center. We show that these asymmetric singly connected
structures still can effectively manifest the electronic properties,
like the Aharonov-Bohm (AB) oscillations, peculiar to the doubly
connected geometry of ideal rings. AB oscillations in the persis-
tent current are observed in low temperature magnetization mea-
surements using torsion magnetometry in magnetic fields up to 15
T. The experimental results are in excellent agreement with theo-
retical predictions for strained nano-volcanoes.

*The work has been supported by the GOA BOF UA 2000, [UAP,
FWO-V project G.0435.03, the WOG WO0.035.04N (Belgium),
MEC NANOSELF project (Spain) and the EC SANDIE Network
of Excellence.

10:48

A36 15 Mesoscopic conductance fluctuations in a coupled
quantum dot system KAZUTAKA TAKAHASHI, RIKEN, Ja-
pan TOMOSUKE AONO, Ben-Gurion University of the Negev,
Israel We study electron transport properties of an Aharonov-
Bohm ring containing two quantum dots. One of the dots has
well-separated resonant levels and the other dot is chaotic and is
treated by random matrix theory. We develop a statistical theory
of the conductance through the dot using the supersymmetry
method and the numerical calculation, and find that the conduc-
tance is significantly affected by mesoscopic fluctuations. The
Breit-Wigner resonant peak of the conductance is changed to an
antiresonance by increasing the ratio of the level broadening to
mean level spacing of the random dot. The asymmetric Fano form
turns into a symmetric one and the resonance peak can be con-
trolled by magnetic flux. We also find that the conductance distri-
bution shows rich behavior depending on the fluctuations of the
chaotic dot and the position of the resonance peaks.
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8:00

A38 1 Josephson-vortex states in Bi,Sr,CaCu,03., KAZUTO
HIRATA, National Institute for Materials Science SHUUICHI
OOI, TAKASHI MOCHIKU, Josephson-vortex (JV) states have
been studied by measuring the flow resistance in Bi,Sr,CaCu,O
g+y (Bi-2212) as a function of the parallel magnetic field with the
current along the c-axis. From the periodic oscillations, we can
assign the three-dimensionally long-range-ordered state (3DLOS)
of JVs (PRL89, 247002(2002), Physica C412-414, 454(2004)).
The lower and upper boundaries of 3DLOS were determined from
the magnetic field of beginning and stopping in the oscillations,
respectively. From the flow resistance and the / — V character-
istics measurements crossing the upper boundary, we suggest that
the JVs are in ordered state in itin-plane, but have less ordering
along the c-axis. This JV state may correspond to the 2D-quasi-
long-range ordered state, proposed by Hu&Tachiki (PRB70,
064506(2004)).

8:12

A38 2 Vortex phase diagram of nearly stoichiometric
Bi,Sr,CaCu,Og. 5 single crystal* NORIKO CHIKUMOTO, Su-
perconductivity Research Laboratory, ISTEC There have been a
large number of reports on the vortex phase diagram of Bi2212.
However, the Bi2212 crystals used for these studies mostly have
Bi-rich composition, with typically Bi : Sr = 2.1 : 1.9. Recently,
Eisaki et al. [1] reported that T, in Bi2212 single crystal is largely
depressed by the cation disorder at the Sr-site, typically the sub-
stitution of Sr-site by Bi*™. In the present study, we found that the
Bi-Sr substitution also depress the vortex pinning. We have suc-
cessfully grown Bi2212 single crystals with Bi : Sr ratio very close
to 2:2. It showed very high critical current density, 2times10°
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A/ecm?, at 20K, and reduced reversible region (J, = 0 region) in
the magnetic phase diagram. We also show the dependence of the
irreversibility field on the cation nonstoichiometry. The author
thanks K. Furusawa, H. Eisaki and Y. Nakayama for growing
Bi2212 single crystals.

*This work was partially supported by the New Energy and In-
dustrial Technology Department Organization (NEDO).

8:24

A38 3 Melting of vortex solid phase in irradiated
Bi,Sr,CaCu, 04 5 single crystals in tilted magnetic fields JO-
VAN MIRKOVIC, Inst of Materials Science, Univ of Tsukuba,
305-8573 Tsukuba, Japan, and Faculty of Sciences, Univ. of Mon-
tenegro, Podgorica, Serbia and Montenegro SERGEY
SAVEL‘EV, Frontier Research System, The Institute of Physical
and Chemical Research (RIKEN), Wako-shi, Saitama, 351-0198,
Japan HIROKAZU SATO, TAKASHI YAMAMOTO, ITSU-
HIRO KAKEYA, Institute of Materials Science, University of
Tsukuba, 305-8573 Tsukuba, Japan FRANCO NORI, Frontier
Research System, The Institute of Physical and Chemical Research
(RIKEN), Wako-shi, Saitama, 351-0198, Japan KAZUO KAD-
OWAKI, Institute of Materials Science, University of Tsukuba,
305-8573 Tsukuba, Japan The boundary between the vortex-solid
and the vortex-liquid in H, — H,, phase plane for irradiated
Bi,Sr,CaCu,Og ;. ssingle crystals is studied by measuring the local
ac-magnetic permeability by using the miniature coils in tilted
magnetic fields. It was found that the c-axis magnetic field com-
ponent at the phase transition decreases linearly when increasing
the in-plane magnetic field at high temperatures even in a wider
angular range than in pristine samples. At lower temperatures, this
linear decrease transforms to a concave (hyperbolic-like) curve
that differs even stronger from the usual elliptical phase boundary
derived from Ginzburg-Landau theory. A theoretical approach to
this challenging problem is discussed.

8:36

A38 4 Field dependence of the lock-in transition of Josephson
vortex in Bi,Sr,CaCu,0g. ; mesoscopic crystals ITSUHIRO
KAKEYA, YUIMARU KUBO, MASASHI KOHRI, TAKASHI
YAMAMOTO, KAZUO KADOWAKI, University of Tsukuba,
Tsukuba, Ibaraki 305-8573 Japan We have investigated vortex
states in magnetic fields close to the ab-plane of
Bi,Sr,CaCu,0q, 5 (Bi2212) by means of the c-axis resistivity p,
in Bi2212 mesoscopic crystals fabricated by the FIB technique.
When magnetic field H < 1T was tilted from the ab-plane at T
= 60 K, a sharp drop in p, was observed at an angle 6,, (6
= 0 for H||ab-plane) depending on the field (typically 6,,=0.5
deg. for H = 1T). p, below 6,, does not depend on angle and is
almost proportional to H, suggesting p. being Josephson vortex
(JV) flow resistivity. Above 6, , it is considered that the JV flow
is strongly impeded by pancake vortices (PVs), which attract with
JVs and do not flow by the c-axis current, resulting in p. =~ 0.
Moreover, the penetration field of PVs Hsin6,, decreases with
increasing H. This is considered to be yielded by decrease of the
line energy of pancake stacks due to the formation of the crossing
lattice (CL). Therefore, the drop in p, corresponds to the transition
from the lock-in (LI) state to the CL state. At high magnetic fields,
the decrease in p, is broadened and has a shoulder structure. These
results suggest that other vortex states between the LI and CL
states emerge with increasing magnetic field and have intermedi-
ate JV viscosity. The expected vortex structures will be argued.

8:48

A38 5 Vortex phase diagram from 70 NMR study in single
crystal BSCCO* BO CHEN, WILLIAM HALPERIN, North-
western University One of the most fascinating aspects of high
temperature superconductors is the extreme anisotropy and the
effect this has on the properties of vortices. At sufficiently high
magnetic field it is expected that vortices are two dimensional and
the melting transition temperature tends to a constant value, inde-
pendent of field. For the most anisotropic materials such as
Bi,Sr,Ca;Cu,0g s such fields are attainable allowing almost com-
plete decoupling of the two dimensional vortex pancakes from
each other along the direction of the anisotropy axis. In our work
the vortex melting phase diagram for single crystals of
Bi,Sr,Ca;Cu,0g., s have been determined from 7O NMR up to 22
Tesla and can be related to results at low field for the more
strongly coupled three dimensional case that has been extensively
studied by transport and magnetization methods. Additionally, an
abrupt change in vortex structure, seemingly an order—disorder
transition, was found between 5 and 8 Tesla, below 10 K.

*In collaboration with V.F. Mitrovic, Brown University; A.P.
Reyes, P. Kuhns, W.G. Moulton, National High Magnetic Field
Laboratory, Tallahassee, FL; Prasenjit Guptasarma, David Hinks,
Argonne National Laboratory; and P. Sengupta, Northwestern
University.

9:00

A38 6 Anomalous angular dependence of the c-axis resistivity
in Bi,Sr,CaCu,0g., mesas® TAKASHI TACHIKI, MSD, Ar-
gonne Nat. Lab. and Dept. of E & E Eng., Nat. Defense Academy,
Japan L. OZYUZER, MSD, Argonne Nat. Lab. and Dept. of
Phys., Izmir Inst. of Technol., Turkey C. KURTER, MSD, Argonne
Nat. Lab. and Illinois Inst. of Technol. U. WELP, A. KOSHELEV,
D. HINKS, K. GRAY, W. KWOK, MSD, Argonne Nat. Lab. K.
KADOWAKI, Institute of Mat. Sci., Univ. of Tsukuba, Japan We
study flux-flow properties of Josephson vortices in highly aniso-
tropic high-7'. superconductors. The flux-flow resistance in pris-
tine and HgBr,-intercalated Bi,Sr,CaCu,0Og,, (BSCCO) single
crystals was measured as a function of the angle between the
itab-plane and an applied magnetic field. These samples have a
mesa structure with the in-plane area of 200 um x 20 um and
consist of 50 — 70 intrinsic junctions. For both pristine and inter-
calated BSCCO, a sharp resistance peak was observed within a
threshold angle of a few degrees. However, while the angle de-
creases with increasing field for the pristine BSCCO, the interca-
lated BSCCO shows the opposite field dependence. We interpret
this peak and its field dependence as an interplay between two
effects: initial penetration of pancake vortices and extra damping
of Josephson-vortex lattice induced by pancake vortices.

*This work was supported by the U.S. Department of Energy
under grant no. W-31-109-ENG-38

9:12

A38 7 Thermal depinning and transverse-field tilting transi-
tions in a planar vortex array pinned by a columnar defect™®
LEO RADZIHOVSKY, University of Colorado at Boulder 1 will
discuss results on a thermal and a transverse magnetic field re-
sponse of a vortex line array confined to a plane with a dilute
concentration of columnar pins. As a function of temperature, for
a magnetic field aligned with defects this system exhibits a one-
dimensional analog of a roughening transition, with a low-
temperature ‘‘smooth’’ phase corresponding to a vortex array
pinned by the defects, and a high-temperature ‘‘rough’’ phase in

8¢V \ DNINJON AVANOIN
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which at long scales thermal fluctuations effectively average away
pinning by the defects. In the low-T pinned phase, the vortex
lattice tilt response to a transverse magnetic field proceeds via a
soliton proliferation ‘‘transition,”” governed by an integrable sine-
Hilbert equation. Combining the aforementioned roughenning
transitition with this commensurate-incommensurate transition, I
map out the transverse-field—temperature phase diagram for this
system.

*supported by the NSF DMR-0321848

9:24

A38 8 RF-induced flux lattice annealing (RIFLA) in the
electron-doped superconductor Pr;g;Ce)15Cu0,_, g W.G.
CLARK, GUOQING WU, S.E. BROWN, UCLA Physics and As-
tronomy R.L. GREENE, U. of Maryland Physics H. BALCI,
UIUC Physics A strained flux lattice (FL) in a superconductor
(SC) can be annealed to a lower free energy by the RF-field used
to generate an NMR spin-echo signal [W.G. Clark et al., J. Phys.
IV Proceedings 9, Pr10-49-52 (1999)]. Here, this effect is reported
for the SC phase of Pr; gsCe15CuO, . The distorted FL is pre-
pared by rotating the sample through a small angle in a magnetic
field well below the transition temperature, which leaves the FL
pinned in a non-equilibrium configuration. Then, the first spin
echo has almost no amplitude. Subsequent echoes have a progres-
sively larger amplitude until a final, steady value is reached. The
interpretation is that shaking of the distorted vortex lattice by the
RF pulses progressively anneals it to a lower free energy configu-
ration. The corresponding change in the local field between the
de-phasing and re-phasing pulse for each echo then reduces the
height of the echo.

*The work done at UCLA was supported by NSF Grants DMR-
0334869 (WGC) and DMR-0203806 (SEB).

9:36

A38 9 Ground state of interlayer Josephson vortex systems:
General description based on energy landscape YOSHIHIKO
NONOMURA, XIAO HU, Computational Materials Science Cen-
ter, National Institute for Materials Science, Tsukuba, Ibaraki
305-0047, Japan Although Josephson vortex systems have been
intensively studied, their phase diagrams have not been established
yet even in the ground state. In the present study, we draw the full
energy landscape with respect to magnetic field and the displace-
ment from aligned vortex lattices by neglecting the spatial varia-
tion in the amplitude of superconductivity order parameter and in
the gauge field in the Lawrence-Doniach model. We find that the
ground state changes continuously from the aligned lattice to
sheared lattices, and then to rotated lattices as the magnetic field
decreases, and that rotated lattices are characterized by multi-
valley structures of the energy landscape. Owing to effects of the
underlying layer structures, the rotated vortex lattices realized at
the valleys of the energy landscape are distorted from the rigid
ones expected from the picture based on the London model, and
this distortion becomes weak as the magnetic field decreases. We
would like to thank Dr. A. E. Koshelev for sending his article prior
to publication.

9:48

A38 10 Vortex dynamics investigated using low temperature
scanning tunneling microscope: collective motion and collec-
tive pinning of vortices in NbSe, JONGHEE LEE, WANG HUI,
DAN SULLIVAN, Department of Physics, University of Mary-
land, College Park, MD 20740 MICHAEL DREYER, Department
of Electrical & Computer Engineering, University of Maryland,

College Park, MD 20740 BARRY 1. BARKER, Laboratory for
Physical Sciences, National Security Agency, College Park, MD
20740 PAVEL SHUK, MARK HIGGINS, EVA Y. ANDREI, De-
partment of Physics, Rutgers University, Piscataway, NJ 08854
We report the observation of the collective motion and the collec-
tive pinning of vortices of NbSe, under various magnetic fields
and from ~ 6 K to ~ 2 K using scanning tunneling microscopy
(STM). Scanning Tunneling Spectroscopic maps were taken con-
tinuously, providing ‘‘movies’’ of the vortex motion. Based on the
analysis of this data, the speed of the collective motion of vortices
was ~ 1 pm/s. The vortices showed clear signs of weak collective
flux pinning. We will quantify the collective transport behavior of
vortices based on our STM measurements and compare with the
pertinent theories as well as related measurements done by other
groups.

10:00

A38 11 Observation of the Signatures of Glassy Vortex Dy-
namics in 2H-NbSe,* XU DU, GUOHONG LI, EVA Y. AN-
DREI, MARK J. HIGGINS, Department of Physics and As-
tronomy, Rutgers University PAVEL SHUK, MARTHA
GREENBLATT, Department of Chemistry, Rutgers University
Using time resolved transport measurements, we observed clear
evidence of glassy dynamics in the current driven vortex system in
clean, weak pinning 2H-NbSe,single crystals prepared by field
cooling through the superconducting transition. Simple aging was
observed by means of scaling over the waiting times between two
consecutive current pulses. A memory function was defined to
describe how the previous pulse is ‘‘memorized’” when the system
is probed by a second pulse. The complex behavior of the driven
vortex system in the glassy state is well characterized by a simple
picture of the time evolution of the glassy states in configuration
space. Preliminary results on direct imaging of the current driven
vortices using Hall probe microscopy will be discussed.

*Work supported by NSF-DMR-0102692 and by DOE-DE-FG02-
99ER45742

10:12

A38 12 Thermodynamic Measurements at the Bragg Glass
Transition in Nb* N. D. DANIILIDIS, I. K. DIMITROV, V.
MITROVIC, C. ELBAUM, X. S. LING, Brown University We
report measurements of mixed-state entropy changes and specific-
heat on a Nb single crystal, in which previous neutron scattering
studies showed that an order-disorder transition of the vortex lat-
tice occurs at the peak effect (PE). Preliminary measurements of
(dS/dH) as a function of field applied in the [111] direction reveal
a sharp peak at the PE. This corresponds to a discontinuity in the
entropy of the vortex system of order As = 2.7 ky per vortex per
(I11) Nb plane at 5.16 K. The entropy discontinuity is found to
decrease and finally disappear as the multicritical' point is ap-
proached on increasing temperature. The behavior of S(H,T) in the
vicinity of the PE shows hysteresis on increasing and decreasing
field due to nonequilibrium magnetization effects. In specific heat
measurements there is no sign of latent heat at the PE, indicating
that the latent heat is very small in this system. ' S. R. Park itet al.
PRL 91 167003 (2003).

*This work was supported by the National Science Foundation
under Grant No. DMR-0406626.
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10:24

A38 13 Vortex chains decoration in anisotropic spin-triplet
superconductor Sr,Ru0O,* KLAUS HASSELBACH, CRTBT-
CNRS VOICU DOLOCAN, CRTBT-CNRS YING LIU, Pennsyl-
vania State University PASCAL LEJAY, CRTBT-CNRS DOMIN-
IQUE MAILLY, LPN-CNRS CRTBT-CNRS TEAM,
PENNSYLVANIA STATE UNIVERSITY TEAM, LPN-CNRS
TEAM, We study flux structures in single crystals of the aniso-
tropic spin triplet superconductor Sr,RuO, by scanning microS-
QUID microscopy'. The appearance of vortex chains is noted as
the applied field is tilted towards the inplane direction of the 3D
superconductor. The vortex chains are easily turned in the ab plane
by rotation of the inplane component of the applied magnetic field.
The decoration of vortex chains by crossing vortices is observed:
two vortices orientations appear, one along the layers and the other
closely perpendicular to the layers. The findings are discussed in
view of the Lawrence-Doniach and Ginzburg Landau models of
anisotropic superconductors. Ref. 1 V.O. Dolocan PRL Vol 95
(2005) 97004

*CNRS/NSF INT 03-40779
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8:00

A39 1 Current-induced phase textures and pairbreaking in
multilayered structures and two-gap superconductors. ALEX
GUREVICH, University of Wisconsin, Madison, WI VALERII VI-
NOKUR, Argonne National Laboratory, Argonne, IL We predict
an inhomogeneous state in current-carrying multilayers or super-
conductors with multicomponent order parameters. Using the GL
theory, we show that the current I flowing along a weakly coupled
bilayer (with two different superconducting layers) can result in a
two-stage pairbreaking process: 1. Current-induced interlayer de-
coupling due to a transition from the phase-locked state at /
< [, to a periodic chain of interlayer 27 phase slips for [
> [,,. This phase texture re-distributes currents between the lay-
ers, the period of the texture L(I) decreases as I increases similar
to the period of the vortex lattice L(H) in a long Josephson junc-
tion. 2. The global pairbreaking at the depairing current /;
> >],. The same current-induced band decoupling and inter-
band phase textures occur in two-gap superconductors with two
weakly coupled s-wave order parameters, such as M gB,.Using
the Usadel equations we derive an equation for the interband phase
difference valid for all temperatures. This equation shows that at
small currents / < [, the 7 and o bands are phase-locked, while
for I > I,, the band decoupling transition occurs as an equilib-
rium interband phase slip structure forms along the direction of
current flow. These interband phase textures can manifest them-
selves in dc transport, vortex properties and nonlinear rf imped-
ance.

8:12

A39 2 Theory of superconducting fluctuations in magnesium
diboride ANDREI VARLAMOV, Coherentia-INFM-CNR, via
del Politecnico, 1, 00133 Rome, Italy ALEXEI KOSHELEV,
VALERII VINOKUR, Argonne National Laboratory A theory of
fluctuations in two-band superconductor MgB, is developed.
Since the standard Ginzburg-Landau (GL) approach fails in de-
scription of its properties, we generalize it basing on the micro-
scopic theory of a two-band superconductor. Calculating the mi-
croscopic fluctuation propagator, we build up the nonlocal two-
band GL functional and the corresponding time-dependent GL
equations. This allows us to calculate the main fluctuation observ-
ables. Temperature dependencies of the fluctuation specific heat,
magnetic susceptibility, and in-plane conductivity are determined
by the same function which interpolates between two regimes: the
standard GL regime very close to 7., where superconductivity is
described by the unique order parameter for both bands, and the
regime of dominating o-band which is settled at temperatures
slightly further away from 7.. This work was supported by the
U.S. DOE, Office of Science, under contract # W-31-109-ENG-
38. A.A.V. acknowledges the support of the FIRB project of the
Italian Ministry of Science and Education.

8:24

A39 3 Multi-Gap Superconductivity in MgB,: Magneto-
Raman Spectroscopy A. MIALITSIN, B.S. DENNIS, G. BLUM-
BERG, Bell Labs, Lucent Technologies N. D. ZHIGADLO, ]J.
KARPINSKI, ETH, Zurich We report polarization-resolved Ra-
man scattering measurements on MgB, single crystals as a func-
tion of excitation, temperature and magnetic field with special
attention paid to the superconductivity induced electronic collec-
tive modes and phonon renormalization. In addition to the two
previously reported SC features: a fundamental gap below 32 and
a SC coherence peak at 109 cm™ ! - we observe a continuum onset
shoulder at 48 and a collective mode at 78 cm ™' in the A ¢ chan-
nel. Because MgB, optical conductivity exhibits inter-band exci-
tation in the visible range resonant Raman coupling allows us to
turn on and off SC features induced by different coupling mecha-
nisms as we scan the Raman excitation energy. Since the absorp-
tion at 2.6 eV originates from distinctive inter-band transitions we
are able to selectively determine inter-band coupling constant. Fi-
nally we demonstrate how the frequency and the line width of the
Raman active E,, phonon evolve with temperature and magnetic
field. Tracking this evolution across the SC phase transition illus-
trates the self energy effect as the electronic spectra renormalize
along with the blue-shift of the E,, phonon.

8:36

A39 4 Feshbach shape resonance in a superlattice of supercon-
ducting layers: the case of aluminum doped magnesium
diboride® A. BIANCONI, M. FILIPPI, M. FRATINI, V. PALM-
ISANO, L. SIMONELLI, N. L. SAINI, Dept. of Physics, Univer-
sity of Rome “‘La Sapienza’’ P.le. A. Moro 2, 00185 Roma, Italy
E. LIAROKAPIS, Department of Applied Mathematics and Phys-
ics, National Technical University of Athens, GR-157 80 Athens,
Greece We have synthesized highly pure cristalline magnesium
diboride samples where Mg is substituted by Al. We show that by
electron doping magnesium diboride it is possible to tune the
chemical potential to the Feshbach shape resonance in a superlat-
tice of metallic layers. In this multiband superconductor in the
clean limit, showing two gap superconductivity, the interband ex-
change like pairing term shows a Feshbach shape resonance in the
proximity of the 2D to 3D Lifshitz electronic topological transition

6€V \ DNINJOIN AVANOIN
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(2D/3D ETT). This is shown that the Feshbach resonance is the
key term controlling the increase of the critical temperature in the
low temperature range to 40K. The variation of the electron pho-
non interaction is probed by micro-Raman. The 2D/3D ETT is
shown by micro Raman and a lattice anomaly. The control of the
nanoscale phase separation tuning the chemical potential in the
proximity of the ETT is discussed. The Feshbach resonance inthe
interband pairing is indicated by the suppression of the isotope
coefficient in the critical temperature as a function of aluminum
substitution.

*This work is supported by EU strep project COMEPHS

8:48

A39 5 Ground electronic state of MgB,: Intrinsic nonadiabatic
state at broken translation symmetry. PAVOL BANACKY,
Comenius University Study of the band structure of MgB,has
shown that electron coupling to E,, phonon mode induces not
only o-bands splitting at I point but also fluctuation of the top of
one of o band at the Fermi level, resulting in dramatic decrease of
the Fermi energy. As a consequence, the original adiabatic state
(w/Ep < 1) corresponding to the equilibrium nuclear geometry
has been changed to the intrinsic nonadiabatic state (w/Ep >
> 1) at distorted geometry, already at the displacement which is
smaller than the rms. displacement of B-B atoms corresponding to
zero-point energy of the E,, phonon mode. At these circum-
stances, not only Migdal theorem but also Born-Oppenheimer ap-
proximation has been broken, and standard treatment of EP inter-
actions, including calculation of nonadiabatic corrections to
adiabatic ground state by means of perturbation theory, can not be
applied. Study of the electron-nuclear Hamiltonian by means of
the quasiparticle unitary transformation (Q,P—dependent) which
treats electrons and nuclei on the same footing, has revealed that
EP interactions in the intrinsic nonadiabatic state stabilize the fer-
mionic ground state of MgB, at broken translation symmetry and
corresponding wave function is dependent not only on nuclear
coordinates, but it is strongly modulated mainly by nuclear mo-
menta. From the results follow that in this case, instead of Cooper
pairs formation, condensation process is represented rather by
real-space, T-dependent formation of mobile bipolarons.

9:00

A39 6 Elucidating strong coupling between E,, phonon mode
and electrons in MgB,* RICHARD PEREZ, YONG-JIHN KIM,
OSWALD UWAKEH, University of Puerto Rico - Mayaguez
ERIC HELLSTROM, University of Wisconsin - Madison Al-
though the isotope effect and the Testardi correlation provide defi-
nite proof of the phonon mechanism in MgB,, the detailed
electron-phonon coupling is not clear yet. For instance, point con-
tact and tunneling spectroscopy experiments show only qualitative
information on the (strong) coupling between the E,, phonon
mode and the electrons that was predicted by theory. Raman scat-
tering and inelastic x-ray scattering demonstrate the anomalously
damped and broad E,, phonon mode due to strong electron-
phonon coupling. We follow the change of the anomalously
broadened linewidth of theE, ;mode as the system becomes disor-
dered by impurity substitution and/or ball milling. We expect that
the broadening due to the electron-phonon coupling will decrease
significantly when T, is reduced to zero due to weak localization.
We combine Raman scattering and resistance ratio data to clarify

the importance of the coupling between the E,, phonon mode and
the electrons in MgB,.

*This work is based on work supported by the National Science
Foundation under grant No. 0351449

9:12

A39 7 Electron phonon coupling and phonon renormalization
in covalent metals PEIHONG ZHANG, SUNY - Buffalo
STEVEN G. LOUIE, MARVIN L. COHEN, UC Berkeley
Electron-phonon (el-ph) coupling contributes to the finite lifetime
of both electrons and phonons, renormalizes their energy, and is
responsible for conventional superconductivity. Therefore, phonon
renormalization relates directly to the el-ph coupling in metals and
is a convenient indication of the coupling strength. In this talk, we
will discuss phonon renormalization effects in materials with
strong el-ph coupling using a recently developed formalism [1].
We will focus on covalent metals such as MgB, and related sys-
tems and heavily doped covalent semiconductors. [1] P. Zhang, S.
G. Louie, and M. L. Cohen, PRL 94, 225502 (2005).

9:24

A39 8 Hole-doped diamond: a 3D version of MgB2? JENS
KORTUS, Leipziger Str. 23, D-09596 Freiberg (Germany) LILIA
BOERI, OLE KROGH ANDERSEN, Max-Planck Institut fuer
FestKoerperForschung, Heisenbergstrasse 1, D-70569 Stuttgart,
Germany The discovery of superconductivity in heavily-boron
doped diamond in 2004 has caused great excitement both in the
fields of superconductors and of semiconductors. In this contribu-
tion we show, via first-principles and analytical calculations, that
the observed superconductivity can be explained with an electron-
phonon mechanism very similar to the one which is causing su-
perconductivity in MgB2: holes at the top of the zone-centered,
degenerate o bands couple strongly to the optical bond-stretching
modes. We discuss similarities and differences between the two
materials, the doping dependence of the critical temperature and
the possibility to observe superconductivity in the other group-IV
semiconductors.

9:36

A39 9 Studying the electronic structure in pure and electron
doped MgB,* Y. ZHU, R.F. KLIE, L. WU, J.C. ZHENG, Center
for Functional Nanomaterials L.D. COOLEY, Dept. Cond. Matt.
Phys. & Mat.Sci., Brookhaven National Lab We use high-energy
electrons to reveal electronic structure information to understand
the effects of electron doping in MgB, superconductors. Angle-
resolved electron energy-loss spectroscopy was used to investigate
the difference in the excited states, while image-coupled quantita-
tive electron diffraction was used to map the valence electron
distribution, in pure and Al-doped MgB,. The results were com-
pared with density functional theory calculations. We found sig-
nificant changes in the B K-edge fine structure as a function of
electron doping concentration, suggesting the corresponding o
and 7 bands are being filled simultaneously. The filling of the
o-band states near the Fermi level reduces the critical temperature
T. of highly doped MgB, to a level comparable to that of other
mr-band superconductors such as intercalated graphite. Valence
electron maps reveal that electron doping causes considerable
charge transfer and accumulation in charge density between both
Al-B and B-B bonds. This results in a shortened c-axis of the unit
cell and higher phonon frequency, which eventually quenches su-
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perconductivity altogether. The relationship between charge trans-
fer and inter-band scattering are also examined.

*Work supported by the U.S. Department of Energy under con-
tract DE-AC02-98CH10886

9:48

A39 10 MgB,; Al and C doping, o-band filling and anisotropy
reduction SABINA RUIZ-CHAVARRIA, PABLO DE LA
MORA, Depto. de Fis., Fac. de Ciencias, UNAM, Mexico
GUSTAVO TAVIZON, Depto. de Fis. y Quim. Teorica, Fac. de
Quimica, UNAM, Mexico Al and C-MgB, doping adds an electron
to the system for each atom. This extra electron fills up the
o-bands thus diminishing the number of o-carriers; this has been
the usual explanation for the 7. reduction. Nevertheless in this
work we show that there is also a large reduction of anisotropy in
the electrical conductivity due to the o-carriers which should also
have an effect on the T, reduction. Al and C doping produce a
different 7', pattern; this difference can be largely explained by the
relative shift between the o-bands and 7r-bands. After adjusting to
this shift there is a small but visible difference, at low doping 7.
in the Al compounds drops faster than in the C compounds, this
can be directly related to the faster loss of conductivity anisotropy
in the Al compounds.

10:00

A39 11 Electrons and phonons in the hexagonal layered super-
conducting alloy CaAl,_,Si, GIOVANNI B. BACHELET,
INFM and Dipartimento di Fisica, Universita ‘‘La Sapienza,”
1-00185 Roma, Italy LILIA BOERI, Max-Planck-Institut fiir Fes-
tkorperforschung, D-70569 Stuttgart, Germany MATTEO GIAN-
TOMASSI, UPCPM, Universite Catholique de Louvain, B-1348
Louvain-la-Neuve, Belgium We report a first-principles study of
structural, electronic and vibrational properties of the supercon-
ducting C;, phase of the ternary alloy CaAl,_ Si., both in the
experimental range of stability, 0.6 < x < 1.2, and outside, in the
limits of high Al and high Si concentration. We find that the
dependence of the electronic bands on composition is well de-
scribed by a rigid-band model, which breaks down outside the
experimental range of stability. This breakdown, in the limit of
high Al concentration, is connected to vibrational instabilities, and
results in important differences between CaAl, and MgB,. Unlike
MgB,, the interlayer band and the out-of-plane phonons play a
major role on the stability and superconductivity of CaAlSi and
related Cs, intermetallics.

10:12

A39 12 Direct observation of superconducting gap anisotropy
in YNi,B,C : Angle-resolved photoemission spectroscopy
TERUHISA BABA, Institute for Solid State Physics., Univ. of
Tokyo TAKAYOSHI YOKOYA, Okayama University SHUN-
SHUKE TSUDA, SHIK SHIN, TADATAKA WATANABE, In-
stitute for Solid State Physics., Univ. of Tokyo MINORU NO-
HARA, HIDEAKI TAKAGI, Dept. of Advanced Materials
Science., Univ. of Tokyo TAMIO OGUCHI, Dept, of Quantum
Matter., Hiroshima University In a borocarbide superconductor
YNi,B,C(T.=15K), various experimental results have shown the
existence of a gap anisotropy with node. More recently even the
direction and type of node have been reported. However, the type
of the nodal structure (point or line) seems to be controversial.
Also, the position of the node on Fermi surfaces, which is essential
for determining the origin of the large anisotropy, has not been
clarified, yet. Therefore, we have performed low-temperature

ultrahigh-resolution angle-resolved photoemission spectroscopy
(ARPES) to clarify the origin of the large anisotropy. We success-
fully observed experimental valence band dispersions, Fermi sur-
faces, and momentum-dependent superconducting gap of
YNi,B,C (001). Superconducting gaps have shown large anisot-
ropy. From these results, we discuss possible orgins of the large
anisotropy in YNi,B,C.

SESSION A40: QUANTUM ENTANGLEMENT
Monday Morning, 13 March 2006

343, Baltimore Convention Center at 8:00
Christopher Fuchs, Bell Labs & Lucent Technologies,
presiding

8:00

A40 1 A set of entanglement monotones for characterising
experimental data PETER LOVE, D-Wave Systems Inc ALEC
MAASSEN VAN DEN BRINK, D-Wave Systems Inc MOHAM-
MED AMIN, D-Wave Systems Inc ANATOLY SMIRNOV,
D-Wave Systems Inc MIROSLAV GRAIJCAR, Institute for Physi-
cal High Technology, P.O. Box 100239, D-07702 Jena, Germany
EVGENI IL’ ICHEV, Institute for Physical High Technology, P.O.
Box 100239, D-07702 Jena, Germany ANDREI IZMALKOV, In-
stitute for Physical High Technology, P.O. Box 100239, D-07702
Jena, Germany ALEX ZAGOSKIN, University of British Colum-
bia We define a set of elementary entanglement monotones and
give a single measure of entanglement in terms of these mono-
tones which is zero except on globally entangled states. We com-
pute this measure for the ground state of a four qubit supercon-
ducting experimental system, and thus confirmed the presence of
genuine four-qubit entanglement in the ground state.

8:12

A40 2 Dynamic learning of an experimental entanglement wit-
ness for an n-qubit system* KATHLEEN WALSH, ELIZA-
BETH BEHRMAN, Department of Physics, Wichita State Univer-
sity JAMES STECK, Department of Aerospace Engineering,
Wichita State University STEVEN SKINNER, Department of
Electrical and Computer Engineering, Wichita State University
We extend our previous work on dynamic learning of an entangle-
ment witness for a two-qubit system to n qubits, and show detailed
comparisons for the two- and three-qubit systems to published
entanglement measures. Our method can also be used for quN:its,
and can handle a small amount of noise and decoherence.

*Supported by NSF, ECS 0201995

8:24

A40 3 Dynamics and scaling of multi-partite entanglement
FLORIAN MINTERT, Harvard University We derive reliable es-
timates which allow for an efficient evaluation of a specific en-
tanglement measure, concurrence, for further implementation in
the monitoring of the time evolution of multipartite entanglement
under incoherent environment coupling. This allows us to define a
life time of entanglement for different realistic experimental sce-
narios, and investigate its scaling behaviour with increasing sys-
tem size.
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8:36

A40 4 The entanglement entropy and the Berry phase in solid
states™ SHINSEI RYU, KITP, UCSB YASUHIRO HATSUGAI,
Dept. of Appl. Phys., Univ. of Tokyo The entanglement entropy
(von-Neumann entropy) has been used to characterize the quan-
tum entanglement of many-body ground states in strongly corre-
lated systems. In this talk, we try to establish a connection between
the lower bound of the von-Neumann entropy and the Berry phase
defined for quantum ground states. As an example, a family of 1D
Hamiltonians with two bands separated by a finite gap is investi-
gated. We argue that when the Berry phase (Zak’s phase) of the
occupied band is equal to = 7 X (odd integer) and when the
ground state respects a discrete unitary particle-hole symmetry
(chiral symmetry), the entanglement entropy in the thermody-
namic limit is at least larger than In2 (per boundary), i.e., the
entanglement entropy that corresponds to a maximally entangled
pair of two spins. We also discuss it is related to vanishing of the
expectation value of a certain non-local operator which creates a
kink in 1D systems.

*Supported in part by NSF under Grant No. PHY99-0 7949

8:48

A40 5 Multiparticle interference, GHZ entanglement, and full
counting statistics HEUNG-SUN SIM, Department of Physics,
Korea Advanced Institute of Science and Technology, Daejeon
305-701, Korea EUGENE V. SUKHORUKOV, Department of
Theoretical Physics, University of Geneva, CH-1211 Geneva 4,
Switzerland We study [1] quantum coherent transport in a gener-
alized N-particle Hanbury Brown-Twiss setup enclosing magnetic
flux, where electrons are injected from N independent sources and
collected in N distant detectors, and show that the N-th order
cumulant of current cross correlations exhibits flux-dependent pe-
riodic Aharonov-Bohm (AB) oscillations, while there is no such
oscillation in all the lower-order cumulants. The origin of the
multiparticle interference is the orbital Greenberger-Horne-
Zeilinger entanglement of N identical particles. For sufficiently
strong AB oscillations the generalized N-particle Bell inequalities
may be violated, proving the N-particle quantum nonlocality. [1]
H.-S. Sim and E. V. Sukhorukov, condmat/0508399.

9:00

A40 6 Correlations in a multi-qubit state D.L. ZHOU, School of
Physics, Georgia Institute of Technology, Atlanta, Georgia 30332,
USA B. ZENG, Department of Physics, Massachusetts Institute of
Technology, MA 02139, USA Z. XU, Center for Advanced Study,
Tsinghua University, Beijing 100084, China L. YOU, School of
Physics, Georgia Institute of Technology, Atlanta, Georgia 30332,
USA For an arbitrary partition of a multi-qubit system, we define
a correlation measure, which is directly based on a series of multi-
qubit correlation functions, to characterize the total correlation
among different parts. As an instructive application of our corre-
lation measures, we investigate the entanglement of graph states.

9:12

A40 7 Entanglement of overlapping systems and the break-
down of the tensor product MATTHEW LEIFER, Perimeter
Institute for Theoretical Physics Recent work on entanglement in
the presence of superselection rules has shown that entanglement
ought to be defined operationally, i.e. with respect to sets of local
operations actually available to Alice and Bob rather than with
respect to an arbitrary tensor product factorization of the state
space. Usually Alice and Bob’s local operations are assumed to

commute, which is an appropriate assumption when their systems
are well separated. In this talk I address the question of how far the
usual formalism can be maintained if the local operations do not
commute. This might be an appropriate description of the spin
entanglement between two particles with overlapping spatial
wavefunctions, since local operations might then have an effect on
both spins. In this situation, the appropriate notion of entangle-
ment is no longer associated to a tensor product factorization of
the state space, but it can be approximated by one provided the
overlap of the two systems is small and/or the preparable states are
sufficiently mixed. In this talk I will present a simple model of the
breakdown of the tensor product for two qubits, characterize the
states that need to be prepared to observe the effect and discuss
how the observed entanglement is related to the entanglement with
respect to the usual tensor product factorization.

9:24

A40 8 Modelling Pauli measurements on arbitrary stabilizer
states via local hidden variables assisted by classical commu-
nication MATTHEW ELLIOTT, BRYAN EASTIN, CARLTON
CAVES, University of New Mexico JONATHAN BARRETT, Pe-
rimeter Institute STEFANO PIRONIO, California Institute of
Technology In this talk I present communication-assisted local-
hidden-variable models for measurements of products of Pauli
matrices on stabilizer states. Models are analyzed with respect to
restrictions imposed and their efficacy in predicting overall mea-
surement outcomes as well as outcomes of correlated subsets of
measurements. In particular, I present a model in which the quan-
tum mechanical results of Pauli product measurements can be
predicted by a local-hidden-variable table supplemented by an ef-
ficient amount of classical communication and computation.

9:36

A40 9 Quantum Chaos, Localization, and Entanglement in
Disordered Heisenberg Models WINTON BROWN, Dartmouth
College DAVID STARLING, SUNY Fredonia LEA SANTOS,
LORENZA VIOLA, Dartmouth College We explore the relation
between quantum chaos, localization, and entanglement in a two-
dimensional disordered Heisenberg spin-1/2 system. Apart from
the recent interest in such systems as models for proposed quan-
tum computing architectures, they exhibit interesting transition
regions from integrability to chaos and from higher to lower de-
gree of symmetry. Complementing the standard eigenvalue-based
analysis for identifying the cross-over into chaos, we suggest look-
ing at the relative delocalization of eigenvectors related to differ-
ent disorder realizations as a basis-independent indicator of chao-
ticity. We investigate the behavior of several measures of bipartite
and multipartite entanglement — including concurrence; von Neu-
mann entropy; and, using the framework of generalized entangle-
ment, a family of local purities. Our results indicate that bipartite
entanglement decreases in the chaotic region, whereas the opposite
holds for multipartite entanglement. Connections are established
with predictions from random matrix theory.

9:48

A40 10 Entanglement Scaling at Quantum Phase Transitions
in Correlated Electron Systems DANIEL LARSSON, Philipps-
Universitat  Marburg, Germany HENRIK JOHANNESSON,
Goteborg University, Sweden We have carried out an analytic
study of the entanglement scaling properties in the one-
dimensional Hubbard model. We present exact scaling formulas
for the local (‘‘single-site’”) entanglement £ at a quantum phase
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transition driven by a magnetic field or a chemical potential. The
leading divergences of d€/dh and d&/d w are shown to be directly
related to those of the zero-temperature spin and charge suscepti-
bilities. Logarithmic corrections signal a change in the number of
local states accessible to the system as it undergoes the transition.
We show that the results for the leading divergences are generic,
and follow from the scaling hypothesis that any local observable
exhibits a singularity at a quantum phase transition. Illustrations
from other strongly correlated electron systems are given, includ-
ing the long-range Hubbard model in one dimension.

10:00

A40 11 Coherent Interaction of Spins Induced by Thermal
Bosonic Environment. DENIS TOLKUNOV, DMITRY SOLE-
NOV, VLADIMIR PRIVMAN, Clarkson University We obtain
the indirect exchange interaction between two two-state systems,
e.g., spins, in a formulation that also incorporates the quantum
noise that they experience, due to an environment of bosonic
modes, for instance, phonons. We predict that for low enough
temperatures the interaction is coherent over time scales sufficient
to create entanglement, dominated by the zero-point quantum fluc-
tuations of the environment. We utilize a perturbative approach to
obtain a quantum evolution equation for the two-spin dynamics.
The induced interaction is calculated exactly. We identify the time
scales for which the spins develop and sustain entanglement for
various spatial separations.

10:12

A40 12 Entanglement entropy of random quantum critical
points with general spin JOEL MOORE, UC Berkeley GIL RE-
FAEL, California Institute of Technology The bipartite entangle-
ment at 1D critical points of a subsystem of N sites with the
remainder is known to diverge as logh, with a coefficient that is
related to the central charge for conformally invariant critical
points. It was recently shown that for a class of spin-half random
critical points, there is also a logarithmic divergence with a coef-
ficient that is universal and corresponds to an irrational ‘‘effective
central charge.”” This talk discusses generalizations of this result
to higher-spin chains, including the permutation-symmetric criti-
cal points found by Damle and Huse, using a combination of
analytic and numerical real-space renormalization group methods.
Higher-spin chains show numerous complications relative to the
spin-half case, such as the introduction of ferromagnetic bonds;
their study provides a stringent test of the conjectured c-theorem
for central charges defined via entanglement entropy.

10:24

A40 13 Local Entanglement and Quantum Phase Transition in
Spin Models* SHI-JIAN GU, Department of Physics and Institute
of Theoretical Physics, The Chinese University of Hong Kong,
Hong Kong, China GUANG-SHAN TIAN, School of Physics,
Peking University, Beijing 100871, China HAI-QING LIN, De-
partment of Physics and Institute of Theoretical Physics, The Chi-
nese University of Hong Kong, Hong Kong, China In this work,
we study quantum phase transitions in both the one- and two-
dimensional XXZ models with either spin S=1/2 or S=1 by a
local entanglement We show that the behavior of E, is dictated by
the low-lying spin excitation spectra of these systems. Therefore,
the anomalies of E, determine their critical points. It reminds us
the well-known fact in optics: The three-dimensional image of one
subject can be recovered from a small piece of holograph, which
records interference pattern of the reflected light beams from it.
Similarly, we find that the local entanglement, which is rooted in

the quantum superposition principle, provides us with a deep in-
sight into the long-range spin correlations in these quantum spin
systems. References: [1] S. Sachdev, itQuantum Phase Transi-
tions (Cambridge University Press, Cambridge, 2000). [2] Shi-Jian
Gu, Guang-Shan Tian, and Hai-Qing Lin quant-ph/0509070

*This work is supported by RGC Projects CUHK 401703 and
401504 and by CNSF grant No. 90403003.

10:36

A40 14 Quantum Entanglement in a Spin Ladder with Ring
Exchange®* JUN-LIANG SONG, SHI-JIAN GU, HAI-QING
LIN, Institute of Theoretical Physics and Physics Department, The
Chinese University of Hong Kong, Hong Kong, China In this pa-
per we’ve studied entanglement properties of a spin ladder with
ring exchange. Several entanglement properties, e.g. pair concur-
rence and block-block entanglement were obtained by exact di-
agonalization method. The relationship between the global phase
diagram and ground-state quantum entanglement was investigated.
It was shown that block-block entanglement of different block size
and configurations manifests richer information of the system. It
was also found that the block-block entanglement reaches its
maximum or minimum at some QPT points which is also the high
symmetry point. The temperature dependence of the entanglement
properties is also investigated and it is shown that entanglement is
suppressed by the temperature fluctuations and vanishes at some
threshold temperatures.

*This work is supported by RGC Projects CUHK 401703 and
401504.

10:48

A40 15 Entanglement and dissipation in a quantum-dot array.
LESVIA DEBORA CONTRERAS-PULIDO, Centro de Investi-
gacion Cientifica y de Educacion Superior de Ensenada (CICESE)
FERNANDO ROJAS, Centro de Ciencias de la Materia
Condensada-UNAM RAMON AGUADO, Condensed Matter
Theory, ICMM, CSIC Primarily motivated by quantum informa-
tion theory, charge in quantum dots (QD) seems to be a promising
candidate for implementation of qubits and entangled states [1].
We explore theoretically the dynamical formation of entangled
states, including dissipative effects, of two parallel double QD
uncoupled between them but strongly coupled to the same phonon
thermal bath. The QD array is modeled with an extended Hubbard
type Hamiltonian and dissipation is taken into account by using a
polaron transformation to obtain the reduced density matrix of the
system [2]. We find that it is possible to obtain entangled elec-
tronic states through a strong electron-phonon interaction, charac-
terized by: Wootters’ concurrence, charge distribution and prob-
abilities for each Bell state as a function of relevant parameters
(hopping, temperature, electron-phonon amplitude). The work is
supported by DGAPA project IN114403 and CONACyT project
43673-F [1] Hichri et al., Phys.E 24,234 (2004) [2] Aguado and
Brandes, Phys.Rev.Lett.92, 206601 (2004).
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344, Baltimore Convention Center at 8:00

Haruo Kojima, Rutgers University, presiding

8:00

A41 1 Specific heat of liquid He-4 near the superfluid transi-
tion and confined in cylindrical channels* TAHAR
AOUAROUN, GUENTER AHLERS, UCSB We present new
measurements of the specific heat near the lambda transition of
liquid He-4 at saturated vapor pressure and confined in micro-
channel plates containing cylindrical holes. We investigated two
channels diameters: 1um and 2um. Our results for the scaling
function near the specific-heat maximum are in reasonably good
agreement with previous measurements on channels with a 1 um
X 1 wm square cross section' and on cylindrical channels with a
0.26em diameter?. They also are consistent with the scaling func-
tion derived from Monte Carlo calculations.’ However, they sug-
gest a size- dependent systematic departure from a unique scaling
function that is consistent with earlier measurements® on cylindri-
cal channels of 8um diameter.

*Work supported by NASA Grant NAG 3 2872

'M.O. Kimbal, K.P. Mooney, and F.M. Gasparini, Phys. Rev. Lett.
92, 115301 (2004)

2J.A. Lipa, M. Coleman, and D.A. Stricker, J. Low Temp. Phys.
124, 443 (2001)

3N. Schultka and E. Manousakis, J. Low Temp. Phys. 111, 783
(1998)

8:12

A41 2 Deformation and damage in silica aerogels during fluid
filling* TOBIAS HERMAN, JOHN BEAMISH, University of Al-
berta Interfaces are present throughout any porous medium during
fluid adsorption below the liquid-vapor critical point. Surface ten-
sion in these curved liquid-vapor interfaces produces the pressure
difference between the two phases which is responsible for capil-
lary condensation. The surface tension also exerts a force on the
solid, although it is usually much smaller than the elastic moduli
of the porous medium. Aerogels, however, have extremely small
elastic moduli so surface tension induced deformation can be sig-
nificant and even destructive. We present measurements of the
dilation and compression of two silica aerogels (densities 110 and
51 kg/m*) during adsorption and desorption of low surface tension
fluids (helium and neon). The denser aerogel changed its length by
up to 2% during adsorption of helium, still within its elastic re-
gime; the lighter aerogel shrank by even larger amounts and ap-
peared to sustain permanent damage.

*Supported by a grant from NSERC Canada

8:24

A41 3 Cryogenic Pulsed Laser Deposition of Lithium for *He
Absorption Experiments E. VAN CLEVE, P. TABOREK, J.E.
RUTLEDGE, University of California, Irvine We are developing
techniques to prepare films of alkali metals on cryogenic surfaces
by laser ablation. The alkali metals are known to provide weak
adsorption potentials for “He which results in nontrivial wetting
and superfluid onset phenomena. Film preparation technique
strongly affects some “He wetting properties as has been seen in
contact angle measurements of “He on Cs surfaces. Of particular
interest are Li surfaces which at low temperatures are predicted (1)

to be superfluid with less than monolayer total “He coverage. We
have grown Li films on using 532 nm light from an Nd-YAG laser
on to room temperature quartz crystal microbalances (QCM). We
will present measurements of film growth rate as a function of the
laser fluence. Preliminary “He isotherm measurements on Li films
laser ablated onto 4K QCMs will be compared with adsorption
isotherms on the heavier alkali metal surfaces. (1) Massimo Bon-
insegni and Milton W. Cole, J. Low Temp. Phys. 113, 393 (1998).

8:36

A41 4 Acoustic crystallization®* SEBASTIEN BALIBAR, RYO-
SUKE ISHIGURO, FREDERIC CAUPIN," ENS-Paris By focus-
ing high intensity acoustic waves in the middle of a liquid, it is
possible to pressurize it far beyond its solid-liquid equilibrium
pressure. This is because, in the absence of walls or defects, the
nucleation of crystals needs to be ‘‘homogeneous,”’ and that the
threshold pressure for this phenomenon is usually very high. In a
classical liquid, the viscosity increases with pressure so that the
dynamics blocks as the pressure is increased and a transition to a
glassy state occurs. However, we did not expect this to occur in a
superfluid, and we looked for acoustic crystallization in liquid
helium. We have found evidence that an acoustic wave travelling
in superfluid helium can indeed crystallize this liquid on its path.
We relate this phenomenon to the existence of an instability where
Landau’s “‘rotons’” become soft modes. We discuss further devel-
opments of this experiment in relation with the existence of su-
perfluidity in a very dense liquid.

*RI acknowledges support from the JSPS
Tassociated with CNRS and Universities Paris 6 and 7

8:48

A41 5 Bose-Einstein Condensation and atomic Kinetic energies
in liquid *He-*He mixtures* SOULEYMANE DIALLO, Univer-
sity of Delaware JONATHAN PEARCE, Institut Laue Langevin
RICHARD AZUAH, NIST Center for Neutron Research HENRY
GLYDE, University of Delaware We present neutron scattering
measurements of the momentum distribution of liquid *He-*He
mixtures. The experiments were performed at wavevectors Q, 26
< Q=< 29 A", onthe MARI time-of-flight spectrometer at the
ISIS pulsed spallation neutron source. Mixtures with *He concen-
trations x between 0 and 20% were investigated both in the super-
fluid and normal phases. From the data, we extract, to new accu-
racy, the Bose-Einstein condensate fraction n( and the momentum
distributions of *He and “He atoms. We find an increase in n,
above the pure “He value; from 7.25% 0.75% (x = 0%) to 11.2
* 1.85% at x = 15%, in agreement with theoretical calculations
but in disagreement with the only other measurement. The “He
kinetic energy, \kef, is found to be largely independent of x. The
3He momentum distribution n(k) is not well fitted with a Fermi
step function alone. A high momentum tail in n(k) is needed to
get a good fit - a tail that is consistent with calculated tails in n(k).
The *He atomic kinetic energy, K3, is determined almost entirely
by this tail. It is therefore not a well determined single property for
comparing theory and experiment. This finding resolves a long-
standing discrepancy on K5 between theory and experiment.

*Work supported by BES DOE, DE-FG02-03ER46038 and ISIS
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9:00

A41 6 Bose-Einstein Condensation in liquid “He films*
JONATHAN PEARCE, Institut Laue Langevin SOULEYMANE
DIALLO, University of Delaware RICHARD AZUAH, NIST
Center for Neutron Research TOM ARNOLD, ISIS Pulsed Neu-
tron Facility JOHN LARESE, University of Tennessee HENRY
GLYDE, University of Delaware Neutron scattering measure-
ments of Bose-Einstein condensation in liquid “He fils will be
presented. The measurements were carried out on the MARI time-
of-flight spectrometer at the CCLRC ISIS Facility, Rutherford
Appleton Laboratory, UK. The goal is to determine whether the
condensate fraction, n,, is enhanced above the bulk liquid value at
a liquid “He surface. It is also to determine n in 2D thin films and,
by varying the film thickness, observe a 2D to 3D cross-over. Data
for films on a flat MgO substrate [1] and on carbon-black will be
presented. The data shows, that n( is indeed significantly en-
hanced at a film - vapor surface suggesting a lower liquid density
there [2]. [1]J.V. Pearce et al., J. Phys. Condens. Matter 16, 4391
(2004) [2] E.W. Drager and D.M. Ceperley, Phys. Rev. Lett. 89,
15301 (2002)

*Work supported by BES DOE, DE-FG02-03ER46038 and ISIS.

9:12

Ad41 7 Bilayer Thermometers for Third Sound Detection* J.D.
CUMMINGS, R.B. HALLOCK, Univ. of Mass. Amherst We
present results from an experiment to develop bilayer metallic
films of aluminum and gold as superconducting transition edge
thermometers for the detection of third sound waves. Generally,
traditional transition edge thermometers operate in a temperature
range that is dictated by the choice of superconductor, e.g. ~ 1.5K
for aluminum and ~ 0.8K for zinc, which is tunable over a modest
range by application of a magnetic field or bias current. Bilayers
offer the option of selecting the optimal transition temperature for
an experiment to be done by adjusting the ratio of normal metal
(Au) thickness to the superconductor (Al) thickness. This allows a
detector to be designed to operate at any temperature below the
transition temperature for the pure superconducting film. We will
present transition edge data for such thermometers and document
their utility for third sound detection.

*Supported by the NSF and UMass Research Trust Funds

9:24

A41 8 Anomalous Coupling Between Superfluid Vortices and
Curvature ARI TURNER, VINCENZO VITELLI, DAVID NEL-
SON, Harvard University Vortices in a thin film of superfluid
helium on a curved surface are predicted to have a long range
interaction with the curvature of the surface. Vortices are trapped
by features of the surface with appropriate Gaussian curvature.
The energetics will be compared and the dynamics contrasted with
those of particles experiencing a two dimensional Coulomb force.

9:36

A41 9 SQUID NMR Studies of Two-Dimensional *He Films on
HOPG ZYX Graphite JINSHAN ZHANG, LEI GUO,
YULIANG DU, C.M. GOULD, HM. BOZLER, Dept. of Physics
& Astronomy, Univ. of Southern California, Los Angeles, CA
90089 SQUID NMR experiments on the second layer of *He films
on Grafoil substrates in the low field limit found ferromagnetic
ordering for coverages over 20 atoms/nm>. The appearance of
ordering in a two-dimensional magnetic film can be caused by
weak anisotropy and/or dipolar interactions, or could be a mani-
festation of finite size effects. By replacing Grafoil with Highly

Oriented Pyrolytic Graphite (HOPG) ZYX grade, we increased the
substrate structural coherence length by a factor of 10 in order to
study the importance of finite size effects through a magnetization
measurement on 2-D *He films. Our recent experiments found the
ferromagnetic ordering temperature to be the same or higher on
ZYX than on Grafoil at coverages over 20 atoms/nm?, showing no
evidence for an increased suppression of the ordering due to the
increasing coherence length. We also saw evidence for bound spin
waves in the ordered layer. Studies in the coverage range 20-24
atoms/nm?® are complicated by the possibility of coexistence of
two phases. Recently we extended our measurements to higher
coverages where the situation is less complicated and a single
incommensurate solid phase is formed unambiguously. We report
on these studies which continue to support the picture of a 2-D
magnetically ordered solid. *Supported by NSF through grant
DMR-0307382

9:48

A41 10 Ultrasonic Spectroscopy in Liquid *He in 98% Porosity
Aerogel by Direct Propagation® H.C. CHOI, N. MASUHARA,
J.-H. PARK, M.W. MEISEL, Y. LEE, Dept. of Physics, University
of Florida, P.O. Box 118440, Gainesville, FL 32611, USA N.
MULDERS, Department of Physics and Astronomy, University of
Delaware, Newark, DE 19716, USA Systematic investigations on
the effect of static disorder on itp-wave superfluid *He have been
made possible by utilizing its unique structure of high porosity
silica aerogel. For the past 10 years, a burst of experimental effort
revealed that three distinct superfluid phases exist in the P-H-T
phase diagram of the *He/98% aerogel system. These three phases
are conveniently named the A-, B-, and A;-phases as in the bulk,
although only spin structures of the superfluid phases have been
identified. In particular, the verdict on the so called A-phase is by
no means conclusive. As has been the case in the bulk, for a clear
identification of the order parameter structure, both spin and or-
bital components need to be examined. We report our preliminary
results of sound propagation in an attempt to directly investigate
the orbital structure of the superfluid phases in 98% aerogel using
a pulsed ultrasound spectroscopic technique. Preliminary data for
the transmission and the surface impedance will be presented.

*This work was partially supported by an Alfred P. Sloan Re-
search Fellowship (YL), NSF grants DMR-0239483 (YL) and
DMR-0305371 (MWM).

10:00

A41 11 Transverse acoustic spectroscopy of Superfluid *He in
compressed aerogel.* P. BHUPATHI, H. C. CHOI, J. JHAVER]I,
B. H. MOON, Y. LEE, University of Florida, Gainesville, FL
32611-8440. In light of the recent developments on the A-B tran-
sition in superfluid *He in aerogel and the effect of anisotropic
scattering®, we have designed an experiment to perform transverse
acoustic impedance measurements on compressed aerogel. We in-
vestigate the effect of global anisotropy on the phase transition,
generated by introducing uniaxial compression of 5 % on the aero-
gel. We report our preliminary results together with the measure-
ments on the uncompressed aerogel.

*This work is partially supported by an Alfred P. Sloan Research
Fellowship(YL) and NSF grants DMR-0239483. 2 C. L. Vin-
cente etal., Phys. Rev. B 72, 094519 (2005).
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10:12

A41 12 Spin Relaxation Phenomenon in Superfluid *He A, * H.
KOJIMA, Rutgers University S. KOBAYASHI, A. YAMAGU-
CHI, H. ISHIMOTO, Institute for Solid State Physics The spin
relaxation phenomenon in superfluid *He A, phase is studied us-
ing a newly constructed magnetic fountain pressure cell in which
two reservoirs are connected via a superleak channels of height 20
pmm. Experiments are carried out to explore the relaxation mecha-
nism of the induced fountain pressure under externally applied
magnetic field gradient along the superleak. The relaxation of
fountain pressure reflects that of spin density. The observed relax-
ation time 7 varies from less than 1 s near T, to about 80 s near
T.;. The maximum relaxation time may be limited by the normal
fluid flow in the channels. Near T,,, the observed relaxation rate
may be described by a power law dependence on reduced tem-
perature as 1/7 o« [(T — T,)/(T, T.,)] P, where B8
~ 1.5 and has little dependence on the static magnetic field(up to
8 tesla) and liquid pressure(10 - 29 bars). To our knowledge, there
is no theory which predicts such increase in relaxation rate over a
relatively large temperature range near T.,. A preliminary inter-
pretation is given in terms of intrinsic spin relaxation arising from
small but increasing presence of minority spin pair condensate in
A, phase as T, is approached.

*supported in part by NSF.

10:24

A41 13 Measurements of Longitudinal and Transverse NMR
Frequencies in Superfluid *He using dc SQUID Detectors™
YULIANG DU, HM. BOZLER, C.M. GOULD, University of
Southern California The most important tools in the initial iden-
tification of the order parameters of the superfluid phases of *He in
bulk were longitudinal and transverse NMR because the detailed
comparison of these frequencies and their magnetic field depen-
dences strongly differentiated between alternative models. In con-
trast, for superfluid *He confined within aerogel, longitudinal reso-
nance has not been measured to date, having only been inferred
from transverse measurements and the simple sum of squares re-
lation known to hold for the axial state in bulk. This relationship
has not been confirmed for the aerogel-confined phase, and there
are theoretical suggestions that it may not be valid. We have begun
an experiment to directly compare longitudinal and transverse
resonance frequencies in aerogel-confined superfluid *He using
some of the same dc SQUID NMR techniques we have developed
over the last 20 years in our lab. In initial experiments to prove the
technique, we are making optimal use of the broadband nature of
the dc SQUID detector and have measured the superfluid’s longi-
tudinal response to a sudden field step.

*Supported by the National Science Foundation through grant
DMRO0307382.

SESSION A42: FOCUS SESSION: PLANETARY MATERIALS I
Monday Morning, 13 March 2006; 345, Baltimore Convention Center at 8:00

Renata Wentzcovitch, University of Minnesota, presiding

Invited Papers
8:00

A42 1 Electronic structure and phase transition in iron bearing minerals.
STEFANO DE GIRONCOLI, SISSA and DEMOCRITOS — Trieste

First-principles calculations are playing an important role in the development of our understanding of Earth interior. A
proper treatment of iron bearing minerals is fundamental in this respect. Unfortunately standard DFT approaches such as
the local density (LDA) or generalized gradient (GGA) approximations fail in describing even qualitative features of even
simple iron minerals, such as the insulating nature and magnetic structure of many oxides. DFT+U approximation has
demonstrated to improve significantly the physical description of transition metal and rare earth compounds. In order to
make DFT+U a really ‘‘ab-initio’’ approach, an internally consistent determination of the involved U parameter is
however needed. In alternative computationally more demanding, but supposedly more accurate, approaches such as
PBEO or B3LYP Hartree-Fock-DFT hybrid functionals can be explored. I'll report on my recent research on these
subjects, focussing on iron oxide, magnisium-wustite high-spin-low-spin phase transition, and ematite.

Contributed Papers

8:36
Ad42 2 High-to-low spin transition in iron in Magnesiowustite:
elastic properties* CESAR R.S. DA SILVA, Minnesota Super-
computing Institute, University of Minnesota TAKU TSUCHIYA,
Geodynamics Research Center, Ehime University, Japan RE-
NATA M. WENTZCOVITCH, Department of Chemical Engi-
neering and Materials Science, Minnesota Supercomputing Insti-
tute, University of Minnesota STEFANO DE GIRONCOLI,
SISSA and DEMOCRITOS National Simulation Center, Trieste,
Italy The high-to-low spin transition in iron in Magnesiowustite
(Mw), Mg, Fe,,0, is accompanied by considerable volume
reduction. This changes the elastic properties of Mw across this
transition. Using an LDA+U method with consistently calculated

Hubbard U, we investigate the elastic signature of this transition.
We find temperature sensitive changes in elasticity across this
transition. In Earth’s lower mantle, this transition should occur
continuously and leave behind an unnoticeable sign.

*Research supported by NSF/EAR 0230319, NSF/ITR 0428774,
VLab, NSF/ITR 0325218, ITAMIT, Ehime University Project
Fund DE: 3620 Mineral and crystal chemistry (1042)

8:48

A42 3 Spin state of ferrous iron in perovskite RYAN REQ-
UIST, Stony Brook University KOICHIRO UMEMOTO, Univer-
sity of Minnesota RENATA WENTZCOVITCH, University of
Minnesota Diamond anvil cell experiments at pressures up to 145
GPa have shown evidence for a high spin to low spin transition in
iron in magnesium silicate perovskite (MgSiO;.) The spin transi-
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tion will influence the optical absorption spectrum and elastic
properties of this mineral. We present density functional calcula-
tions of (Mg,Fe)SiO; with ferrous iron substituting for magnesium
at a concentration of 12.5%. The calculations use the local density
approximation with Hubbard term (LDA+U) and supercells con-
taining up to 160 atoms. We describe the pressure dependence of
the iron spin state. Research supported by NSF/EAR 0230319,
NSF/ITR 0428774 and 0426757, VLab, NSF/ITR 0325218, ITA-
MIT.

9:00

A42 4 Ab Initio Study of Thermodynamics of Fe and Spin
Transitions in the Lower Mantle DANE MORGAN, AMELIA
BERTA, University of Wisconsin - Madison KRISTIN PERSSON,

Invited Papers

9:12

GERBRAND CEDER, Massachusetts Institute of Technology Re-
cent experiments have demonstrated spin transitions in Fe in both
the rocksalt ferropericlase (Mg,Fe)O and perovskite (Mg,Fe)SiOs
phases at lower mantle pressures. The spin transitions have poten-
tially profound implications for the materials properties of the
lower mantle. However, the coupling of thermodynamic tempera-
ture effects and the spin transition is still poorly understood. In this
talk we present an ab initio based thermodynamic model for Fe
spin transitions in lower mantle phases. We build a free energy
model which includes configurational, vibrational, magnetic, and
electronic contributions. The resulting free energy expressions are
used to construct a phase diagram for the lower mantle ferroperi-
clase which includes the impact of Fe spin transitions.

A42 5 Effects of the Spin Transition of Iron in Magnesiowustite-(Mg,Fe)O: Applications to the Earth’s Lower
Mantle.*
JUNG-FU LIN, Lawrence Livermore National Laboratory

Magnesiowustite [(Mg,Fe)O] is the second most abundant mineral in the Earth’s lower mantle. Here I will discuss the
spin states of iron in magnesiowustite and the isolated effects of the electronic transitions on the elastic, thermodynamic,
magnetic, and vibrational properties of magnesiowustite under high pressures and high temperatures. Pressure-induced
electronic spin transitions of iron from high-spin to low-spin states have been recently observed to occur in magnesio-
waustite under high pressures using high-pressure X-ray emission spectroscopy and synchrotron Mossbauer spectroscopy.
Based on the synchrotron Mossbauer studies of (Mg 75,Fe(,5)O, the simultaneous disappearance of the quadrupole
splitting and the drop of the isomer shift at above 62 GPa are consistent with a high-spin to low-spin electronic transition
of iron in the sample between 62 and 70 GPa. Addition of FeO in MgO stabilizes the high-spin state to higher pressures
and the high-spin to low-spin transition of iron in magnesiowustite results in an abnormal compressional behaviour
between the high-spin and the low-spin states'. Moreover, there are also significant changes in particular physical
properties of magnesiowustite such as force constant across the electronic spin transition. Here I have combined results
from a variety of high-pressure techniques to understand the effects of the electronic transition on the physical properties
of magnesiowiistite and to explore possible geophysical consequences of the transition in the Earth’s lower mantle. 'J. F.
Lin, V. V. Struzhkin, S. D. Jacobsen, M. Hu, P. Chow, J. Kung, H. Liu, H. K. Mao, and R. J. Hemley, Spin transition
of iron in magnesiowustite in Earth’s lower mantle, itNature, 436, 377-380, 2005.

*This work was performed under the auspices of the U.S. DOE by UC and LLNL under Contract W-7405-Eng-48.

Contributed Papers results are one explanation to the reported experimental observa-
tions that the spin transition occurs over a wide pressure range. We
9:48 find that ferric iron lowers the elastic moduli relative to the Al

A42 6 Electronic Spin State and Elasticity of (Mg, Fe)(Si,
Al)O3-perovskite at high pressure LI LI, DONALD WEIDNER,
Stony Brook University JOHN BRODHOLT, STEPHEN STACK-
HOUSE, MARIA ALFREDSSON, DAVID PRICE, Universtiy
College London We investigate the effect of pressure on the elec-
tronic spin state of ferric iron in Al-bearing MgSiO3-perovskite
using first-principle computations (Density Functional Theory
with the Generalized Gradient Approximation). We also calculate
the single crystal elastic moduli (c;;) for (Mg, Fe’*)(Si, Al)O,
perovskite to understand the effect of chemical variations and spin
state transitions of the Fe*>* ions on these properties. Ferric iron
(6.25 mol%) and Al (6.25 mol%) substitute for Mg and Si respec-
tively. Our results show that spin state transition from high spin
(HS) to low spin (LS) occurs on the Fe’" ions at high pressure,
while there is no stability field for the intermediate spin state. Fe
3* alone can be responsible for the spin state transition. The mod-
els witness a transition pressure ranging from 97-126 GPa. Dif-
ferential stress can change the pressure for the spin collapse. These

charge-coupled substitution. The spin state of the iron for this
composition has a relatively small effect ( < 0.5% variation) on
both bulk modulus and shear modulus. Replace this text with your
abstract body.

10:00

A42 7 Theory of magnesium silicates with bearing Fe and Al in
the lower mantle and the Earth’s D’’ layer®* FEIWU ZHANG,"
ARTEM OGANOV.* ETH Zurich Although iron and aluminum
incorporation into Earth’s mantle minerals are expected to have
important effects, little is known about Fe valence and spin state in
such major phases as MgSiO; perovskite (itPv, main mineral of
the lower mantle) and post-perovskite (itPPv, main mineral of the
Earth’s D*’ layer). Here, we perform itab initio simulations, indi-
cating that Fe?" — Fe(metal) + Fe*" in itPv& itPPv. A new
detailed microscopic picture of MgSiOj; itPv& itPPv is presented,
including the complexity of Fe-Al incorporation, the spin transi-
tions in Fe’™ and lack of such in Fe?", and the effects of Fe>™,
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Fe’", A" on the stability of itPPv. These theory results explain
and reconcile the recent diverse experimental results on the iron-
spin transition in MgSiO; and provide basis for future geodynami-
cal and petrological studies of the mantle and the D*’ layer.

* Acknowledge access to supercomputers at CSCS (Manno) and
the HP Superdome of ETH Zurich. Funding by ETH Zurich

"http://olivine.ethz.ch/ feiwu

j;http://olivine.ethz.ch/ artem

10:12

A42 8 High Pressure studies on nanoparticles of gamma
Fe,O; ARUN BOMMANNAVAR, MADDURY SOMAYA-
ZULU, HPCAT, Advanced Photon Source, Chicago VAMAN
NAIK, University of Michigan-Dearborn RATNA NAIK, Wayne
State University Compressibility of the gamma phase of Fe,04
(Maghemite) nano-particles was studied using angle dispersive
x-ray diffraction on the micro-diffraction beamline at HPCAT of
the Advanced Photon Source. Nano-particles of three different
sizes (3 and10 and 20 nm) were studied up to 31 GPa using a
diamond anvil cell equipped with c-BN seats. Two samples were
synthesized by treating sulfonated divinyl benzene polystyrene
resin matrix with aqueous solutions of (1) FeCl2,(2) FeCl;. The
particle size of y-Fe,O5 prepared using FeCl3 was ~ 3 nm and
with FeCl2 was ~ 10 nm. The 20 nm particle size sample was
bought commercially. The bulk modulii for 10 nm and 20 nm
samples were 212 (5) and 207 (5) GPa which are close to the bulk
value of 203 (10) GPa, whereas 3.4 nm sample shows a higher
value of 240 (5) GPa. Transition pressure (P,.) at which
maghemite transforms to hematite varies with particle size and
was estimated to be 10 (2) GPa, 17 (2) GPa and 27 (2) GPa for 3
nm, 10 nm and 20 nm particle size samples, respectively.

10:24

A42 9 Composition Dependence of Pressure-Induced Spin
Transitions in the (Mg,Fe)SiO3 Perovskite and (Mg,Fe)O
Rocksalt System AMELIA BERTA, University of Wisconsin-
Madison KRISTIN PERSSON, Massachusetts Institute of Tech-
nology GERBRAND CEDER, Massachusetts Institute of Technol-
ogy DANE MORGAN, University of Wisconsin-Madison Recent
experimental results suggest that Fe undergoes a high-spin to low-
spin transition in both the rocksalt and perovskite phases at lower
mantle pressures. These spin transitions may have a profound im-
pact on the properties of lower mantle phases. In this work the
critical spin-transition pressures for Fe in perovskite (Mg,Fe)SiO5
and rocksalt (Mg,Fe)O are calculated using itab initio methods.
We focus in particular on the alloy nature of the material, studying
the spin-transition pressure for varying concentrations of Fe. The
results show that as the concentration of Fe increases, the transi-
tion pressure decreases in the perovskite. This is directly opposite
the trend observed for spin transition pressures found in rocksalt
(Mg,Fe)O. The difference in trends in spin-transition pressure is
explained by the difference in physics between the two structures.

SESSION A43: FOCUS SESSION: STRONGLY
INTERACTING FERMI GASES AND THE BCS-BEC
CROSSOVER 1

Monday Morning, 13 March 2006

346, Baltimore Convention Center at 8:00

C. Chin, University of Chicago, presiding

Contributed Papers

8:00

A43 1 A Two-Channel R-Matrix Analysis of Magnetic Field
Induced Feshbach Resonances PAUL JULIENNE, National In-
stitute of Standards and Technoloy NICOLAI NYGAARD, Aar-
hus University BARRY SCHNEIDER, National Science Founda-
tion A two channel model of magnetic field induced Feshbach
resonances in ultra-low atom-atom collisions is presented. The
model uses realistic potentials and is parametrized using available
theoretical and experimental data to reproduce the known low-
energy scattering properties of the colliding atoms. The coupled
equations are solved using the R-Matrix method, expanding the
wavefunction in a Finite Element Discrete Variable basis. This
basis enables us to capture both the short-range behavior of the
molecular vibrational states as well as the long-range scattering
states. Results will be presented showing the behavior of the
wavefunctions and T- matrices as a function of the external mag-
netic field for selected alkali atom pairs.

8:12

A43 2 Many-body Feshbach Hamiltonians in the two-body
limit. NICOLAI NYGAARD, University of Aarhus JAMES E.
WILLIAMS, PAUL S. JULIENNE, NIST We discuss how the
many-body theory of a gas with interactions controlled by a Fes-
hbach resonance can be constructed in a manner, which incorpo-
rates the correct two-body physics. This entails the introduction of
an energy dependent renormalized coupling constant for atom-
molecule conversion that embodies the low energy scattering
properties of the entrance channel potential. We demonstrate that
with this model the binding energies of the dressed Feshbach mol-
ecules may be faithfully reproduced.

8:24

A43 3 Properties of the BCS-BEC condensate in the BEC re-
gime JESPER LEVINSEN, VICTOR GURARIE, University of
Colorado at Boulder We study a gas of fermions undergoing a
wide resonance s-wave BCS-BEC crossover, in the BEC regime at
zero temperature. We calculate the chemical potential and the
speed of sound of this Bose-condensed gas, as well as the con-
densate depletion, in the low density approximation. We discuss
how higher order terms in the low density expansion can be con-
structed. We demonstrate that the standard BCS-BEC gap equa-
tion is invalid in the BEC regime and is inconsistent with the
results obtained here. The low density approximation we employ
breaks down in the intermediate BCS-BEC crossover region.
Hence our theory is unable to predict how the chemical potential
and the speed of sound evolve once the interactions are tuned
towards the BCS regime. As a part of our theory, we derive the
well known result for the bosonic scattering length diagrammati-
cally and check that there are no bound states of two bosons.
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8:36

A43 4 Studying the BEC-BCS crossover with an ultracold gas of °Li atoms.
JOHANNES HECKER DENSCHLAG, Institut fuer Experimentalphysik, Universitaet Innsbruck, Austria

Collective oscillations are a good tool to investigate the properties of an ultracold Fermi gas in the BEC-BCS crossover.
We will present new and improved measurements on these collective excitations. Our results help to determine the

equation of state of the strongly interacting Fermi gases.

Contributed Papers

9:12

A43 5 Radio frequency spectroscopy and the pairing gap in
trapped Fermi gases* YAN HE, QIIIN CHEN, KATHRYN
LEVIN, University of Chicago We present a theoretical interpre-
tation of radio-frequency (RF) pairing gap experiments in trapped
atomic Fermi gases, over the entire range of the BCS-BEC cross-
over, for temperatures above and below 7. Our calculated RF
excitation spectra, as well as the density profiles on which they are
based, are in semi-quantitative agreement with experiment. We
provide a detailed analysis of the physical origin of the two dif-
ferent peak features seen in RF spectra, one associated with nearly
free atoms at the edge of the trap, and the other with (quasi-)bound
fermion pairs. Reference: Phys Rev. A 72, 011602(R) (2005).

*NSF-MRSEC Grant No. DMR-0213745

9:24

A43 6 Dynamical projection of atoms to Feshbach molecules at
strong coupling. ROMAN BARANKOV, UIUC LEONID LEVI-
TOV, MIT An interesting method of atomic state projection to the
Feshbach molecules using the magnetic field sweep through the
resonance was employed in the recent experiments [1]. The sweep
could be made very fast compared to typical fermion time scales,
such as the collision frequency or inverse Fermi bandwidth, mak-
ing the process a ‘‘snapshot probe’” with regard to the collective
fermion processes. On a single particle level, broad Feshbach reso-
nances studied in Ref.[1], exhibit strong atom-molecule coupling
in a relatively wide detuning range. In this sense, the sweep speed
[1] corresponds to essentially adiabatic atom/molecule conversion,
slow on the scale of the resonance width. We develop a theory [2]
that describes molecules at a sweep fast compared to the elastic
collisions, when only the quantum-mechanical processes involv-
ing two atoms transition into a molecule are relevant. Our ap-
proach accounts for resonance dissociation/association in the pres-
ence of time-dependent detuning as well as for fermion pairing
correlations in the initial state. An exact solution is found, predict-
ing a 1/3 power law dependence on the inverse sweep rate for
molecule production efficiency at fast sweep. The predicted pro-
duction efficiency agrees with experimental observations for both
condensed and incoherent molecules away from saturation. [1] C.
A. Regal, et al., Phys. Rev. Lett. 92, 040403 (2004); M. W. Zwi-
erlein, et al., Phys. Rev. Lett. 92, 120403 (2004) [2] R. A.
Barankov and L. S. Levitov, cond-mat/0506323

9:36

A43 7 Dressed Feshbach molecules in the BEC-BCS crossover
MATHIJS ROMANS, HENK STOOF, Utrecht University There
has been a lot of interest in Feshbach resonances and the BEC-
BCS crossover that is associated with it. We present work that
describes the crossover in terms of dressed molecules, and gives a
theory to calculate the internal structure of the paired state. We

integrate out the fermions exactly, and take into account the fluc-
tuations of the molecular field to determine the probability Z for
dressed molecules to be in the closed channel state. Our approach
includes the relevant two-body physics completely. Also the den-
sity of condensed and noncondensed dressed molecules can be
determined for the entire BEC-BCS crossover. We compare our
results to experiment.

9:48

A43 8 Two-fluid hydrodynamic modes in a trapped Fermi su-
perfluid gas* EDWARD TAYLOR, ALLAN GRIFFIN, Univer-
sity of Toronto In the collisional region at finite temperatures, the
collective modes of superfluids are described by the Landau two-
fluid hydrodynamic equations. This region can now be probed
over the entire BCS-BEC crossover in trapped Fermi superfluids
with a Feshbach resonance. We have recently developed a varia-
tional formulation of the two-fluid hydrodynamic equations that
greatly simplifies calculations of the collective modes in trapped
superfluid gases. The frequencies are given in terms of effective
spring constants involving spatial integrals over position-
dependent equilibrium thermodynamic functions. We present re-
sults based on this theory using the LDA and thermodyanmic
functions for a uniform gas in the BCS-BEC crossover region,
with pair fluctuations included using the Nozieres and Schmitt-
Rink approximation. The temperature dependent out-of-phase hy-
drodynamic modes (the analogue of second sound) are of particu-
lar interest.

*Work supported by NSERC

10:00

A43 9 Sound in a strongly-interacting Fermi gas®* BASON
CLANCY, LE LUO, J. KINAST, J. JOSEPH, A. TURLAPOV,
J.E. THOMAS, Duke Sound propagation in an optically-trapped
gas of strongly interacting fermionic SLi atoms is studied. The
atoms are prepared as a 50/50 mixture of the two lowest-energy
internal states. Strong interactions are achieved by applying a
magnetic field in the vicinity of a broad (834 G) s-wave Feshbach
resonance. A sound wave is excited by locally applying a pulse of
a repulsive blue-light potential. We measure the propagation of the
excitation along the axial direction of the cigar-shaped cloud.

*Supported by ARO, NSF, NASA, and DOE

10:12

A43 10 Potential-energy (BCS) to Kkinetic-energy (BEC)-
driven pairing in the attractive Hubbard model* BUMSOO
KYUNG, University of Sherbrooke ANTOINE GEORGES, Cen-
tre de Physique Théorigue, Ecole Polytechnique ANDRE-MARIE
TREMBLAY, University of Sherbrooke UNIVERSITY OF
SHERBROOKE COLLABORATION, CENTRE DE PHYSIQUE
THEORIQUE, ECOLE POLYTECHNIQUE COLLABORA-
TION, The BCS-BEC crossover within the two-dimensional at-
tractive Hubbard model is studied by using the Cellular Dynamical
Mean-Field Theory both in the normal and superconducting
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ground states. Short-range spatial correlations incorporated in this
theory remove the normal-state quasiparticle peak and the first-
order transition found in the Dynamical Mean-Field Theory, ren-
dering the normal state crossover smooth. For U smaller than the
bandwidth, pairing is driven by the potential energy, while in the
opposite case it is driven by the kinetic energy, resembling a
recent optical conductivity experiment in cuprates. Phase coher-
ence leads to the appearance of a collective Bogoliubov mode in
the density-density correlation function and to the sharpening of
the spectral function.

*The present work was supported by NSERC (Canada), FQRNT
(Québec), CFI (Canada), CIAR, and the Tier I Canada Research
Chair Program (A.-M.S.T.), and AC-Nanosciences ‘‘Gaz Quan-
tiques”” (Project Nr.201) (A.G.)

10:24

A43 11 Many-body Effects near s- and p-wave Feshbach reso-
nance in BEC-BCS Problem: A Tractable Crossing-symmetric
Approach* KHANDKER QUADER, RENYUAN LIAO, De-
partment of Physics, Kent State University In the fermion BEC-
BCS crossover problem. many-body effects may influence prop-
erties, such as scattering parameters, nature of pairing, etc. close to
a Feshbach resonance. We study effects such as these using a
tractable diagrammatic crossing-symmetric approach. Our method
allows us to include quantum fluctuations, such as, density, cur-
rent, spin, spin-current, and higher-order fluctuations in a self-
consistent fashion. The underlying fermionic interaction is re-
flected in the ‘‘driving”’ term. Taking the ‘‘driving’’ term to be
finite-range, and of arbitrary strength, we perform calculations on
the BEC and BCS sides. These are related to the 2-body singlet
and triplet scattering parameters, and can be connected with ex-
perimental s and p-wave Feshbach resonances. We include the
1=0 density and spin fluctuations, as well as the I=1 current and
spin-current fluctuativons. We obtain renormalized scattering am-
plitudes, pairing amplitudes and nature of pairing, etc. on the BEC
and BCS side. We compare our results with experiment, and with
other theory calculations.

*Supported in part by Institute for Complex Adaptive Matter
(ICAM)

10:36

A43 12 Critical Rotating Frequency for Superfluid Fermionic
Gases across Feshbach Resonance HUI ZHAI, Department of
Physics, the Ohio State University TIN-LUN HO, Department of
Physics, the Ohio State University Vortex lattices have been ob-
served recently in the rotating Fermionic quantum gases near Fes-
hbach resonance. However, a much faster rotation may destroy the
superfluid pairing amplitude and reveal the normal state. In this
talk, we present the phase diagram for different interaction
strength and rotating frequency. We discover that at resonance,
pairing is so robust that it can not be destroyed by rotation. In the
BCS side close to resonance, we find that the critical frequency as
a function of interaction strength shows a series of plateaus as a
consequence of quantized Landau levels. In a fast rotating har-
monic trap, the superfluid core with vortices is surrounded by a
normal cloud, and the area of the superfluid regime gradually
shrinks as the increase of the rotating frequency.

SESSION A45: CUPRATES AND NICKELATES
Monday Morning, 13 March 2006

348, Baltimore Convention Center at 8:00

John Tranquada, Brookhaven National Laboratory,
presiding

8:00

A45 1 Optical evidence for a magnetically driven structural
transition in the spin web Cu3;TeO4 L. DEGIORGI, G. CAIMI,
ETH Zurich H. BERGER, L. FORRO’, EPF Lausanne Cu;TeOgq
is a modest frustrated S = 1/2 spin system, which undergoes an
anti-ferromagnetic transition at 7, ~ 61 K. The anti-
ferromagnetic spin alignment in Cu;TeOg below Ty is supposed to
induce a magneto-elastic strain of the lattice. The complete ab-
sorption spectrum of Cu;TeOg is obtained through Kramers-
Kronig transformation of the optical reflectivity, measured from
the far-infrared up to the ultraviolet spectral range as a function of
temperature (7). Below T* ~ 50 K, we find a new mode at 208
cm ™', The spectral weight associated to this additional mode in-
creases as « (T% — )2 with decreasing T below T*. The im-
plication of the optical findings will be discussed in relation to the
magnetic phase transition at 7 .

8:12

A45 2 Transport Anisotropy due to Spiral Spin Order in Un-
derdoped Cuprates VALERI KOTOV, Boston University OLEG
SUSHKOV, University of New South Wales 1 will discuss the
in-plane transport anisotropy in the spin-glass phase of La,_ Sr
CuO, within a theoretical scenario where the physics is purely
spin driven (no charge order is present), and a spiral spin density
wave is formed in the ground state. Such an approach is well
justified for the extended t—J model at low doping. In the low-
temperature, variable-range hopping regime, the calculated anisot-
ropy of 50-80 percent (depending on temperature) is in excellent
agreement with experiment [1], demonstrating that charge order-
ing tendencies are not necessary to explain the observed transport
anisotropy. This work is part of a series in which we show that the
spiral approach provides a consistent description of the low-
doping region. [1] V.N. Kotov and O.P. Sushkov, Phys. Rev. B 72,
184519 (2005).

8:24

A45 3 High Energy Spin Dynamics in the electron-doped
high-T, cuprate PrgglaCe;,CuO, (T,=21K)* STEPHEN
WILSON, SHILIANG LI, University of Tennessee PENGCHENG
DAI, University of Tennessee/Oak Ridge National Laboratory

HYUNGIE WOO, University of Tennessee CHRIS FROST, ISIS
Rutherford Appleton Laboratory HERB MOOK, Oak Ridge Na-
tional Laboratory YOICHI ANDO, SEIKI KOMIYA, CRIEPI,
Japan We use high-resolution inelastic neutron scattering to study
the low-temperature magnetic excitations of electron-doped super-
conducting Pryggl.aCe ,CuO,_ 5 (T.=21 K) over a wide energy
range (4 meV< hbar o < 260 meV). The effect of electron-
doping and superconductivity is to cause a wave vector broaden-
ing in the low-energy ( < 50 meV) commensurate spin fluctua-
tions at (7, ) and to suppress the intensity of spin-wave-like
excitations at high energies ( > 80 meV). This leads to a sub-
stantial redistribution in the spectrum of the local dynamical spin
susceptibility xy”’(w), and reveals a new energy scale considerably
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smaller than that of the hole-doped materials [1]. [1] Stephen D.
Wilson et. al., PRL submitted (2005).

*This work is supported by the U. S. NSF DMR-0453804 and
DOE Nos. DE-FG02-05ER46202 and

8:36

A45 4 Magnetic and transport properties of lightly doped
La,_,Sr,CuQO, V. JURICIC, M.B. SILVA NETO, C. MORAIS
SMITH, Inst. for Theoretical Physics, Univ. of Utrecht, The Neth-
erlands L. BENFATTO, Dept. of Physics, Univ. of Rome‘‘La Sa-
pienza,’’ Italy A.O. CALDEIRA, Inst. of Physics, Univ. of Campi-
nas, Brazil We address the problem of the static magnetic
correlations in La,CuO,4 [1] and lightly doped La,_ Sr,CuO,
within the framework of a dipolar frustration model for a canted
antiferromagnet [2]. We show that the Dzyaloshinskii-Moriya and
XY anisotropies are responsible for robustness of the Neel state
for x < 2% while, for higher doping, the antiferromagnetic
ground state is unstable towards a helicoidal magnetic phase. The
helicoidal spin structure gives rise to incommensurate peaks in
elastic neutron scattering, and is consistent with recent Raman and
magnetic susceptibility experiments in La,_ Sr,CuO,. We pro-
pose that the dissipative dynamics of topological defects in a spiral
state is responsible for the transport properties in the spin-glass
phase of cuprates [3]. The calculated damping matrix is related to
the in-plane resistivity, which exhibits an anisotropy and linear
temperature dependence in agreement with experimental data.
References: [1] M. B. Silva Neto, L. Benfatto, V. Juricic, and C.
Morais Smith, cond-mat/0502588. [2] V. Juricic, M. B. Silva
Neto, and C. Morais Smith, cond-mat/0510312. [3] V. Juricic, L.
Benfatto, A. O. Caldeira, and C. Morais Smith, Phys. Rev. Lett.
92, 137202 (2004).

8:48

A45 5 High binding energy band structure of Bi-2212 as mea-
sured by ARPES K. MCELROY, J. GRAF, MSD, Lawrence Ber-
keley National Laboratory, California G.-H. GWEON, S.Y.
ZHOU, Department of Physics, UC Berkeley, California S.
SAHRAKORPI, M. LINDROOS, R.S. MARKIEWICZ, A. BAN-
SIL, Physics Department, Northeastern University, Boston MA H.
EISAKI, AIST, Tsukuba, Japan T. SASAGAWA, H. TAKAGI,
Department of Advanced Materials Science, U of Tokyo, Japan S.
UCHIDA, Department of Physics, U of Tokyo, Tokyo, Japan A.
LANZARA, Department of Physics, UC Berkeley, California The
study of the electronic structure of high temperature superconduct-
ors by angle resolved photoemission spectroscopy (ARPES) has
so far focused on the states near the Fermi level, believed to be
fundamental for most of the properties of cuprates. However, it is
well known that in doped Mott insulators the low and high energy
physics are strongly coupled one to the other. Therefore, to gain
insight on the real physics of cuprates a full characterization of the
electronic band structure up to energies of the order of the lower
Hubbard band and beyond is needed. Here we report a detailed,
doping dependent study of the band structure of Bi2212 supercon-
ductors at energies of the order of 1-2 eV. The experimental re-
sults are interpreted in terms of local density approximation
(LDA) based computations, where the presence of the ‘‘spaghetti’’
of Cu-O and O-bands is predicted. Comparison between computed
and measured bands provides insight into many-body renormal-
ization effects.

9:00
A45 6 Unidirectional Order and 3D Stacking of Stripes in
Orthorhombic Pr1_67Sr0.33Ni04 and Nd1_67Sr0.33Ni04.

MARKUS HUCKER, JOHN M. TRANQUADA, GEN D. GU,
Brookhaven National Laboratory MARTIN V. ZIMMERMANN,
HASYLAB at DESY, Hamburg, Germany BERND K. BUCHNER,
IFW Leibniz-Institute, Dresden, Germany The crystal structure
and charge stripe order in Pr; ¢;Sr)33NiO, and Nd; ¢;S1r33NiO,
was studied by means of single crystal x-ray diffraction in zero
and high electric fields. In contrast to tetragonal La, ¢St 33NiO,,
these crystals are orthorhombic at room temperature. We find that
the distortion of the NiO, planes associated with the orthorhombic
strain dictates the direction of the charge stripes. The critical tem-
perature for charge stripe order is the same as in La; 4;Sr(33NiOy,
(Tco~ 245 K), i.e., it does not depend on the crystal symmetry. A
second structural transition observed only in Nd; 7,51, 33NiO, at
temperatures T~ 100 K has no noticeable influence on the stripe
order. In crystals with a hole content very close to 1/3 we observe
a tripling of the charge stripe unit cell along the c-axis for tem-
peratures T < 225 K, which indicates a strong tendency towards a
well defined three dimensional order. A high electric field applied
to Nd; ¢7S133NiO,4 had no noticeable impact on the charge stripe
order, i.e., a sliding of stripes was not observed. The work at
Brookhaven was supported by the Office of Science, U.S. Depart-
ment of Energy under Contract No. DE-AC02-98CH10886.

9:12

A45 7 The ground state of the quasi-one-dimensional cuprate
PrBa,Cu,Og: field-induced dimensional crossovers and
disorder-induced one-dimensionality ALESSANDRO NAR-
DUZZO, ARAZ ENAYATI-RAD, University of Bristol
SHIGERU HORII, University of Tokyo FEDOR BALAKIREYV,
Los Alamos National Laboratory NIGEL HUSSEY, University of
Bristol PrBa,Cu,Og, the non-superconducting analogue of the
high-T',. cuprate YBa,Cu,Og, is an extremely anisotropic quasi-
one-dimensional (Q1D) metal (77: r2: t> ~ 4000: 2: 1). The
in-chain (b-axis) charge dynamics were investigated as a function
of temperature and applied magnetic field for several samples of
different disorder content. Measurements in magnetic fields up to
65 T confirm the correspondence between dimensional crossovers
due to magnetic field carrier confinement and temperature-induced
decoherence, opening the possibility of accessing the Tomonaga-
Luttinger liquid state in this material. A metal-insulator transition
is observed with increasing disorder concentration for samples
with nominal mean free path of ~ 100b. The onset of this remark-
able localisation phenomenon reveals a striking correlation be-
tween the scattering rate and the interchain hopping rate(s), sug-
gesting a disorder-induced crossover to a one-dimensional (1D)
ground state. b-axis magnetoresistance measurements were per-
formed in order to identify the nature and properties of the Q1D
metallic and disorder-induced 1D insulating states.

9:24

A45 8 Lattice fermion models with spontaneous orbital cur-
rents in strong-interaction limit* CHRISTOPHER L. HENLEY,
Cornell University A suggestion that the cuprate pseudogap state
has a hidden order, in the form of staggered currents [ 1], led to toy
spinfull fermion models on ladders and bilayers which exhibit
such a symmetry breaking [2]. This invites the question, which
features of the model are conducive to such phases? Taking (for
maximal simplicity) spinless fermions, with large or infinite repul-
sion, I find a ground state with spontaneous-current order in two
models: each consists of rings of sites, coupled by weak hopping
to form a ladder or a d = 2 lattice. So far, all my examples require
lattices modulated with alternately strong and weak hopping. I also
argue that spontaneous currents depend on the presence of Berry-
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like phases as one takes the system around loops in the abstract
graph of all configurations coupled by hops: it would follow that
spontaneous currents are impossible in lattice boson models. [1] S.
Chakravarty et al, Phys. Rev. B 63, 094503 (2001). [2] M.
Tsuchiizu and A. Furusaki, %%% spontaneous currents Phys.
Rev. B 66, 245106 (2002); U. Schollwock et al, Phys. Rev. Lett.
90, 186401 (2003); S. Capponi, C. Wu, and S.-C. Zhang, Phys.
Rev. B 70, 220505 (2004).

*Supported by NSF grant DMR-0240953

9:36

A45 9 A proposal for giant spin-orbital resonance in AFM/
SDW conductors. REVAZ RAMAZASHVILI, LPTMS, Bat. 100,
Universite Paris-Sud, 91405 Orsay cedex, France SERGUEI
BRAZOVSKIL, LPTMS, Bat. 100, Université Paris-Sud, 91405
Orsay cedex, France Essential dependence of the electron g-factor
on the quasiparticle momentum is a fundamental property of an-
tiferromagnetic conductors (AFM), which so far has been largely
overlooked. It leads to an anomalously strong spin-orbit interac-
tion, of which a giant combined spin-orbital resonance may be a
striking manifestation. We advance a theory of this combined
resonance (excitation of electron spin transitions by AC electric
field) in a weakly doped antiferromagnetic insulator. The com-
bined resonance intensity exceeds that of the electron spin reso-
nance (ESR) by orders of magnitude. We study transitions in the
continuous spectrum, as well as in a quantizing magnetic field, and
calculate the resonance lineshape, and the angular dependence of
the resonance intensity. Our predictions may be relevant for vari-
ous magnetically ordered conductors, including electron- and
hole-doped cuprates, and organic metals with a spin density wave
(SDW).

9:48

A45 10 Dual vortex theory of doped antiferromagnets SUBIR
SACHDEV, Harvard University LEON BALENTS, University of
California, Santa Barbara We present a general framework for
describing the quantum phases obtained by doping paramagnetic
Mott insulators on the square lattice. The undoped insulators are
efficiently characterized by the projective transformations of vari-
ous fields under the square lattice space group (the PSG). We
show that the PSG also imposes powerful constraints on the doped
system, and enables derivation of an effective action for the vortex
and Bogoliubov quasiparticle excitations of superconducting
states. This action also describes transitions to supersolid or insu-
lating states at nonzero doping. For the case of a valence bond
solid (VBS) insulator, we show that the doped system has the
same PSG as that of elementary bosons with density equal to the
density of electron pairs. We also obtain the action for a d-wave
superconductor obtained by doping a ‘‘staggered-flux’’ spin liquid
state.

10:00

A45 11 Strong coupling theory of phonons in the Hubbard
Model SHILADITYA CHAKRABORTY, Univ. of lllinois,
Urbana-Champaign TUDOR STANESCU, Univ. of Illinois,
Urbana-Champaign PHILIP PHILLIPS, Univ. of Illinois, Urbana-
Champaign The role of phonons in strongly correlated electronic
systems including the high Tc cuprates has not been completely
well understood. Recent experimental results, notably those of
Lanzara et. al reveal the existence of a kink in the quasiparticle
dispersion data for various classes of cuprate superconductors in-
cluding BiSCO, LSCO and NCCO at an energy scale of around 50
meV to 70 meV using ARPES techniques. Direct comparison of

ARPES and neutron scattering data has also been done for LSCO.
One of the possible explanations for this kink is believed to be
coupling of electrons with phonon modes of the above energy
scale. We obtain the electron spectral function as a function of
electron- phonon coupling strength using Cluster Dynamic Mean
Field Theory (CDMFT on the 2-D Hubbard Model with phonons
and compare it with the experimental data.

10:12

A45 12 Spin Correlations and Magnetic Susceptibilities of
Lightly Doped Antiferromagnets [.R. PIMENTEL, F. CAR-
VALHO DIAS, University of Lisbon, Portugal We calculate the
spin correlation function and the magnetic longitudinal and trans-
verse susceptibilities of a two-dimensional antiferromagnet doped
with a small concentration of holes, in the t-J model. We find that
the motion of holes generates spin fluctuations which add to the
quantum fluctuations, the spin correlations decaying with the in-
verse of the spin distance, while increasing with doping as the
critical hole concentration, where the long-range order disappears,
is approached. Moreover, the longitudinal susceptibility becomes
finite in the presence of doping, due to the strong damping effects
induced by the hole motion, while the transverse susceptibility is
renormalized by softening effects. Both the longitudinal and the
transverse susceptibilities increase with doping, the former more
significantly than the latter. Our results imply that doping destroys
the long-range order while local antiferromagnetic spin correla-
tions persist. This is consistent with experiments on the doped
copper oxide superconductors.

10:24

A45 13 Unconventional antiferromagnetism in the presence of
Dzyaloshinskii-Moriya interactions: the case of La,CuQ,
LARA BENFATTO, CNR-INFM and University of Rome ‘‘La
Sapienza,’’ Italy MARCELLO SILVA NETO, University of Utre-
cht, The Netherlands Between the several anomalous properties of
cuprates superconductors, the attention has been put recently on
the magnetic properties of the undoped compounds, which display
antiferromagnetism. In particular, La,CuO, has been extensively
investigated, and several unusal magnetic properties have been
observed, as for example the temperature dependence of the uni-
form magnetic susceptibility and the magnetic-field dependence of
the magnon gaps. Using a long-wavelength non-linear sigma
model approach, we study effect of Dzyaloshinskii-Moriya inter-
actions in the quantum Heisenberg antiferromagnet. With this
technique one can easily recognize that the Dzyaloshinskii-Moriya
interaction mediates an anomalous coupling between the uniform
magnetic field and the antiferromagnetic order parameter. We can
then provide a simple and clear explanation for all the recently
reported anomalies, and we demonstrate explicitly why La,CuO,
can not be classified as an ordinary easy-axis antiferromagnet.

10:36

A45 14 %5Cu NMR Spectrum and Spin Lattice Relaxation in
the Two-dimensional Antiferromagnet PrZCuO4_y* G. GAI-
DOS, W.G. CLARK, UCLA Physics and Astronomy R.L.
GREENE, B. LIANG, U. of Maryland Physics The %>%Cu NMR
spectra and spin lattice relaxation rate (1/7;) are reported for a
single crystal of the two-dimensional antiferromagnet Pr,CuO,_,
as a function of the applied magnetic field (itB,) over the tem-
perature (7)) range 3 - 20 K. When itB, = 0, the NMR spectrum
has six lines, which correspond to the quadrupolar spectrum (cen-
tral transition and two satellites) of both Cu isotopes in an anti-
ferromagnetic (AF) internal field of 9.626 T. This value is 0.75 T
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less than that of the related compound Nd,CuO,_, [1]. The spec-
tra as a function of itB are consistent with the noncollinear struc-
ture of the AF ordered Cu®>" spins seen in neutron diffraction
studies [2]. The values of 1/T; over the range 5 K < T
< 20 K follow the power law 1/T, o« T?, which may indicate 1/
T, is dominated by two-dimensional AF spin waves [3]. [1] Y.
Yosinari itet al., J. Phys. Soc. Jpn. 59, 36 (1990). [2] 1. Sumarlin
itet al., Phys Rev B, 51, 5824 (1995). [3] S. Chakravarty itet al.,
Phys Rev B 43, 2796 (1991).

*Work at UCLA supported by NSF Grant DMR-0334869.

10:48

A45 15 Spectroscopy of stripe order in La, ¢Sr,,NiO, using
resonant soft x-ray diffraction J. SCHLAPPA, C.
SCHUESSLER-LANGEHEINE, Z. HU, C. F. CHANG, M.
BENOMAR, H. OTT, O. FRIEDT, M. BRADEN, L.H. TJENG,
1. Physikalisches Institut, Universitaet zu Koeln, Germany A.

TANAKA, ADSM, Hiroshima University, Japan E. SCHIERLE,
E. WESCHKE, G. KAINDL, Institut fuer Experimentalphysik,
Freie Universitaet Berlin, Germany G.A. SAWATZKY, Depart-
ment of Physics and Astronomy, UBC, Canada H.-J. LIN, C.T.
CHEN, NSRRC, Hsinchu, Taiwan We studied the electronic struc-
ture and temperature dependence of the stripe phase in Sr-doped
La,NiO, using resonant diffraction at the Ni L, ; and La M, 5 edge
in combination with a realistic microscopic theory. Making use of
the very high sensitivity of the method to ordered modulations of
the electronic state, we found the doped holes to be mainly located
on the oxygen ligands in the NiO, planes, each centered around
one Ni ion. The Ni ions in the hole-rich stripes are essentially in a
high-spin d® state and the hole spin is coupled antiparallel to the
Ni spin in close analogy to the Zhang-Rice singlet state in cu-
prates. Such an understanding of the charge-ordered phase could
not be obtained before, neither by conventional x-ray or neutron
diffraction techniques, nor by x-ray absorption spectroscopy.
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Mary Ellen Zvanut, University of Alabama, presiding

Invited Papers

8:00

A46 1 Efficiency in Piezoelectric GaInN/GaN Green Light Emitting Diodes.

CHRISTIAN WETZEL, Rensselaer Polytechnic Institute

The color of green is most closely related to human’s perception of light, while red and blue have more of a signal
character. Wide bandgap GalnN/GaN heterostruture devices successfully expanded the wavelength range of light emit-
ting diodes (LEDs) from the red to blue and the UV. Performance in the green (500 — 570 nm), however, substantially
lags behind requirements for energy efficient solid state white lighting. In particular, it is a significant challenge to extent
the wavelength range from the blue back to the lower emission energies of green. Problems to incorporate high fractions
of In and large biaxial strain are compounded by strong polarization properties of the material system. From detailed
bandstructure spectroscopy we reveal that and how the piezoelectric properties play the pivotal role in the light emission
properties. On these premises, polarization optimized green LED dies have been developed with superior performance at
525 nm and the deep green to 560 nm. In an ongoing process, device performance and efficiencies are analyzed and
compared to a large set of sample data and provide relevant optimization feedback.

Contributed Papers

8:36

A46 2 Growth and Characterization of III-Nitride LEDs on
Vicinal Sapphire Substrates N. KHAN, J. LI, J. Y. LIN, AND H.
X. JIANG, Department of Physics, Kansas State University, Man-
hattan, KS 66506-2601 GaN and related III-N alloys have great
potential applications in optoelectronic devices such as light emit-
ting diodes (LEDs), laser diodes (LDs) and high power electronic
devices such as transistors. For improved performance and greater
versatility of these devices, it is essential to improve the quality of
materials and devices. It has been reported that growth on vicinal
or misaligned substrates compared to flat ones, lead to smoother
and higher crystalline quality thin films. Improved brightness and
quantum efficiency, and a reduction of the forward current at
which maximum quantum efficiency occurs are among the im-
proved optical properties resulting from the use of misaligned
substrates and a thick base layer. We report on the characteristics
of InGaN based blue/green LEDs grown by metal organic chemi-
cal vapor deposition (MOCVD) on specially fabricated dome

shaped sapphire substrates. These dome shaped substrates provide
varying degrees of off-cut within a single wafer. Surface mor-
phologies, crystalline qualities and emission properties across the
entire wafer surface have been mapped by various techniques,
including optical and atomic force microscopy (AFM), x-ray dif-
fraction and electroluminescence and photoluminescence spectros-
copy. The results are compared with those of blue/green LEDs
grown on conventional on-axis substrates.

8:48

A46 3 Improvement of AlGaN-based deep-ultraviolet light
emitting diodes performance with a nano-textured/roughened
sapphire substrate MUHAMMAD KHIZAR, YASIN RAJA, De-
partment of Physics & Optical Sciences, University of North
Carolina at Charlotte, NC 28223 Performance improvement of the
fabricated AlGaN-based deep-ultraviolet light emitting diode
(DUV LEDs) on sapphire with nano-textured/roughned substrate
is reported. The output optical powers as well as the current-
voltage characteristics of the processed devices with and without
textured/roughened substrate are compared. Lapping/polishing
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and dry-etching techniques were employed for nano-texturing/
roughening of the substrate. Magnetron dry etching was performed
using a mixed CF,Cl,/Ar feed gases followed by an inductively
coupled plasma (ICP) etching in BCl;/Cl, plasma chemistry. An
etching rate of ~ 145 nm/min for the sapphire was easily obtained.
The result show that the optical emission power of the fabricated
devices with textured/roughened sapphire substrate is higher as
compared to similar un-textured/roughened devices. Based on the
analysis, it is concluded that a textured/roughened substrate sur-
face with an RMS ~ 15 — 25 nm shows improved light extraction
efficiency, which is the result of the reduced internal reflection of
the light caused by the nano-textured/roughened surface profile
thereby causing deviation for critical angle.

9:00

A46 4 Growth and Optical Properties of Al rich AIN/AlIGaN
Quantum Wells TM. AL TAHTAMOUNI, N. NEPAL, M.L.
NAKARML J.Y. LIN, AND H.X. JIANG, Department of Physics,
Kansas State University, Manhattan, Kansas 66506-2601 Al rich
AlGaN alloys are promising materials for the applications in the
optoelectronic devices such as deep ultraviolet (UV) emitters and
detectors in the spectral range down to 200 nm. AlGaN based UV
emitters (A < 340nm) has applications in bio-chemical agent de-
tection and medical research/ health care. To realize deep UV
emission (A < 280 nm) Al rich AlGaN based quantum wells
(QWs) are required. We report here the growth of
AIN/ALGa, - ,NQWs (x>0.65) on AlN/sapphire templates by
metalorganic chemical vapor deposition (MOCVD). Deep UV
photoluminescence (PL) was employed to study the optical prop-
erties of the QWs. Well width (Al composition) dependence was
studied by varying the QW thickness (Al composition) with fixed
x~ 0.65 (well width at 3 nm). Optical properties of these QWs
such as the effects of alloy fluctuation, temperature, strain and
piezoelectric field, carrier and exciton localizations on the quan-
tum efficiency have been studied. Carrier and exciton dynamics
were probed. Implications of our findings on the applications of Al
rich AIN/AIGaN QWs for UV emitters and detectors will also be
discussed.

9:12

A46 5 Optical properties of Er doped IIl-nitride epilayers and
quantum wells synthesized by MOCVD C. UGOLINI, M.L.
NAKARMI, N. NEPAL, J.Y. LIN, AND H.X. JIANG, Depart-
ment of Physics, Kansas State University, Manhattan, KS 66506
The wide bandgap semiconductor, GaN, is an excellent host for Er
since the thermal quenching of radiative intra-4f itEr’>* transitions
is very low in Er implanted or Er doped GaN, and the solubility of
Er in GaN is high. Due to these properties and the characteristic
transition of 1.54 wm of Er’*, Er doped GaN structures are prom-
ising for Er related emitters operating in the infrared region. In
recent studies, Er doped III-Nitride epilayers were obtained by ion
implantation or molecular beam epitaxy (MBE). But, in-situ Er
doping of III-Nitride epilayers has not been achieved by metalor-
ganic chemical vapor deposition (MOCVD), mostly due to the low
vapor pressure and lack of suitable, metalorganic Er sources.
However, due to the large output and high-crystalline quality of
MOCVD grown Ill-nitride epilayers, use of this process to grow
Er doped II-nitride epilayers would be very useful for commercial
applications. We report on the synthesis of Er doped Ill-nitride
epilayers and quantum wells (QW) grown by MOCVD, and their
optical properties. Optical properties in the visible and infrared
region for epilayers and QW’s of different Er concentrations and

growth conditions are discussed. The mechanisms of optical tran-
sitions involving different intra-4f Er’" energy levels are also
discussed. Lastly, potential applications of Er doped Ill-nitride
structures in the communication wavelength will be presented.

9:24

A46 6 Structural and optical properties of GaN films grown on
GaAs substrates by molecular beam epitaxy O. MAKSIMOV,
V. HEYDEMANN, Electro-Optics Center, Pennsylvania State
University P. FISHER, H. DU, M. SKOWRONSKI, Dept. of Mat.
Sci. and Eng., Carnegie Mellon University Y. GONG, I. KUSK-
OVSKY, Dept. of Physics, Queens College of NY ELECTRO-
OPTICS CENTER TEAM, CARNEGIE MELLON UNIVER-
SITY TEAM, QUEENS COLLEGE OF NY TEAM, GaN
emerged during the past decade as a wide band gap semiconductor
with promising material properties for the development of short-
wavelength optoelectronic, high frequency and high power elec-
tronic devices. Most GaN research has been focused on the growth
of high quality GaN epitaxial layer on A1203 and SiC substrates.
The MBE growth of GaN on GaAs substrates is much less studied,
although it provides several advantages, such as a closer thermal
expansion coefficient matching and a possibility to stabilize cubic
B-GaN. In this work we report on MBE growth of GaN films on
the (100) GaAs substrates. Contrary to previous literature ac-
counts, we do not employ an As beam, neither during oxide de-
sorption nor during GaN nucleation and growth. We determine
that direct growth on thermally desorbed GaAs results in a poly-
crystalline film that contains inclusions of both @ and S GaN.
Low-temperature nitridation followed by annealing improves
structural properties resulting in the growth of a-GaN with 0002
orientation.

9:36

A46 7 Characterization of stress in thin-film wurtzite GaN
grown on c-plane sapphire by molecular beam epitaxy. FRAN-
CISCO PARADA, MICHAEL MARCINIAK, Air Force Institute
of Technology LAVERN STARMAN, JASON FOLEY, Air Force
Research Laboratory YUNG KEE YEO, Air Force Institute of
Technology The stress distribution in wurtzite gallium nitride
(GaN) grown on c-plane sapphire substrates by molecular beam
epitaxy is characterized. Micro (u)-Raman spectroscopy is par-
ticularly useful for stress characterization because of its ability to
measure the spectral shifts in Raman peaks in a material, and
correlate those shifts with stress and strain. The phonon deforma-
tion potential is determined by applying pressure to the material
using a four-point strain fixture while simultaneously monitoring
the applied pressure using a strain gauge and recording the Raman
spectrum. The deformation potentials are then used to determine
stress distribution; the spectral positions of the E, Raman mode (v
= 569 cm-1) in GaN and A, Raman mode (v = 418 cm ™) in
sapphire are recorded at each spatial position in a raster map. The
m-Raman spectroscopy is performed using a Renishaw InVia Ra-
man spectrometer with argon ion (A = 514.5 nm, hy = 2.41 eV)
and helium-neon (A = 633 nm, hv = 1.96 eV) excitation sources,
and the data is collected across the samples with 5- to 10-um
spatial resolution. Inherent stress and evidence of significant dam-
age in the GaN layer due to MEMS processing will be discussed.
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9:48

A46 8 The Influence of Phonons and Phonon Decay on the
Optical Properties of GaN D. Y. SONG, M. BASAVARAJ, S.
A. NIKISHIN, M. HOLTZ, Texas Tech University, Lubbock,
Texas 79409 V. SOUKHOVEEV, A. USIKOV, V. DMITRIEV,
TDI, Inc., 12214 Plum Orchard Dr., Silver Spring, MD 20904 The
temperature dependences of vibrational and optical properties of
high-quality GaN are studied using Raman and photolumines-
cence (PL) spectroscopies in the range 20 to 325 K. The Raman-
active A;(LO) phonon has temperature dependence described well
by combined two- and three-phonon decay. The temperature de-
pendences of E%phonon are almost entirely dominated by the ther-
mal expansion, and the contribution of three-phonon decay pro-
cess is very small throughout interested temperature range. The
shallow neutral donor-bound exciton (D°,X) and two free excitons
(X, and Xj) are observed at low temperatrue PL spectra. Also
seen are two A,(LO) phonon sidebands (PSBs), originating from
the X free exciton, with the characteristic asymmetry attributed to
interactions between discrete and continuum states. Analysis of
the band-edge excitons reveals that energy gap shrinkage and ex-
citon linewidths are completely described based on electron-
phonon interactions with phonon properties consistent with the
Raman analysis. First and second PSBs have temperature depen-
dence associated with the A;(LO) phonon. The shift, broadening,
and asymmetry of the PSBs are explained by Segall-Mahan theory
adding the decay mechanism of A;(LO) phonon and the exciton
broadening from electron-phonon interactions. Work at Texas
Tech University supported by National Science Foundation grant
ECS-0323640.

10:00

A46 9 Bandedge transitions in GaN and AIN at elevated tem-
peratures N. NEPAL, M. L. NAKARMI, J. LI, J. Y. LIN, AND
H. X. JIANG, Department of Physics, Kansas State University,
Manhattan, KS 66506 GaN and AIN are recognized as promising
materials for high power high temperature optoelectronic and elec-
tronic devices. For device realization, understanding fundamental
properties of these materials at elevated temperature is very im-
portant. Probing the optical properties such as the temperature
dependence of the bandedge transitions reveals important infor-
mation pertaining to the fundamental band structures, exciton and
carrier recombination and activation processes. Deep-ultraviolet
photoluminescence (PL) spectroscopy has been employed to study
the bandedge transitions in metalorganic chemical vapor deposi-
tion grown GaN and AIN epilayers up to 800 K. The temperature
dependence of the PL emission intensity revealed two different
activation processes in both GaN and AIN epilayers. The first
process occurring below T, = 325 K (T, = 500 K) for GaN (AIN)
is due to the activation of free excitons to free carriers. Whereas
the second activation process occurring above T, with an activa-
tion energy of 0.29 eV (0.3 eV) for GaN (AIN) is believed to be
associated with the existence of a satellite valley (I'5) at about 0.3
eV above the conduction band minimum, I';. Consequence of this
satellite valley in the conduction band on the high temperature and
high power device applications of GaN and AIN will be discussed.

10:12

A46 10 Hot carrier dynamics in bulk GaN under short laser
pulse excitation S. RUDIN, U.S. Army Research Laboratory E.
BELLOTTI, Boston University G. A. GARRETT, M. WRA-
BACK, U.S. Army Research Laboratory In this work, we apply
the semiconductor Bloch equation formalism to the study of the
electron-hole dynamics in bulk GaN under short laser pulses ex-

citation. Both coherent and non-coherent processes contribute to
the dynamics on short time scales. The numerical solution of the
equations of motion for the electron-hole plasma and the polariza-
tion is obtained by using a generalized Monte Carlo algorithm.
This includes a direct solution of the coherent process and a sto-
chastic description of the dephasing mechanisms. Screened
carrier-carrier interaction and carrier-phonon interaction are con-
sidered in the dephasing processes. The model also includes the
description of the interaction of the ultra-short laser pulse with the
semiconductor media. The non-parabolic two-band analytical ap-
proximation was used in this work. The interaction of LO-phonons
with electrons in GaN is much stronger than in GaAs, and the
LO-phonon-electron scattering rate in GaN is almost one order
higher than that in GaAs. The computed time dependent carrier
densities were used to obtain time dependent luminescence at dif-
ferent probe wave-lengths for different excitation powers. The
results were compared with the experimental results obtained by
the subpicosecond time-resolved spectroscopy of UV lumines-
cence.

10:24

A46 11 Nonequilibrium carrier dynamics in AlIGaN/GaN sur-
face quantum wells monitored by time-resolved photolumines-
cence spectroscopy Y. D. GLINKA,*J. V. FOREMAN, W.
DAVENPORT, H. O. EVERITT,i U.S. Army Aviation and Missile
RDEC, Redstone Arsenal, AL X. ZHANG, 1. P. WELLNIUS, J. F.
MUTH, Electrical and Computer Engineering, North Carolina
State Univ., Raleigh, NC J. ROBERTS, P. RAJAGOPAL, J.
COOK, E. PINER, K. LINTHICUM, Nitronex Corporation, Ra-
leigh, NC The photoluminescence (PL) from a GaN surface quan-
tum well of an AIGaN/GaN heterostructure has been studied by
using a wide range of ultrafast ( ~ 200 fs) laser excitations and
temperatures (4.2 — 300 K) for quantum wells of varying widths.
We observe a broad ( ~ 100 meV) PL band whose peak shifts
linearly from 3.5 to 3.8 eV with decreasing GaN quantum well
thickness from 2.9 to 1.5 nm. The spectral shift of the band is
accompanied by the corresponding temporal shift in the range
< 30 ps. The dynamics of nonequilibrium electrons in the GaN
layer confined by the AlGaN barrier and the vacuum level is dis-
cussed, with particular emphasis on carrier interactions with both
acoustic and optical phonons.

*Nano and Micro Devices Center, University of Alabama in
Huntsville, Huntsville, AL

TLDept. of Physics, Duke University, Durham, NC

*Dept. of Physics, Duke University, Durham, NC

10:36

A46 12 Time Resolved Photoluminescence Measurements in
hexagonal Mg.Zn;_,0O (x=0.13) alloys SHIVA HULLA-
VARAD, R. VISPUTE, S. DHAR, University of Maryland
HENRY EVERITT, JOHN FOREMAN, Duke University 1.
TAKEUCHLI, University of Maryland In this work we present re-
sults on the optical characterization of Pulsed Laser Deposited
epitaxially grown thin films of Mg,Zn, _ O on sapphire. The crys-
talline quality and composition of the alloys are characterized by
X-Ray Diffraction and Rutherford Back Scattering (RBS) — ion
channeling techniques respectively. The composition of the films
is found to have strong dependence on the growth parameters. The
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photo generated carrier decay times are analyzed by time-resolved
photoluminescence (TRPL) measurements. Since most optical and
electrical devices are operated at room temperature, understanding
the fundamental excess carrier recombination dynamics at 300 K
is required to evaluate the relevant radiative and non-radiative
recombination mechanisms and thus to improve the performance
of devices. We have observed from initial PL measurements evi-
dence of varying amounts of non-radiative relaxation processes
competing with radiative PL in the MgZnO samples. More impor-
tantly, we have observed a decay time of 125 ps for films from
TR-PL measurements. The efficiency of the radiative recombina-
tion, and therefore the material quality, is strongly related to the
decay time of the particular transition. The correlation of the re-
sults obtained from RBS and PL-TRPL measurements will be
presented.

10:48
A46 13 Optical and magnetic properties of Zn;_,Co,O and
ZnCo,0, thin films. K. SAMANTA, P. BHATTACHARYA,

SESSION B1: DCMP/DCOMP PRIZE SESSION

R.S. KATIYAR, University of Puerto Rico, PR W. IWNAMOTO,
R.R. URBANO, C.P. PAGLIUSO, C. RETTORI, Instituto de Fi-
sica Unicamp, Campinos, Brazil UPR TEAM, CAMPINO BRA-
ZIL TEAM, The transition metal doped wide bandgap ZnO are
considered possible candidates for room temperature ferromag-
netic semiconductor for spintronic devices. Thin films of Co sub-
stituted ZnO and ZnCo,0, were deposited using pulsed laser
deposition on c-axis (0001) oriented Al,O5 substrates. The XRD
results showed all the films were highly (002) oriented with a less
intense peak of (311) for ZnCo,0, thin film. Micro-Raman spectra
of ceramic targets showed the modes related to wurtzite ZnO and
spinel ZnCo,0, structure. In thin films of Zn;_,Co,O no such
modes related to ZnCo, 0O, were detected. The intensity of E;(LO)
and multiphonon peaks at 540 and 584 cm™!, respectively, in-
creased with increase in the Co substitution. The optical absorp-
tion of the films showed that the band gap decreased with the
increase of Co concentrations at room temperature along with the
sub-bandgap absorption due to d — d transitions of Co?". Similar
sub-bandgap d — d transition was also observed in absorption
spectra ZnCo, 0O, thin film.

Monday Morning, 13 March 2006; Ballroom IV, Baltimore Convention Center at 11:15

Susan Coppersmith, University of Wisconsin, presiding

11:15

B1 1 Liquid Crystal Phases of Molecular Bananas: Polarity and Chirality as Broken Symmetries.*

NOEL CLARK, University of Colorado

The study of the interplay of chirality and polarity has been a particularly rich theme of soft matter science since Meyer’s
seminal discovery that tilted smectics of chiral molecules are macroscopically polar. This event, and the subsequent
realization of polar domains and high-speed electro-optic switching in chiral smectics, engaged the liquid crystal com-
munity in a worldwide pursuit of novel smectics for applications, featured by the synthesis of more than 50,000 new
liquid crystal compounds, and by a consequent broad diversification of the palette of liquid crystal phases and possibilities
for supermolecular ordering. A current important activity in this scenario is the study of polar order in synthetically
achiral molecules, for example, in molecular bananas, which, as their shape suggests, might be expected to organize in
a polar way. Indeed they do, but beyond this, almost everything learned about them has been surprising, including their
persistent tendency to exhibit chirality as a spontaneously broken symmetry. I will discuss some of these new phases and
phenomena, including the discovery of fluid conglomerates (Pasteur’s experiment in a fluid), triclinic fluid order, chiral
twist grain boundary phases of achiral molecules, chirality flipping and field-induced deracemization, ferroelectric and
antiferroelectric phases with supermolecular- scale polarization modulation, and chiral thermotropic sponge phases.

*Work in collaboration with the Boulder Liquid Crystal Group, supported by NSF MRSEC Grant DMR 0213918.

11:51
B1 2 Curvature, chirality, and polar symmetry in liquid crystals.
ROBERT MEYER, Brandeis University

Charles Frank taught us the relationship between curvature and polarity in liquid crystals. He showed that polar ordering
of dipolar molecules, with the polar axis parallel to the nematic director, would lead to spontaneous splay deformation
of the otherwise uniaxial nematic state. Likewise, he showed that molecular chirality leads to spontaneous twisting of the
director field, resulting in the helicoidal textures of chiral nematics. Augmenting Frank’s insight on polarity induced splay
with the realization that bend induces polarization perpendicular to the director, led to the concept of curvature induced
polarization of liquid crystals, or flexoelectricity. The concepts of chirality induced twist and bend induced polarization
became intimately combined in the case of chiral smectic C liquid crystals. The chirality induced twisting of the
molecular tilt direction from layer to layer in the smectic produces a helical state incorporating both spontaneous twist
and bend, and therefore inducing polarization in the smectic layers, normal to the molecular tilt direction. Thus, Frank’s
original insights led eventually to the discovery of ferroelectric liquid crystals. In fact, spontaneous polarization and
helical order are independent consequences of molecular chirality in tilted smectics. The fundamental combination of
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monoclinic local symmetry in the smectic C phase with molecular chirality leads directly to spontaneous polarization,
with no requirement of helical twisting. This realization leads to generalizations of ferroelectricity to include anti-
ferroelectric and ferri-electric smectics, among the fascinating array of polar liquid crystal phases. The consequences of
these concepts in fundamental science, materials development, and applications will be reviewed.

12:27
B1 3 Generating Coherent Phonons and Spin Excitations with Ultrafast Light Pulses.*
ROBERTO MERLIN, FOCUS Center and Department of Physics, University of Michigan, Ann Arbor, MI 48109-1040

Recent work on the generation of coherent low-lying excitations by ultrafast laser pulses will be reviewed, emphasizing
the microscopic mechanisms of light-matter interaction. The topics covered include long-lived phonons in ZnO [C.
Aku-Leh, J. Zhao, R. Merlin, J. Menéndez and M. Cardona, itPhys. Rev.B 71, 205211 (2005)], squeezed magnons [J.
Zhao, A. V. Bragas, D. J. Lockwood and R. Merlin, itPhys. Rev. Lett. 93, 107203 (2004)], spin- and charge-density
fluctuations [J. M. Bao et al., itPhys. Rev. Lett. 92, 236601 (2004)] and cyclotron resonance [J. K. Wahlstrand, D. M.
Wang, P. Jacobs, J. M. Bao, R. Merlin, K. W. West and L. N. Pfeiffer, AIP Conference Proceedings 772 (2005), p. 1313]
in GaAs quantum wells. In addition, unpublished results on surface -avoiding phonons in GaAs-AlAs superlattices [M.
Trigo et al., itunpublished] and magnons in ferromagnetic Ga,; _,Mn,As [D. M. Wang et al., itunpublished] will be
discussed. It will also be shown that frequencies can be measured using pump-probe techniques with a precision
comparable to that of Brillouin scattering. It is now widely accepted that stimulated Raman scattering (SRS) is (often but
not always) the mechanism responsible for the coherent coupling. Results will be presented showing that SRS is
described by two separate tensors, one of which accounts for the excitation-induced modulation of the susceptibility, and
the other one for the dependence of the amplitude of the oscillation on the light intensity [T. E. Stevens, J. Kuhl and R.
Merlin, itPhys. Rev. B 65, 144304 (2002)]. These tensors have the same real component, associated with itimpulsive
coherent generation, but different imaginary parts. If the imaginary term dominates, that is, for strongly absorbing
substances, the mechanism for two-band processes becomes itdisplacive in nature, as in the DECP (displacive excitation
of coherent phonons) model. It will be argued that DECP is not a separate mechanism, but a particular case of SRS. In
the final part of the talk, an attempt will be made to identify emerging areas of research on coherent excitations and
coherent control, relevant to condensed matter systems, that could benefit from ultrafast electron and x-ray diffraction
studies.

*Supported by NSF and AFOSR.

13:03
B1 4 Berry Phases and Curvatures in Electronic-Structure Theory.
DAVID VANDERBILT, Rutgers University

In the last fifteen years, Berry phases have been found to play an increasingly important role in electronic-structure
theory. I will briefly review some of the important developments in which Berry phases have been involved, starting with
the modern theory of polarization! and the closely related theory of Wannier functions and their Wannier centers.” Next,
I will discuss the theory of insulators in finite electric fields,’ in which the field is taken to couple linearly to the
Berry-phase polarization. I will then conclude by discussing the role of Berry phases and Berry curvatures in systems in
which time-reversal symmetry has been broken, and in particular, the theory of orbital magnetization* and the anomalous
Hall effect in ferromagnets.

[1] R.D. King-Smith and D. Vanderbilt, Phys. Rev. B 47, 1651 (1993).

[2] Nicola Marzari and D. Vanderbilt, Phys. Rev. B 56, 12847 (1997).

[3] 1. Souza, J. Iniguez, and D. Vanderbilt, Phys. Rev. Lett. 89, 117602 (2002).

[4] T. Thonhauser, D. Ceresoli, D. Vanderbilt, and R. Resta, Phys. Rev. Lett. 95, 137205 (2005).

SESSION B2: SOLID HELIUM
Monday Morning, 13 March 2006; Ballroom III, Baltimore Convention Center at 11:15
Michael Ma, University of Cincinnati, presiding

11:15
B2 1 Observation of superfluidity in solid helium and solid hydrogen.
ANTHONY CLARK, Penn State University

A torsional oscillator technique is used to search for non-classical rotational inertia of solid helium' and solid hydrogen.
Several important experimental details already observed will be reviewed for both systems. Some of these include the
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transition temperature, supersolid fraction, and dependencies on oscillation speed and impurities. Comparisons will be
made in order to demonstrate the similarities and/or differences between helium and hydrogen. With further work
currently underway, we will also report on recent experimental progress. This work is done in collaboration with
Eunseong Kim, Xi Lin and Moses Chan and is supported by the NSF under grant 0207071. [1] E. Kim and M. H. W.
Chan, Nature 427, 225 (2004); Science 305, 1941(2004); J. Low Temp. Phys. 138, 859 (2005).

11:51
B2 2 Pressure-driven Flow of Solid Helium.*
JOHN BEAMISH, University of Alberta

Recent torsional oscillator measurements by Moses Chan’s Penn State group showed evidence of ‘‘non-classical rota-
tional inertia’” for solid helium at temperatures below 200 mK. This discovery followed decades of theoretical specu-
lation and experimental searches for ‘‘supersolidity’” in helium. The experiments generated a great deal of interest but the
origin and properties of such a state are still unclear. It would be very interesting to know whether supersolids share any
of the other unusual properties of superfluids: persistent currents, second sound and quantized vortices. We have studied
the response of solid helium to pressure changes in order to look for unusual flow properties that might be associated with
supersolidity. The measurements involved both helium confined in the nanometer pores of Vycor glass and bulk solid
helium, at temperatures as low as 30 mK. Pressure changes were generated with piezoelectrically driven diaphragm and
flow was monitored with sensitive capacitive techniques. Near melting, solid helium flows very easily but we did not see
any evidence of superflow at low temperatures. If helium does become a supersolid at low temperatures then its response
to pressure gradients must be very different from that of liquid helium.

*This research was supported by a grant from NSERC Canada.

12:27
B2 3 Theory for supersolid 4He: Vacancy condensation facilitated by a low-energy bound state.
XI DAL, Department of Physics, University of Hong Kong

Although both vacancies and interstitials have relatively high activation energies in the normal solid, we propose that a
lower energy bound state of a vacancy and an interstitial may facilitate vacancy condensation to give supersolidity in 4He.
We use a phenomenological two-band boson lattice model to demonstrate this new mechanism and discuss the possible
relevance to the recently observed superfluidlike, nonclassical rotational inertial experiments of Kim and Chan in solid
4He. Some of our results may also be applicable to trapped bosons in optical lattices.

13:03
B2 4 Off diagonal long range order in solid 4He.
LUCIANO REATTO, Dipartimento di Fisica, Universita’ di Milano

The presence both of long range order (LRO) and of off diagonal long range order (ODLRO) in solid 4He is discussed
on the basis of an accurate variational theory (shadow wave function, SWF) and of an exact projection method (shadow
path integral ground state, SPIGS). If the solid is incommensurate (e.g. solid with a vacancy: number of atoms different
from number of equilibrium sites) both SWF and SPIGS give ODLRO and close to melting density there is a BEC of
about 0.3 He atoms per vacancy. For a commensurate solid (number of atoms equal to number of sites) SWF gives
ODLRO with a condensate of about one part per thousand. Preliminary evidence indicates that also SPIGS gives a finite
BEC. The key process is the spontaneous formation of unbound vacancy-interstitial pairs. These results support the
presence of supersolidity in bulk solid 4He. As a final point we address the question if the exact ground state of bulk solid
4He is commensurate or incommensurate and conclude that there is not yet a definite answer to this question from
microscopic theory.

13:39
B2 5 Path Integral Simulations of Solid “He.*
DAVID CEPERLEY, University of Illinois Urbana-Champaign

Kim and Chan have found indications that solid “He is a supersolid by measuring the period of a torsional oscillator. To
understand the state of solid *He at low temperature, we [1] have calculated tunnelling frequencies for ring exchanges in
bulk solid helium with Path Integral Monte Carlo by finding the free energy of a path that begins with the atoms in one
configuration and ends with a permutation of those positions. The exchange frequencies are found to be described by a
lattice model which does not show superfluid behavior. However, simulations [2] of “He absorbed in Vycor find that “He
forms a layered structure with the first layer solid-like and highly localized, the second layer disordered with some atoms
delocalized and possibly superfluid. This persistent liquid layer mechanism can only be relevant for bulk “He in a very
disordered crystal. New calculations [3] of the single particle density matrix, (the fourier transform of the momentum
distribution) to measure ODLRA will also be discussed. [1] D. M. Ceperley and B. Bernu, Phys. Rev. Letts. 93,
155303(2004). [2] S. A. Khairallah and D. M. Ceperley, Phys. Rev. Letts. 95, 185301 (2005). [3] B. Clark and D. M.
Ceperley, unpublished.

*supported by NASA, fundamental physics
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SESSION B3: UNCOVERING THE STRUCTURE OF COMPLEX NETWORKS
Monday Morning, 13 March 2006; Ballroom I, Baltimore Convention Center at 11:15
Albert-Laszlo Barabasi, University of Notre Dame, presiding

11:15
B3 1 Modularity and community structure in networks.
MARK NEWMAN, University of Michigan

Many systems of scientific interest can be represented as networks—sets of nodes joined in pairs by lines or edges.
Examples include metabolic and other biochemical networks, neural networks, food webs, the Internet and the worldwide
web, and social networks. The physics community has made substantial contributions to the study of networked systems
in the last decade, drawing particularly on ideas from statistical physics, field theory, and data analysis. One issue that has
received considerable attention is the detection and characterization of ‘‘modules’ or ‘‘communities’” within networks—
densely connected groups of nodes, with only sparser connections between groups. The ability to find and quantify such
communities has proved to be of significant practical worth in the study of biochemical, technological, and social
networks, among others, and there has been a lot of activity directed at the development of community-finding methods
and algorithms to make these kinds of studies possible. This talk will describe some of the work in this area, focusing in
particular on several powerful methods developed recently that appear to outperform previous ones by a substantial
margin. A number of example applications will be shown demonstrating the utility of community structure detection in
the analysis of real-world network data.

11:51
B3 2 Modular structure of flat and hierarchial networks.
ROGER GUIMERA, Northwastern Univ.

This abstract was not received electronically.

12:27
B3 3 Uncovering the overlapping modules of complex networks.*
TAMAS VICSEK, Eotvos University

Many complex systems in nature and society can be described in terms of networks capturing the intricate web of
connections among the units they are made of. A fundamental question of great current interest is how to interpret the
global organisation of such networks as the coexistence of their structural sub-units (called modules, communities,
clusters, etc) associated with more highly interconnected parts. Identifying these unknown building blocks (e.g., func-
tionally related proteins, industrial sectors, groups of people) is crucial to the understanding of the structural and
functional properties of networks. The existing deterministic methods used for large data sets find separated modules,
while most of the actual networks are made of highly overlapping cohesive groups of nodes. Here we introduce an
approach to analyse the main statistical features of the interwoven sets of overlapping communities making a much
needed step towards the uncovering of the modular structure of complex systems. After defining a set of new charac-
teristic quantities for their statistics, we apply an efficient technique to explore overlapping communities on a large scale.
We find that overlaps are indeed very significant, and the distributions we introduce reveal novel universal features of
networks. Our studies of collaboration, word association, and protein interaction graphs demonstrate that the web of
modules has highly non-trivial correlations and specific scaling properties.

*This work was carried out in collaboration with G. Palla, I. Derenyi and I. Farkas and supported by OTKA No: T09764.

13:03
B3 4 Spectral methods and Network Communities.*
MIGUEL A. MUNQOZ, Universidad de Granada (Spain)

Spectral methods provide us with a powerful tool-box to explore the topology of networks. In this presentation we will
review an application of spectral techniques to the analysis of communities in complex networks. Communities are
network sub-groups formed by highly interconnected nodes, which are sparsely connected to the rest of the network. They
appear ubiquitously in natural and artificial nets, and are believed to play a key role as functional units, and detecting
them has become a crucial problem in complex-system analyses.The efficient and relatively fast algorithm we will present
here exploits spectral properties of some matrices encoding the network topology (as the Laplacian matrix), combined
with standard hierarchical-clustering techniques, and the use of the ‘‘modularity parameter’” allowing to quantify the
goodness of any possible community subdivision. The algorithm performance, will be compared with that of other
existing methods, as applied to different well-known examples of artificial and real networks. Our results are in all the
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tested cases, at least as good as the best ones obtained with any other methods, and faster in most of the cases than
methods providing similar-quality results. This converts the algorithm in a valuable computational tool for detecting and
analyzing communities and modular structures in complex networks.The connection of these results with the problem of
determining the optimal network topology to achieve synchronization within the net and to optimize other dynamical
processes will also be put forward.

*In collaboration with L. Donetti. COSIN-project-IST2001-33555.

13:39
B3 5 Changes in metabolic modules under environmental variations.
EIVIND ALMAAS, Lawrence Livermore National Laboratory

During the last few years, network approaches have shown great promise as a tool to both analyze and provide
understanding of complex systems as disparate as the world-wide web and cellular metabolism. Much effort has been
focused on characterizing topological properties of such systems. However, in order to develop detailed descriptions of
complex networks, we need to look beyond their topology and incorporate dynamical aspects. The cellular metabolism,
where nodes correspond to metabolites and links indicate chemical reactions, is an excellent model system where
theoretical predictions can be compared with experimental results. I will present recent insights into the principles
governing the modular utilization of the cellular metabolism [1,2,3]. We find that, while most metabolic reactions have
small fluxes, the metabolism’s activity is dominated by an interconnected sub-network of reactions with very high fluxes
[1]. For the bacteria H. pylori and E. coli and the yeast S. cerevisiae, the metabolism responds to changes in growth
conditions by reorganizing the rates of select reactions predominantly within this high-flux backbone. Furthermore, these
networks are organized around the metabolic core — a set of reactions that are always in use [2]. Strikingly, the activity
of the metabolic core reactions is highly synchronized, and the core reactions are significantly more essential and
evolutionary conserved than the non-core ones. [1] E. Almaas, B. Kovacs, T. Vicsek, Z.N. Oltvai and A.-L. Barabasi.
Nature 427, 839 (2004). [2] E. Almaas, Z.N. Oltvai and A.-L. Barabasi. PLoS Comput. Biol. In press (2005). 10.1371/
journal.pcbi.0010068.eor [3] P.J. Macdonald, E. Almaas and A.-L. Barabasi. Europhys. Lett. 72, 308 (2005).

SESSION B4: ADVANCES IN ZNO MATERIALS PHYSICS AND APPLICATIONS
Monday Morning, 13 March 2006; 308, Baltimore Convention Center at 11:15
Tom Myers, West Virginia University, presiding

11:15
B4 1 Theory of defects and doping in ZnO.*
CHRIS G. VAN DE WALLE, University of California, Santa Barbara

In spite of rapid progress in materials quality, zinc oxide still suffers from serious problems in controlling its conductivity.
We are addressing these issues by performing first-principles calculations based on density-functional theory (DFT) in the
local density approximation (LDA). In addition, we have developed an approach (based on LDA+U) for overcoming the
DFT band-gap problem, allowing us to more accurately compare and predict defect levels. Native point defects are still
frequently invoked as sources of n-type conductivity, but our results do not support this hypothesis. Oxygen vacancies are
deep donors; our configuration coordinate diagrams for this defect provide a detailed interpretation of the recent ODEPR
results of Vlasenko and Watkins [1]. Zinc interstitials are shallow donors, but their formation energy is high and they
diffuse very rapidly, with a migration barrier as low as 0.6 eV, making it very unlikely that they would be stable. For the
zinc antisite, we find an unexpected low-symmetry configuration. While still high in energy, this defect may play a role
under non-equilibrium conditions such as irradiation. We suggest that unintentional incorporation of impurities (such as
hydrogen) is a more likely explanation for n-type background doping. However, native defects play a crucial role as
compensating centers in p-type material, and we will discuss ways of overcoming this problem. Among the native defects
that act as acceptors, zinc vacancies have the lowest formation energy; they introduce deep levels likely responsible for
green luminescence. Our calculated migration barriers for the point defects are in good agreement with experimental data
where available, and provide insight in the processes that take place during growth, irradiation, or annealing.

[1] L. S. Vlasenko and G. D. Watkins, Phys. Rev. B 71, 125210 (2005).

*Work performed in collaboration with Anderson Janotti, and supported in part by the Palo Alto Research Center and by
AFOSR.
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11:51
B4 2 Key Materials Aspects for Valence Control of ZnO.
ATSUSHI TSUKAZAKI, Institute for Materials Research, Tohoku University

ZnO has significant advantages for light emitting diodes (LEDs) and lasers from the following reasons; 1) exciton binding
energy in ZnO is 60 meV and can be enhanced over 100 meV in superlattices, 2) it is possible to tune the bandgap from
3 eV to 4.5 eV in Zn, ,Cd,O and Mg,Zn, _,O alloy films having quite small lattice mismatch, and 3) large and
high-quality single-crystal wafers are commercially available. In order to harvest these advantages in real devices, reliable
technique for fabricating p-type ZnO has to be properly established. Recently we have reported on the improvements of
undoped ZnO film quality with inserting a ZnO self-buffer layer onto lattice matched ScAIMgO, substrate [1]. In view
of point defect formation during the epitaxy, we have carefully optimized the growth conditions. We selected nitrogen as
an acceptor, because the ionic radius is close to that of oxygen. Here we propose a repeated temperature modulation
(RTM) technique for efficient nitrogen doping into ZnO with keeping high crystallinity [2]. By carefully optimizing the
conditions, p-type ZnO with a hole concentration of 10'® - 10'7 cm™3 can be reproducibly fabricated. We also demon-
strated blue electroluminescence from p-i-n homojunction LED [3]. The details of thin film growth, characteristics of
p-type ZnO and device performance will be presented. [1] A. Tsukazaki et al. itNature Mater. 4, 42 (2005). [2] A.
Tsukazaki et al. itAppl. Phys. Lett.83, 2784 (2003). [3]A. Tsukazaki et al. itJpn. J. Appl. Phys.Lett.44, L.643 (2005).

12:27
B4 3 Localized States and Charge Transfer at ZnO Surfaces and Interfaces.*
LEONARD BRILLSON, The Ohio State University

With the advent of techniques to probe semiconductor electronic properties in the near-interface region on a nanometer
scale, it is now possible to understand and control the mechanisms playing a role in localized state formation and charge
transfer at ZnO interfaces. While world-wide research activity into this major new semiconductor has increased dramati-
cally, the ability to control ZnO interfaces has been a major challenge to their opto- and microelectronic applications.
Nanoscale depth-resolved cathodoluminescence and x-ray photoemission spectroscopies reveal the segregation of point
defects and the donor character of hydrogen in the near-surface region. A conversion from ohmic to rectifying behavior
is observed for gold contacts on atomically ordered polar ZnO surfaces following remote oxygen plasma treatment. This
transition is accompanied by reduction of the well-known ‘‘green’’ deep level emission, suppression of the hydrogen
donor-bound exciton photoluminescence and a large increase in n-type band bending. These results demonstrate that the
contact type conversion involves more than one mechanism, specifically, removal of the adsorbate-induced accumulation
layer plus lowered tunneling due to reduction of near-surface donor density and defect-assisted hopping transport.
Schottky barriers for a wide array of metals on ZnO reveal that the strength of interface reaction plays a dominant role
in forming near-interface defects and the resultant Schottky barriers. Similar correlations for other compound semicon-
ductors indicate that the impact of near-interface native defects on Schottky barriers is more general in nature. [1] H.L.
Mosbacker, Y.M. Strzhemechny, B.D. White, P.E. Smith, D.C. Look, D.C. Reynolds, C.W. Litton, and L.J. Brillson,
“‘Role of Near-Surface States in Ohmic-Schottky Conversion of Au Contacts to ZnO,”” Appl. Phys. Lett. 87, 012102
(2005). [2] Y.M. Strzhemechny, H.L. Mosbacker, D.C. Look, D.C. Reynolds, C.W. Litton, N.Y.Garces, NC. Giles, L.E.
Halliburton, S. Niki, and L.J. Brillson, ‘‘Remote Hydrogen Plasma Doping of Single Crystal ZnO,’” Appl. Phys. Lett. 84,
2545 (2004).

*Supported by the National Science Foundation and the Office of Science, Department of Energy.

13:03
B4 4 Growth, Assembly, and Characterization of ZnO Nanostructures on Ag Films.*
JULIA W. P. HSU, Sandia National Laboratories

In the past decade, significant advances have been made in the synthesis of ZnO nanostructures. The next step in making
these nanomaterials useful is to assemble them on surfaces in a controlled and desired fashion. In this talk, I will discuss
the growth of complex ZnO nanostructures via a solution method in which organic templates are used to control assembly
of these nanostructures on substrate surfaces. The low temperature aqueous growth method used in this work is an
environmentally benign process, which is compatible with organic templates and modifiers, can be used to grow large
areas uniformly, and has potential for inexpensive manufacturing. To control the assembly of these solution grown
nanostructures, we modify the substrate surfaces with patterned self-assembled monolayers, which in turn determines the
final spatial organization of the ZnO nanorods. This is a bottom-up approach in which materials are deposited only where
they are needed. Using this approach, we have achieved excellent control in spatial placement, selectivity, crystal
orientation, and nucleation density. In addition, complex, hierarchical structures have been synthesized by controlling
solution chemistry and growth conditions. Due to lack of inversion symmetry in hexagonal crystal, ZnO is a piezoelectric
material with Zn (0001) polar and O (0001) polar surfaces exhibiting drastically different physical and chemical
properties. Hence, it is important to determine the orientation of the ZnO nanorods on surfaces. Using piezoelectric force
microscopy (PFM) and a well-characterized ZnO single crystal reference, we have measured the amplitude and phase of
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piezoelectric responses of over 100 individual ZnO rods. The phase of the PFM signal is 180[r] from the applied electric
field, indicating that the nanorods are [0001] oriented. This result contradicts what would have been expected based on
an examination of rod morphology. Also, the PFM amplitude of the nanorods was found to be significantly larger than
that of the ZnO single crystal. The origin behind this observation and the variation among different nanorods will be
discussed.

*In collaboration with D. Scrymgeour, Z. R. Tian, N. C. Simmons, C. M. Matzke, J. A. Voigt, and J. Liu.

13:39
B4 5 Charge- and Spin-Based Devices in ZnO Thin Films and Nanostructures.
DAVID NORTON, Univeristy of Florida

ZnO is a wide bandgap semiconductor of potential for device concepts based on charge and/or electron spin. As a direct
bandgap material with emission in the ultraviolet, ZnO is being actively pursued in the areas of ultraviolet light emitting
diodes and laser diodes. The critical issue in developing such optoelectronic devices is p-type doping. As a dilute
magnetic semiconductor, numerous experimental reports indicate ferromagnetism in transition metal doped ZnO. How-
ever, the mechanism for this magnetic behavior continues to be a topic of debate. In addition, numerous techniques have
been utilized to synthesize ZnO nanoscale structures, many of which appear to be useful for sensors and nanoelectronics.
In this talk, pertinent issues for spin and charge-based ZnO devices will be discussed. The focus will be on p-type doping,
pn junction formation, magnetic doping, and nanowire-based sensor development. This work is supported by the National
Science Foundation (DMR-029086), the Department of Energy (DE-FC26-04NT42271), and the Air Force Office of
Scientific Research (030967).

SESSION B5: NUCLEAR PROLIFERATION & NUCLEAR TERRORISM
Monday Morning, 13 March 2006; 309, Baltimore Convention Center at 11:15
David Hafemeister, California Polytechnic State University, presiding

11:15
JOSEPH CIRINCIONE, Carnegie Endowment for International Peace

This abstract was not received electronically.

11:51
BS 2 National Academy of Sciences Study on Monitoring Nuclear Weapons and Materials.
STEVE FETTER, University of Maryland

This abstract was not received electronically.

12:27
BS 3 Advances in Nuclear Monitoring Technologies.
BRENT PARK, Los Alamos National Laboratory

Homeland security requires low-cost, large-area detectors for locating and identifying weapons-usable nuclear materials
and monitors for radiological isotopes that are more robust than current systems. Recent advances in electronics materials
and nanotechnology, specifically organic semiconductors and inorganic quantum dots, offer potential improvements. We
provide an overview of the physical processes involved in radiation detection using these new materials in the design of
new device structures. Examples include recent efforts on quantum dots, as well as more traditional radiation-detecting
materials such as CdZnTe and high-pressure xenon. Detector improvements demand not only new materials but also
enhanced data-analysis tools that reduce false alarms and thus increase the quality of decisions. Additional computing
power on hand-held platforms should enable the application of advanced algorithms to radiation-detection problems in
the field, reducing the need to transmit data and thus delay analysis.

13:03
BS 4 Monitoring Illicit Nuclear Materials.
MIKE CARTER, Department of Homeland Security

This abstract was not received electronically.
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SESSION B6: SPIN-BASED QUANTUM COMPUTING
Monday Morning, 13 March 2006; 310, Baltimore Convention Center at 11:15
David DiVincenzo, T.J. Watson Research Center, presiding

11:15
B6 1 Spin Readout and Hyperfine Interaction in Few-Electron Quantum Dots.
RONALD HANSON, Kavli Institute of Nanoscience Delft

This talk presents recent experimental progress toward using few-electron quantum dots as spin qubits. First, we have
developed a new spin readout technique that is based on the difference in tunnel rate between different spin states'.
Unlike earlier techniques, it is robust against background charge fluctuations and high-frequency noise, and presently
achieves single-shot fidelities up to 90%. Using this readout technique, we have measured the two-electron spin relaxation
time as a function of magnetic field strength and orientation, and studied the back-action of the charge detector. Second,
we have investigated the effect of nuclear spins on the electron spin state>. Transport measurements on a double quantum
dot in the spin blockade regime reveal that the delocalized two-electron singlet and triplet states are mixed by an
inhomogeneous hyperfine field of about 1 mT. We demonstrate that this mixing can be controlled by changing either the
external magnetic field or the interdot tunnel coupling. The transitions between triplet and singlet states in turn lead to
current-induced dynamical nuclear polarization. In certain regimes, marked current bistabilities appear as a function of
both field and time.

R. Hanson, L.H. Willems van Beveren, [.T. Vink, J.M. Elzerman, W.J.M. Naber, F.H.L. Koppens, L.P. Kouwenhoven,
and L.M.K. Vandersypen, Phys. Rev. Lett. 94, 196802 (2005).

’FH.L. Koppens, J.A. Folk, J.M. Elzerman, R. Hanson, L.H. Willems van Beveren, I.T. Vink, H.P. Tranitz, W. Weg-
scheider, L.P. Kouwenhoven, and L.M.K. Vandersypen, Science 309, 1346 (2005).

11:51

B6 2 Enhancement of Spin Coherence Using Q-factor Engineering in Semiconductor Microdisk Lasers.*
SAYANTANI GHOSH," Center for Spintronics and Quantum Computation, University of California, Santa Barbara,
CA 93106, USA

Semiconductor microcavities offer unique means of controlling light-matter interactions in confined geometries, resulting
in a wide range of applications in optical communications and inspiring proposals for quantum information processing
and computational schemes. Studies of spin dynamics in microcavities have revealed novel effects such as polarization
beats, stimulated spin scattering, and giant Faraday rotation. Here, we study the electron spin dynamics in optically-
pumped GaAs microdisk lasers with quantum wells (QWs) and interface-fluctuation quantum dots (QDs) in the active
region. Using all-optical time-resolved measurement techniques, we examine how the electron spin dynamics are modi-
fied by the stimulated emission in the disks, and observe a surprising enhancement of the spin coherence time when the
optical excitation is in resonance with a high quality (Q ~ 5000) lasing mode'. This resonant enhancement, contrary to
expectations from the observed trend in the carrier recombination time, is then manipulated by altering the cavity design
and dimensions. In analogy to devices based on excitonic coherence, this ability to engineer coherent interactions between
electron spins and photons may provide novel pathways towards spin dependent quantum optoelectronics.

*This work was supported by DARPA/QUIST and NSF.
In collaboration with F. M. Mendoza, R. C. Myers, W. H. Wang, X. Li, N. Samarth, A. C. Gossard, and D. D.
Awschalom.

Is. Ghosh, W. H. Wang, F. M. Mendoza, R. C. Myers, X. Li, N. Samarth, A. C. Gossard, and D. D. Awschalom, Nature
Materials, accepted for publication (2005). (cond-mat/0509500).

12:27
B6 3 Teleportation of electronic many-qubit states via single photons.
MICHAEL FLATTE, The University of lowa

1 will describe a proposed a teleportation scheme[ 1] that relies only on single-photon measurements and Faraday rotation,
for teleportation of many-qubit entangled states stored in the electron spins of a quantum dot system. The interaction
between a photon and the two electron spins, via Faraday rotation in microcavities, establishes Greenberger-Horne-
Zeilinger entanglement in the spin-photon-spin system. The appropriate single-qubit measurements, and the communi-
cation of two classical bits, produce teleportation. This scheme provides the essential link between spintronic and
photonic quantum information devices by permitting quantum information to be exchanged between them. Work sup-
ported by DARPA/ARO DAAD19-01-1- 0490. [1] M. N. Leuenberger, M. E. Flatté, and D. D. Awschalom, Phys. Rev.
Lett. 94, 107401 (2005).

94 \ DNINJON AVANOIN



MONDAY MORNING \ B6

154 March Meeting 2006: Session B6

13:03
B6 4 Optically probing charge and spin states in quantum dots and molecules.
JONATHAN FINLEY, Walter Schottky Institut

In this talk T will discuss recent experiments in which we electrically manipulate coupled excitonic states (neutral and
negatively charged single excitons) in individual QD-molecules using static electric fields. The samples investigated
consist of a single pair of vertically stacked, self assembled InGaAs QD-molecules embedded in an n-type GaAs Schottky
photodiode. This device geometry enables us to control the coherent coupling between excitonic states in the upper and
lower dots by tuning the electric field oriented along the axis of the QD-molecule by applying a bias voltage between the
n-contact and the Schottky-gate. New information is obtained on the spin structure of negatively charged trions in coupled
quantum dot nanostructures. At low excitation power densities, field dependent luminescence reveals a clear anticrossing
of spatially direct (e,h in the same dot) and indirect (e,h in different dots) neutral excitons, with coupling energies in the
range 2E,,=1.2-3.2meV. Our experimental findings are shown to be in very good accord with realistic calculations of the
single exciton spectrum, confirming that the tunnel coupling is mediated by hybridization of the electron component of
the exciton wavefunction over the two dots. In contrast, the spectrum and controlled hybridization of itnegatively charged
excitons is shown to be much richer due to the complex spectrum of three particle states (X~ =2e+ 1h) that can exist in
a QD-molecule. For example, the spin structure of the spatially localized and dissociated X~ states is found to play a
major role in the spectrum of controlled hybridization with distinct triplet and single states evolving very differently as
the coupling is tuned. The demonstration of tunable coupling and manipulation of spin and exchange couplings in
negatively charged systems may constitute an important step towards the development of optically gateable QD-
molecules for applications in quantum information science.

13:39
B6 5 Production and Detection of Spin-Entangled Electrons in Mesoscopic Conductors.
GUIDO BURKARD, University of Basel, Switzerland

Electron spins are an extremely versatile form of quantum bits. When localized in quantum dots, they can form a register
for quantum computation. Moreover, being attached to a charge in a mesoscopic conductor allows the electron spin to
play the role of a mobile carrier of quantum information similarly to photons in optical quantum communication. Since
entanglement is a basic resource in quantum communication, the production and detection of spin-entangled Einstein-
Podolsky-Rosen (EPR) pairs of electrons are of great interest. Besides the practical importance, it is of fundamental
interest to test quantum non-locality for electrons. I review the theoretical schemes for the entanglement production in
superconductor-normal junctions [1] and other systems. The electron spin entanglement can be detected and quantified
from measurements of the fluctuations (shot noise) of the charge current after the electrons have passed through an
electronic beam splitter [2,3]. This two-particle interference effect is related to the Hanbury-Brown and Twiss experiment
and leads to a doubling of the shot noise S; = (8151),—, for spin-entangled states, allowing their differentiation from
unentangled pairs. I report on the role of spin-orbit coupling (Rashba and Dresselhaus) in a complete characterization of
the spin entanglement [4]. Finally, I address the effects of a discrete level spectrum in the mesoscopic leads and of
backscattering and decoherence. [1] P. Recher, E. V. Sukhorukov, D. Loss, Phys. Rev. B 63, 165314 (2001) [2] G.
Burkard, D. Loss, E. V. Sukhorukov, Phys. Rev. B 61, R16303 (2000) [3] G. Burkard and D. Loss, Phys. Rev. Lett.91,
087903 (2003) [4] J. C. Egues, G. Burkard, D. Saraga, J. Schliemann, D. Loss, cond-mat/0509038, to appear in
Phys.Rev.B (2005).

SESSION B7: BIONANOTECHNOLOGY: APPLICATION AND FUNDAMENTAL ASPECTS OF PROCESSES AT
NANO-SCALE

Monday Morning, 13 March 2006; 307, Baltimore Convention Center at 11:15

Zuzanna S. Siwy, University of California, Irvine, presiding

11:15
B7 1 Ion Channels as Nanodevices.
ROBERT EISENBERG,* Molecular Biophysics: Rush University

Ion channels are proteins surrounding a hole that allow substances to cross biological membranes. The concentration or
current of these substances controls an enormous range of biological function: ion channels are nearly as important in
biology as transistors in computers. Ion channels have a stable structure (on biological time scales > 0.1usec) once open
and so current through them can be analyzed by ‘physics as usual’. The permanent charge on the wall of the channel is
large and the volume is tiny, so the number density of ions in the channel is very large, > 10 M. Physical properties of
channels can be understood from the balance between electrical and van der Waals forces of charge crowded into a tiny
space. Many biological properties of channels can be understood in the engineering tradition of devices: channels follow
reasonably robust ‘device equations’ determined by their specific structural design and general physical environment.
Channel research seeks to understand these device equations in itjust enough detail to control them. Channels—like most
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engineering devices—function away from equilibrium, so spatially non-uniform boundary conditions and non-
equilibrium statistical mechanics must be used in their description. Atomic scale simulations pose certain problems since
trace concentrations of ions ( < uM) often control biological function and ions flow on time scales very much slower
than the time steps of simulations. Atomic scale simulations of microM activities requires enormous numbers of water
molecules ( > 10'"); direct simulation of ionic current involves many billions ( > 10') of time steps, suggesting that
analysis must be multiscale if it is to be useful. This should come as no surprise, since the function of ion channels is
inherently multiscale: ion channels act as nanovalves, nanodevices that allow details of atomic structure to control
macroscopic flows and biological function.

*Chicago IL.

11:51
B7 2 Fluctuation driven active molecular transport in passive channel proteins.
IOAN KOSZTIN, University of Missouri - Columbia

Living cells interact with their extracellular environment through the cell membrane, which acts as a protective perme-
ability barrier for preserving the internal integrity of the cell. However, cell metabolism requires controlled molecular
transport across the cell membrane, a function that is fulfilled by a wide variety of transmembrane proteins, acting as
either passive or active transporters. In this talk it is argued that, contrary to the general belief, in active cell membranes
passive and spatially asymmetric channel proteins can act as active transporters by consuming energy from nonequilib-
rium fluctuations fueled by cell metabolism. This assertion is demonstrated in the case of the E. coli aquaglyceroporin
GIpF channel protein, whose high resolution crystal structure is manifestly asymmetric. By calculating the glycerol flux
through GlpF within the framework of a stochastic model, it is found that, as a result of channel asymmetry, glycerol
uptake driven by a concentration gradient is enhanced significantly in the presence of non-equilibrium fluctuations.
Furthermore, the enhancement caused by a ratchet-like mechanism is larger for the outward, i.e., from the cytoplasm to
the periplasm, flux than for the inward one, suggesting that the same non-equilibrium fluctuations also play an important
role in protecting the interior of the cell against poisoning by excess uptake of glycerol. Preliminary data on water and
sugar transport through aquaporin and maltoporin channels, respectively, are indicative of the universality of the proposed
nonequilibrium-fluctuation-driven active transport mechanism. This work was supported by grants from the Univ. of
Missouri Research Board, the Institute for Theoretical Sciences and the Department of Energy (DOE Contract W-7405-
ENG-36), and the National Science Foundation (FIBR-0526854).

12:27
B7 3 Pressure-driven DNA polymer transport in microfluidic and nanofluidic channels.
DEREK STEIN, Delft University of Technology

The transport of DNA and proteins within micro- and nanofluidic channels is of central importance to ‘‘lab-on-a-chip”
bioanalysis technology. As fluidic devices shrink, a new regime is encountered where critical device dimensions approach
the molecular scale, and the behavior of polymers often departs significantly from the bulk. Here, we present a study of
the pressure-driven transport of individual DNA molecules in 175 nm — 3.8 um high silica channels. Two distinct
transport regimes were observed: The pressure-driven mobility of DNA increased with molecular length in channels
higher than a few times the molecular radius of gyration, whereas DNA mobility was practically independent of
molecular length in thin channels. In addition, both the Taylor dispersion and the self-diffusion of DNA molecules were
observed to decrease significantly in confined channels, each obeying a power-law scaling relationship. These unusual
transport properties are shown to be rooted in the statistical nature of DNA polymer coils. Our results show that simple
fluidic channels can be engineered to achieve either hydrodynamic DNA length separation or uniform transport with
minimal dispersion using pressure-driven flows.

13:03
B7 4 The Transportation System Inside a Living Cell.*
CLARE YU’ University of California, Irvine

A living cell has an infrastructure much like that of a city. We will describe the transportation system that consists of
roads (filaments) and molecular motors (proteins) that haul cargo along these roads. This transportation system is
essential for such diverse processes as neuronal function and mitochondrial transport. While there have been studies of
how motors function at the single molecule level, and studies of the structure of filamentary networks, studies of how the
motors effectively use the networks for transportation have been lacking. We will give an example showing that pigment
cells regulate transport by controlling how often pigment granules switch from one filament to another, rather than by
altering individual motor activity at the single molecule level, or by relying on structural changes in the network.

*This work was supported by NIGMS grant GM-64624-01 to SPG, grants from NIGMS GM-62290-01 and NCRR
RR13186 to V.I.LRodionov, and a grant from DOE DE-FG03-00ER45843 to C. C. Yu.

fCollaborators: J. Snider, F. Lin, S. P. Gross (University of California, Irvine), N. Zahedi and V. Rodionov (Center for
Biomedical Imaging Technology, Farmington, CT and Randall Centre for Molecular Mechanisms of Cell Function,
King’s College London.
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13:39
B7 5 Bio-functionalized Nanotube Membranes For DNA Separation.
PUNIT KOHLI, Southern Illinois University

The studies of translocation and transport of ions, biopolymers, and other genetics materials is very important in medical
and scientific communities. The transport of biopolymers such as RNA, DNA, and polypeptides across membrane occurs
in many biological systems. Examples include the transport of RNA molecules and transcription factors through nuclear
pores, injection of DNA from a virus head into the host cell, and the uptake of oligonucleotides by specific membrane
proteins. Another example is the transport of ions through protein ion channels across cell membranes, which converts
the concentration of transported analytes through a channel into change in channel conductance. Nature’s highly selective
biosensor are based on molecular-recognition of one species of interest in the presence of others. In this presentation, I
will discuss the fabrication of a new DNA biosensor. I will also talk about the transport behavior of DNA molecules
through nanotubes. These sensors based on monodisperse ensemble of gold nanotubes. Single stranded oligonucleotides
were immobilized onto the inner walls of nanotubes. These bio/nano-membranes selectively transport complementary
DNA across the membrane with selectivity greater than 5 was observed. With these membranes, single nucleotide
polymorphism detection is also demonstrated.

SESSION B8: FOCUS SESSION: GRANULAR MATERIALS NEAR JAMMING
Monday Morning, 13 March 2006; 314, Baltimore Convention Center at 11:15
Bob Behringer, Duke University, presiding

Invited Papers

11:15
B8 1 Elastic Granular Flows.
CHARLES CAMPBELL, University of Southern California

There is no fundamental understanding of the mechanics of granular solids. Partially this is because granular flows have
historically been divided into two very distinct flow regimes, (1) the slow, quasistatic regime, in which the bulk friction
coefficient is taken to be a material constant, and (2) the fast, rapid-flow regime, where the particles interact collisionally.
But slow hopper flow simulations indicate that the bulk friction coefficient is not a constant. Rapidly moving large scale
landslide simulations never entered the collisional regime and operate in a separate intermediate flow regime. In other
words, most realistic granular flows are not described by either the quasistatic or rapid flow models and it is high time
that the field look beyond those early models. This talk will discuss computer simulation studies that draw out the entire
flowmap of shearing granular materials, spanning the quasistatic, rapid and the intermediate regimes. The key was to
include the elastic properties of the solid material in the set of rheological parameters; in effect, this puts solid properties
back into the rheology of granular solids. The solid properties were previously unnecessary in the plasticity and kinetic
theory formalisms that respectively form the foundations of the quasistatic and rapid-flow theories. Granular flows can
now be divided into two broad categories, the Elastic Regimes, in which the particles are locked in force chains and
interact elastically over long duration contact with their neighbors and the Inertial regimes, where the particles have
broken free of the force chains. The Elastic regimes can be further subdivided into the Elastic-Quasistatic regime (the old
quasistatic regime) and the Elastic-Inertial regime. The Elastic-Inertial regime is the ‘‘new’” regime observed in the
landslide simulations, in which the inertially induced stresses are significant compared to the elastically induced stresses.
The Inertial regime can also be sub-divided into an Inertial-Non-Collisional where the stresses scale inertially, but the
particles interact in clusters through long duration contacts, and the Inertial-Collisional (or the old rapid-flow) regime.
Finally, the simulations show that Stress-Controlled flows are rheologically different from Controlled-Volume flows.
Physically, there is a range of dense concentrations (0.5< v < 0.6) in which it is possible, but not necessary to form force
chains and demonstrate elastic behavior. (In other words it is possible for the material to exhibit two different states at
the same concentration.) By forcing the material to support an applied loads across force chains, Stress-Controlled flows
may behave elastically through this range of concentrations while, at the same shear rates rate Controlled-Volume flows,
fixed at the average concentration of the Stress-Controlled flow, behave inertially.

Contributed Papers distribution on a hyperstatic granular material. For periodic bound-
ary conditions corresponding to isotropic compressive stress, the
11:51 probability distribution for single-contact forces, P(f), decays

B8 2 Force distributions and stress fluctuations in a triangular
lattice of rigid bars®* BRIAN TIGHE, JOSHUA SOCOLAR,
Physics Dept., Duke University, Durham, NC We study the uni-
formly weighted ensemble of force balanced configurations on a
triangular network of nontensile contact forces as a model of force

faster than exponentially, and a field closely related to the lattice
version of the Airy stress function is found to have fluctuations
characterized by a structure factor S(g) ~ 1/g*. The super-
exponential decay of P(f) persists in lattices diluted to the rigidity
percolation threshold. On the other hand, for anisotropic imposed
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stresses, a broader tail emerges, becoming a pure exponential in
the limit of infinite lattice size and infinitely strong anisotropy.

*Supported by NSF Grants No. DMR-0137119 and DMS-
0244492.

12:03

B8 3 Measurement of Forces inside Three-Dimensional, Fric-
tionless, Disordered Matter JING ZHOU, ANTHONY DINS-
MORE, University of Massachusetts at Amherst We directly mea-
sured individual forces inside the concentrated piles of frictionless
droplets. We report on the distribution of contact forces normal-
ized by the droplet mean, in addition to the distribution of forces
normalized by sample mean, as well as the distribution of contact
angles. We compare these results to existing models and to a new,
numerical calculation that treats the droplets as independent par-
ticles and derive the contact-force probability distribution that
arises self-consistently from balancing forces. The force chain ar-
chitecture was visualized, and quantified with a new definition
based on long-range correlations. The obtained chain persistence
length helps to establish a connection between microscopic force
network and the modulus of meso- or macroscopic piles. This
work is supported by NSF (DMR-0305395).

12:15

B8 4 Effects of Particle Size Dispersity on the Response to
Compressive Strains* MEENAKSHI DUTT, University of Cam-
bridge BRUNO HANCOCK, Pfizer Inc., Groton, Connecticut,
USA CRAIG BENTHAM, Pfizer Ltd., Sandwich, Kent, USA
JAMES ELLIOTT, University of Cambridge Particle packings
found in nature and industry are rarely comprised of single com-
ponents, in terms of particle size. These packings are generated
under a variety of circumstances which influence its response to an
external load or strain. We explore both the effect of packing
history prior to application of compressive strain, and the variation
in the response with the size distribution of the component par-
ticles. We generate the packings by allowing the particles to settle
under gravity for a fixed interval of time, or until a cut-off packing
fraction is attained, followed by application of a compressive
strain for a fixed interval of time. We repeat these studies using
numerical experiments for samples of discrete size (200 microns,
195-225 microns, 170-260 microns, 150-295 microns) and random
(100-300 microns, 100-400 microns, 100-500 microns) size distri-
butions. We find the number of particles with fewer than 4 con-
tacts to increase with size dispersity of the sample after the par-
ticles settle under gravity. In addition, the fraction of plastic
contacts decreases with increasing variation in particle size during
the compression. We also present correlations between the popu-
lations of low and high force bearing contacts, particle size and the
yield state of the contacts.

*Special Acknowledgements to Pfizer for funding

12:27

B8 5 Measurements of the Yield Stress in Repulsive Athermal
Systems NING XU, COREY O’HERN, Yale University We per-
formed molecular dynamics of dry frictionless granular media to
gain a deeper understanding of the yield shear stress in these
materials. The measurements were obtained by shearing the sys-

tems in both the constant shear force and constant shear velocity
ensembles. At fixed shear force, we identified the yield shear stress
as the shear stress X, required to maintain steady flow in an
initially unsheared static state. At fixed shear velocity, we identi-
fied the yield shear stress as the average shear stress %, in the
limit of zero shear velocity. At finite system size, %, > X,
which implies that there is a shear rate discontinuity when the
system begins flowing in the constant shear force ensemble. How-
ever, the difference between the two measures of the yield shear
stress decreases with increasing system size; %, and 2, become
identical in the infinite system size limit. Thus, the jump discon-
tinuity in the shear rate at the unjamming threshold is a finite-size
effect in frictionless granular systems.

12:39

B8 6 Experiment test of a Janssen formula in a dense granular
column® KEVIN FACTO, University of Massachusetts-Amherst
TOM SCHICKER, University of Massachusetts-Amherst
NARAYANAN MENON, University of Massachusetts-Amherst
The stresses inside a tall column of either static or flowing granu-
lar material saturate with depth, because the weight of the material
is borne by friction with the walls. In the static case, the height
dependence of the stress is traditionally described by the Janssen
formulation, in which the shear stress at the wall is assumed to be
proportional to the normal stress. We report measurements of all
three components of force at the wall of a dense, gravity-driven
flow of glass beads. We find that the depth dependence of the
stress in this slow flow is well-described by a Janssen-like for-
mula. We are also able for the first time to directly test the Janssen
assumption, and find that the fluctuations in the shear and normal
forces at the wall are highly correlated. The measured friction
angle is independent of flow rates for the slow flows we have
examined, and is surprisingly close to the ensemble average of the
friction angle measured when the flow is stopped.

*We acknowledge support from NSF-DMR 0303596

12:51

B8 7 Impact of Particle Elasticity on Granular Force Networks
JOHN WAMBAUGH, Duke University ANNIE THEBPRASITH,
Mount Holyoke College ROBERT HARTLEY, Duke University
ROBERT BEHRINGER, Duke University We investigate the dis-
tribution of force within vertically-confined granular assemblies
using photoelastic techniques that allow determination of both
geometric configuration and force upon each particle. By binning
multiple realizations with depth, we are able to compare our re-
sults with the simple, continuum model of Janssen. Recent experi-
mental studies of the force at the boundaries of such assemblies
have largely confirmed Janssen’s prediction that mean force satu-
rates exponentially with depth due to frictional contacts at the
boundaries. [Ovarlez, Fond and Clement, PRE 67, 060302 (2003)]
We have observed deviations from these predictions in our system,
which we quantify in terms of the structure of the network that
distributes forces. We examine the role of internal elasticity of the
particles in causing these deviations. This research is supported by
NSF grants DMR-0137119 and DMS-204677 and NASA grant
NNC04GBO08G.
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13:03
B8 8 Freezing and Melting in Granular Materials.

KAREN DANIELS, Dept. of Physics, North Carolina State University

From bowls of nuts to eroding soil, granular materials are all around us. In spite of the fact that granular materials are
dissipative and athermal, statistical mechanics allows considerable insight into their behavior. I will present experiments
on particles which are vibrated from below and sheared from above within an annular channel. The vibrations have the
remarkable effect of crystallizing the material, rather than melting it as temperature would an ordinary material. This
freezing/melting transition is hysteretic, with the critical line corresponding to equal kinetic energies for vibration and
shear. We characterize the transition between these two states, and observe features reminiscent of both a jamming
transition and critical phenomena. Another remarkable property is the increase of pressure with volume over a continuum
of partially and/or intermittently melted states, in contrast to standard thermodynamic behavior.

Contributed Papers

13:39

B8 9 Plastic Failure Events in 2D Sheared Granular Systems*
TRUSH MAJMUDAR, ROBERT BEHRINGER, Physics Depart-
ment, Duke University We present experimental measurements of
plastic failure events in a two dimensional granular system con-
sisting of polymer photoelastic disks, placed horizontally, and
confined within a rectangular biaxial cell. The bi-refringence of
these disks allows us to determine the normal and tangential com-
ponents of contact forces. We image the system at various defor-
mation states and measure the stress changes and displacements of
the disks during one complete shear cycle. The stress changes are
found by computing the stress tensor of each disk and the dis-
placements are measured by particle tracking. We obtain bulk
stress-strain curves by spatial averaging and find that the system
exhibits regions of reversible deformation interrupted by irrevers-
ible plastic failure events. We also obtain the behavior of shear
modulus of the system. The spatial distribution of reversible and
plastic deformations found by studying the displacements of the
disks show that in two corners, the disks move uniformly but in a
central band aligned along a principal strain direction, we observe
multiple vortices. Reversing the direction of shear causes maxi-
mum plastic deformation which results in disruption of the vortex
structure. We compare our results to the shear transformation zone
(STZ) theory.

*Funding: NSF DMR - 0137119, NSF DMS - 204677, NASA -
NNC04GB08G

13:51

B8 10 Statistical Properties of Granular Solid to Liquid Tran-
sition in Small Systems under Shear MARTIN MELHUS,
IGOR ARANSON, Argonne National Laboratory DMITRY
VOLFSON, LEV TSIMRING, University of California, San Di-
ego The fluidization transition of a dense granular assembly under
shear is studied numerically using soft particle molecular dynam-
ics simulations in two dimensions using a previously verified
predictor-corrector algorithm. We focus on small systems in a thin
Couette cell, examining the bistable region while increasing shear,
with varied amounts of random noise, and determine the statistics
of shear required for fluidization. We find an approximately lin-
earbetween noise and fluidization shear threshold over the transi-
tion regime, and that the variance in the threshold decreases as the
system size increases.

14:03

B8 11 Granular shear flow with imposed vibrations BRIAN
UTTER, James Madison University ERIC HOPPMANN, James
Madison University We present results on a 2D photoelastic shear-
ing experiment in which we impose force fluctuations by vibrating
the shearing surface. The experiment consists of a dense assembly
of 2D photoelastic grains between two belts moving in opposite
directions, such that the central region approximates planar shear.
The granular medium lies horizontally between the belts such that
gravity does not compact the grains. One of the shearing surfaces
is vibrated at a known frequency and amplitude during shear. We
measure properties of the particle flow and characterize the force
network by placing the photoelastic grains between crossed polar-
izers. We find that as vibration amplitude is increased, the number
and magnitude of these force chains decreases drastically. The
vibration also leads to increased slip at the shearing surface and
decreased particle flow at both shearing surfaces.

SESSION B9: PHASE TRANSITIONS, DYNAMICS, AND
EXCITATIONS

Monday Morning, 13 March 2006

301, Baltimore Convention Center at 11:15

Alberto Pimpinelli, Universit, presiding

11:15

B9 1 Competing periodicities in fractionally filled quasi-1D
bands P.C. SNIJDERS, Kavli Institute of Nanoscience S.
ROGGE, Kavli Institute of Nanoscience, Delft, The Netherlands
H.H. WEITERING, University of Tennessee, Knoxville, and Oak
Ridge National Laboratory, USA We present a variable tempera-
ture Scanning Tunneling Microscopy and Spectroscopy (STM and
STS) study of the Si(553)-Au atomic chain reconstruction. This
quasi one-dimensional (1D) system undergoes at least two charge
density wave (CDW) transitions at low temperature, which can be
attributed to electronic instabilities in the fractionally-filled 1D
bands of the high-symmetry phase. Upon cooling, Si(553)-Au first
undergoes a single-band Peierls distortion, resulting in period dou-
bling along the imaged chains. This Peierls state is ultimately
overcome by a competing tripleperiod CDW, which in turn is
accompanied by a X 2 periodicity in between the chains. These
locked-in periodicities indicate small charge transfer between the
nearly half-filled and quarter-filled 1D bands. The mobility of
atomic scale dislocations in the X 3 CDW state indicates the pos-
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sibility of manipulating phase solitons carrying a (spin,charge) of
(1/2,% e/3) or (0,* 2¢/3).

11:27

B9 2 Order-disorder phase transitions: a DFT - (Wang-
Landau) MC study MIRA TODOROVA, School of Physics, The
University of Sydney, Australia MIKAEL BORG, University of
Toronto, Toronto, Canada CATHERINE STAMPFL, School of
Physics, The University of Sydney, Australia MATTHIAS
SCHEFFLER, Fritz-Haber-Insitut der Max-Planck Gesellschafft,
Berlin, Germany Using a hybrid statistical mechanics method
comprising the use of a Lattice-gas Hamiltonian (LGH) deter-
mined from ensity-functional theory and subsequent Monte Carlo
(MC) calculations, we obtain a phase diagram for Na-Al surface
alloys from first-principles and compare it to experimental results
[1]. A safe approach towards parametrizing a LGH from the self-
consistent evaluation of the electronic structure starts with an ana-
lytic form for the long-range pair-interactions. This expression is
corrected in the short and medium range using DFT derived data,
also including nearsighted many-body terms. An ensuing cross-
validation is of utmost importance to ensure that the corrections
(to the long-range part) are assessed with an optimum accuracy.
The thus extracted LGH is used to perform MC calculations, also
using the new Wang-Landau MC algorithm [2], which allows us
to reliably determine the transition temperature. [1] M. Borg
et al., Chem. Phys.Chem. 6, 1923 (2005). [2] F. Wang and D.P.
Landau, Phys. Rev. Lett. 86, 2050 (2001).

11:39

B9 3 Bose Einstein condensation of magnons in mesoscopic
ferromagnets. L.H. BENNETT, E. DELLA TORRE, George
Washington University R.E. WATSON, Brookhaven National
Laboratory Bulk magnetic materials are comprised of magnetic
domains. As the size of the sample is reduced, it forms a single
domain state. Further reduction of particle size yields a superpara-
magnetic state. There is an apparent phase transition' between the
single domain state and the superparamagnetic state at some criti-
cal size in the single-domain mesoscopic region. We had found>*
a Bose-Einstein condensation in a number of mesoscopic ferro-
magnets (30 - 60 nm diam). We hypothesize that the
superparamagnetic-to-single domain ferromagnetic transition in-
volves the same type of Bose-Einstein condensation.

11.J. Becker, “‘Precipitation and magnetic annealing in a Cu-Co
alloy,”” Trans Met SocAIME, 212 138-144 (1958).

2E. Della Torre, L.H. Bennett, and R.E. Watson, ‘‘Extension of the
Bloch T*? law to magnetic nanostructures: Bose-Einstein con-
densation,”” Phys. Rev. Lett. 94, 147210 (2005).

3S. Rao, E. Della Torre, L. H. Bennett, H. M. Seyoum, and R.E.
Watson, ‘‘Temperature variation of the fluctuation field in Co/
Pt,”” J. Appl. Phys. 97, 10N113 (2005).

11:51

B9 4 Bose-Einstein Condensation of Ni spin degrees of free-
dom observed from susceptibility measurements at high mag-
netic field in NiCl,-4SC(NH,), CATALIN MARTIN, KEN-
NETH PURCELL, TIMOTHY MURPHY, ERIC PALM, STAN
TOZER, National High Magnetic Field Laboratory, FSU, Talla-
hassee, FL VIVIEN ZAPF, ALEX LACERDA, National High

Magnetic Field, Los Alamos, NM ARMANDO PADUAN-FILHO,
Instituto de Fisica, Universidade de Sao Paulo, Sao Paulo, Brazil
NHMEFL, FSU, TALLAHASSEE, FL TEAM, LANL, LOS ALA-
MOS, NM TEAM, INSTITUTO DE FISICA, UNIVERSIDADE
DE SAO PAULO, SAO PAULO, BRAZIL TEAM, The organic
compound NiCl,-4SC(NH,), is a new candidate for Bose-Einstein
condensation (BEC) of spins system. Involving a technique based
on a self-resonant LC-oscillator, we measured the change in mag-
netic susceptibility of NiCl,- 4SC(NH,), in magnetic field up to
18 Tesla, and temperatures down to 60 mK. We have found the
existence of two phase boundaries. One appears at H.;, ~ 2 T,
where the gap between the S,= 0 ground state and the §,=-1
excited state is overcome by the Zeeman effect and the spin con-
densation starts. The other boundary is at H., ~ 12 T, where the
system saturates. Our results on temperature and angular depen-
dence of critical fields will be discussed in connection with pre-
vious experimental reports and theoretical predictions for BEC.

12:03
B9 5 Spin Density Wave Suppression in Thin Films of Cr.
DANIEL QUEEN, ZOE BOEKELHEIDE, DAVID COOKE,
FRANCES HELLMAN, University of California, Berkeley The
magnetic and electronic properties of thin films of Cr are critical to
their use in GMR multilayers and are not the same as bulk Cr. For
example, itinerant spin density waves have been shown to be sup-
pressed in thin films of Cr. This suppression has been attributed to
disorder in the microstructure of the films. For bulk Cr the elec-
tronic contribution to the heat capacity y=3.5 J/mol - K> for non-
magnetic Cr and y=1.4 J/mol - K? for magnetic Cr. Recent heat
capacity measurements on Cr thin films have found y=3.2 J/mol
- K? in agreement with the nonmagnetic bulk value. These Cr
films also have a reduced 6, with respect to the bulk and indicate
a softening of phonon modes as seen in nanocrystalline materials.
We present magnetization and heat capacity results for Cr thin
films.

12:15

B9 6 Phase transitions in metal-oxide particulate-surface in-
teractions: insights through ab initio study DANIEL FREED-
MAN, TOMAS ARIAS, Cornell University We present results for
ab initio molecular dynamics calculations of collisions between
metal-oxide particulates and metal-oxide surfaces. Detailed ex-
aminations of the resulting trajectories suggest particulate internal
kinetic energy as a key parameter in obtaining smooth laminar
deposition of thin films. Based on ab initio calculations and more
extensive supporting classical molecular dynamics modelling, we
propose a phase-diagram which maps both translational and inter-
nal kinetic energy to modes of crystal growth.

12:27

B9 7 Optical Measurements of Grain Boundary Melting ERIK
THOMSON, Yale University JOHN WETTLAUFER, Yale Uni-
versity LARRY WILEN, Ohio University Bulk properties of poly-
crystalline solids are strongly influenced by effects of grain bound-
ary melting. While numerical simulations and theory support the
idea of disorder along grain boundaries, direct experimental access
to the interface of two crystals in thermodynamic equilibrium re-
mains difficult. Polycrystalline ice, however, possesses unique
properties which lend it to experimental probing. In addition to its
transparency and birefringency the melting temperature of ice,
which is relatively close to ambient temperatures, make it an ideal
solid within which to experimentally explore grain boundary melt-
ing. Here using light scattering by a 4mW Helium-Neon laser we
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directly explore the boundary in an ice bicrystal, prepared within
a thin ice growth cell. Reflected light intensity is measured as a
function of the thermodynamic variables, temperature and impu-
rity concentration. C-axis orientation of individual crystals can be
determined by systematically measuring the difference between
incident and transmitted polarized beams. Assuming the index of
refraction for bulk water, for any melted layer, we anticipate a
greater than 10% change in reflected signal strength for a 15 ang-
strom melt layer. Experimental results are compared with a recent
theoretical study of impurity driven grain boundary melting.

12:39

B9 8 Photoelectron Emission Microscopy at the Manganese
L-edge of Thin La,_, Sr, Mn O; Films through the Phase
Transition M.A. DELEON, T. TYSON, New Jersey Institute of
Technology, Applied Physics C. DUBOURDIEU, Laboratoire des
Materiaux et du Genie Physique UMR CNRS 5628, INPG, 38402
St.Martin d’Héres, France A. SCHOLL, A. DORAN, ALS Surface
magnetization of La;_, Sr, Mn O; films has been observed di-
rectly by x-ray photoelectron emission microscopy (XPEEM) at
the manganese L-edge. Two sets of films of similar thickness
range have been grown via metal-organic chemical vapor deposi-
tion (MOCVD) on LaAlO; and SrTiO; substrates. The data pro-
vides direct observation of magnetic domain melting and growth
through the transition temperature. A comparison of domain ge-
ometry between the two sets of films will be presented. The effect
of the coupling of the strain (tensile vs. compressive) with the
magnetization will be discussed. This research is supported by
NSF DMR-0209243 and DMR-0512196.

12:51

B9 9 Thermodynamic Investigation of n-Hexane and Cyclo-
hexane on MgO (100) Surfaces* PETER N. YARON, JOHN Z.
LARESE, Univ. of Tennessee, Knoxville Thermodynamic proper-
ties of thin films of n-hexane and cyclohexane adsorbed on MgO
(100) surfaces were investigated and compared using high-
resolution volumetric isotherm techniques. A series of high-
resolution adsorption isotherm measurements were recorded for
n-hexane and cyclohexane between 197K to 255K and 230K to
280K respectively using an automated volumetric isotherm appa-
ratus. Adsorption data was used to determine thermodynamic
quantities e.g. the two-dimensional isothermal compressibility and
isosteric heats of adsorption and to identify regions where phase
transitions might occur. Evidence is found for the presence of two
layering transitions in both systems.

*Office of Basic Energy Sciences US-DOE DE-AC05-
000R22725

13:03

B9 10 Complex Conductance Measurements of Ultra-thin
MoGe films near the Superconductor-Insulator Transition
LUKAS URBAN, MICHAEL CALLAHAN, University of Illinois
at Urbana-Champaign ALI YAZDANI, Princeton University The
application of a magnetic field drives a two-dimensional supercon-
ductor through an unexpected conducting state into an insulating
state. While this transition has been studied using electrical trans-
port techniques, we present a different way to study the magnetic
field-tuned transition. Using a two coil mutual inductance probe
inside a top-loading dilution refrigerator, we measure the complex
conductance of Moy;Ges; thin films as we vary the temperature or
apply a magnetic field. From the complex conductance we deter-
mine the superconducting electron density around this field-tuned

transition. This work was supported by NSF grants DMR-98-
75565 and DMR-03-1529632, U.S. Department of Energy grant
DEFG-02-91ER4539 through the Frederick Seitz Materials Re-
search Laboratory and Office of Naval Research grant
N000140110071.

13:15

B9 11 Crystallization behaviors of n-nonadecane in confined
space: observation of metastable phase induced by surface
freezing DUJIN WANG, BAOQUAN XIE, KLEP, Joint Lab. of
Polymer Science and Materials, Institute of Chemistry, CAS,
Beijing 100080, China HAIFENG SHI, XIA DONG, YING
ZHAO, CHARLES C. HAN, DUANFU XU, PPCL, Joint Lab. of
Polymer Science and Materials, Institute of Chemistry, Chinese
Academy of Sciences, Beijing 100080, China. Crystallization and
phase transition behaviors of n-nonadecane in microcapsules was
studied with the combination of differential scanning calorimetry
(DSC) and synchrotron radiation X-ray diffraction (XRD). As evi-
dent from the DSC measurement, a surface freezing monolayer,
which is formed in the microcapsules before the bulk crystalliza-
tion, induces a novel metastable rotator phase (R;;), which has not
been reported anywhere else. We argue that the existence of the
surface freezing monolayer decreases the nucleating potential bar-
rier of R;; phase and turns the transient R;; phase to a ‘long-lived’
metastable phase.

13:27

B9 12 Ordering and Dynamics of CN~/Cu(001) Surfaces®
ERKAN CIFTLIKLI, IAN SHUTTLEWORTH, ALEXEI ERMA-
KOV, JANE HINCH, Department of Chemistry and Chemical
Biology, Rutgers University, NJ 08854. C,N, adsorption on
Cu(001) is largely dissociative, yielding adsorbed CN™ species.
Exposure dependent angular-resolved Helium Atom Scattering
(HAS) measurements show the initial development of a diffuse
backscattered intensity, followed by the onset of c(10x6) super-
structure domain growth only in a limited exposure temperature
range. Diffraction from an ordered phase is not observed for ex-
posures above 323K, nor below 223K. Yet, even at optimal depo-
sition temperatures, a diffuse scattering contribution remains at
saturation and persists beyond 473K. Energy and angular resolved
measurements show that the diffuse He intensity is strongly in-
elastic, and multiphonon-like; i.e. not showing features with re-
solvable discrete energies. The surface temperature and momen-
tum exchange dependencies of this intensity will elaborate the
nature of the dynamics of CN~ on Cu(001) surfaces. The CN™
coverage dependence of the inelastic intensity also illustrates the
influence of intermolecular interactions in CN~ motion.

*NSF, Rutgers LSM

13:39

B9 13 Theoretical treatment of non-vibrationally-relaxed elec-
tron transfer in organic solar cells KUO KAN LIANG, Division
of Mechanics, Research Center for Applied Sciences, Academia
Sinica, Taiwan CHIH-KAI LIN, Institute of Atomic and Molecular
Sciences, Academia Sinica, Taiwan HUAN-CHENG CHANG, In-
stitute of Atomic and Molecular Sciences, Academia Sinica, Tai-
wan MICHITOSHI HAYASHI, Center for Condensed Matter Sci-
ences, National Taiwan University, Taiwan SHENG HSIEN LIN,
Institute of Atomic and Molecular Sciences, Academia Sinica, Tai-
wan In this work we shall show how to calculate the single
vibronic- level electron transfer rate constant, which will be com-
pared with the thermal averaged one. To apply the theoretical
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results to the dye- sensitized nano-crystalline semiconductor
(Gratzel type) solar cells, we use a simple model to describe how
we model the final state of the eletron- transfer process (oxidized
dye and reduced semiconductor). Numerical calculations of the
single-level electron transfer rate constants and the simulation of
the quantum beat in the photo-excited state and the product state
will be performed to demonstrate the theoretical results.

13:51

B9 14 Investigating chemicurrent production from
hyperthermal-energy ion impacts S.A. MOODY, M.P. RAY,
C.E. SOSOLIK, Department of Physics and Astronomy, Clemson
University The production of chemicurrents by thermal-energy
molecular beam scattering from thin-film Schottky diode surfaces
has generated considerable interest in the field of gas-surface
physics. These experiments promise to give insight into energy

transfer processes at surfaces. However, few experiments have
investigated chemicurrent production at higher impact energies.
We propose experiments to study beam impact events on Schottky
diode/thin film surfaces using hyperthermal ion beams, with the
added capability of studying the mechanism of charge transfer.
These experiments will utilize our lab’s highly versatile beamline.
The beamline is ideal for exploring chemicurrent phenomena at
higher energies because of the capability it gives us to
producewell-characterized ion beams at hyperthermal- and low-
energies with a wide variety of gas and solid-state sources. This
talk will focus on optimization of our beamline for this experi-
ment. Specific attention will be given to the addition of a new load
lock/sample transfer system and the electronic interfacing required
for simultaneous scattering/chemicurrent data acquisition. Prelimi-
nary results from hyperthermal impact events on thin film
Schottky diodes are also presented.

SESSION B10: FOCUS SESSIONS: PHYSICAL CHEMISTRY OF NANOSCALE SYSTEM II
Monday Morning, 13 March 2006; 302, Baltimore Convention Center at 11:15
Haw Yang, University of California, Berkeley; Clemens Burda, Case Western Reserve University, presiding

Invited Papers
11:15

B10 1 Potential Application of the Enhanced Absorption and the Enhanced Scattering Processes of Plasmonic

(Gold and Silver) Nanoparticles of Different Shapes.

MOSTAFA EL-SAYED, Georgia Institute of Technology

The crossections of absorption and scattering of plasmonic nanoparticles are orders of magnitude larger than those of
molecular dyes. Their strong scattering properties make them much better contrast agents in biological and medical
applications than fluorescent dyes. Their strong absorption makes them useful in photothermal therapy and in changing
their shape or their location in assembled arrays. These applications will be illustrated.

Contributed Papers

11:51

B10 2 Studying Photoluminescence Dynamics of Single Quan-
tum Dots Photon by Photon®* HAW YANG, KAI ZHANG,
AIHUA FU, PAUL ALIVISATOS, UC Berkeley CARL HAY-
DEN, Sandia National Laboratory Colloidal semiconductor
nanocrystals, or quantum dots (QDs), have been the focus of much
research effort in the past decade. The development of these col-
loidal dots has allowed the concepts of quantum confinement and
dimensional control of electronic and optical properties to find
entirely new areas of application, for instance in fluorescent label-
ing of biological specimens. At the single-particle level, however,
colloidal QDs exhibit surprisingly complicated time-dependent be-
havior in their photoluminescence (PL) characteristics. The PL
dynamics of the biologically compatible CdSe/ZnS/streptavidin
quantum dots were studied using time-resolved single-molecule
spectroscopy. Statistical tests of the photon-counting data sug-
gested that the simple ‘‘on/off”’ discrete state model is inconsis-
tent with experimental results. Instead, a continuous emission state
distribution model was found to be more appropriate. Autocorre-
lation analysis of lifetime and intensity fluctuations showed a non-
linear correlation between them. These results were consistent
with the model that charged quantum dots were also emissive, and
that time-dependent charge migration gave rise to the observed
photo-luminescence dynamics.

*Work supported by the US Department of Energy

12:03

B10 3 Photothermal properties of gold nanocages studied by
time-resolved spectroscopy MIN HU, JINGYI CHEN,
YOUNAN XIA, XINGDE LI, University of Washington, Seattle

HRISTINA PETROVA, GREGORY HARTLAND, University of
Notre Dame MANUEL MARQUEZ, INEST Group, Research
Center, Philip Morris USA Inc. Gold nanocages of different sizes
synthesized via galvanic replacement reaction have been studied
by ultrafast time-resolved spectroscopy. The vibrational phonon
modes were excited and the periods of these modes increase with
the size of the gold nanocages. For a specific size of nanocage,
experiments with different excitation powers of the pump laser
were performed (from 2 uJ to 20 wJ), we found that the period of
the vibrational mode increased with the laser intensity. This was
compared to experiments on spherical gold nanoparticles, which
allow us to roughly estimate the temperature of the nanocages
when the electrons and the phonons reach the equilibrium. The
temperature of the nanocages can increase up to 1000 K, near the
melting point of the bulk metal, while the particles maintain their
integrity. This makes the nanocages potentially useful for photo-
thermal therapy applications. The heat dissipation rate for the
nanocages was also studied in these experiments, and was found to
have the similar trend as spherical nanoparticles, i.e., larger par-
ticles stay hot for longer times than smaller particles.

12:15

B10 4 Photoluminescence and Dynamics Measurements of In-
dividual CdSe Quantum Wires JOHN GLENNON, RUI TANG,
WILLIAM BUHRO, RICHARD LOOMIS, Department of Chem-
istry and Center for Materials Innovation Washington University
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in St. Louis The photoluminescence (PL) spectroscopy of highly
monodispersed colloidal CdSe quantum wires (QWSs) are investi-
gated in the single nanocrystal environment using confocal fluo-
rescence microscopy and are compared to similar studies pre-
formed on three dimensionally confined CdSe quantum dots
(QDs). The PL intensity of the QWs is observed to increase and
then to decrease at room temperature ambient conditions with
continued irradiation at moderate to high laser powers ( > 10
kWi#cm™2) at much slower rates than similar processes in QDs.
The energy of the peak intensity of the PL is monitored throughout
the experiments and does not shift for the QWs. This is in contrast
to the blue-shift observed for QDs as the PL intensity decays. For
the QWs, it is shown that the change in PL intensity is localized to
the diffraction limit irradiation spot and is not delocalized along
the length of the QW. Differences in exposed crystalline facets
and surface coverage between QWs and QDs are explored in con-
text of the experimental observations. These phenomena are stud-
ied under different atmospheres and surface environments in order
to elucidate the optical properties of these quantum-confined semi-
conductors.

12:27

B10 5 Photo-Induced Single Molecule Electron Transfer at the
Molecule-Nanoparticle Interface* TIANQUAN LIAN, WAN-
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HEE GOH, JIANCHANG GUO, XI LIU, Dept. of Chemistry,
Emory Univ. MICHAEL AHRENS, EMILIE SCHIERLOH,
MICHAEL WASIELEWSKI, Dept. of Chemistry, Northwestern
Univ. Single molecule fluorescence spectroscopy was used to
study photoinduced electron transfer (ET) dynamics across single
donor-bridge-acceptor junctions consisting of perylene-3,4:9,10-
bis(dicarboximide) (PDI), n-phenylene bridge with COOH an-
choring group, and antimony doped Tin Oxide(ATO) nanopar-
ticles. Photo-excitation of PDI initiates electron transfer from its
excited state into ATO nanoparticles. Electron transfer was con-
firmed and ensemble average rate was measured by transient in-
frared absorption spectroscopy, in which injected electrons in
ATO were directly monitored. Single molecule fluorescence from
donor molecule was confirmed by the observed blinking behavior,
fluorescence spectrum, and excitation polarization dependence.
Single molecule fluorescence lifetime was measured by time-
correlated single photon counting, from which forward electron
transfer rate from adsorbate excited state to nanoparticle was de-
termined. The dependence of these single molecule ET rates and
their fluctuation on the length of phenylene bridge and the nature
of semiconductors are being investigated.

*We acknowledge the financial support of the donor of the Petro-
leum Reseach Fund and the national science fundation (to T. L.)
and the department of energy (to M. W.)

B10 6 Dynamics of photoexcitations in quasi-one-dimensional systems.*

SUSAN DEXHEIMER, Washington State University

Low dimensional materials, and in particular, quasi-one-dimensional systems have attracted considerable interest owing
to their unusual electronic properties. In many of these systems, strong electron-phonon couplings can lead to the
formation of nonlinear excitations such as self-trapped excitons and polarons, in which electronic excitations become
localized as a result of their interaction with the lattice. I will present the results of femtosecond time-resolved experi-
ments in which we have studied the dynamics of the formation and evolution of localized excitations in quasi-one-
dimensional molecular solids. This work has been carried out on mixed-valence halide-bridged transition metal linear
chain (or MX) complexes, a class of materials that serve as model systems for the physics of low-dimensional materials.
In these complexes, the relative strengths of the electron-electron and electron-phonon interactions, the fundamental
physical parameters that determine the properties of the excitations, can be systematically tuned by chemical substitutions
in the chain structure. Using femtosecond vibrationally impulsive excitation techniques, we have studied the coupled
electronic and vibrational dynamics associated with excitonic self-trapping in a series of quasi-one-dimensional struc-
tures, and using time-resolved THz techniques, we have studied the dynamics of the formation and subsequent evolution
of polarons.

*This work is supported by the National Science Foundation.
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B10 7 Dynamics of the heat transfer at the interface of dia-
mond {111} nanosurfaces. OLEG A. MAZYAR, Texas Tech
University Energy transfer across the interface between a small,
hot model diamond {111} nanosurface and a much larger identical,
cold nanosurface was studied by a classical molecular dynamics
method. Kinetics of this energy transfer was found to be exponen-
tial with a rate constant increasing linearly with the increase of the
normal load applied to the hot nanosurface. The rate constant of
the heat transfer depends on the thickness of the small, hot nano-

surface, both chemical and isotopic composition of the interface,
but does not demonstrate significant changes with the increase of
the nanosurfaces’ contact area or the increase of the initial tem-
perature difference between the nanosurfaces.

13:27

B10 8 The Static and Dynamic Wetting of Si Nanorod Arrays*
JIANGUO FAN, YIPING ZHAO, The wettability of a solid state
surface is affected by both the surface roughness and the surface
chemical composition. Here, we report a systematic investigation
on the static and dynamic wetting of vertically aligned Si nanorod
arrays with different heights (aspect ratio) fabricated by the glanc-
ing angle deposition technique. For as-deposited hydrophilic films,
there was a contact angle transition from a rough surface to a
hemi-wicking porous surface at normal film thickness d = 500
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nm; while for the HF treated hydrophobic films, a transition from
partial composite to composite surface was observed at the same
film thickness. The observed results can be reasonably interpreted
within framework of the classic Young’s theory. We have also
observed that for the hydrophilic nanorod arrays, the spreading of
the water droplet causes the bundling of Si nanorods, and gener-
ates intriguing percolation patterns that change with the spreading
diameter. The dynamic spreading process of a water droplet on the
same surface has been recorded by a fast CCD camera, and scaling
laws of the contact line, the precursor rim, and the spreading speed
have been observed. Models based on capillary force, mechanical
bending, as well as flow in a groove, have been proposed to quali-
tatively explain all the phenomena observed.

*work supported by NSF

13:39

B10 9 Inorganic Nanotubes, Nanofluidic Transistors and DNA
Translocation PEIDONG YANG, University of California Inor-
ganic nanotubes, representing a new class of nanostructures, have
been attracting considerable attention during the past few years.
Single crystalline semiconductor GaN nanotubes can be synthe-
sized by nanowire templated epitaxial casting method. Partial con-
version of existing nanowires leads to the synthesis of silica nano-
tubes after etching off remaining cores. Silica nanotubes can be
integrated into metal-oxide-solution field effect transistors (MOSi-
tolFETSs) which exhibit rapid field effect modulation of ionic con-
ductance. Surface functionalization can change inherent carrier
concentration as well channel polarity to fabricate p-type, n-type
and ambipolar transistors. These nanofluidic devices were further
demonstrated to be useful in single molecule sensing. Single DNA
molecules can be electrically detected either by charge effect or
geometry effect. These nanofluidic FETs have potential implica-
tions in sub-femtoliter analytical technology and large-scale
nanofluidic integration.

13:51

B10 10 Monitoring Gold Nanorod Synthesis based on their
Localized Surface Plasmon Resonance® AMNEET GULATI,
Department of Physics and Astronomy, Rice University HONG-
WEI LIAO, Department of Chemistry, Rice University JASON
HAFNER, Department of Physics and Astronomy, and Chemistry,
Rice University The extinction spectra of structurally anisotropic
gold nanoparticles exhibit surface plasmon resonances that may be
tuned through the visible and near-infrared portions of the elec-
tromagnetic spectrum by controlling their geometry. Gold nano-
rods, whose longitudinal extinction peak is proportional to their
aspect ratio, are synthesized by reduction of gold chloride onto
gold seed nanoparticles. While growth anisotropy is known to be
induced by a surfactant (cetyltrimethylammonium bromide), the
detailed growth mechanism is poorly understood. Here, we study
the growth kinetics of nanorods by continually monitoring their
extinction spectra during synthesis. The spectra are analyzed by
Rayleigh-Gans theory to determine the instantaneous length and
diameter of the growing nanorods. This data yields microscopic
growth rates which provide insight into the mechanism of nanorod
synthesis.

*This work is supported by the Robert A. Welch Foundation.

14:03

B10 11 Desorption and Dissociation of Water Induced by Pho-
toexcitation of Silver Nanoparticles DINKO CHAKAROV, De-
partment of Applied Physics, Chalmers University of Technology
HANS FREDRIKSSON, The photodesorption and photodissocia-
tion of water from silver nanoparticles grown in situ on graphite
has been studied by HREELS, TPD and PID. We discuss the
factors which influence dissociative versus associative desorption
pathways when the system is irradiated with cw and ns pulsed UV
light. The observations are attributed to increased optical absorp-
tion and hot electron production at the Ag clusters and their vi-
cinity due to particle plasmon excitations.

SESSION B11: FOCUS SESSION: PROMISES AND CHALLENGES IN CHEMICAL DYNAMICS II
Monday Morning, 13 March 2006; 303, Baltimore Convention Center at 11:15

Jim Valentini, Columbia University, presiding
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11:15
B11 1 Adventures in Cluster Dynamics.
JOSHUA JORTNER

We report on the exploration of new scientific territories of energetics, response, dynamics and function of large, finite
atomic and molecular systems. Studies of ultrafast (attosecond to femtosecond) electron and nuclear dynamics of clusters
in ultraintense laser fields (peak intensity 10'°—~10**Wcem™2) led to the advent of table-top nuclear fusion driven by
cluster Coulomb explosion. The eighty years’ quest for nuclear fusion driven by chemical reactions was achieved by
“‘hot—cold’’ fusion in the chemical physics laboratory. Moving from femtosecond nuclear dynamics in the energy domain
of nuclear physics (1keV-1MeV) towards ultralow energies and ultraslow millisecond dynamics in ultracold (T = 100
pK-1nK) finite systems, we address the bridging between the nuclear dynamics of clusters and of finite, ultracold atomic
clouds. References [1] I. Last, Y. Levy, J. Jortner. PNAS 99, 9107 (2002). [2] I. Last, J. Jortner. Phys. Rev. Letts. 87,
033401-1 (2001); Phys. Rev. A 64, 063201-1 (2001); J. Chem. Phys. 120, 1336 (2004); 120, 1348 (2004); 121, 3030
(2004); 121, 8329 (2004); Phys. Rev. A 71, 063204-1 (2005). [3] J. Jortner, M. Rosenblit, Adv. Chem. Phys. 132, 247

(2005).
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B11 2 Isomer morphology and vibrational mode dependence
of the coupling between an excess electron and small water
networks. MARK JOHNSON, Yale University Negatively
charged water clusters are presently the subject of intense study
because of their promise to unravel the surprisingly complex dy-
namics of the hydrated electron. We focus on the use of vibra-
tional spectroscopy to establish the morphologies and local bind-
ing motifs of the water networks that bind an electron. Here we
will discuss the rearrangement pathways of the H-bond network in
the elementary act of free electron accommodation, where we use
argon-mediated population modulation to isolate the geometries of
the neutral cluster precursors. We then obtain isomer-selective
vibrational spectra of the anions that produced, where we correlate
the local binding motifs with the overall electron binding energies.
Finally, in the small cluster limit, we reveal how different intramo-
lecular vibrational motions interact with the diffuse electron cloud
by analysis of the resulting ‘‘Fano’’ lineshapes when vibrations
are embedded in the electron continuum. These interactions vary
by over an order of magnitude for various ‘‘free OH’’ bands. The
implications of these observations on the extrapolation to bulk
behavior will be considered in light of the trends displayed by the
cluster properties up n=30 or so.

12:03

B11 3 Vibrational energy at interfaces DANA DLOTT, Univer-
sity of Illinois New advances in ultrafast vibrational spectroscopy
now permit the real-time observation of vibrational energy at in-
terfaces. Using a liquid suspension of reverse micelles, consisting
of a nanodroplet of water separated from an organic solvent by a

Invited Papers
12:27

monolayer of surfactant, we pumped vibrational energy into either
the water or surfactant layer using an ultrashort IR laser pulse.
Incoherent anti-Stokes Raman probe techniques were used to
watch the vibrational energy move across this surfactant mono-
layer. The results were quite different that what would be expected
if we were watching heat flow. The specific pathways of vibra-
tional energy are invoked to explain these results.

12:15

B11 4 Atomic Beam Scattering as a Probe of the Glass Tran-
sition of Polymer Thin Films MIRIAM FREEDMAN, AARON
ROSENBAUM, STEVEN SIBENER, The James Franck Institute
and Department of Chemistry, University of Chicago We have
investigated the thin film dynamics of poly(methyl methacrylate)
(PMMA) using inelastic helium atom scattering. The glass transi-
tion in the surface region of a polymer film is thought to be at a
lower temperature than the bulk, but it is unclear whether this
reduction is due to the film surface or the near-surface layer. Be-
cause helium atom scattering is a surface sensitive, non-
perturbative technique with which we can directly probe the sur-
face dynamics, we hope to be able to clarify this debate. We obtain
broad time of flight spectra, which are well fit by a semi-classical
scattering model. From these fits, we note deviations near the bulk
glass transition that could be due to changes in surface presenta-
tion or dynamics. At low beam energies and sample temperatures,
we observe elastic scattering from which we calculate Debye-
Waller factors that are similar to other organic thin films. This
study has shown that helium atom scattering provides a unique
means of exploring the glass transition of polymer thin films.

B11 5 Optical Spectroscopy and Photophysics of Single Wall Carbon Nanotubes.

LOUIS BRUS, Columbia University

We explore the fundamental nature and dynamics of excited electronic states in SWNT. Psec luminescence and pho-
tobleaching dynamics of SWNTs in micellar solution show that non-radiative Auger recombination is extremely fast. At
low pH, nanotube surface endoperoxides protonate and introduce holes that quench the luminescence. At higher con-
centration these holes also bleach the band gap optical absorption. Near infrared two photon luminescence excitation
spectra quantitatively reveal the importance of excitons. In order to characterize excited states in both metallic and
semiconducting SWNTs at the single-tube level, we detect white-light Rayleigh scattering from individual tubes sus-
pended over an open slit in a substrate. Diagnostic spectra with high signal to noise are obtained in just a few minutes.

Contributed Papers

13:03

B11 6 First hyperpolarizability () of bare and polymer pro-
tected copper nanoparticles PUSPENDU DAS, MANABEN-
DRA CHANDRA, Indian Institute of Science We have prepared
bare as well as polyvinyl pyrrollidone (PVP) capped Cu nanopar-
ticles (NPs) of < 10 nm size by laser ablation and measured their
first hyperpolarizabilities (B values) using the hyper-Rayleigh
scattering technique in solution. The B values for the bare and
capped NPs are 414 ( * 19) x 107 and 808 ( = 12) x
107 esu/atom'”?, respectively. The bare NPs are stable in iso-
propanol for weeks but are short-lived compared to the capped
particles. Our results of capped NPs having a 8 value twice as
high compared to the bare NPs of the same size show that surface

capping is necessary for enhancing £ in noble metal NPs. In ad-
dition to the bulk and surface quadrupolar contributions which
exist in bare NPs, dipolar contribution to 8 becomes important for
the capped NPs due to the destruction of centro-symmetry at the
surface, leading to a significant increment in 8. Experiments with
smaller size NPs show that 8 goes down with size. The bulkqua-
drupolar polarization which decreases with particle size, perhaps,
rationalizes the size dependence of .

13:15

B11 7 RRKM Theory at the Gas-Surface Interface: Hydrogen
Dissociation Dynamics on Cu(111) HEATHER ABBOTT, IAN
HARRISON, Chemistry Department, University of Virginia A
simple picture of the hydrogen dissociation/associative desorption
dynamics on Cu(111) emerges from a two-parameter, full dimen-
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sionality microcanonical unimolecular rate theory (MURT) model
of the gas-surface reactivity. Vibrational frequencies for the reac-
tive transition state were taken from 6D density functional theory
calculations [Hammer, itet al. Phys. Rev. Lett. 73, 1400 (1994)].
The MURT’s parameters were fixed by simulation of experiment
as: a H, dissociation threshold energy of £, = 79 kJ/mol and s =
1 surface atoms that actively exchange energy within the reactive
transition state. Remarkably, MURT quantitatively predicts much
of the dynamical behavior observed. The divergence of the statis-
tical theoretical predictions from the experimental results at low
rotational quantum numbers, J < 5, points towards the impor-
tance of dynamical steering at low J. The surface degrees of free-
dom are calculated to provide ~ 30% of the energy required to
surmount E, under thermal equilibrium conditions. Explicit treat-
ment of the surface (i.e., Ty, > 0 K) is a novel aspect of the
MURT theoretical approach.

13:27

B11 8 An STM and Theoretical Study of the Interaction of
hexabenzocorone on a Ru(0001) Surface KWANG TAEG RIM,
LI LIU, Department of Chemistry and Columbia Center for Inte-
grated Science and Engineering, Columbia University CHA-
OCHIN SU, Department of Molecular Science and Engineering,
National Taipei University of Technology SHENGXIONG XIAO,
MICHAEL STEIGERWALD, Department of Chemistry and Co-
lumbia Center for Integrated Science and Engineering, Columbia
University MARK HYBERTSEN, Department of Applied Physics
and Applied Mathematics and Columbia Center for Integrated
Science and Engineering, Columbia University COLIN NUCK-
OLLS, GEORGE FLYNN, Department of Chemistry and Colum-
bia Center for Integrated Science and Engineering, Columbia
University The interaction of hexabenzocorone (hbc) with a metal
surface has been investigated using Scanning Tunneling Micros-
copy (STM) and Scanning Tunneling Spectroscopy (STS) in ul-
trahigh vacuum. The images obtained at room temperature, after
hbc molecules were vacuum deposited at 325°C onto a pristine
ruthenium (0001) surface, exhibit surface bound molecules with
off-centered bonding sites. I(V) curves over hbc molecules show
high tunneling current at positive bias voltages. After annealing of
the hbc-bonded Ru sample surface at 600°C for 15min, hbc mol-
ecules appear to aggregate laterally and to bond symmetrically to
the surface. The possibility of growing carbon nanotubes on the
hbc-Ru precursor surface upon dosing with C,H, will also be
discussed along with a theoretical model for bonding and growth
of nanotubes.

13:39

B11 9 Single-molecule vibrational spectroscopy of water mol-
ecules using an LT-STM CHIKAKO MATSUMOTO, Gakush-
uin Univ., RIKEN YOUSOO KIM, RIKEN KENTA MOTOBA-
YASHI, Univ. of Tokyo MAKI KAWAI, Univ. of Tokyo, RIKEN
Single-molecule vibrational spectroscopy has attracted consider-
able attention as a powerful tool for nanoscale chemistry. The
adsorption of water molecules on metal surfaces plays an impor-
tant role in understanding many phenomena in nature, such as
heterogeneous catalysis and corrosion, etc. The structure of water
at low coverage has been investigated on a variety of transition-
metal surfaces with various techniques. But the microscopic un-
derstanding of the adsorption feature of single water molecules is
still unclear. We report molecular scale study of adsorption be-
haviors of water molecules on Pt (111) surface at 4.7 K by use of
single-molecule vibrational spectroscopy with the scanning tun-
neling microscopy (STM). The Pt (111) surface was dosed with a

small amount of water molecules ( < 0.01 ML) at the temperature
less than 20 K. A water monomer appears as a single protrusion in
the STM images. A dimer was formed by manipulating monomers
with an STM tip. The shape of a water dimer looks like ‘cherry
blossom’, which can be explained by one of the water molecules
rotating around the other. Inelastic electron tunneling spectroscopy
using the STM was utilized to determine vibrational modes of
individual water dimers.

13:51

B11 10 A Novel Vibrational Spectroscopic Study of a Single
Molecule using an STM — Measurement and Selection rules of
Action spectroscopy YOUSOO KIM, RIKEN YASUYUKI
SAINO, Tohoku Univ. TOSHIRO OKAWA, Gakushuin Univ.
TADAHIRO KOMEDA, Tohoku Univ. HIDEMI SHIGEKAWA,
Univ. of Tsukuba MAKI KAWAI, Univ. of Tokyo, RIKEN The
excitation of molecular vibration by means of the inelastically
tunneled electrons from the tip of a scanning tunneling microscope
(STM) can lead to various dynamical processes at surfaces. In
addition, inelastic electron tunneling spectroscopy with the STM
(STM-IETS) is now applicable to the vibrational spectroscopy of
the individual molecules. The vibrational spectrum of a single
molecule provides useful information not only for the chemical
identification of the molecule but also for investigating how mo-
lecular vibration can couple with the relevant dynamical pro-
cesses. Inelastically tunneled electrons from the STM were used to
induce vibrationally mediated motions of a single itcis-2-butene
molecule among four equivalent orientations on Pd(110) at 4.7 K.
Action spectrum obtained from the motions clearly detects more
vibrational modes than STM-IETS. We demonstrate the useful-
ness of the action spectroscopy as a novel single molecule vibra-
tional spectroscopic method. We also discuss its selection rules in
terms of the resonance tunneling.

SESSION B12: QUANTUM METAL FILMS AND
OVERLAYER STRUCTURES

Monday Morning, 13 March 2006

304, Baltimore Convention Center at 11:15

Zhenyu Zhang, Oak Ridge Natinoal Laboratory, presiding

11:15

B12 1 Growth of Pb nanowires on the Si(111)-In (4x1) a com-
bined STM and SPALEED study* MYRON HUPALO,
MICHAEL YAKES, MICHAEL TRINGIDES, Ames Laboratory-
lowa State University Due to the combined effect of QSE and the
anisotropic strain potential of the substrate, Pb deposited on
Si(111)~In (4x1) at 180K grows in nanowires of uniform 4-layer
height and controllable uniform width of 5w, (where wy=1.33nm
is the width of the reconstruction unit cell along [1_1_2] direc-
tion). SPA-LEED studies confirm this selected 4-layer height
(from Intensity vs K, variation) which is unusually stable because
it is unchanged even after annealing to room temperature. The
same selected 4-layer height is observed on a different interface
Si(111)-In y31xy31 which independently confirms the unusual
4-layer stability. Differences in the observed corrugation on the
tops of the nanowires due to the Moiré pattern at the metal/
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semiconductor interface confirm the strain anisotropy on the re-
constructed substrate. Further Pb deposition on top of the nanow-
ires results in the completion of the Pb layer with unusually
atomically flat film interfaces over mesoscopic distances.

* Ames Laboratory is operated by the U.S. Department of Energy
by Iowa State University under Contract No. W-7405-Eng-82.

11:27

B12 2 Novel Phase Separation for Pb/Ge(111) SHIRLEY
CHIANG, YU SATO, University of California Davis NORMAN
BARTELT, Sandia National Laboratories Livermore Using low
energy electron microscopy (LEEM), we have elucidated the
phase diagram for the growth of Pb on Ge(111). As Pb is depos-
ited on Ge, the Pb atoms substitute into the top layer, causing
released Ge atoms to form into ¢(2x8) adatom islands, with the
size and density of these Ge islands controllable by the substrate
temperature. During the reversible 8 (dense (y3x(3)R30[r]) to
(Ix1) phase transition, we discovered a novel phase separation
mechanism. Above the 1.33ML saturation coverage of the S
phase, a sharp first order phase transition is observed near 295C.
For Pb coverage just < 1.33ML, the phase transition is no longer
sharp, with B8 and (1x1) phases coexisting and the transformation
occurring from 232C to 181C. Reducing coverage by ~ 0.01ML
causes a dramatic change, with small domains of the new phase
appearing and disappearing, due to fluctuations between the two
phases. Additional domains appear and fluctuate until the whole
surface is completely transformed. We attribute the fluctuating
domains to thermal fluctuations of the density of Pb atoms within
a domain. By comparing LEEM images of the B8 and (1x1) phases
during the phase transition between [ a@+(1x1)] and (a + B), the
Pb coverage of the (1x1) phase at the eutectic point was deter-
mined to be ~ 1.29 ML.

11:39

B12 3 Hard superconductivity of a soft metal in the quantum
regime®* M.M. OZER, J.R. THOMPSON, H.H. WEITERING,
Physics, Univ. Tennessee, Knoxville, TN, 37996 & ORNL, Oak
Ridge, TN, 37831 Superconductivity is a collective quantum phe-
nomenon that is inevitably suppressed in reduced dimensionality.
Questions of how thin superconducting wires or films can be be-
fore losing their superconducting properties have important tech-
nological ramifications and go to the heart of understanding for-
mation, coherence, and robustness of the superconducting state in
quantum confined geometries. Here, we exploit quantum confine-
ment of itinerant electrons in a soft metal (Pb), to stabilize
atomically-flat superconductors with lateral dimensions of mm
and vertical dimensions of only a few atomic layers. They show no
indication of defect- or fluctuation- driven suppression of super-
conductivity and support macroscopic super-currents of up to
~ 10% of the depairing current density. The hardness of the criti-
cal state can be attributed to the presence of intrinsic vortex traps
that are stabilized by quantum confinement. The study presents a
conceptually appealing picture of a model nano-scale supercon-
ductor with calculable critical state properties, suggesting the pos-
sibility of achieving and exploiting superconductivity in the ulti-
mate low-dimensional limit.

*This work is funded by NSF grant DMR-0244570. ORNL is
managed by UT-Battelle, LLC, for US DOE under Contract
DEACO05-000R22725.

11:51

B12 4 Modification of the Quantum Electronic Stability of
Thin Films by Interfactants T. MILLER, D. A. RICCI, M. H.
UPTON, T.-C. CHIANG, Univ. of Illinois at Urbana-Champaign
Electronic states are quantized in thin films, resulting in a modu-
lation of physical properties with film thickness. The thermal sta-
bilities of films differing in thickness by even a single monolayer
can be dramatically different due to this quantization. The spec-
trum of allowed energy states depends on the film thickness, but it
is also dependent on the phase shift of the wavefunctions reflected
from the film-substrate interface. This phase shift in turn can be
adjusted by changing the interface using interfactant atoms. This
implies that the physical properties of thin films, including the
thermal stability, could be controlled by interfacial engineering.
We have grown atomically-uniform thin films of Pb on Si(111).
Their thermal stabilities show bilayer oscillations with thickness
due to the quantization of electronic states. The stabilities are
strongly modified by the introduction of Au, In, or Pb at the film/
substrate interface. For example, with In as an interfactant, films
an odd number of monolayers thick are more stable than ones with
an even number of layers, whereas for the other materials this
pattern is reversed.

12:03

B12 5 Novel Coarsening Behavior of Pb nanocrystals on
Si(111)* P. F. MICELI, C. A. JEFFREY, Dept. of Physics and
Astronomy, University of Missouri-Columbia R. FENG, E. H.
CONRAD, School of Physics, Georgia Institute of Technology M.
HUPALO, M. C. TRINGIDES, Ames Lab, lowa State University
C. KIM, Dept. of Physics and Research Inst. of Basic Sciences,
Kyunghee University, Korea P. J. RYAN, MUCAT, Advanced
Photon Source, Argonne National Lab We show that Pb nanoc-
rystals grown on Si(111)7x7 exhibit novel coarsening behavior
that cannot be described by the classical Gibbs-Thomson effect.
This system is known for quantum size effects (QSE) that lead to
preferred island heights which depend on the coverage and tem-
perature. Using complementary surface x-ray diffuse scattering
and STM, we find an unexpected and unusual flux rate depen-
dence, a lack of scaling of the island densities, and island decay
times that are orders of magnitude faster than expected from the
classical analysis. For example, a highly mono-disperse island
height distribution is observed if the islands are grown at high
rather than low flux rates. These results have important implica-
tions for understanding the controlled growth and self-
organization of nanostructures.

*The MUCAT beamline is supported through the Ames Lab by
the US-DOE. Research funding is supported by NSF, PRF (PFM,
CAJ), Ames Lab (MCT, MH), Canim Scientific (EHC), NSERC-
Canada (CAJ), Ministry of Science & Tech.-Korea (CK).

12:15

B12 6 The formation of a sharp metal-semiconductor interface
for the growth of Quantum Size Effect islands* C.A. JEF-
FREY, P.F. MICELI, Dept. of Physics and Astronomy, University
of Missouri-Columbia E.H. CONRAD, R. FENG, School of Phys-
ics, Georgia Institute of Technology C. KIM, Dept. of Physics and
Research Inst. of Basic Sciences, Kyunghee University, Korea P.J.
RYAN, MUCAT, Advanced Photon Source, Argonne National
Lab In order to form Quantum Size Effect (QSE) metal islands on
semiconductors, a smooth island-substrate interface is necessary to
set up the electron standing waves that lead to the new quantum
confined states. How this occurs for the Pb-Si(111)7x7 system is a
mystery because of the large lattice mismatch and the highly cor-
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rugated 7x7 reconstruction. To understand how QSE islands de-
velop in this system we have performed structural Surface X-ray
scattering measurements on the initial formation of Pb islands
grown on Si(111). We show how a smooth Pb-semiconductor
interface develops through a series of structural arrangements.
Once a vertically disordered Pb monolayer is completed, second
layer atoms nucleate fcc clusters. These clusters undergo a displa-
cive transition lifting them above the Si adatoms. This allow the
Pb islands to “‘float’” above the Si substrate so that the first island
layer is smooth, thus setting up the proper boundary condition for
QSE.

*uwCAT is supported through Ames Lab by the US-DOE. Re-
search is supported by NSF, PRF (PM, CJ), DOE (MT, MH),
Canim Scientific (EC), NSERC-Canada (CJ), Ministry of Sci. &
Tech.-Korea (CK).

12:27

B12 7 The Pb corrugation on Si(111) Pb @ — 3x,3 as a probe
of the island crystallography* MICHAEL YAKES, MYRON
HUPALO, JIZHOU CHEN, MICHAEL TRINGIDES, Ames
Laboratory-lowa State University Although the corrugation on top
of the uniform height Pb islands has been studied by STS, quan-
titative information about the island morphology is still missing.
With this complementary study based on SPA-LEED and STM we
use the dependence of the corrugation on coverage to deduce the
detailed island crystallographic structure. The two types of bilayer
islands which have been identified from their opposing contrasts in
STM are analyzed with diffraction and extended STM images to
deduce their relative population. Islands with one type of FCC
faulted stacking (i.e. ACB) are replaced with coverage by the
islands with opposite stacking (i.e. ABC). Since the island shapes
are triangular (due to inequivalent type of A- and B- steps) the
population reversal is also confirmed from changes in the island
orientation with coverage. In addition, a change in the rotation of
the Pb overlayer relative to the Si substrate (measured from the
location of the Pb(10)) is used to explain the changing intensity
“‘hexagon-like’” to *‘star-like’” distribution of the SPA-LEED pat-
tern near the (00) spot. This rotation explains quantitatively the
changing corrugation period. As the coverage increases the pre-
ferred Pb orientation changes from 0° to 5.6° rotated with respect
to the [110] substrate direction.

* Ames Laboratory is operated by the U.S. Department of Energy
by Iowa State University under Contract No. W-7405-Eng-82.

12:39

B12 8 Restructuring Due to Quantum Size Effects During An-
nealing in Ultrathin Films of Ag/Si(111)* K.R. KIMBERLIN,
D.C. LUDOIS, S.M. BINZ, K.R. ROOS, J. LOZANO, P.W.
WANG, J.H. CRAIG, JR., Bradley University Ultrathin films of
silver have been epitaxially grown itin situ at low temperature and
studied with scanning tunneling microscopy (STM) and reflection
high energy electron diffraction (RHEED). Restructuring occurs
during annealing to 300 K producing flat-topped islands two
atomic layers in height in accordance with previous work.! Further
annealing produces a diverse distribution of heights and sizes of
flat topped, vertical-sided islands. At higher coverage, a smooth
films anneal to dentritic structures of a single height. A RHEED
transmission pattern is formed after annealing the films and crystal
orientation is determined. Finally, annealing above 550K produces
typical 3D island ‘‘wedding cake’’ structures atop the V3 X 3
wetting layer on Si(111). These results will be discussed in an

“‘electronic growth’” model where Quantum Size Effects are
thought to stabilize particular island heights, producing this un-
usual flat island growth.

*This work is supported by NSF grants 0203097, 0215899,
0511811, and selected grants from Bradley Univ.

Gavioli, et. al., Phys. Rev. Lett., 82(1) 1999, p. 129-132.

12:51

B12 9 Kelvin Force Microscopy of 1 X 1 and V3 X \3 phases
of Pb/Si(111)* E. D. WILLIAMS, W. G. CULLEN, MASA ISHI-
GAMI, Department of Physics, University of Maryland, College
Park, Maryland 20742 Using non-contact atomic force micros-
copy, we have determined the contact potential difference (CPD)
of 1 X 1 and \3 X 3 phases in the Pb/Si(111) system. Fur-
thermore, we have tracked the barrier formation layer-by-layer by
observing multilayer structures. We will discuss the origin of the
observed CPD contrast between different phases and thicknesses
of the Pb films in light of recent theoretical calculations. In addi-
tion, we will present the effect of the reduced dimensionality to the
observed electrostatic potential variation at boundaries between
different phases.

*Materials Research Science and Engineering Center at University
of Maryland, College Park

13:03

B12 10 Fluctuations of Pb/Si(111) Domain Boundaries® WIL-
LIAM CULLEN, Department of Physics and MRSEC, University
of Maryland DANIEL DOUGHERTY," Department of Chemistry,
University of Pittsburgh MASA ISHIGAMI, Department of Phys-
ics and MRSEC, University of Maryland ELLEN WILLIAMS,
Department of Physics and MRSEC, University of Maryland We
have used variable-temperature scanning tunneling microscopy to
study fluctuations of a 1D interface — the boundary between two
coexisting surface phases. We have prepared Pb/Si(111) surfaces
that consist of high-density (1 X 1)-Pb domains coexisting with
a lower-density V3 X \3 = R30°-Pb phase. The domain bound-
aries between these phases fluctuate at moderate temperatures,
allowing direct observation with STM. Measurement of the tem-
poral correlation function for the fluctuating boundary between
525 K and 625 K allows determination of the mass transport
mechanisms below and above the onset of thermal desorption of
the (1 X 1) phase. In the desorption regime, our measured dy-
namical exponent of 1/2 provides microscopic confirmation that
fluctuations of the (1 X 1) boundaries occur via exchange of
mass with a 2D adatom gas on the V3 X 3 phase, consistent
with the zeroth-order desorption kinetics inferred from macro-
scopic measurements.

*Supported by UMD-NSF-MRSEC
"Present Address

13:15

B12 11 Influence of Band Structure and Pb/Si Interfacial
Property on Transmission Resonance of Thin Pb Films by
Scanning Tunneling Spectroscopy S.M. LU, M.C. YANG, C.L.
JIANG, H.T. SHIH, W.B. SU, C.S. CHANG, TIEN T. TSONG,
Institute of Physics, Academia Sinica, Taipei, Taiwan, Republic of
China The transmission spectrum of a metal film for free electrons
at low energy may reveal resonance, which is the quantum size
effect above the vacuum level. We use scanning tunneling spec-
troscopy to observe the transmission resonance for Pb films grown
on incommensurate Pb/Si(111) and Si(111)7x7 surfaces. Our ob-
servations demonstrate that Pb band structure and Pb/Si interfaces
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significantly affect the signal of the transmission in the tunneling
spectra. First, the transmission resonance is not detectable in the
range of 5~ 6 eV above Fermi level, which can be attributed to
that Pb band structure along the (111) direction in this energy
range is flat. Secondly, the signal of the transmission resonance
acquired on Pb films/incommensurate Pb/Si(111) is more obvious
than that acquired on Pb films/Si(111)7x7. This difference can be
attributed to that the Pb/Si interface for the former is adiabatic but
is non-adiabatic for the latter.

13:27

B12 12 Thin Film Fractal Morphology and the Enhancement
of Superconducting Critical Parameters J. KRIM, M. HIGH-
LAND, North Carolina State University In superconducting films,
it is known that the use of artificial defects can enhance a films’
superconducting critical parameters. In particular, it has recently
been reported that regular arrays of sub-micron sized holes pro-
duced by means of lithographic techniques can substantially in-
crease the critical temperature for all fields. [ 1] We report here our
observations that careful control of Pb film deposition conditions
can result in film texture that has naturally occurring ‘‘holes’” and
enhanced critical parameters reminiscent of the artificially struc-
tured films. We characterize the texture of these films via their
fractal dimension, and find that it is a useful approach for charac-
terizing a films superconducting critical parameters. This work
was funded by NSF and AFOSR. [1] A.V. Silhanek et al., PRB 72,
014507 (2005)

13:39

B12 13 Binding site H3 to T4 occupation switching and the
Pb/Si(111) “‘Devil’s Staircase’’ phase diagram* V. YEH, M.
YAKES, M. HUPALO, M.C. TRINGIDES, Ames Laboratory-
lowa State University Z. CHVOI, Czech Academy of Science With
SPA-LEED and STM it has been observed that there is a switching
occupation from only H3 sites to H3 and T4 sites within the unit
cell of the DS (“‘Devil’s Staircase’’) (n,m) linear phases at the
(1,1) phase or theta=1.25ML. This is observed from the doubling
of the linear phase period and the ‘‘flipping’’ of the triangle dif-
fraction pattern. The transition temperature from linear to HIC
shows a minimum at ~ 120K for the (1,1) phase and follows a
U-shaped curved in the whole DS range 6/SML< theta<< 4/3. This
unusual dependence (instead of the monotonic decrease of the
transition temperature expected for repulsive interactions) indi-
cates the presence of other interactions in the system which can
originate from the binding site switching. A statistical mechanical
model that includes these two interactions is analyzed and ac-
counts semi-quantitatively for the U-shaped curve and the phase
diagram topology. However, a complete treatment should also in-
clude the comparison with the free energy of the HIC phases since
the linear phases transform to these phases at higher temperatures.
The binding site H3 to T4 switching is also relevant to theoretical
predictions for the ordered phases in Ba(3x2) grown on stepped
Si(111) due to the presence of similar long range interactions.

* Ames Laboratory is operated by the U.S. Department of Energy
by Iowa State University under Contract No. W-7405-Eng-82.

13:51

B12 14 Quantum Size Effects in 6 — Pu (111) and (110) Films*
HAORAN GONG, ASOK KUMAR RAY, Department of Phys-
ics, the University of Texas at Arlington, Arlington, TX 76019
First-principles full-potential linearized-augmented-plane-wave
(FP-LAPW) calculations have been carried out for §-Pu (111) and
(110) films up to seven layers. The layers have been studied at the
non-spin-polarized-no-spin-orbit coupling (NSP-NSO), non-spin-
polarized-spin-orbit coupling (NSP-SO), spin-polarized-no-spin-
orbit coupling (SP-NSO), spin-polarized-spin-orbit coupling (SP-
SO), anti-ferromagnetic-no-spin-orbit coupling (AFM-NSO), and
anti-ferromagnetic-spin-orbit-coupling  (AFM-SO) levels of
theory. The ground state of both §-Pu (111) and (110) films is
found to be at the AFM-SO level of theory and the surface energy
is found to rapidly converge. The semi-infinite surface energy for
8-Pu (111) and (110) films is predicted to be 1.18 and 1.42 J/m?,
while the magnetic moments show an oscillating behavior, gradu-
ally approaching the bulk value of zero with increase in the num-
ber of layers. Work functions indicate a strong quantum size effect
up to and including five layers for the (111) surface and seven
layers for the (110) surface, respectively. The work functions of
S8-Pu (111) and (110) films at the ground state are predicted be
3.41 and 2.99eV, respectively. *This work is supported by the
Chemical Sciences, Geosciences, and Biosciences Division, Office
of Basic Energy Sciences, Office of Science, Department of En-
ergy (Grant DE-FG02-03ER15409) and the Welch Foundation,
Houston, Texas (Grant Y-1525).

14:03

B12 15 Novel Atomic Rearrangement in the Pb Monolayer on
Si(111) surfaces Induced by Atomic Hydrogen Adsorption.
CHUNG-KAI FANG, Institute of Physics, Academia Sinica, Tai-
wan, R.O.C. and Department of Materials Science and Engineer-
ing, National Tsing Hua University, Taiwan, R.0.C ING-SHOUH
HWANG, SHIH-HSIN CHANG, Institute of Physics, Academia
Sinica, Taiwan, R.O.C. LIH-JUANN CHEN, Department of Ma-
terials Science and Engineering, National Tsing Hua University,
Taiwan, R.O.C. TIEN-TZOU TSONG, Institute of Physics, Aca-
demia Sinica, Taiwan, R.O.C. Using a scanning tunneling micros-
copy, we have observed interesting hydrogen-adsorption induced
atomic rearrangements on Pb/Si(111) system at room temperature.
A hexagonal ring-like pattern with decaying intensity is formed
around the hydrogen-induced point defect. Moreover,
interference-like patterns can be seen in the region among the
H-induced point defects. The detailed pattern depends on the rela-
tive position of defects. With certain relative positions, a new
superstructure of hexagonal cells can be seen. The phase bound-
aries are found to either enhance or suppress the formation of the
hexagonal ring-like pattern. We believe that the intricate interplay
between atomic displacement and electronic structure causes the
formation of the patterns. [Ref] : I. S. Hwang, S. H. Chang, C. K.
Fang, L. J. Chen, and T. T. Tsong, Phys. Rev. Lett. 94, 045505
(2005)
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11:15

B13 1 Structure and Interactions of Isolated Biomolecular Building Blocks.

MATTANJAH DE VRIES, UCSB

We investigate biomolecular building blocks and their clusters with each other and with water on a single molecular level.
The motivation is the need to distinguish between intrinsic molecular properties and those that result from the biological
environment. This is achieved by a combination of laser desorption and jet cooling, applied to aromatic amino acids,
small peptides containing those, nucleobases and nucleosides. This approach is coupled with a number of laser spectro-
scopic techniques, including resonant multi-photon ionization, spectral hole burning and infra-red ion-dip spectroscopy.
We will discuss examples illustrating how information can be obtained on spatial structure of individual biomolecules,
including peptide conformations and details of DNA base-pairing.

11:51
B13 2
MARTIN JARROLD, [Indiana University

This abstract was not received electronically.

Contributed Papers

12:27

B13 3 Folding an infinitely long polypeptide into a helical con-
formation JOEL IRETA, MATTHIAS SCHEFFLER, Fritz-
Haber Institut der Max-Planck-Gesellschaft, Berlin, Germany The
potential-energy surface and harmonic vibrational analysis of an
infinitely long polypeptide are studied using density- functional
theory in the Perdew, Burke, and Ernzerhof approximation to the
exchange-correlation functional. We find that the 7r-helix, a-helix,
and 3y-helix are stable respect to the fully extended structure
(FES) at 0 K, both in right- and left-handed conformations. Ac-
counting for the temperature effects it is found that the left-handed
helices are energetically degenerated respect to FES and the right-
handed helices slightly more stable than FES, at room tempera-
ture. The minimum-energy pathway along the potential- energy
surface shows that the barrier to fold a FES into a left- handed
helix is at least three times larger than the barrier to fold it into a
right-handed helix. This suggests that the very low occurrence of
left-handed helices in protein structures is due to both thermody-
namic and kinetic effects.

12:39

B13 4 The Effect of Terminal Truncation on the Folding Dy-
namics of Coiled-coil GCN4-p1 MICHELLE BUNAGAN,
LIDIA CRISTIAN, WILLIAM DEGRADO, FENG GAI, Univer-
sity of Pennsylvania Structural perturbation by terminal truncation
has been used extensively in protein folding studies because it
yields valuable information that could be used to dissect the fold-
ing mechanism of the protein of interest. Herein, we studied the
folding dynamics of a truncated variant of a cross-linked
GCN4-pl coiled-coil using the technique of laser-induced
temperature-jump (T-jump) in conjunction with infrared spectros-
copy. While the full-length GCN4-p1 exhibits first-order kinetics
in stopped-flow CD and fluorescence folding experiments, a recent
T-jump study has shown that one or two folding intermediates

may exist at the native side of the major folding barrier. However,
the current truncated variant of GCN4-pl not only shows first
order folding kinetics, but also exhibits ultrafast folding behaviors,
suggesting that there are no detectable intermediates populated on
its folding pathway. Therefore, these results have interesting im-
plications for the understanding of the folding mechanism of
coiled-coil structures.

12:51

B13 5 Fast Events in Protein Folding following Ultrarapid
Mixing LISA LAPIDUS, KIMBERLY COOPER, EMILY TUB-
MANN, Michigan State U. DAVID HERTZOG, Stanford U. &
LLNL JUAN SANTIAGO, Stanford U. OLGICA BAKAIJIN,
LLNL A continuous flow microfluidic mixer fabricated out of
fused silica was used to study microsecond time scales of protein
folding by monitoring natural tryptophan fluorescence. This mixer
uses hydrodynamic focusing and diffusion to lower the concentra-
tion of the initial denaturant, inducing the protein to fold. The
mixing time can be as fast as 8 us and allows access to times that
are inaccessible in conventional mixers. Using a confocal micro-
scope we observe the UV fluorescence spectrum from naturally
occurring tryptophans in 3 well-studied proteins, cytochrome c,
apomyoglobin and lysozyme, as a function of time after rapid
mixing. Single value decomposition of the time dependent spectra
reveal two separate processes: 1) a spectral shift which occurs
within the mixing time and 2) a fluorescence decay occurring
between 100 and 300 microseconds. We attribute the first process
to hydrophobic collapse and the second process the formation of
the first tertiary contacts. While the slower rate obviously depends
on the details of the folding trajectory of each protein, we note that
all three measured rates anti-correlate well with the fraction of
secondary structure formed. This work demonstrates that hydro-
phobic collapse is much faster than had been estimated with
slower mixing methods and is in good agreement with measured
rates of intramolecular diffusion in unstructured peptides.
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13:03

B13 6 Fast diffusive folding dynamics of Tryptophan Zipper
peptides* STEPHEN HAGEN, Physics Dept., University of
Florida, Gainesville FL 32611 Simple synthetic peptides that fold
into elemental structures like a-helices and B-hairpins serve as
useful model systems for experimental and computational studies
of protein folding dynamics. The folding of the Tryptophan Zip-
pers, for example, represents an interesting case of nearly barrier-
less folding. These short (12-16 residue) peptides designed by
Cochran et al. (2001) fold into stable, well-defined SB-hairpins on
time scales of just a few microseconds. Our laser temperature-
jump fluorescence spectroscopy shows that the *“TrpZip’” mol-

Invited Papers

13:15
B13 7 Sugars in the gas phase.
REBECCA JOCKUSCH, University of Toronto

ecules encounter little internal friction and almost no enthalpic
barrier as they proceed from the unfolded to the folded state:
Favorable solvent conditions reduce the entropic barrier as well,
until the folding dynamics become complex and diffusive, and
different experimental probes see the system as folding on rather
different time scales. We will present experimental signatures of
these complex dynamics, discuss the role of internal polymer fric-
tion in TrpZip folding, and briefly consider suitable approaches for
modeling the free energy surface that controls such a folding re-
action.

*supported by National Science Foundation, MCB-0347124

The functional importance of carbohydrates in biological processes, particularly those involving specific molecular
recognition is immense. Characterizing the three-dimensional structures of carbohydrates and glycoconjugates and their
interactions with other molecules, particularly the ubiquitous solvent, water, are key starting points on the road towards
the understanding of these processes. A new strategy, combining electronic and vibrational spectroscopy of mass-selected
carbohydrate molecules and their hydrated complexes, conducted under molecular beam conditions, with ab initio
computation is being exploited to characterize carbohydrate conformations and hydrated structures, the hydrogen-bonded
networks they support (or which support them) and the specificity of their interactions with other molecules. The spectral
features of monosaccharide residues can be used to refine the assignment of larger, oligosaccharide structures - a
supplementary ‘building-block’ approach to the study of complex structures based upon an ‘alphabet’ of established IR
spectral signatures of different conformations of the monosaccharide units - when their spectroscopic patterns are
retained. When their patterns are altered the changes may be understood by analyzing the modification of the hydrogen-
bonded networks, eg., the retention (or disruption) of the secondary structural motifs generated by intra-residue hydrogen-
bonding. Feedback from the increasing body of experimental data will also help to inform and guide future theoretical

conformational searches.

Contributed Papers

13:51

B13 8 2D IR measurements of the coupling in transmembrane
helix dimers* CHONG FANG, Department of Chemistry, Uni-
versity of Pennsylvania LIDIA CRISTIAN, ALESSANDRO
SENES, WILLIAM DEGRADO, Department of Biochemistry &
Biophysics, University of Pennsylvania ROBIN HOCH-
STRASSER, Department of Chemistry, University of Pennsylva-
nia Ultrafast 2D IR photon echo spectroscopy has been adapted to
the study of transmembrane helix dimers. Residues Gly-79 on
each of the two helical strands of Glycophorin A (GpA) dimers in
sodium dodecyl sulfate (SDS) micelles were isotopically selected.
The 2D IR spectra reveal the tertiary interaction between the he-
lices. The waiting time dependence of the echo informs on the
conformational dynamics of different regions of the GpA dimer.
Both the '3C and '*C="'30 labeled homodimers showed elongated
diagonal peaks in the 2D IR correlation spectra. The cross peaks in
the heterodimer spectrum indicated an off-diagonal anharmonicity
of ~ 3.8 cm™!. This anharmonicity is caused by through-space
interactions between amide units on different strands. The angle
between the two Gly-79 amide-I transition dipoles was estimated
to be ~ 35[r] from the polarization of the 2D IR signal in the

cross-peak region. The method also identifies residues that are
exposed to water.

*This research was supported by NSF-CHE, NIH-GM and by an
NIH Resource Grant all to RMH.

14:03

B13 9 Solvent and Peptide Conformational Fluctuations Re-
vealed with Two-Dimensional Infrared Spectroscopy ZIAD
GANIM, ANDREI TOKMAKOFF, Department of Chemistry,
Massachusetts Institute of Technology Two-dimensional nonlinear
infrared spectroscopy (2D-IR) is emerging as a new biophysical
tool that offers the sensitivity to protein secondary structure and
fast time resolution of linear Fourier transform infrared spectros-
copy (FT-IR), but with the added ability to separate overlapping
contributions and reveal vibrational couplings. Amide I nonlinear
spectroscopy has been used to probe the thermal stability of pro-
teins and peptides and reveal a detailed picture of how the beta-
sheet of ubiquitin unfolds from nanoseconds to milliseconds. We
show that the standard techniques that are sufficient in calculating
FT-IR spectra from a static structure fail to reproduce observed
2D-IR lineshapes. By combining DFT parameterized semi-
empirical models and structure trajectories from molecular dy-
namics simulations, we obtain good agreement with experimental
FT-IR and 2D-IR spectra of trpzip2, a model beta-hairpin. We
then demonstrate how hydrogen bonding, conformational varia-
tion, and their fluctuations are each manifested in 2D-IR spectra.
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This methodology provides a means of calculating FT-IR and
2D-IR spectra directly from any atomistic molecular dynamics
simulation - allowing richer data analysis and a means of validat-
ing mechanistic predictions from simulations.
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Contributed Papers

11:15

B15 1 Anomalous equilibrium volume change of magnetic
Fe-Al crystals MARTIN FRIAK, JORG NEUGEBAUER, Max-
Planck Institute for Iron Research, Max-Planck-Strasse 1, 40237
Diisseldorf, Germany Iron aluminides represent a very promising
class of intermetallic materials with great potential for substituting
stainless steels at elevated and high temperatures. Experiments
observed an anomalous equilibrium volume behaviour as a func-
tion of concentration in Fe-rich compounds [1]. This effect has
been tentatively assigned to be due to an order-disorder transition.
We have studied the role of magnetism in Fe-Al crystals employ-
ing density functional theory (DFT) within the generalized gradi-
ent approximation (GGA). The excess energies, equilibrium lattice
parameters and magnetic states have been determined for a dense
set of different iron concentrations and a large variety of atomic
configurations. Both external and internal relaxations were al-
lowed. The spin-polarized calculations for ordered ferromagnetic
Fe-rich compounds nicely reproduce the anomalous volume be-
haviour, i.e. the effect is not related to an order-disorder transition.
Analyzing different magnetic states we identified the change in
magnetism to be the driving force. In fact, performing the same
calculations but switching off magnetism removed the anomalous
volume dependence and showed a clear linear dependence. Based
on these results the importance of order-disorder transition in
Fe-Al systems is revisited. [1] R. A. Buckley and S. Kaviani, Mat.
Sci. Eng. A258, 173 (1998).

11:27

B15 2 Internal stress generation during electrochemically de-
posited Volmer-Weber thin films. TIANZHI LUO, ROBERT
CAMMARATA, Johns Hopkins University The real-time itin situ
stress generation during electrochemical deposition of metallic
thin films deposited by an island (Volmer-Weber) growth process
will be presented. The stresses were measured using a sensitive
substrate curvature system optimized for use in an electrochemical
cell. Films were deposited on crystalline and amorphous sub-
strates. In many cases, the films displayed an early stage compres-
sive stress, followed by a large tensile jump, and finally ending
with a compressive stress at large thickness. Also, interruption of
growth led to significant relaxation of the stress. These behaviors
were qualitatively similar to those found for evaporated films, and
suggest that similar stress generation mechanisms operate for both
types of depositions. In other systems, the stress generation be-

havior was much different, generally displaying a small compres-
sive stress throughout. Correlation of the stress behaviors with
microstructural evolution will be presented, and possible mecha-
nisms for the generation of the stresses will be discussed.

11:39

B15 3 Anomalous Magnetic Particle Distribution in Annealed
Granular CuCo Thin Films JIAN-QING WANG, NAM H.
KIM, JARDON PECK, A SQUID magnetometer was used to
measure ZFC and FC c-T data to study the microstructure of
annealed granular Cu80Co020 thin films. The films of thicknesses
ranging from 40 nm to 1 mm with 20% vol. Co were magnetron
sputtered at base pressure < 1.5 10- 7 torr. The annealing was
done at various temperatures up to 400°C in a tube furnace with a
reducing gas flow. As-deposits showed the standard single-peak
¢-T curve with an average size of 3.0 nm in dia. for the Co nano-
particles as calculated by Curie-Weiss analysis. Langevin fitting to
magnetization at elevated temperature of 300 K also provided the
same particle size. As annealing temperature increased, the first
peak occurring around 40K decreased in height while the second,
occurring around 300 K, grew. These anomalous features, ob-
served over a wide range of thickness (40-200 nm), appeared to
result from microstructural evolution, namely an increase in large
particle population at the expense of smaller particles. It is likely
that the film contains a mixture of small particles and larger par-
ticles that are induced by annealing, which gives rise to the double
peak structure.

11:51

B15 4 Metal Diffusion in Granular Bismuth Thin Films JOHN
SADLEIR, NASA GSFC & UIUC Physics Dept Bismuth’s exotic
electro-thermal properties makes it attractive for many device ap-
plications. Despite such incentives, fabrication of high quality bis-
muth films has proven difficult, and measured properties of such
films are highly variable in the literature. Implementing a bismuth
deposition process in device fabrication presents additional chal-
lengesparticularly at interfaces due to the inherent granularity and
surface roughness of its films, its low melting point, and its ten-
dency to diffuse and form undesired intermetallic phases. We re-
port on the properties of the granular bismuth films grown at
NASA Goddard and studies of solid state diffusion of Au and Cu
in these films.

12:03

B15 5 Temperature effect on structure of copper phthalocya-
nine thin films KEDAR MANANDHAR, KENNETH PARK,
Baylor University ZHEN SONG, TANHONG CAI, JAN HRBEK,
Brookhaven National Laboratory In situ deposited heteroepitaxial
thin films of copper phthalocyanine (CuPc) on Ag(111) surfaces
have been investigated by scanning tunneling microscopy. The
molecules lay flat on the substrate forming a well ordered closed
pack square lattice. A lattice vector of ordered film makes 4°
+ 0.5%ith [0-11] direction of Ag (111) lattice. The lattice vectors
of the overlayer have been measured 14Ax14A corresponding to
the surface molecular density of 5.10 x 10"*molecules/cm®. The
close packed square lattice remains highly ordered when annealed
up to 500°K. However further annealing of film to ~ 700°K
desorbs 75 % of molecules leaving submonolayers coverage of
molecules. The remaining molecules aggregate to form dendrite
like form, which appears to result from dimerization and polymer-
ization. Molecular orientation in well ordered film, structural
change of molecules in dendrite like form, and further discussion
of temperature effects on CuPc thin films will be presented.

S1d\ DNINJON AVANOIN
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12:15

B15 6 Lattice defects and electronic properties of graphene
FRANCISCO GUINEA, Instituto de Ciencia de Materiales de
Madrid. CSIC NUNO M.R. PERES, Universidade do Minho. Por-
tugal ANTONIO H. CASTRO NETO, We analyze the electronic
properties of graphene. Extended lattice defects, and deviations
from electron-hole symmetry, lead to self doping, and to a finite
Fermi surface. Point lattice defects give rise to a finite inverse
elastic lifetime at low energies, and to a universal value of the dc
conductivity at low frequencies or temperatures. Transport prop-
erties at optical frequencies are also investigated.

12:27

B15 7 Electron-phonon coupling at the Be(0001) Surface®
TIMUR KIM, University of Aarhus, Denmark PHILIP HOF-
MANN, University of Aarhus, Denmark TEYU CHIEN, Univer-
sity of Tennessee, Knoxville TN 37996 HONG LIU, University of
Tennessee, Knoxville TN 37996 WARD PLUMMER, University
of Tennessee, Knoxville TN 37996 The temperature dependent
angle-resolved photoemission spectrum (ARPES) of the surface
state centered at I" point of Be(0001) surface along the I'-K and
the I'-M directions have been measured as a function of binding
energy and momentum. The surface state centered at I' point is
highly symmetric in reciprocal space. The temperature dependent
ARPES data along these two directions were analyzed by means
of energy distribution curves (EDCs) and momentum distribution
curves (MDCs) with the help of the spectral function. From the
analysis, the information yields the magnitude of the imaginary
part of the self energy as a function of E and k. Attempts to extract
the electron-phonon coupling constant from this data are so de-
pendent upon the model for the phonons and the bare band struc-
ture that it is impossible to extract any useful information. But the
E and k dependence of the imaginary part of the self-energy can be
compared directly to first-principles calculations.

*Work supported jointly by NSF and DOE NSF -DMR-0451163.

12:39

B15 8 Wannier-Stark Ladders in Torsional Waves GUILL-
ERMO MONSIVAIS, [Instituto de fisica, UNAM RAFAEL
MENDEZ-SANCHEZ, ALFREDO DIAZ-DE-ANDA, JORGE
FLORES,* Centro de Ciencias Fisicas, UNAM LUIS GUTIER-
REZ, ALEJANDRO MORALES, Centro de Ciencias Fisicas
UNAM We study the normal modes of torsional waves in an elas-
tic rod consisting of a set of ncircular cylinders of varying length
determined by a parameter y. We present experimental, theoreti-
cal, and numerical results. It is shown that some analogies to the
Wannier-Stark ladders, originally introduced by Wannier (1960),
are exhibited by this classical system. The ladders consist of a
series of equidistant energy levels for the electrons in a crystal in
the presence of a static external electric field, the nearest-neighbor
spacing being proportional to the intensity of the external field.
For the case of torsional waves in the rod, we have observed a
similar behavior: the vibrations of the rod show resonances of
equidistant frequencies, the nearest neighbor spacing being pro-

portional to v, associated with the geometry of the rod. One
should point out, however, that the analogy is not perfect. Refer-
ences: Wannier G. H. (1960) Wave Functions and Effective
Hamiltonian for Bloch Electrons in an Electric Field, Phys. Rev.
117, 432-439; Wannier G. H.

*Permanent Address: Instituto de Fisica, UNAM

12:51

B15 9 Resonant frequency shifts of Al micro-resonator by elec-
tric currents and nonlinear oscillation SEONG SOO KIM,
JUNG HO KIM, KOOKRIN CHAR, School of Physics, Seoul
National University, Seoul, Republic of Korea Mechanical micro-
bridge resonators are fabricated from polycrystallin aluminum thin
film using micromachining processes. A movement of the micro-
bridge smaller than a nm can be measured by optical method. The
microstructures are self-oscillating or can be actuated by an exter-
nal electrostatic field, and oscillations with quality factors up to
2400 in vacuum were measured. The observed resonant frequen-
cies reveal the important role of the internal stress in thin metal
film. A substantial resonance frequency shift induced by electric
current was observed, which we attribute to thermal expansion
caused by Joule heating. Nonlinear oscillation was observed
readily due to the large length to thickness aspect ratio ( ~ 1000).
Amplitude-dependent resonant frequency shifts show qualitative
changes of the resonator response. We will try to correlate the
motions of grain boundaries and/or dislocations with the resonator
response.

13:03

B15 10 Collective Excitations in a Molten Early transition
Metal AYMAN SAID, Argonne National Laboratory, USA
HARALD SINN, Argonne National Laboratory, USA AHMET
ALATAS, Argonne National Laboratory, USA CLEMENT
BURNS, Western Michigan University DAVID PRICE, Oak
Ridge National Laboratory, USA MARRY SABOUNGI, CNRS,
France WALTER SCHIRMACHER, Technische Universitat
Munchen, Germany We report inelastic x-ray scattering measure-
ments of the atomic collective excitations of an early transition
metal, namely liquid titanium at T=2023K. The data show well
defined sound excitations with a low damping constant compa-
rable to the damping observed in liquid alkaline metals. The data
agree very well with the predictions of mode-coupling theory.

13:15

B15 11 Modified Debye spectra in disordered solids J.C.
LASHLEY, D.J. SAFARIK, M.F. HUNDLEY, R.B. SCHWARZ,
Los Alamos National Laboratory A. PLANES, Univeresitat de
Barcelona Low-energy modes, as manifested by an excess phonon
heat capacity, are ubiquitous in glasses and is often thought to be
a signature of a glassy or disordered state. However, this feature is
also observed in negative thermal expansion crystals, thermoelec-
trics, and shape-memory alloys. We compare the peaks in metallic
glasses and shape-memory alloys as a function of disorder and
crystallinity.
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13:27
B15 12 Effect of nuclear quadrupole interactions on the dynamics of two-level systems in glasses.
ALEXANDER BURIN, Tulane University

We consider the effect of the internal nuclear quadrupole interaction on quantum tunneling of complex multi-atomic
two-level systems. Two distinct regimes of strong and weak interactions are found. They depend on the relationship
between the characteristic energy of the internal interaction X, , which is directly proportional to the number of tunneling
atoms per tunneling system, and a bare tunneling coupling strength A,. When Ay > X, the internal interaction is
negligible and tunneling remains coherent, being defined by the strength of A,. When Ay < N, coherent tunneling
breaks down and the effective tunneling amplitude decreases by an exponentially small overlap factor 7* < 1 between
the internal ground states of the left and right well, affecting thermal and kinetic properties of tunneling systems.The
theory is applied to interpret the anomalous behavior of the resonant dielectric susceptibility in amorphous solids for
T < 5mK in terms of the nuclear quadrupole interaction. This interaction breaks coherent tunneling for 7 < 5mK,
where the characteristic tunneling amplitude becomes comparable with the interaction strength. We suggest clarifying
experiments using external magnetic fields to test the theories predictions and to shed some light on the internal structure
of tunneling systems in amorphous solids.
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11:15
B16 1 Mechanically-Adjustable and Electrically-Gated Single-Molecule Transistors.*
ALEXANDRE CHAMPAGNE," Cornell University

We describe the fabrication and characterization of single-molecule transistors whose properties can be tuned in two
independent ways to achieve systematic measurements of electron transport. The spacing between the source and drain
electrodes can be adjusted with better than 1 pm stability using the mechanical breakjunction technique — the electrodes
are freely suspended above a flexible substrate, and their spacing can be varied by bending the substrate. In the same
devices, we are also able to apply a gate voltage to the molecule. This is done by employing lithographic techniques to
suspend the breakjunction only 40 nm above the substrate surface and using the substrate as an electrostatic back gate.
With the independent in-situ variations provided by these two experimental ‘‘knobs,”” we are able to achieve a more
detailed characterization of electron transport through the molecule than is possible with either technique separately. To
demonstrate the device capabilities, we have studied transport through single Cq, molecules at low temperature. We
observe Coulomb blockaded transport and can resolve discrete energy levels of the molecule. We are able to mechani-
cally tune the spacing between the electrodes (over a range of 5 A) to modulate the lead-molecule coupling, and we can
electrostatically tune the energy levels on the molecule by up to 160 meV using the gate electrode. We will also present
data of Kondo transport in single [Co(tpy-SH),]>* molecules. We are able to vary the strength of the Kondo resonance
in these devices by changing the spacing between the source and drain electrodes.

*This work was conducted with J. J. Parks, A. N. Pasupathy, and D. C. Ralph.
Current address: Physics Dept., California Institute of Technology

Contributed Papers

11:51

B16 2 Spontaneous oscillation of current in fullerene molecu-
lar junctions CHAO-CHENG KAUN, RYAN JORN, TAMAR
SEIDEMAN, Department of Chemistry, Northwestern University
We study the correlated phenomena of resonant conduction and
current-driven dynamics in Au—Cgy—Au molecular junctions from
first principles. A significant resonant component of the transmis-
sion gives rise to vibrations of the Cy, center of mass between the
electrodes [C.-C. Kaun and T. Seideman, PRL 94, 226801 (2005)].
An interesting interplay between conductance channels of differ-
ent symmetries and different degrees of spatial localization results

in strong dependence of the transmission on the location of the
fullerene within the junction. The distance-dependence, in turn,
leads to oscillating current in the THz regime. Rotation of the Cg,
about its axis likewise markedly modifies the transmission char-
acteristics.

12:03

B16 3 Nano-electromechanical structures for single molecule
transport studies and position sensing SHAWN TANNER,
CHARLES ROGERS, Department of Physics, University of Colo-
rado, Boulder, CO 80309 We have developed a process for mak-
ing sub-micron cantilevers, clamped beams, and more complicated
electro-mechanical structures that carry integrated electrical leads.

9149 \ DNINJOIN AVANOIN



MONDAY MORNING \ B16

174

March Meeting 2006: Session B16

Such objects are useful as test structures for measuring the elec-
trical properties of molecular sized objects, as high frequency elec-
tromechanical components for radio frequency and microwave ap-
plications, and as sensor components for studying fluctuations in
small systems. Our process uses two realigned electron beam li-
thography steps, a thin-film angled deposition system, and differ-
ential removal of sacrificial aluminum layers to produce freely
suspended sub-micron electro-mechanical components. We have
produced cantilevers and beams on a variety of substrates (silica,
silicon, and polyimide) and have produced insulating, conductive,
and multilayer electro-mechanical structures. The process allows
the use of essentially any material that can be deposited from a
thermal or electron-beam deposition source. We have constructed
mechanically adjustable gold-vacuum-gold contacts and have
demonstrated vacuum tunneling. The behavior of these contacts
indicates a gold work function in excess of 4 eV, consistent with
clean gold surfaces.

12:15

B16 4 Gold Nanogap Junctions Fabricated by Temperature-
Controlled Electromigration G. ESEN, M.S. FUHRER, Depart-
ment of Physics and Center for Superconductivity Research, Uni-
versity of Maryland, College Park,MD Electromigration of gold
nanowires of different cross-sectional areas are studied using a
feedback-controlled electromigration algorithm. We have ob-
served a linear correlation between the cross sectional area of the
gold nanowire and the power dissipated in the junction during
electromigration, indicating that the feedback mechanism prima-
rily controls the junction temperature. We also show that the role
of external feedback circuit is to prevent thermal runaway; mini-
mization of series resistance allows control of electromigration
with a simple voltage ramp. We also discuss the I-V characteris-
tics of the junctions after they are formed.

12:27

B16 5 Electron transport through OPE-based molecules in
junctions formed by electromigration XUEQING LIU, WEI
CHEN, ZHONGKUI TAN, KONSTANTIN K. LIKHAREYV,
JAMES LUKENS, Department of Physics and Astronomy, Stony
Brook University ANDREAS MAYR, Department of Chemistry,
Stony Brook University We have studied the self-assembly and
electron transport properties of (i) simple oligo(phenylene ethy-
nylene) (OPE) chains (2.2 nm) and (ii) OPE based molecules with
a naphthalene diimide acceptor group (4.5 nm). Both are capped
with terminal isocyanide groups. The molecules are self-
assembled on gold wires with a cross-section ~ 20X 100 nm?.
The junctions are formed by electromigration and the transport
measurements are carried out at 4.2 K. For simple OPE chains,
more than 40% of the junctions have shown non-linear I-V curves
with resistance R in the range from M) to G(), due to trapping of
single or multiple molecules. In ~ 10% of the junctions (R ~ a
few G(Q)), we observe I-V curves with discrete current steps due to
electron transport through one or a few molecules. The histogram
of the step voltages shows grouping at certain levels. These levels
are in a semi-quantitative agreement with our calculations based
on the general theory of single-electron transport. For long OPE
molecules with acceptor groups, the yield is low ( < 15%), and the
data show Coulomb blockade with threshold voltages from 30 to
200meV. Currently we are working on different support nano-
structures that will promise higher yield. This work is supported
by AFOSR and NSF.

12:39

B16 6 Electronic Quantum Interference in Molecular Devices
FENG MIAOQO, Physics Department, University of California, Riv-
erside, CA 92507 DOUGLAS OHLBERG, R. STANLEY WILL-
IAMS, HP Labs, 1501 Page Mill Rd., Palo Alto, CA 94304 C.N.
LAU, Physics Department, University of California, Riverside,
CA 92507 Understanding the mechanisms for electrical transport
and conductance switching in molecular devices is necessary for
developing molecular electronics. Here we use pressure-
modulated conductance microscopy to characterize Pt/stearic acid
monolayer/metal molecular heterostructures. We use either tita-
nium or chromium as the top electrodes. By using atomic force
microscope (AFM) to apply a localized force to the junction while
monitoring device conductance, we observe nanoscale conduc-
tance peaks in response to applied pressure, indicating nanoscale
conductance channels through the devices. Additionally, for de-
vices with conductance of ~ 1 to 2 conductance quantum, we also
observe conductance dips and oscillations under localized pres-
sure. The results are consistent with quantum interference of elec-
trons between partially transmitting electrodes.

12:51

B16 7 Molecular conductance measurements through printed
Au nano-dots. WEIRONG JIANG, Rutgers University NIKOLAI
ZHITENEV, Bell Laboratories, Lucent Technologies ZHENAN
BAO, Standford University DAVID ABUSCH-MAGDER, Bell
Laboratories, Lucent Technologies DON TENNANT, Bell Labo-
ratories, Lucent Technologies ERIC GARFUNKEL, Rutgers Uni-
versity Gold pads with ~ 100 nm diameter are imprinted on self-
assembled monolayers of alkane dithiols of different lengths using
nano-transfer technique. The fabrication technique ensures forma-
tion of chemical bonds at both ends of molecules while minimizes
defect creations compared to other metallization methods. The
pads are contacted by conductive atomic force microscope
(CAFM) to study electron transport through the SAM as a function
of contact force. We found that atomic scale topography at the
metal-molecules interface is essential to describe the conductance-
stress relationship. In as-fabricated devices, only small percentage
of molecules (below 1%) is wired to both contacts. A finite force
(1-10 nN) deforms devices resulting in two competing effects: (a)
contacting larger number of molecules leading; (b) deforming in-
terfacial bonds and/or tilting the molecules. The estimated con-
ductance of molecules is significantly smaller than in previous
CAFM experiments and calculations.

13:03

B16 8 Single-Molecule STM Studies on Atomically-Flat
Nanoparticles* D.H. DAHAYANAKA, D.W. KELLE, D.J.
WASIELEWSKI, E.S. DAY, D.R. WHITE, L.A. BUMM, Center
for Semiconductor Physics in Nanostructures, Homer L. Dodge
Department of Physics and Astronomy, University of Oklahoma,
Norman, OK 73019, USA C.M. WAITE, J.L. MOORE, R.L. HAL-
TERMAN, Department of Chemistry and Biochemistry, Univer-
sity of Oklahoma, Norman, OK 73019, USA The scanning tunnel-
ing microscope (STM) has been broadly applied to measure
electronic characteristics of individual molecules supported in an
inert monolayer matrix, which is typically grown on gold thin
films on mica or bulk single crystal substrates. Although these
substrates are excellent for electronic measurements, they have
serious disadvantages for optical measurements because they are
not optically transparent and the metal surface can quench the
molecular excited state. We demonstrate that single molecule elec-
tronic measurements can also be performed using atomically-flat
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gold nanoparticles (FGNPs) supported on indium tin oxide coated
glass as a replacement for the typical gold substrate. These sub-
strates are optically transparent and each of the FGNP ‘‘nanosub-
strates’” is an optically resonant photonic antenna, thus they have
the added advantage that optical measurements can be performed.

*This work has been supported by NSF CAREER grant No. CHE-
0239803 and NSF MRSEC No. DMR-0080054.

13:15

B16 9 Theory of Molecular Conformational Switching
SHASHI KARNA, US Army Research Laboratory We have in-
vestigated stability and current switching as a function of confor-
mational change in tolane molecule by ab initio Hartree-Fock and
density functional theory approaches. The planar conformation of
the molecule in which the two benzene rings are coplanar is cal-
culated to be more stable than a twisted conformation. The current
(I) with respect to the applied external potential (V) increases
from minimum to maximum as the two m-rings become planar,
suggesting the ““ON’’ and ‘‘OFF”’ mechanism of the molecular
switch at planar and perpendicular conformations, respectively.

13:27

B16 10 Comparison of Transport and Switching Characteris-
tics of Ti/Molecule/Pt and Cr/Molecule/Pt Devices MICHAEL
TABER, FENG MIAO, Department of Physics, University of
California at Riverside, Riverside, CA 92521 DOUGLAS OHL-
BERG, R. STANLEY WILLIAMS, Hewlett-Packard Labs, 1501
Page Mill Rd, Palo Alto, California 94304 C.N. LAU, Department
of Physics, University of California at Riverside, Riverside,CA
92521 Molecular devices that consist of a monolayer of stearic
acid molecules sandwiched between Pt and Ti electrodes can be
switched ‘‘on’” and ‘‘off’” reversibly. To gain insight into the
switching and mechanism, we fabricated and measured similar
molecular junctions by replacing Ti with chromium as the top
electrode. These devices can be switched ‘‘off’” controllably, but
not “‘on.”” The conductances of both types of devices display
similar dependence on temperature. Latest data will be discussed
in terms of various theoretical models.

13:39

B16 11 Controlling Negative Differential Resistance in Mo-
lecular Electronic Devices by Means of Designer Transition
Metal Interfaces* HUGH DALGLEISH, GEORGE KIRCZE-
NOW, Department of Physics, Simon Fraser University, Burnaby,
BC, Canada, V5A 156 Observations of negative differential resis-
tance (NDR) have been reported for a number of molecular junc-
tions with potential for device applications and have helped fuel
the promise of viable molecular nano-electronic technologies.
Here we present predictions of non-linear transport phenomena in
molecular junctions where single organic molecules bridge transi-
tion metal nanocontacts. We predict the transmission to be medi-
ated by interface states that appear within the HOMO-LUMO gap
due to hybridization between thiol-terminated ends of the mol-
ecules and the d-orbitals of the transition metal. Our calculations
reveal resonant enhancement and reduction in the interface state
transmission under the application of moderate bias that result in
NDR in molecular junctions with Pd nanocontacts. We show that
this NDR can be tailored by suitably choosing the nanocontact
materials: If a Rh electrode is substituted for one Pd contact we
predict the NDR of the molecular junction to be strongly en-
hanced.

*Supported by NSERC and CIAR
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B17 1 Ferroelectric phase transitions in BaTiO3/SrTiO; super-
lattices studied by ultraviolet Raman spectroscopy DMITRI A.
TENNE, X.X. XI, Dept. of Phys., Pennsylvania State Univ. A.
SOUKIASSIAN, W. TIAN, Y.L. LI, L.Q. CHEN, D.G.
SCHLOM, Dept. of Mater. Sci. & Engin., Pennsylvania State
Univ. A. BRUCHHAUSEN, A. FAINSTEIN, Centro Atomico
Bariloche, Argentina X.Q. PAN, Dept. of Mater. Sci. & Engin.,
Univ. of Michigan A. CANTARERO, Univ. of Valencia, Spain
R.S. KATIYAR, Dept. of Phys., Univ. of Puerto Rico, San Juan,
PR Ferroelectric (BaTiO5),,/(SrTiO3),, superlattices (SLs) grown
by molecular beam epitaxy on SrTiO; substrates have been inves-
tigated by ultraviolet (UV) Raman spectroscopy. Using the UV
excitation allowed us to overcome the problem of overwhelming
substrate contributions in Raman spectra and made possible the
observation of phonons in SLs having the ferroelectric BaTiO3
layers as thin as 2 unit cells. The ferroelectric-paraelectric phase
transitions have been observed. Depending on the thickness of the
BaTiO; layers and strain, the phase transition temperature varies
by hundreds of degrees from ~ 140 K to 630 K, which is over 200
degrees higher than in bulk BaTiO;. Below 7., the SLs likely
remain in the single (tetragonal) ferroelectric phase down to 7 K,
i.e. the low-temperature phases characteristic for bulk BaTiOs, are
suppressed by strain. The experimental data are in good agreement
with the results of the thermodynamic calculations of polarization
in SLs as a function of temperature. This work was supported by
DOE, NSF, and ONR.

11:27

B17 2 Interlayer Coupling and Dielectric Anomaly in Ferro-
electric Bilayers and Multilayer Heterostructures S. PAMIR
ALPAY, SHAN ZHONG, University of Connecticut ALEX-
ANDER L. ROYTBURD, University of Maryland JOSEPH V.
MANTESE, Delphi Research Laboratories Ferroelectric multilay-
ers and superlattices have gained interest for dynamic random
access memory (DRAM) applications and as active elements in
tunable microwave devices in the telecommunications industry.
There have been a number of experimental studies that show that
these materials have many peculiar properties that cannot be de-
scribed by a simple series connection of the individual layers that-
make up the heterostructures. A thermodynamic analysis is pre-
sented to demonstrate that ferroelectric multilayers interact
through internal elastic, electrical, and electromechanical fields
and the “‘strength’ of the coupling can be quantitatively described
using Landau theory of phase transformations, theory of elasticity,
and principles of electrostatics. The thermodynamic modeling in-
dicates that the electrostatic coupling between the layers leads to
the suppression of ferroelectricity at a critical paraelectric layer
thickness for ferroelectric-paraelectric bilayers. This bilayer is ex-
pected to have a gigantic dielectric response similar to the dielec-
tric anomaly near Curie-Weiss temperature in homogeneous fer-
roelectrics at this critical thickness.

LT\ DNINJOIN AVANOIN
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11:39
B17 3 Phase Transitions and Domain Structures in Nanoferroelectrics.
ARKADI LEVANYUK

A review of the Landau-type theory of size effects in ferroelectric phase transitions will be presented. An aspect of this
theory, a question about the “‘critical thickness’ of ferroelectric thin films will be the main emphasis. This question can
be reduced to that of the size dependence of temperature of ferroelectric phase transition by taking into account two
possibilities for such a transition: formation of (i) single- or (ii) multi-domain ferroelectric state. In a defect-free sample,
two factors would define which of these possibilities is realized: the depolarizing field and the specific features of the
sample surface reflected in the boundary conditions for the Landau-type equations in addition to the conventional
electrodynamics boundary conditions. The possibility of the transition into the single domain state strongly depends on
a character of electrodes and the additional boundary conditions, while it is much less important for the multi-domain
case. In realistic conditions, the transition would proceed into the multi-domain state, especially in near cubic ferroelec-
trics, e.g. films of cubic perovskites with an elastic mismatch between the film and a substrate. Importantly, the shift of
a transition temperature with respect to a bulk is relatively small in this case. The message is that, while studying the
question about the ‘‘critical thickness,”” multi-domain states rather than single domain ones should be considered first of
all, contrary to the approach in some recent papers where only monodomain state was studied. In particular, there is no
definite indication of ultimate ‘‘critical thickness’” for a multi domain ferroelectric state in nearly cubic samples. Along
with ultra thin films the ferroelectric nanopowders are also intensively studied now. Here the size effects are more
complicated because of long-range interaction between the particles. The problems which the theory faces here are briefly
commented upon. It is worth mentioning that several important results in the theory of the size effects have been obtained
long ago but, unfortunately, seem not to be well known by the ferroelectrics community. They will be exposed together

with more recent results obtained in collaboration with A.Bratkovsky at Hewlett-Packard Laboratories, Palo Alto.

Contributed Papers

12:15

B17 4 Ferrolectric nanodots and nanowires under different
electrical and mechanical boundary conditions™ INNA PONO-
MAREVA, IVAN NAUMOV, LAURENT BELLAICHE, Univer-
sity of Arkansas Intense effort has been recently made in synthe-
sizing,  characterizing  and/or  simulating  ferroelectric
nanostructures (FENs), because of their technological and funda-
mental promise. Among the different possible classes of FENs,
thin films are, by far, the ones that have been the most investi-
gated. However what is crucially missing nowadays is to gain a
deep knowledge of OD-like and 1D-like FEN and understand how
their properties depend on mechanical and electrical boundary
conditions. We report results on ferroelectric nanodots and infinite
wires of Pb(Zry4Tiye) O3 alloy under different boundary condi-
tions investigated via Monte-Carlo simulations using an atomistic
first-principle-based effective Hamiltonian[1]. It was found that
these nanosystems all exhibit a spontaneous polarization that
points along a non-periodic direction, for situations close to short
circuit electrical boundary conditions and independently of the
epitaxial strain. On the other hand, unusual dipole patterns arise in
these systems when they experience a large-enough depolarizing
field. The dependency of these patterns on the nanostructure’s
dimensionality is revealed and explained. [1] L. Bellaiche et al,
Phys. Rev. Lett. 8, 5427 (2000).

*This work is supported by NSF grants DMR-0404335 and DMR-
9983678, by ONR grants N 00014-01-1-0365, N 00014-04-1-
0413, N 00014-01-1-0600 and DOE grant DE-FG02-
05ER46188.

12:27

B17 5 Self-assembled Nanoscale Domain Structures in Ferro-
electrics: Formation and Evolution®* VLADIMIR SHUR, Ural
State University, Ekaterinburg FERROELECTRIC LABORA-
TORY TEAM, The formation and propagation of self-assembled
nanodomain structures have been experimentally studied in
lithium niobate single crystals. It has been shown that the *’dis-

crete switching’’ through appearance of the quasi-regular patterns
consisting of individual nanodomains is a result of decay of highly
non-equilibrium domain state. We have demonstrated that the nec-
essary and sufficient condition for such abnormal domain behavior
is ineffective screening of depolarization fields, which is charac-
terized by the ratio between bulk screening and switching rates.
We have systematically studied this effect in three different ex-
perimental situations: (1) *’super-fast’” switching in external elec-
tric field, (2) spontaneous backswitching, (3) intensive pulse irra-
diation by UV laser. The obtained nanoscale structures were
classified and explained within unified approach. The main laws of
formation of oriented short arrays and growth of strictly oriented
*’super-long’’ nanoscale domain ’’rays’’ accompanied by discrete
turning and branching have been revealed. The geometry of the
domain patterns obtained by computer simulation demonstrates
one to one coincidence with experimental images.

*The research was made possible in part by Grants 03-51-6562 of
INTAS and 04-02-16770 of RFBR.

12:39

B17 6 Potential distribution and domain structure of metal-
ferroelectric-semiconductor-metal  heterostructures RENE
MEYER, Stanford University PAUL MCINTYRE, Stanford Uni-
versity Recently, we proposed a novel resistive non-volatile
memory concept based on the ferroelectric effect. The resistance
switching originates from the unscreened polarization charge at
the ferroelectric/semiconductor interface, which affects the distri-
bution of the inner electric potential. A depletion or enrichment of
mobile charge carriers leads to a reduced or increased conductivity
of the near-interface region. The depolarizing field, however,
which is inherently present in the ferroelectric in the case of im-
perfect screening, causes the formation of 180 deg. domains. The
resulting alternation of positive and negative polarization charges
at the ferroelectric/semiconductor interface could deteriorate the
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performance of the proposed resistance switch. In this contribu-
tion, the domain pattern is studied numerically for a metal-
ferroelectric-semiconductor-metal structure. A 2-dimensional fi-
nite differences method is used to calculate the inner electric field,
the potential distribution and the electrostatic energy under short
circuit conditions and for external electric fields. Based on empiri-
cal data, the domain size is estimated as a function of the screening
efficiency of the electrodes and the applied field. Results of the
2-dimensional model are compared to a 1-dimensional approach,
where a voltage dependence of the macroscopic polarization is
approximated by an effective polarization.

12:51

B17 7 Fabrication and Electrical Measurements of CoFe,0,
Nanopillars in a BiFeO; matrix®* SCOTT RUTHERFORD,'
University of Wisconsin - Madison RASMI DAS,* University of
Wisconsin - Madison XIANGLIN KE,* University of Wisconsin -
Madison DMITRY RUZMETOV, Northwestern University
DONG-MIN KIM," University of Wisconsin - Madison SEUNG
HYUB BAEK, University of Wisconsin - Madison MARK
RZCHOWSKI, University of Wisconsin - Madison CHANG-
BEOM EOM, University of Wisconsin - Madison CHANG-BEOM
EOM COLLABORATION, MARK RZCHOWSKI COLLABO-
RATION, NORTHWESTERN UNIVERSITY COLLABORA-
TION, Coupling between ferromagnetic and ferroelectric ordering
has recently stimulated many scientific and technological interests.
This “‘coupling,”” would provide an additional degree of freedom
in the design of micro and nano-electronic devices such as actua-
tors, transducers, or memories. Unfortunately, the clamping effect
of the substrate negates any such magnetoelectric coupling
through elastic interactions which evident in a multilayer struc-
tures. Therefore our focus is directed towads the design of a novel
vertically aligned oxide nano-structures, which will allow us to
switch the magnetic domains by applying the electric field and
vice versa. These nano-structures will also be used as model sys-
tem to understand the physics of order parameter coupling in fer-
rroelctric and ferromagnetic systems. We have fabricated ferro-
magnetic nanopillar arrays of CoFe,O, (CFO), surrounded by a
ferroelectric BiFeO5 (BFO) and BaTiO; matrix. 90° off-axis sput-
tering is used to deposit SrRuO; (SRO), followed by CFO on
single surface TiO,-terminated SrTiO; (001) substrates. SRO pro-

vides a good lattice match and electrode capabilities for the sub-
sequent deposition of CFO. E-beam patterning defines pillar di-
mensions and spacing, while ion milling etches down to the SRO
layer. The pillar dimensions range between 100 nm and 500 nm in
diameter and are spaced 0.5 to 1 wm apart. Atomic force micros-
copy and scanning electron microscopy measurements confirm the
structure of the pillars following the pattering and etching steps.
The BFO ferroelectric matrix is then deposited by on-axis sput-
tering. Fabrication of these pillars along with piezo force micr-
croscopy and magnetic force microscopy was used to understand
the microstructure and domain switching. The detailed scanning
probe measurements of domain switching in these novel oxide
nanostructures will be discussed.

*Fabrication and Electrical Measurements of CoFe204 Nanopil-
lars in a BiFeO3 matrix

"Materials Science Department

*Materials Science Department

SPhysics Department

"Materials Science Department

13:03

B17 8 Structure and electronic properties of GeTe nanopar-
ticles from ab initio calculations.* GREGORY HAMMAD,
ENS, Strasbourg, France PHILIPPE GHOSEZ, JEAN-YVES
RATY, University of Liege, Belgium We use density functional
theory to study the structure of small Ge-Te nanoparticles close to
stoichiometry with various geometries. We particularly investigate
the geometrical distortion of the rocksalt structure that gives rise to
the ferroelectric effect in bulk GeTe. We observe that similar
distortions appear in nanoparticles down to very small sizes
(Gel5Tel6). The electronic structure and the HOMO-LUMO
states localization are shown to be in most cases related to the
surface termination. Using linear response calculation (ABINIT
code) we compute effective charges and compare these to the bulk
value. We finally discuss the effect of the various factors (aspect
ratio, facets, surface termination, stoichiometry) on the possibility
that small (a few nm in size) Ge-Te nanoparticles could be ferro-
electric.

*JYR acknowledges support by the FNRS, the FAME network of
excellence and the NOMADE Region Wallonne contract.
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B18 1 Density gradient ultracentrifugation of single-walled nanotubes.

MICHAEL ARNOLD, Northwestern Univeristy

We demonstrate the bulk separation and enrichment of single-walled carbon nanotubes (SWNTSs) by diameter via density
gradient ultracentrifugation.(1) Means for sorting SWNTS by their physical and electronic structures are essential for
future electronic and optical applications where semiconducting SWNTs mono-disperse in diameter are necessary. The
separation is driven by subtle variations in the buoyant density of these nanomaterials with small changes in their physical
structure. After centrifugation in a density gradient, focused bands of various colors consisting of isolated SWNTSs are
clearly visualized by eye. By fractionating the centrifuge tube and characterizing the absorbance and photoluminescence
spectra of the sorted SWNTs, it is apparent that SWNTs of decreasing diameter are increasingly more buoyant. This
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scalable and non-destructive separation strategy uses centrifugation equipment already utilized in the solution-based
processing of carbon nanotubes, and simultaneously separates isolated and aggregated SWNTs, which sediment to larger
buoyant densities due the reduced solvation and surface-to-volume ratios of these larger structures. Along these lines, the
removal of aggregates and spurious materials is evidenced by significantly lower background absorbencies in optical
absorbance spectra. For the case of isolated SWNTSs, we propose a geometric-based hydration model to describe the
unexpected trend of increasing density with increasing diameter. The effectiveness of this technique is best demonstrated
for SWNTs that are small in diameter. For example, in the small diameter regime, it is possible to sort the (6,5) and (7,5)
tubes, which differ in diameter by only 0.7 A. (1) M. S. Arnold et al. Nano Lett. 5 (2005) 713-718.

Contributed Papers

11:51

B18 2 Determination of Diameter, Helicity, and Handedness of
Carbon Nanotubes by Electron Diffraction ZEJIAN LIU, LU-
CHANG QIN, University of North Carolina at Chapel Hill We
report a systematic procedure to determine the diameter, helicity
and handedness of multiwalled carbon nanotubes by using nano-
beam electron diffraction technique. Diameter and helicity of a
nanotube can be measured directly from the scattering intensity
distribution on the non-equatorial layer lines in its electron dif-
fraction pattern, while the handedness information need be derived
from several diffraction patterns of different orientations when if
there exist concentric shells of the same helicities in the nanotube.
Two selected examples of metallic triple-walled carbon nanotubes
are presented to illustrate the detailed structure determination.

12:03

B18 3 Diameter Recognition of Single Walled Carbon Nano-
tubes by Water-Soluble Proteins KOJI MATSUURA,
TAKESHI SAITO, TOSHIYA OKAZAKI, SATOSHI OHS-
HIMA, KOHEI MIZUNO, DON FUTABA, KENJI HATA, MO-
TOO YUMURA, SUMIO IIJIMA, Res Ctr Adv Carbon Mat, Natl
Inst of Adv Indust Sci and Technol (AIST) The hybrid of proteins
and single walled carbon nanotubes (SWCNT) is a promising ad-
vanced material that possesses both functions of associated pro-
teins and SWCNTs. Using SWCNTSs of varying diameter, synthe-
sized by two distinct methods, Direct-Injection-Pyrolytic-
Synthesis [1] (0.8- 1.2 nm) and super-growth chemical vapor
deposition [2] (mean diameter of 3 nm), we observed diameter-
selective dispersion for two differing proteins which is driven by
the sizes of the hydrophobic pockets in the proteins. Hybrid solu-
tions of both lysozyme (LYS) and bovine serum albumin (BSA)
dispersed the smaller diameter SWCNTSs as observed by absor-
bance and photoluminescence spectroscopy. The larger diameter
SWCNTs were dispersed in the BSA solution, while not dispersed
by LYS. A decrease in the mean molar ellipticity observed by
far-UV circular dichroism spectroscopy following the removal of
unadsorbed proteins suggests a loss in a-helical contents of the
proteins. These results, in addition to the difference in size of BSA
and LYS (10 and 4 nm, respectively), indicate the hydrophobic
pockets corresponding to the protein morphology can recognize
the SWCNT diameters. [1] Saito et al. J. Phys. Chem. B (2005)
109, 10647. [2] Hata et al. Science (2004) 306, 1362.

12:15

B18 4 Structure determination of a nine-wall carbon nanotube
by nanobeam electron diffraction. QI ZHANG, ZEJIAN LIU,
Department of Physics and Astronomy, the University of North
Carolina at Chapel Hill LU-CHANG QIN, Department of Physics
and Astronomy, Curriculum in Applied and Materials Sciences,

the University of North Carolina at Chapel Hill XINLUO ZHAO,
YOSHINORI ANDO, Meiji University, Japan Multiwalled carbon
nanotubes are composed of a series of coaxial single walled car-
bon nanotuebs. While great progress has been made in determin-
ing the atomic structure of single-walled carbon nanotubes, few
direct measurements of the atomic structure of multiwalled carbon
nanotubes have been available. Meanwhile, it is still a challenging
task to determine the atomic structure of nanotubes with large
diameter. In this work, the atomic structure of a nine-walled car-
bon nanotube was determined by nanobeam electron diffraction
with the assignment of the chiral indices of each and every indi-
vidual shell. The chiral indices of the innermost tubule has chiral
indices [5,5], corresponding to the Cq, molecule. The diameters
are from 0.678 nm to 6.445 nm with inter-shell spacings between
the neighboring tubules in the range of 0.309 nm to 0.408 nm, the
helical angles from 11.51 to 30°, in which eight tubes are falling
in the high helicity from 15° to 30°.

12:27

B18 5 Quantitative Characterization of Defect Densities in
Single-Walled Carbon Nanotubes YUWEI FAN, BRETT
GOLDSMITH, PHILIP COLLINS, Department of Physics and
Astronomy, University of California Irvine, Irvine, CA 92697-
4576 The prevailing conception of carbon nanotubes and particu-
larly single-walled carbon nanotubes (SWNTS) continues to be
one of perfectly crystalline wires. We have demonstrated a selec-
tive electrochemical method which labels point defects and makes
them easily visible for quantitative analysis. High-quality SWNTs
are confirmed to contain one defect per 4 um on average, with a
distribution weighted towards areas of SWNT curvature. While
this defect density compares favorably to high quality, silicon
single crystals, the presence of a single defect can have tremen-
dous electronic effects in one-dimensional conductors like
SWNTs. We demonstrate a one-to-one correspondence between
chemically-active point defects and sites of local electronic sensi-
tivity in SWNT circuits, confirming the expectation that individual
defects may be critical to understanding and controlling variabil-
ity, noise, and chemical sensitivity in SWNT electronic devices.
By varying the SWNT synthesis technique, we further show that
the defect spacing can be varied over orders of magnitude. The
ability to detect and analyze point defects, especially at very low
concentrations, indicates promise of this technique for quantitative
process analysis, especially in nanoelectronics development. This
work is partly supported by NSF grant DMR-0239842.

12:39

B18 6 Shape Engineerable Single Walled Carbon Nanotube
Solid as a Flexible Conducting Mesoporous Material DON N.
FUTABA, KENJI HATA, TATSUKI HIRAOKA, TAKEO YA-
MADA, KOHEI MIZUNO, YUHEI HAYAMIZU, TATSUNORI
NAMAI, YOZO KAKUDATE, OSAMU TANAIKE, HIROAKI
HATORI, KOJI MIYAKE, SHINYA SASAKI, MOTOO
YUMURA, SUMIO IJIMA, National Institute of Advanced In-
dustrial Science and Technology (AIST) We present a new form of
carbon nanotubes (CNT) material where CNTs are aligned and
packed densely in a bulk solid. This single-walled carbon nano-
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tube (SWNT) solid is fabricated from liquid-induced collapse of
the sparse as-grown SWNT forest synthesized by super-growth
CVD [1], which results in a 20x increase in mass density and a 70x
increase in the Vickers hardness while retaining alignment and
high surface area. As such, SWNT solid is an ideal form of CNTs
for material and energy storage. The high surface area and well-
defined microscopic structure imply that SWNT solid can be re-
garded as a conductive and flexible mesoporous material. In ad-
dition, we can engineer shapes suitable to the application. These
unique characters make SWNT solid as a valuable material for
supercapacitor electrodes and flexible heaters. Furthermore, we
show how partial shrinking of the as-grown material creates a
ithandle for robust mechanical and electrical connection to dem-
onstrate exceptional tribological character and wear rate. The
SWNT solid promises to open new frontiers in within the carbon
nanotube field. [1] K. Hata itet al, Science, 306, 1241 (2004).

12:51

B18 7 Filtration Patterning of Single Walled Carbon Nanotube
Films DAVID A. DALY, ZHUANGCHUN WU, ANDREW G.
RINZLER, Dept. of Physics, University of Florida, Gainesville,
FL Carbon nanotubes are increasingly being explored for applica-
tions exploiting the bulk electrical conductivity of aggregate nano-
tubes in the form of fibers and films. Attractive in this regard are
electrical conductivities orders of magnitude greater than those of
conducting polymers, while retaining many of the useful features
of polymers, e.g. flexibility, transparency (in thin films) and alter-
native device fabrication strategies. Here we describe a novel,
non-lithographic patterning technique that should also be appli-
cable to other nano-materials. The technique is based on our
method for forming thin, pure nanotube films on the surface of a
filtration membrane followed by transfer of the film to the desired
substrate.! To generate patterned films we block the pores of the
filtration membrane in the inverse of the ultimately desired film
pattern, prior to film formation on the surface of the membrane.
The nanotubes only accumulate in the membrane regions that are
not occluded, resulting in the desired pattern. Blocking of the
membrane pores is accomplished with use of a commercial printer.
Implementation and limitations of the technique will be discussed.
1. Z. Wu, Z. Chen, X. Du, J. M. Logan, J. Sippel, M. Nikolou, K.
Kamaras, J. R. Reynolds, D. B. Tanner, A. F. Hebard, A. G.
Rinzler, Science 305, 1273 (2004).

13:03

B18 8 The Order in Vertically Aligned Carbon Nanotube Ar-
rays HOWARD WANG, ZHIYONG XU, Department of Materi-
als Science and Engineering, Michigan Technological University,
Houghton, M1 49931 GYULA ERES, Condensed Matter Sciences
Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831
Vertically aligned carbon nanotube (CNT) arrays can exploit the
remarkable properties of individual nanotubes in macroscopic ap-
plications. Here we report the first measurements of the degree of
alignment order in as-grown vertically aligned CNT arrays using
small angle neutron scattering. The scattering patterns reveal con-
tinuously varying alignment order along the growth and two dis-
tinctly different morphologies of CNTs. The observations are dis-
cussed in the light of growth mechanisms.

13:15

B18 9 Physical properties of self-assembled monolayers of car-
bon nanotubes V.A. SAMUILOV, Dept. of Materials Sci., SUN-
YSB and Dept. of Physics, State Univ. of Belarus J. GALIBERT,
Laboratoire National des Champs Magnetiques Pulses, France V.
KSENEVICH, N.A. POKLONSKI, Dept. of Physics, State Univ.
of Belarus L. FORRO, Ecole Polytechnique Federale de Lau-
sanne, Switzerland J. KOO, K. YOON, M. RAFAILOVICH, J.
SOKOLOV, Dept. of Materials Science, SUNYSB The controlled
method of self-assembly of functionalized carbon nanotubes into
2-D layers with highly regular structure and unique electronic
properties has been developed. We use the Langmuir-Blodgett
(LB) technique and newly developed inverted LB techniques. The
alignment carbon nanotubes in the self-assembled 2-D layers was
also introduced. The methods we propose, could be used for cov-
ering large surfaces with dense, molecularly ordered ultra-thin
films of nanotubes of controlled thickness and orientation. The
electrical, thermal conductivity and magneto-transport properties
of the monolayers (arrays) of multi-wall and single-wall carbon
nanotubes in the temperature range 1.8-300K and in magnetic
fields up to 35 T have been tested.

13:27

B18 10 Linear Dichroic Cell Based on Magnetic Alignment of
Carbon Nanotubes Y. J. LEE, J. SHAVER, S. ZARIC, J. KONO,
Rice University, Houston, TX 77005 Single-walled carbon nano-
tubes align with a magnetic field due to their anisotropic magnetic
properties. A simple yet sensitive setup utilizing a balance detector
has been constructed to study the alignment of micelle-suspended
single-walled carbon nanotubes. We present alignment data in re-
sponse to static and dynamic magnetic fields. The results of our
ensemble measurements show that the amount of signal change
depends on the strength and frequency of the applied magnetic
field, thus allowing us to determine the minimum field required to
align single-walled carbon nanotubes. This data can then be ana-
lyzed to characterize the physical parameters of the carbon nano-
tubes and to determine information about the time scale of the
alignment process and local environment.

13:39

B18 11 The Conformation of Polymers Dispersing Single-
Walled Carbon Nanotubes in Water. YAEL DROR, YACHIN
COHEN, Technion, Israel WIM PYCKHOUT-HINTZEN, Fz.
Juelich, Germany Amphiphilic polymers have been used to dis-
perse single-walled carbon nanotubes (SWCNT) in water. The
polymer conformation around the nanotube surface is important
for understanding the nature of the interactions leading to success-
ful dispersions. Two extreme cases are ‘‘tight wrapping’’ of the
polymer around the nanotube and ‘‘loose adsorption’” of solvated
polymer coils on the nanotube surface. We studied aqueous dis-
persions of SWCNTs with an alternating copolymer of styrene and
sodium maleate (PSSty) by small-angle neutron scattering (SANS)
and cryo transmission electrons microscopy (cryo-TEM). Disper-
sion of long, isolated nanotubes and thin bundles was revealed by
cryo-TEM. The SANS patterns (at different solvent contrasts)
were evaluated by a modification of Pedersen’s ‘‘cylindrical block
copolymer micelle’” model, depicting the nanotube-polymer com-
plex as composed of a thin core, the radius of which is about 20 A
thus containing about 3-4 nanotubes, surrounded by a thick corona
of water-swollen polymer coils with a radius of gyration of 150-
170 A. Long-term stabilization is achieved by the steric barrier
provided by the adsorbed polymer coils reinforced by electrostatic
repulsion due to charged groups distributed along the polymer.

814\ DNINJOIN AVANOIN
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13:51

B18 12 High performance field emission in hybrid carbon
nanotube-PDMS composite CATERINA SOLDANO, Depart-
ment of Physics, Applied Physics and Astronomy, Rensselaer
Polytechnic Institute, Troy, New York SWASTIK KAR, Depart-
ment of Materials Science and Engineering, Rensselaer Polytech-
nic Institute, Troy, New York YUNG J. JUNG, Northeastern Uni-
versity, Boston MA SAROJ K. NAYAK, Department of Physics,
Applied Physics and Astronomy, Rensselaer Polytechnic Institute,
Troy, New York OMKARAM NALAMASU, PULICKEL M.
AJAYAN, Department of Materials Science and Engineering,
Rensselaer Polytechnic Institute, Troy, New York We present a
novel method of fabricating flexible carbon nanotube polymer
composites by embedding aligned multi-walled carbon nanotube
(MWNT) architectures into a polydimethylsiloxane (PDMS) poly-
mer matrix. These structures are easily transferable, electrome-
chanically robust and extremely flexible, and therefore suitable for
applications as multifunctional flexible electronic devices. A com-
bination of controlled placement of aligned multi-walled nano-
tubes on pre-patterned locations and an effective suppression of
mutual screening gives these devices impressive field emission
properties. With large field emission factors (8 ~ 10*) and low
(sub 1V/um) turn-on fields, these composites can easily operate at

high current densities ( > 1mA/cm?) at relatively low voltages
making them also suitable for applications in electrically and me-
chanically stable flexible sensors and display devices.

14:03

B18 13 Thermal Oxidation Profiling of Single-Walled Carbon
Nanotubes BRIAN LANDI, CORY CRESS, CHRIS EVANS,
RYNE RAFFAELLE, NanoPower Research Labs, R.IT. A
method of thermal oxidation profiling (TOP) to monitor the prop-
erties of single-walled carbon nanotube (SWNT)-containing
samples has been developed. In the present analysis, the thermal
decomposition of raw and acid-refluxed SWNT samples is evalu-
ated by a systematic series of oxidative thermal treatments with
subsequent calculation of the SWNT mass retention using a veri-
fied purity assessment technique. The TOP results indicate that
there are no discernable regions of a raw soot TGA curve that can
be ascribed to SWNT combustion independent of impurity influ-
ence. In contrast, the acid-refluxed SWNT sample shows that
chemical oxidation of the metal can enable optimization of SWNT
retention during thermal purification. The established understand-
ing allows for purification efficiencies (the highest purity at the
maximum retention) of 75% w/w to be achieved in laser-produced
SWNTs, without modification to the diameter distribution.

SESSION B19: FOCUS SESSION: TRANSITION METAL OXIDE FERROMAGNETIC SEMICONDUCTORS
Monday Morning, 13 March 2006; 316, Baltimore Convention Center at 11:15

Stephan von Molnar, Penn State University, presiding

Invited Papers
11:15
B19 1 Oxide Ferromagnetic Semiconductors.*

SATISHCHANDRA OGALE, University of Maryland, College Park

The field of oxide ferromagnetic semiconductors has witnessed tremendous interest and activity over the past few years,
especially in the context of realization of intrinsic oxide based diluted magnetic semiconductors (O-DMS). In this talk T
will review the important developments in this field, highlighting apparent successes, concerns and questions. Research
results obtained by various groups on a number of systems such as transition element (especially Co, Mn, Cr) doped
TiO2, ZnO, Lal-xSrxTiO3, HfO2 will be discussed including some related device efforts involving spin transport and
field induced modulation of magnetization. Some cases of undoped or dual doped oxide films will also be addressed. In
the light of the potentially serious possibility of extrinsic effects in most systems the significance of the choice and
implementation of an appropriate characterization scheme will also be highlighted. Collaborators: T. Venkatesan, Nigel
Browning, Y. V. Idzerda, R. Ramesh, D. K. Kundaliya, S. X. Zhang, L. F. Fu, S. Dhar, A. Lussier, S. R. Shinde, Y. Zhao,

M. S. R. Rao, T. Zhao.

*Work Supported under DARPA SpinS program and NSF-MRSEC grant DMR 00-80008.

Contributed Papers

11:51

B19 2 Model for vacancy-induced ferromagnetism in ‘‘d0”’
magnetic oxides TIMOTHY ZIMAN, Institut Laue Langevin and
CNRS, Grenoble GEORGES BOUZERAR, Labo. Louis Neel,
CNRS Grenoble J. Coey has coined the term ‘‘d0’’ ferromag-
netism to describe exciting but puzzling effects seen in HfO2,
7Zr0O2 and other oxides. He has also postulated a connection to the
occurrence of cation or anion vacancies, which, recent theories
indicate, may reasonably lead to the formation of local moments.
What has lacked has been a theory which explains why, and at
what temperatures, one could expect ferromagnetism. Here we
present a simple model for vacancy-based ferromagnetism which
permits quantitative estimates of the Curie temperature. The model

is based on a random Hubbard model for anions with potentials
that represents the occurrence of cation vacancies. By an extension
of techniques successfully used to model ferromagnetism in host
substituted III-V diluted magnetic semiconductors, we calculate
the Curie temperature and dynamical magnetic correlations as a
function of the effective strength of the vacancy potential and
doping properties, the density of vacancies, as well as the corre-
lation and bandwidth of the host. For physically reasonable pa-
rameters this explains large Curie temperatures for rather small
concentrations of vacancies.

12:03

B19 3 Anisotropic magnetic properties of Co-doped SnO, thin
films* JUN ZHANG, RALPH SKOMSKI, Dept. of Physics and
Astronomy and Center for Materials Research and Analysis, Univ.
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of Nebraska-Lincoln YONGFENG LU, Dept. of Electrical Engr.
and Center for Materials Research and Analysis, Univ. of
Nebraska-Lincoln DAVID SELLMYER, Dept. of Physics and As-
tronomy and Center for Materials Research and Analysis, Univ. of
Nebraska-Lincoln There is strong interest in oxide magnetic semi-
conductors, which show not only room-temperature ferromag-
netism (FM), but also other interesting magnetic properties. Large
magnetic moments and anisotropic FM have been observed in
Co-doped SnO, [1] and Co-doped ZnO [2], respectively. Here we
report the preparation and magnetic properties of Co-doped SnO,
(Sn; _,Co0,0,, x=0.05) thin films. Sn;_,Co,0, thin films were
grown on different substrates by pulsed-laser deposition and char-
acterized by X-ray diffraction and SQUID magnetometry, and
their magnetic properties depend on the substrates on which the
films are grown. Interestingly, the films grown on R-plane-cut Al
,05 show strongly anisotropic magnetic properties, with [101]
being the easy axis. The anisotropy also depends on the substrate
on which the films are grown. The results will be discussed in
terms of spin-orbit coupling and crystalline defects. [1]. S. B.
Ogale, et al., Phys. Rev. Lett. 91, 077205 (2003). [2]. M. Ven-
katesan, et al., Phys. Rev. Lett. 93, 77206 (2004).

*This research is supported by NSF-MRSEC, W. M. Keck Foun-
dation, NRI and CMRA.

12:15

B19 4 Defect compensation determined magnetism in wide gap
dilute magnetic semiconductors (DMS) LIN-HUI YE, A.J.
FREEMAN, DEPARTMENT OF PHYSICS & ASTRONOMY,
NORTHWESTERN UNIVERSITY TEAM, Ferromagnetism
(FM) in wide gap DMS is thought to be closely related to intrinsic
defects; the F-center Bound Magnetic Polaron (FC/BMP) model
proposes that it is mediated by shallow donor defects. Our first
principles FLAPW calculations show that Cr:TiO, is a charge
transfer insulator with strong defect compensation - which ex-
plains the insulating behavior and the Cr chemical valence. We
predict different magnetic phases can form at different compensa-
tion levels, consistent with the p — d hopping interaction model'.
FM only exists with uncompensated Cr*", which explains the
high 7, FM initially reported”. Fully-compensated Cr>* is pre-
dicted NOT to be FM which has been verified recently’. Due to
insufficient hybridization between dopant and impurity states, the
FC/BMP mechanism does not apply, and oxygen vacancies de-
stroy the FM instead of mediating it. Our theory extended to Mn-
:GaN is found to work equally well; it provides a new understand-
ing of the correlation between defects and magnetism. This may
explain why magnetism in wide gap DMS seems to be extremely
sensitive to fabrication processes. Supported by NSF through the
NU MRC.

"Mahadevan, Zunger, Sarma, Phys.Rev.Lett. 93, 177201 (2004)
2T.Droubay et al. J.Appl.Phys. 97, 046103 (2005)
3T.C.Kaspar et al., Phys.Rev.Lett. 95, 217203 (2005)

12:27

B19 5 Room temperature ferromagnetism in highly-resistive
Ni-doped TiO, films prepared by sol-gel method DONGHO
KIM, JONGHO CHO, YOUNGGULL JOH, Yeungnam Univer-
sity KEEJOO LEE, Choongnam National University We investi-
gated the magnetic and transport properties of Ni-doped TiO,
films grown by a sol-gel method with Ni concentrations from 1%
to 8%. All the samples exhibited ferromagnetism at room tempera-
ture identified by optical magnetic circular dichroism (MCD)along
with SQUID measurement. For the samples with low Ni concen-

trations, both results argee each other, however, MCD results of
8% Ni-doped sample showed a noticeable difference in the tem-
perature dependence of the coercive field and the saturation mag-
netization from the SQUID results. The Hall effect study showed
that the carriers are electrons with densities lower than 10'8¢m? at
room temperature, but no anomalous Hall effect has been observed
due to the high resistivity of our samples. The observation of
ferromagnetism in highly-resistive Ni-doped TiO, films questions
the carrier-mediated exchange interaction as an origin of ferro-
magnetism in this material.

12:39

B19 6 Niobium doping effects on the ferromagnetism and mi-
crostructure of anatase Co: TiO, films* SHIXIONG ZHANG,
SATISH OGALE, SANKAR DHAR, DARSHAN KUNDALIYA,
WEGDAN RAMADAN, JOSHUA HIGGINS, RICHARD
GREENE, THIRUMALAI VENKATESAN, Center for Supercon-
ductivity Research, Department of Physics, University of Mary-
land, College Park, MD 20742-4111. LIANFENG FU, NIGEL
BROWNING, Lawrence Berkeley National Laboratory, NCEM, 1
Cyclotron Road, MS 72-150, Berkeley, CA 94720 Niobium doping
is shown to have a significant effect on the ferromagnetism and
microstructure of dilutely cobalt-doped anatase TiO, films. Epi-
taxial films of anatase TiO, with 3% Co, with and without 1%
niobium doping were grown by pulsed-laser deposition at 875 °C
at different oxygen pressures. For growth at 10”>Torr Niobium
doping suppresses ferromagnetism, while it enhances the same in
films grown at 10~ *Torr. The results of High-resolution Z-contrast
Scanning Transmission Electron Microscopy and Electron Energy
Loss Spectroscopy study reveal uniform surface enrichment of
cobalt in the form of Ti, _,_,Co,Nb,O,_ sg phase, without cobal-
tmetal clusters. The transport and Hall effect results will also be
presented and discussed.

*Work Supported under DARPA SpinS program

12:51

B19 7 Correlation between ferromagnetism and film structure
in Co-doped ZnO films SEBASTIAAN VAN DIJKEN, Trinity
College Dublin R. BAUERSCHMIDT, Trinity College Dublin V.
KARTHIK, Trinity College Dublin J.M.D. COEY, Trinity College
Dublin An experimental study on reactively sputtered ZnO films
with a fixed Co doping concentration of 6 percent is presented.
The magnetic moment of these films is largest (about 0.7 Bohr
magneton per Co) for deposition temperatures between 650 K and
800 K. The evolution of the magnetic moment with temperature
correlates with an increase of the lattice parameter perpendicular
to the film plane. For films on C-plane (0001) and R-cut (1-102)
sapphire substrates the maximum elongation amounts to 2.5 per-
cent and 1.3 percent, respectively. Annealing the films at 720 K
for 6 hours in vacuum results in a relaxation of the lattice param-
eters towards the bulk values. In addition, the Co-doped films
become electrically conducting during the annealing procedure.
Both effects, however, do not drastically alter the magnetic mo-
ment of the Co-doped films: For films on C-plane sapphire the
moment remains practically unchanged, while the magnetic mo-
ment increases only slightly for films on R-cut sapphire. These
results and their implications for the understanding of ferromag-
netism in Co-doped ZnO will be discussed.

6149\ DNINJOIN AVANOIN
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13:03

B19 8 Room Temperature Ferromagnetism in Transition
Metal Doped CVD-Grown ZnO Films and Nanostructures®
D.H. HILL, R. GATEAU, R.A. BARTYNSKI, P. WU, Y. LU, L.
WIELUNSKI, V. POLTAVETS, M. GREENBLATT, Rutgers
University D.A. ARENA, NSLS J. DVORAK, Montana State Uni-
versity S. CALVIN, Sarah Lawrence College We have character-
ized the chemical, compositional, and magnetic properties of Mn-
and Fe-ion implanted epitaxial ZnO films and single crystal nano-
structures grown by MOCVD as candidate room temperature di-
luted magnetic semiconductors. X-ray absorption spectroscopy
(SXAS) shows that Mn-implanted films contain Mn>* ions which
convert to a mixture of Mn** and Mn*" upon annealing. Fe-
implanted films contain a mixture of Fe’?™ and Fe*" which con-
verts to a higher concentration of Fe** upon annealing. XAS and
preliminary analysis of EXAFS data indicate that the TM ions are
substitutional for Zn. SQUID magnetometry shows that as-
implanted films are ferromagnetic at 5K and the annealed films are
ferromagnetic at room temperature. X-ray diffraction shows that
the annealed films remain epitaxial with excellent long range or-
der. Rutherford backscattering spectrometry indicates a substantial
recovery of local order upon annealing as well. The properties of
in-situ Fe-doped MOCVD-grown ZnO epitaxial films and nano-
structures will also be discussed.

*NSF-ECS-0224166

13:15

B19 9 Defect activated room temperature ferromagnetism in
Co:ZnO films - micro-Raman studies P. KHAREL, C.
SUDAKAR, G. LAWES, R. NAIK, Wayne State University, De-
troit R. SURYANARAYANAN, LPCES,Universite Paris-Sud,
France V.M. NAIK, University of Michigan-Dearborn Intense
research for room temperature (RT) ferromagnetism (FM) in semi-
conductors doped with both magnetic and non-magnetic dopants is
ongoing because of their potential applications in spin- & photo-
electronics. We success fully employ a simple nonvacuum based
spin—coating technique to prepare Zn; Co,O films (0.5 to 1,m)
on Al,O; (001) substrate using precursor solutions of Zn and
Co—ethylhexanoate. The films were annealed in air at 700 °C/1h
followed by annealing at 550 °C/1h at 107°=10"® Torr. X —ray
and Raman spectrum indicate no change of wurtzite structure and
no cluster formation due to the incorporation of Co in ZnO. Mag-
netic measurements reveal lack of RTFM in air annealed films,
whereas on vacuum annealing films acquire FM ordering. Raman
spectra gives a direct evidence on the influence of defect activated
FM. The observed FM varies non—monotonically with cobalt con-
centration. Finally, the effect of annealing, role of oxygen defects,
and concentration of Co>" ion on the magnetization properties will
be discussed.

13:27

B19 10 Annealing Temperature Dependence of the Magnetic
Moment Observed in ZnO Nanotips Implanted with Mn JER-
EMY RALEY.* Air Force Institute of Technology JEAN WEI,
Air Force Research Laboratory YUNG KEE YEO, ROBERT
HENGEHOLD, MICHAEL MARCINIAK, Air Force Institute of
Technology PAN WU, YICHENG LU, Rutgers, The State Univer-
sity of New Jersey Magnetic properties of Mn ion-implanted ZnO
nanotips grown on quartz substrates have been investigated as a
function of anneal temperature. This work tracks the strength of
the coercive (H¢) and remanent (Bg) fields of these samples as a
function of anneal temperature over a range of 675 to 800 °C for

a period of 10 or 20 min in flowing O,. The results show that the
magnetic properties are highly dependent on anneal temperature. It
has been found that 750 °C is the optimal anneal temperature for
producing the greatest values of He and By, and a noticeable drop
is observed when this annealing temperature is exceeded. This
observation is true for magnetic moment measurements at both 5
and 300 K. The presence of an optimal temperature above which
H¢ and By decrease seems to indicate that post annealing causes
magnetic activation and ordering in this material. These observa-
tions would not be expected if the ferromagnetic effects observed
in this material were due purely to clusters, precipitates, or sec-
ondary phase formation.

*Current address: Air Force Research Laboratory, Sensors Direc-
torate, WPAFB, OH

13:39

B19 11 Characterization of Mn and Fe diffusion into ZnO
Films and single crystals for diluted magnetic semiconductor
applications.* R. GATEAU, D.H. HILL, R.A. BARTYNSKI, P.
WU, Y. LU, Rutgers University There is growing interesting in the
use of transition metal (TM) doped ZnO films as a diluted mag-
netic semiconductor for room temperature spintronics applica-
tions. Various methods of doping have been investigated including
ion implantation and co-deposition during the growth process. In
essentially all approaches, doping either accompanies, or is fol-
lowed by, an annealing step intended to achieve a uniform distri-
bution of the TM dopant, and/or encourage substitution of TM
ions for Zn in the Wurtzite lattice. We have studied the diffusion
of Mn and Fe into epitaxial and highly-oriented ZnO films, and
into ZnO single crystals. The epitaxial films were grown on
r-sapphire, exposing the (11-20) surface, while the highly oriented
films were grown on a-sapphire exposing the (0001) surface of
ZnO. The single crystal substrates were cut to the (0001) and
(1100) orientations. Metallic films of ~ 20nm thickness were de-
posited onto the ZnO substrates, which were subsequently an-
nealed to 700C for between 10 and 40 minutes. We find that the
diffusion rate for Mn is approximately an order of magnitude
larger than for Fe under the same annealing conditions. Differ-
ences in diffusion rates associated with crystallographic orienta-
tion and film morphology will be discussed.

*Supported by NSF-ECS-02224166

13:51

B19 12 Magnetic Properties of Co-doped HfO2 Y.S. CHANG,
W.C. LEE, M.L. HUANG, Z.K. YANG, M. HONG, Dept. of
Materials science and Engineering, National Tsing Hua Univer-
sity, Taiwan S.F. LEE, Inst. of Phys., Academia Sinica, Nankang,
Taiwan L. GONCHAROVA, T. GUSTAFSSON, Physics Dept.,
Rutgers Univ., Piscataway, NJ, USA M.C. HANG, Y.L. SOO, J.
KWO, Dept. of Physics, National Tsing Hua Univ., Taiwan Di-
lutely doped Co in HfO, films were recently reported to show
strong enhancement of Co magnetic moments. We have system-
atically studied the structural, chemical, and magnetic properties
of HfO, epitaxial films ~ 1000A thick grown on YSZ with Co
doping concentrations of 1, 2, 4, and 20 atomic percent. The crys-
tal structures of these samples are predominantly monoclinic, and
the XPS Co spectra also indicate the co-existence of cobalt metals
and cobalt oxides. Tendency to form Co metal clusters in high
doping concentrations was also observed by EXAFS. M-H loops
at 10K and 300K by SQUID magnetometer were clearly seen for
samples with Co doping of 4% and higher. But no evidence for
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strong moment enhancement was found. However, our magnetic
measurement do showed the unusual decay of magnetic moment
with time, which was also seen in Co-doped SnO, films.

14:03

B19 13 Local Environment Surrounding Co in MBE-grown
HfO,:Co Thin Films Probed by EXAFS and XMCD* Y.L.
SO0, S.C. WENG, W.H. SUN, S.L. CHANG, W.C. LEE, Y.S.
CHANG, M. HONG, J. KWO, National Tsing Hua University
Z.S. YANG, H.-J. LIN, D.G. LIU, J.F. LEE, C.T. CHEN, NSRRC
Y.H. KAO, .M. ABLETT, C-. C. KAO, NSLS Local structures in
MBE-grown HfO,:Co films with different Co concentration has
been investigated using the EXAFS technique. The average local

environment surrounding Co exhibited by our EXAFS data con-
sists of two major near shells attributed to O and Co neighboring
atoms at distances of 2.04 A and 2.49 A from the central Co atom,
respectively. As the Co concentration increases, the average coor-
dination number of the Co shell systematically increases while that
of the O shell decreases. Our experimental results indicate that
while chemically bonded with O at a most-likely interstitial loca-
tion, Co impurity atoms may also form Co clusters even at a
relatively low concentration of ~ 1%. The progressive formation
of Co clusters is also consistent with our XMCD results that dem-
onstrate increasing magnetic moment with increasing Co concen-
tration.

*This research is supported by NSC in Taiwan and NSF in the US.
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Chris Leighton, University of Minnesota, presiding

Invited Papers
11:15

B20 1 Phase Competition and Magnetotransport Phenomena in Manganite Films and Mesoscopic Structures.
TOM WU, Materials Science Division and Center for Nanoscale Materials, Argonne National Laboratory

The importance of competition between ferromagnetic metallic (FMM) and charge-ordered insulating (COI) phases in the
physics of bulk manganites has been established through a wide variety of techniques. One exotic consequence of this
phase competition is step-like features in magnetotransport observed in bulk and single-crystals of
Pr ¢5(Ca, Sty _,)3sMnO; (PCSMO) with 0.7< y= 0.8. The length-scale of the phase coexistence is ~ 1 micron, moti-
vating a study of structures with dimensions similar to this natural length scale where phenomenology distinct from that
of bulk counterparts is expected. Toward that end, we have synthesized films and laterally confined mesoscopic bridges
of PCSMO and studied their magnetotransport properties. In particular, we observed: (1) itIntrinsic ultrasharp magneti-
zation steps below 5 K in both bulk and film samples and their dependence on the itextrinsic measurement protocols; (2)
Spontaneous jumps of resistance during both the ramping of magnetic field and the relaxation after the field cycle; (3) I-V
curves exhibiting negative differential resistance (NDR) in certain ranges of temperature and magnetic field. All of these
phenomena can be explained in the context of interconversion between the COI phase and the FMM phase. As expected,
this interconversion can be triggered by external magnetic field, as found in the case of the magnetization and resistance
steps. Alternatively, in the mesoscopic structures with dimensions similar to the size of the competing FMM and COI

domains, a local Joule heating-induced annihilation of conducting filaments causes the anomalous NDR.

Contributed Papers

11:51

B20 2 Mapping nanometer-sized phase separation in Lal-
xCaxMnO3 JING TAO, M. VARELA, S.J. PENNYCOOK, Oak
Ridge National Lab D. NIEBIESKIKWIAT, M.B. SALAMON,
JM. ZUO, University of lllinois at Urbana-Champaign W.D.
LUO, S.T. PANTELIDES, Vanderbilt University It is well known
that three phases dominate over a wide doping range in Lal-
xCaxMnO3: the paramagnetic (PM) phase is favored for all x at
high temperatures, while at low temperatures, the ferromagnetic
(FM) phase is favored for x less than 0.5, and the charge ordered
(CO) phase for x greater than 0.5. The transitions between these
phases are not simple in this system and the mechanism is still not
fully understood [1-2]. Here we report direct observation of the
formation and melting of CO droplets in the PM-FM regime (x
less than 0.5) using in-situ electron microscopy. The distributions
of the CO droplets are directly mapped in real space and show
maximum density near the PM-FM transition temperature. This
behavior contrasts strongly with the behavior in the PM-CO (x
greater than 0.5) regime, where the CO clusters are found to nucle-
ate as nanophase domains and percolate on cooling through the
transition temperature [3]. We attribute the nanoscale phase sepa-

ration observed in this system to the competition between electron
mobility and localization. Free energies of the competing phases
will be estimated using density-functional calculations to under-
stand the nature of the observed phase separation phenomena. [1].
G.C. Milward, M.J. Calderon and P.B. Littlewood, Nature 433,
607 (2004) [2]. .M. Zuo and J. Tao, PRB 63, 060407 (2001) [3].
J. Tao and J.M. Zuo, PRB 69, 180404 (2004)

12:03

B20 3 Implications of a dimeron magnetic pair model for
CMR manganites.* FRANK BRIDGES, LISA DOWNWARD,
UC Santa Cruz Recently, based on extensive EXAFS data, we
have proposed a magnetic pair model for clusters that exist above
the ferromagnetic transition temperature, Tc [1]. The magnetic
clusters must contain equal numbers of hole and electron Mn sites
and have a reduced distortion compared to the remaining Jahn-
Teller distorted electron sites. The smallest such unit (one electron
and one hole site) we call a dimeron - it is an electron delocalized
over two Mn sites. Here we consider why such a model might be
stable, possible configurations of the local distortions for the site
pair, and the implications for filamentary clusters throughout the
sample when it is only partially magnetized. We also address

0249 \ DNINJOIN AVANOIN
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electrical transport via hopping dimerons and include the coulomb
interactions between dimerons and the Ca(+2) dopants, which
provides a quenched-in disorder. Several open questions such as
the possible interactions between dimerons will also be discussed.
[1] L. Downward et. al., Phys Rev Lett. 95, 106401 (2005).

*Supported by NSF grant DMR0301971.

12:15

B20 4 Microscopic Ferromagnetic and Antiferromagnetic
Clusters in Pr0.7Ca,;MnO; HAO SHA, JIANDI ZHANG,
Florida Intl. Univ. FENG YE, JAIME FERNANDEZ-BACA,
ORNL PENGCHENG DAI, Univ. of Tenn. and ORNL Y. TO-
MIOKA, CERC, Japan Y. TOKURA, Univ. of Tokyo and CERC,
Japan ‘‘Colossal’”” magnetorestive manganite Pry;Caj;MnO;
(PCMO30) is an ideal system to test the microscopic phase sepa-
ration scenario because it has an inhomogeneous low-temperature
insulating metastable state where ferromagnetic (FM), antiferro-
magnetic (AF), and charge/orbital (CO-OO) phases coexist. On
cooling from room temperature, a CO-OO state occurs below T
co-oo ~ 200 K, followed by AF ordering below Ty ~ 140 K.
Below T ~ 110 K, the magnetic structure develops a FM com-
ponent coexisting with AF ordering. We have used neutron scat-
tering to study FM, AF and CO-OO phase transitions in a single-
crystal PCMO30. The diffuse scattering of FM component
demonstrates the presence of short-range ferromagnetic clusters
both above and below T., while no diffuse component in the
CO-0O scattering peaks has been observed near T¢p_ o - Inter-
estingly, the short-range AF correlations associated with Mn**
sites but not with Mn>" sites are observed for both above and
below Ty, indicating that the local AFM clustering is directly
associated with doped holes in this system. The work was sup-
ported by NSF-DMR0453804, NSF-DMR0346826, DE-FG02-
05ER46202, and DOE DE-FG02-04ER46125. ORNL is managed
by UT-Battelle, LLC, for the U.S. DOE under contract DE-ACO05-
000R22725.

12:27

B20 5 Phase separation in magnetic spinels induced by Jahn-
Teller distortions SUNMOG YEO, CHENGLIN ZHANG, Rut-
gers Center for Emergent Materials and Department of Physics &
Astronomy, Rutgers University, Piscataway, New Jersey 08854

YOICHI HORIBE, Dept. of Physics, Osaka Prefecture Univ.1-1
Gakuen-cho, Sakai, Osaka 599-8531, Japan SABYA GUHA,
SANG-WOOK CHEONG, Rutgers Center for Emergent Materi-
als and Department of Physics & Astronomy, Rutgers University,
Piscataway, New Jersey 08854 We found a strong tendency of
chemical/structural phase separation in spinels with Jahn-Teller
ions, and this phase separation and the associated microstructure
are sensitive on how specimens are cooled down from high tem-
peratures. From our comprehensive study of magnetic and struc-
tural properties of magnetic spinels with Jahn-Teller ions with
various cooling rates, we have found close relationship between
bulk magnetic properties and microstructure.

12:39

B20 6 Photoinduced phase-coexistence in Bij4CajMnQOj; thin
films. VERA SMOLYANINOVA, R. KENNEDY, E. TAL-
ANOVA, L. ALDACO, R.M. KOLAGANI, M. OVERBY, Tow-
son University Doped manganites exhibit a wide variety of physi-
cal phenomena due to complex interplay of electronic, magnetic,
orbital, and structural degrees of freedom. One of the most intrigu-
ing properties of manganites is coexistence of several distinct elec-

tronic phases. A photoinduced insulator to conductor transition in
charge-ordered (CO) manganites is especially interesting from the
point of view of creating photonic devices [1]. We have observed
a photoinduced sub-micron phase coexistence of CO insulating
phase and conducting phase via optical contrast in Near-field
Scanning Optical Microscope images. Such phase coexistence is
possible because of the presence of two local energy minima cor-
responding to CO insulating and charge-disordered conducting
phases in the energy landscape [2]. To better understand the phys-
ics of phase coexistence in manganites we studied the dynamics of
photoinduced conductivity changes. The temperature dependence
of this process will be presented. The energy barrier separating the
CO insulating and conducting states will be discussed. This work
is supported by NSF grants DMR-0348939, DMR-04221141. [1]
V. N. Smolyaninova at al., APL 86, 071922 (2005). [2] K. H. Ahn
at el., Nature 428, 401 (2004).

12:51

B20 7 Electron-correlation induced phase separation in
Li,FePO, GERBRAND CEDER, Department of Materials Sci-
ence and Engineering, Massachusetts Institute of Technology FEI
ZHOU, Department of Physics, Massachusetts Institute of Tech-
nology Li,FePO, is a promising rechargeable Li-ion battery cath-
ode material. The Li ,FePO, system is known experimentally to
phase separate into FePO, end LiFePO, up to ~ 400 K, and form
solid solutions above ~ 600 K. Phase separation in this system is
surprising as one would expect Li* ions to repel each other and
form ordered compounds at compositions between those of the
end members FePO, and LiFePO,. This is exactly what is found
in the local density or generalized gradient approximations to
DFT, though it is in stark disagreement with experiments. The fact
that the LDA+U method corrects this qualitative error points at
the role of electron correlation in inducing phase separation in this
material. We have thoroughly studied the LixFeO4 phase diagram
with LDA+U. We found that the charge ordering of Fe?*/Fe*™ on
the iron sub-lattice, induced by d electron localization, couples
delicately with Li/vacancy ordering on the lithium sub-lattice. Al-
though the repulsion within each sub-lattice favors compound for-
mation, the Li-e™ attraction favors phase separation. It is the bal-
ance of interactions within and between the two sub-lattices that
gives rise to the unexpected phase behavior of Li FePO,. Possible
relevance of this novel phase transition mechanism to other alkali
metal-intercalated materials will be discussed.

13:03

B20 8 The electric field effect on the electronic soft matter in
the manganite (L;_,Pr,)4Cag33Mn0;(y=0.4, 0.5 and 0.6)
TARA DHAKAL, JACOB TOSADO, SUNGHEE YUN, AM-
LAN BISWAS, Department of Physics, University of Florida
Hole-doped manganites are known for their colossal magnetore-
sistive (CMR) property and insulator to metal phase transition near
their curie temperatures. For certain compositions of manganites a
coexistence of a charge ordered insulating (COI) and ferromag-
netic metallic (FMM) phases has been observed. Changing the
temperature, magnetic field or strain modifies the spatial arrange-
ment and relative proportions of these two phases, in this mixed
phase state. This property suggests the existence of
electronic soft matter in manganites. We have studied the proper-
ties of the electronic soft matter in one such material
(La; _Pr,)(67Cag33MnO5;(LPCMO, y =0.4, 0.5 and 0.6). We have
grown thin films of LPCMO using pulsed laser deposition. To
understand the dynamics of the local phase, we have experimen-
tally mapped the temperature-magnetic field (7 — H) phase dia-
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gram of this material. The phase diagram shows 4 distinct regions,
namely the COI state, the fluid phase separated state (FPS), the
static phase separated state (SPS), and the FMM state. We have
measured the effect of an electric field on this phase diagram and
observed that the electric field can significantly modify the FPS
state. We will explain the reason behind the electronic soft matter
like behavior in the FPS state and the origin of the electric field
effect in manganites.

13:15

B20 9 High Temperature EXAFS Studies of La;_,Ca,MnQOj:
New Evidence for Magnetic Dimers L. DOWNWARD, F.
BRIDGES, T.A. O’BRIEN, Univ of California Santa Cruz J.J.
NEUMEIER, Montana State University We present Extended
X-ray Absorption Fine Structure (EXAFS) data on the CMR per-
ovskite manganites La;_,Ca,MnO; (0.2 < x < 0.5) to high-
temperature (300-600 K) We have recently reported| 1] changes in
the Mn-O distortion (measured as a broadening, o of the Mn-O
pair distribution function) as a function of magnetic field, tempera-
ture and Ca-concentration, x. Extensive data indicate that there is
a universal relationship between changes in the local distortion
(Ac?) and the sample magnetization. These data suggest that
small magnetic clusters containing equal numbers of electron and
hole sites must exist just above T,.. These clusters have little
Jahn-Teller distortion and must form at some higher temperature;
the smallest such unit would be an electron/hole site pair, which
we call a dimeron. The new high temperature data presented here
shows another significant step in the Mn-O distortion near 450 K,
which we associate with the dimeron formation temperature, T*.
This second step occurs at the same temperature for which other
authors have observed a break in the inverse magnetic suscepti-
bility. [1] L. Downward et al., Phys Rev Lett 95, 106401 (2005).

13:27

B20 10 Origin of the non-thermal photoresponse in thin films
of two-phase manganites* ANTHONY DAVIDSON III, MA-
SON OVERBY,'RAJEH MUNDLE, GRACE YONG, DAVID
COX, ELENA TALANOVA, VERA SMOLYANINOVA,
DAVID SCHAEFER, RAJESWARI M. KOLAGANL* Towson
University TOWSON UNIVERSITY TEAM, Our studies of light-
induced resistance changes (photoresponse) in thin films the co-
lossal magnetoresistive manganite material (La,Pr), ¢,Cag33:MnO
sexperiments have revealed a non-thermal component of the light-
induced resistance change.This non-thermal component is also ob-
served in thin films of oxygen deficient Lajg;Cag33MnO; The
common feature of both these material systems is the co-existence
of metallic and insulating phases. Our results indicate that this
component may be associated with the light-induced resistance
decrease in the insulating regions through an electronic mecha-
nism. Previous studies have shown insulator-metal transitions in-
duced by magnetic fields as well as electric fields in these mate-
rials. We will present our studies of the correlation of the observed
non-thermal photoresponse with magnetoresistance as well as
current-voltage characteristics.

*Support from Research Corporation Grant # 443158, NSF MRI #
523176 and Towson University /FCSM Undergraduate Research
Grants are acknowledged

"Currently at Physics Dept, Purdue University

*Formerly M. Rajeswari

13:39

B20 11 Charge Separation and Pre-percolation Regime in
Manganites ZSOLT MARTON, University of Pennsylvania
TAKESHI EGAMI, University of Tennessee/Oak Ridge National
Laboratory RINAT MAMIN, Zavoisky Physical-Technical Insti-
tute of RAS, Kazan 420029, Russia ZAVOISKY PHYSICAL-
TECHNICAL INSTITUTE OF RAS COLLABORATION, Com-
plex manganites have been intensively studied in the
last decade since they are model objects for investigations of the
collosal magnetoresistance. ~Temperature dependence of
Lay g75S10.12sMnO;5 single crystals’ dielectric and magnetic prop-
erties are investigated in the wide range of temperature and exter-
nal magnetic field. In order to clarify the nature of the charge, spin
and orbital ordering as well as the nanoscale inhomogeneity dy-
namics, we studied their low-frequency capacitances. It is found
that giant dielectric permittivity arises in this manganite. The ori-
gin of this enormous dielectric response is believed to be con-
nected with the fact that in the pre-percolation regime of charge
separation there are very thin regions of insulator phase with large
net surface embedded in metallic matrix. The features of the tem-
perature and field dependence of these dielectric properties are
explained by the nanoscale dynamic inhomogeneties appearing
due to charge and spin ordering.

13:51

B20 12 Magnetic Phase Diagram of (NaMn;)Mn, O A.
PRODI, F. BOLZONI, F. LICCI, E. GILIOLI, IMEM-CNR M.
MAREZIO, CRETA-CNRS M. AFFRONTE, U. Modena e Reggio
Emilia A. GAUZZI, U. PM Curie The double pervoskite
(NaMn;)Mn,O,, represents a model system to explore ordering
phenomena usually sought after in half-doped manganites thanks
to its unique crystal structure characterized by the absence of
quenched disorder. We present here magnetization, transport and
specific heat measurements performed under magnetic field aimed
at characterizing the two distinct paramagnetic and two antiferro-
magnetic phases observed in (NaMn;)Mn,O,, upon cooling. In
particular, we investigated the change of paramagnetic regime as-
sociated with the structural phase transition at 176 K, the stability
of the resulting charge ordered state as well as the peculiar mag-
netic response of the CE spin structure which orders below 125 K.
Analysis of the corresponding specific heat anomalies confirms the
nature of the transitions while at low temperatures specific heat
data evidences a large Sommerfeld coefficient, unexpected for the
insulating state, and reveals the presence of extra entropy with
origin in nonmagnetic excitations.

14:03

B20 13 Magnetic ordering of rare-earth compounds: first-
principles studies CHUN-GANG DUAN, University of Nebraska
Lincoln R. F. SABIRIANOV, L LIU, W.N. MEI, UNO P.A.
DOWBEN, UNL E.Y. TSYMBAL, UNL We report a systematic
theoretical study on the magnetic ordering in heavy rare-earth
compounds with face-centered cubic structure. Based on first-
principles total energy calculations of Gd monopnictides, we de-
duced the exchange interaction parameters of these systems from
fitting the total energies of different magnetic configurations to
those computed from the Heisenberg model. Then we demon-
strated the formation of different magnetic structures in these com-
pounds by using the Monte Carlo simulations. The so obtained
Curie (Néel) temperatures agreed well with experiments. Detailed
analysis on the trend of exchange parameters changing with anion
sizes and distances between neighboring magnetic sites clearly

0249 \ DNINJOIN AVANOIN
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demonstrate the co- existence of RKKY type metallic exchange
interactions and anti- ferromagnetic superexchange interactions.
We then propose a Bethe-Slater type curve which can qualitatively
explain the behaviors of the exchange parameters in Gd monop-
nictides.

SESSION B21: COLLOIDS II: COLLOIDAL CRYSTALS,
GELS, AND GLASSES

Monday Morning, 13 March 2006

318, Baltimore Convention Center at 11:15

Maria Kilfoil, McGill University, presiding

11:15

B21 1 Phase diagram and direct mechanical measurements of
colloidal gels NA WANG, MARIA KILFOIL, We study the phase
diagram of colloidal aggregates according to different salt concen-
tration and particle volume fraction, in the absence of gravity. This
phase diagram then helps us to locate the region to form strong
colloidal gels, whose mechanical properties are studied with time-
sharing optical tweezers.

11:27

B21 2 Real Time Observations of Decaying Colloidal Clusters
MARCO POLIN, SANG-HYUK LEE, Department of Physics and
Center for Soft Matter Research, New York University WILLEM
KEGEL, van 't Hoff Laboratories for Physical and Colloid Chem-
istry, Debye Research Institute Utrecht University ANDREW
HOLLINGSWORTH, DAVID GRIER, Department of Physics
and Center for Soft Matter Research, New York University We
have studied model colloidal dispersions characterized by long-
range electrostatic repulsions and short-range entropically driven
attractions. Through a combination of holographic optical trapping
and precision digital video microscopy we can create nonequilib-
rium cluster configurations and track their decay fluctuations.
These measurements reveal density and shape fluctuations that
accompany the decay of the clusters. Such processes may cast
additional light on decay of large atomic nuclei.

11:39

B21 3 Length scale dependent relaxation in colloidal gels
EMANUELA DEL GADO, Dipartimento di Scienze Fisiche, Uni-
versita’ degli Studi di Napoli ‘‘Federico 1I'’ WALTER KOB,
Laboratoire des Cooloides, Verres et Nanomateriaux, Universite
Montpellier 1l Although gels are ubiquitous in fundamental sci-
ence, technological applications and also in our daily life, their
structural and dynamical properties are not well understood. In
contrast to other systems that show a slow relaxation, such as
glass-forming liquids, the structure of gels is given by an open
network that is thought to be responsible for the unusual dynami-
cal properties of these systems. We present the results of a recent
study based on a simple model that does indeed have the charac-
teristics of (colloidal) gel-forming systems at a finite temperature.
By means of molecular dynamics computer simulations, we inves-
tigate the gel formation from the equilibrium sol phase. In particu-
lar we show that the strong length scale dependence of the dy-
namics in gel forming systems is tightly related to the formation of
the gel structure and is therefore a general feature. This study
allows for the first time to investigate on a microscopic level the

relaxation processes in the incipient gel and to understand why
they must strongly depend on the length scale investigated. In our
model the mesh-size of the incipient gel network corresponds to a
crossover length between dramatically different relaxation pro-
cesses, from stretched to compressed exponentials. Moreover our
results link the super-exponential relaxation at low temperature to
the motion of pieces of the incipient gel structure.

11:51

B21 4 Crossover from Intermittent to Continuum Dynamics
for Locally Driven Colloids CHARLES REICHHARDT, CYN-
THIA J. OLSON REICHHARDT, Theoretical Division and Cen-
ter for Nonlinear Studies, Los Alamos National Laboratory We
simulate a colloid with charge ¢, driven through a disordered
assembly of interacting colloids with charge ¢ and show that, for
qq =~ ¢, the velocity-force relation is nonlinear and the velocity
fluctuations of the driven particle are highly intermittent with a 1/f
characteristic. When ¢, > ¢, the average velocity drops, the
velocity force relation becomes linear, and the velocity fluctua-
tions are Gaussian. We discuss the results in terms of a crossover
from strongly intermittent heterogeneous dynamics to continuum
dynamics. We also make several predictions for the transient re-
sponse in the different regimes.

12:03

B21 5 Evolving Bulk Properties of Collapsing Colloidal Gels
STEPHEN KAMP, MARIA KILFOIL, McGill University We
present a study of the time evolution of the elastic properties of
colloidal depletion gels. Silica colloids were suspended in NaCMC
solutions and homogenized. Both the colloid volume fraction and
the interaction strength (polymer concentration) were varied. The
time evolution of the elastic properties of the suspensions was
studied with a bulk rheometer in a double-wall Couette cell
throughout the gel lifetime. The early lifetime is characterized by
an elastic shear modulus that increases logarithmically with time,
following which the gels experience catastrophic failure and the
elastic modulus drops dramatically. As the gel collapses, various
complex behaviors are seen, including a temporary stabilization
against collapse, and reformation of a new gel with its own elastic
properties which then follows its own trajectory to collapse. Time-
lapsed images were taken of identical samples in a separate trans-
parent cell of identical dimensions and the gel height was used to
calibrate the measured shear modulus values. The visual cell also
allows us to see the sample-spanning collective rearrangement
involved in the collapse.

12:15

B21 6 Experimental characterization of the interface of a col-
loidal suspension. JESSICA HERNANDEZ-GUZMAN, ERIC R.
WEEKS, We investigate experimentally the interface between lig-
uids and solids by using a suspension of colloids as our model.
Their size and slow motion makes colloidal suspensions experi-
mentally accessible using 3D high speed confocal microscopy. We
track the position of the particles over time, and characterize the
spatial structure using bond order parameters as has been done by
previous workers. We additionally measure the mobility of each
particle. We study the thickness of the interface both in terms of
the static structure (which changes from liquid-like disorder to
crystal-like order across the interface) and the mobility of the
particles with respect to distance from the interface. We find a
transition region with a thickness of a few particle diameters.
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12:27

B21 7 Freezing and Melting of Colloidal Crystals with Short-
Range Attractive Potential J.R. SAVAGE, D.W. BLAIR, R.A.
GUYER, A.D. DINSMORE, We study the kinetics of melting and
freezing of colloidal crystals formed by a short-range attractive
potential. We use aqueous suspensions of micron-sized latex
spheres mixed with surfactant micelles, which create a depletion
attraction among the spheres. Single- and multi-layer crystals ap-
pear on the glass surface. Upon uniformly heating or cooling, the
micelles grow or shrink. Upon heating, the depletion attraction
weakens by up to 0.7 kT, and the crystals melt. Optical micros-
copy is used to track the motions of hundreds of colloidal spheres
for up to 8 hours, until crystals have melted. We initially observe
a steady decrease in the size of the crystallites. When the size
reaches approximately 20-30, however, crystallites rapidly shrink.
Once the crystals have melted, we then supercool them and moni-
tor the nucleation and growth of crystallites. The kinetics of indi-
vidual bond-breaking events and the evolution of the crystalline
order parameter in both melting and freezing will be presented.
This work is supported by the NSF-DMR 0305395.

12:39

B21 8 Melting of Temperature-Sensitive 3D Colloidal Crystals
AHMED ALSAYED, YILONG HAN, ARJUN YODH, Univer-
sity of Pennsylvania We employ thermally responsive monodis-
perse microgel colloidal spheres to study the melting mechanisms
of colloidal crystals [1]. The particle diameter decreases with in-
creasing temperature and leads to volume fraction changes that
drive phase-transitions. We will describe observations of a variety
of phenomena. Premelting, the localized loss of crystalline order
near defects (e.g. grain boundaries) at volume fractions above the
bulk melting transition, is directly observed by video microscopy,
and is characterized by monitoring the first peak position of the
particle pair correlation function. We find the position of the first
peak shifts toward smaller particle separations at the onset of pre-
melting. After Delaunay triangulation, mean square rotational and
translational fluctuations of bonds were measured close to and
away from defects. The behavior of all such quantities exhibits
increased disorder near the defects. By locally heating the material
within a crystal domain, we also studied the superheating and
melting of a perfect 3D crystal. Finally, the introduction of weak
attractions between spheres reveals free-floating 3D crystal ‘blobs’
which can be made to melt and recrystallize by tuning the tem-
perature. [1] A. M. Alsayed, M. F. Islam, J. Zhang, P. J. Collings,
A. G. Yodh, Science 309, 1207 (2005). This work was supported
by grants from NSF (DMR-0505048 and MRSEC DMR05-20020)
and NASA (NAGS8-2172).

12:51

B21 9 Evolution of Particle-Scale Dynamics in Suspensions of
Weakly Attractive Colloids Undergoing Structural Arrest H.
GUO, D. LIANG, Johns Hopkins U. S. RAMAKRISHNAN, C.F.
ZUKOSKI, UIUC J.L. HARDEN, U. of Ottawa R.L. LEHENY,
Johns Hopkins U. Suspensions of colloids with weak, short-range
attractions can undergo an ergodic to nonergodic transition (ENT)
as the strength of the attraction or the particle concentration in-
creases. At low densities the transition corresponds to gelation,
while at high densities it is identified as an attractive glass transi-
tion. We employ x-ray photon correlation spectroscopy (XPCS) to
investigate the slowing dynamics associated the ENT in suspen-
sions of nanometer-scale silica colloids coated with octadecyl-
hydrocarbon-chains at wavevectors corresponding to interparticle
length scales. At high temperatures the chains form a solvated

brush that stabilizes the colloids. At low temperature, the brush
collapses leading to a short-range attraction between colloids. Fol-
lowing a quench in temperature, the intermediate scattering func-
tion displays two features, a plateau value and a terminal relax-
ation time, that increase with time since the quench. A comparison
between suspensions with concentrations of ¢ = 0.20 and 0.43
shows qualitative differences in their temporal evolution, indicat-
ing a crossover from gelation-like to glass- like dynamical arrest.
Further, a comparison with rheometry indicates how the slowing
particle-scale dynamics correlates with the growth of the system’s
elastic modulus.

13:03

B21 10 Microstructure and micromechanics of hard spheres
with short-range attraction MYUNG HAN LEE, ERIC M.
FURST, University of Delaware We study the microscopic me-
chanical response of colloidal gels, such as yielding, compression
and rearrangement, by manipulating single probe particles within
the network. For this work, we use fluorescent polymethyl-
methacrylate (PMMA) dispersed in mixtures of decalin and cyclo-
hexylbromide, with a refractive index and density close to that of
PMMA. The strength of attraction is controlled by the concentra-
tion of a non-adsorbing polymer, polystyrene, which induces a
depletion attraction between particles. In the presence of suffi-
ciently strong attractive forces, particles form a colloidal gel. Con-
focal microscopy is used to observe the structural evolution in real
time. This enables us to investigate the role of the local structure
and particle interactions in the elasticity of the network. Specifi-
cally, we identify local elastic and plastic deformations in gels,
which depend on the probe oscillation amplitude and strength of
attractive interactions.

13:15

B21 11 Deformation of Colloidal Glasses PETER SCHALL,
WZI, University of Amsterdam ITAI COHEN, Physics Depart-
ment, Cornell University FRANS SPAEPEN, DAVID WEITZ,
DEAS, Harvard University Amorphous colloidal suspensions are
known to be powerful models for studying dynamical processes in
glasses. Since the particles can be observed optically in real time,
colloidal systems offer the unique opportunity of studying impor-
tant mechanisms at the single particle level. We use confocal mi-
croscopy to investigate structural rearrangements in colloidal
glasses under applied shear. Our setup allows us to track the mo-
tion of the individual particles in three dimensions while the sus-
pension is sheared. We use the particle positions determined by
confocal microscopy to calculate the local strain tensor and to
identify regions of non-affine deformation. We observe ‘‘shear
zones’’ that are accompanied by a complex strain field around
them. Using the single particle data, we elucidate the particle re-
arrangements in the shear zones, and we investigate correlations
between the location of these shear events and regions of high free
volume.

13:27

B21 12 Rotational perturbations of colloidal suspensions near
the colloidal glass transition. PIOTR HABDAS, Dept. of Phys-
ics, Saint Joseph’s University ERIC R. WEEKS, Dept. of Physics,
Emory University By increasing the concentration of small solid
particles in a liquid (colloidal suspension) a colloidal glass transi-
tion is approached. This is due to the fact that the system becomes
increasingly crowded and when it reaches the glass transition it
becomes essentially jammed. Therefore, a colloidal suspension is
a model system that exhibits a glass transition. There are a few
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ways of locally perturbing a colloidal suspension. For example,
one of the colloidal particles can be dragged through the colloidal
suspension or a dimer made out of two small particles can be
rotated. To perform the latter, we mix a small number of para-
magnetic beads with dense PMMA particles. Some of the beads
form dimers which can be put into rotation by rotating an external
permanent magnet. Using confocal microscopy we study response
of the system to such local perturbation. In particular, we investi-
gate average spatial range of these perturbations and how it varies
with the rotational rate and sample concentration.

13:39

B21 13 Microscopy studies of the re-entrant glass transition.
ANDRZEJ LATKA, NORA GRANETO, PIOTR HABDAS,
Dept. of Physics, Saint Joseph’s University Colloidal suspensions
are a model system for studying the glass transition. At the volume
fraction ¢, ~ 0.58 a glass transition occurs and a hard sphere
colloidal glass is formed. The formation of hard sphere glass is
attributed to the ‘‘caging’” effect, in which the particles form
cages around each other that restrict their movement. Introducing
an attractive depletion force between the particles surprisingly
causes the hard sphere glass to melt and the system becomes a
liquid. Interestingly, by further increasing the attractive force an
attractive glass is formed. Our system is a suspension of nearly
hard-sphere colloidal particles and nonadsorbing linear polymer
which induces a depletion attraction between the particles. We
study the dynamics of the colloidal particles using microscopy
techniques. In particular, our research is focused on the transition
into the attractive glass phase.

13:51

B21 14 Scaling of non-linear viscoelastic transitions in soft
colloidal glasses MATTHEW HELGESON, NORMAN WAG-
NER, Center for Mol. and Eng. Thermodynamics, Dept. of Chemi-
cal Engineering, Univ. of Delaware, Newark, DE 19711 DIMI-
TRIS VLASSOPOULOS, FORTH, Inst. of Electronic Structure
and Laser, Gr-71110, Heraklion, Crete, Greece Soft colloidal par-
ticles undergo a transition to a glass-like state at sufficient con-
centration, due to kinetic trapping, similar to the glass transition in
hard sphere systems. In this work we explore the use of rheologi-
cal measurements as a tool to probe the mechanisms that lead to
structure formation and breakage under shear in the glassy state
for a monodisperse solution of multi-arm star polymers in an
athermal solvent. Maxima in the loss moduli are observed with
increasing strain amplitude at the onset of shear melting. We show
that the transition to non-linear viscoelastic behavior and the onset
of flow follow a systematic, rate-dependent trend. Specifically the
critical strain increases with frequency. We discuss this trend in
terms of phenomenological understanding of the kinetic trapping
of soft colloids in the glassy state, leading to characterization of
the softness of the colloidal glass as well as mechanisms of shear
melting.

SESSION B22: FOCUS SESSION: CURRENT DRIVEN
MAGNETIZATION DYNAMICS II

Monday Morning, 13 March 2006

319, Baltimore Convention Center at 11:15

Mark Stiles, National Institute of Standards and
Technology, presiding

Contributed Papers

11:15

B22 1 Reduction of the FMR damping in the nonlinear regime.
OLIVIER KLEIN, GREGOIRE DE LOUBENS, VLADIMIR V.
NALETOV,* CEA Saclay, Service de Physique de I’Etat Con-
dense It is well known in magnetic resonance, that the Gilbert
damping coefficient cannot be extracted directly from the line-
width measurements. The later quantity only yields an upper
bound value of the coupling to the lattice. In contrast simultaneous
measurement of the microwave susceptibility and the longitudinal
component of the magnetization gives directly the ratio between
energy stored over the energy absorbed in the sample. This quan-
tity is proportional to the spin-lattice relaxation rate of the excited
system. We have recently measured the power dependence of this
ratio in the nonlinear regime of YIG samples. Surprisingly, we
find that the energy damping coefficient decreases dramatically
above the Suhl’s thresold while the linewidth increases.

*also at: Physics Department, Kazan State University.

11:27

B22 2 The Periodic Table of Damping in Doped Permalloy
Thin Films JAMES RANTSCHLER, NIST DEEPTHI PULU-
GURTHA, GWU LAWRENCE MATTHEW CONNORS, Rice
Univ. ANDREW CHEN, AUDI CASTILLO, ALEXANDER
SHAPIRO, WILLIAM EGELHOFF, JR., ROBERT Mc-
MICHAEL, BRIAN MARANVILLE, NIST In a survey of thin
film Permalloy doped with transition metals, we have constructed
a periodic table of damping. We have co-sputtered 25 nm Permal-
loy films with twenty-one different dopants (Ti, V, Cr, Mn, Co,
Cu, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, and Au)
with at least ten cocnetrations. We measured damping with ferro-
magnetic resonance spectroscopy (FMR) and concentration with
energy dispersive x-ray spectroscopy. Out-of-plane rotation FMR
experiments were used to separate the extrinsic linewidth contri-
butions produced by inhomogeneities in the sample from the in-
trinsic damping of the material. In all samples, doping increased
damping, but the effect varied considerably. Trends in the periodic
table include larger damping for the heavier elements and larger
damping when the d shells are half-full. When using the dimen-
sionless damping parameter of the Landau-Lifshitz-Gilbert equa-
tion to describe magnetization dynamics, undoped Permalloy is
generally found to have a damping parameter of 0.008. In this
study doping increased the damping parameter in all cases; the
weakest effects were as little as 0.0001 per atomic percent of
copper or silver, while the largest effect was measured to be 0.006
per atomic percent of osmium.
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B22 3 Enhanced Magnetic Damping in Spin-Transfer Excita-
tion E. M. RYAN, P. M. BRAGANCA, J. C. READ, N. C. EM-
LEY, G. D. FUCHS, J. C. SANKEY, D. C. RALPH, R. A. BU-
HRMAN, Cornell University While magnetic damping is
understood to play a fundamental role in spin-torque phenomena,
little experimental work has been done to study the effect of vary-
ing the damping parameter a. Recently, light terbium (Tb) doping
in thin films of permalloy (Py) has been shown to increase a by
several orders of magnitude [1]. To directly study the effect of
increased « on spin-transfer systems, we have fabricated 0.008
um? Py/Cu/Py nanopillar spin valves with Tb-doping between 0
and 2% in the free layer. We find that the critical currents for

Invited Papers

11:51

reversibly switching the free layer (proportional to «) are several
times larger on average in the 2% Tb samples than in pure Py
samples. This substantial increase is still considerably less than the
increase in « observed in the bulk film measurements of similar
composition samples, suggesting that processes other than intrin-
sic spin-orbital coupling can dominate « in spin-transfer nanopil-
lars, in agreement with simulation and pulsed measurements [2].
We compare this effect across a range of temperatures, and also
discuss how the Tb doping affects the processional dynamics.
These results suggest one approach for controllably reducing the
negative impact of spin torque effects on nanoscale spin valve and
tunnel junction read head sensors. [1] W. Bailey, P. Kabos, F.
Mancoff, and S. E. Russek, IEEE Trans. Magn. 37, 1749 (2001).
[2] P. M. Braganca, et al. Appl. Phys. Lett. 87, 112507 (2005).

B22 4 Field and Current-Driven Domain Wall Motion in Permalloy Nanowires.*

GEOFFREY BEACH, The University of Texas at Austin

Ferromagnetic nanowires provide a well-defined conduit for domain walls, which may be manipulated and used in a
variety of information storage and processing schemes. A domain wall may be displaced by a magnetic field or by an
electric current traversing the wall via spin-momentum transfer. Many experiments have focused on the depinning of a
domain wall by a current, but few have addressed the subsequent propagation of a depinned wall, whether driven by
current [1], field [2,3], or both. Using high-bandwidth scanning Kerr polarimetry, we have studied time-resolved motion
of field and current-driven domain walls in Permalloy nanowires. Domain dynamics models predict that above a threshold
field, uniform wall translation gives way to turbulent wall motion, a dynamic internal wall structure, and a substantial
drop in wall mobility. We have observed this transition at an unexpectedly low field [3], suggesting that in many
experiments, wall motion is far more complex than the smooth translation typically assumed. The interaction of a dc
current with a propagating domain wall is likewise more complex than existing spin-torque models predict. We find a
nonlinear response of the wall velocity to a dc current, with velocity enhancements approaching 40 m/s at a current
density of ~ 6X 10" A/m?. The response may be represented by a field-independent linear term, consistent with theory,
and a field-dependent nonlinear term that overtakes the linear term at moderate currents. This latter term may arise from
the interaction of the current with a vortex in the wall. [1] A. Yamaguchi, et al., Phys. Rev. Lett. 92, 077205 (2004) [2]
T. Ono, et al., Science 284, 468 (1999); D. Atkinson, et al., Nature Mater. 2, 85 (2003). [3] G. S. D. Beach, et al., Nature

Mater. 4, 741 (2005).

*Supported by NSF-DMR-0404252 and the R. A. Welch Foundation.
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B22 5 Direct observation of current driven domain wall dis-
tortions, transitions, and propagation in ferromagnetic wires.
W. CASEY UHLIG, JOHN UNGURIS, National Institute of Stan-
dards and Technology, Gaithersburg, MD 20899-8412 Spin trans-
fer torque induced domain wall distortions, transitions between
vortex and transverse wall states, and defect-to-defect hopping of
domain walls were all observed while flowing current through
narrow ferromagnetic wires. Domain walls in 100 nm, 300 nm,
and 1 um wide stripes fabricated from 12 nm and 24 nm thick
NiFe films were directly imaged using scanning electron micros-
copy with polarization analysis (SEMPA). SEMPA images re-
vealed that small current densities initially distort the domain
walls which are fixed at random pinning defects along the wires. If
the current density is increased above 5x10'! A/m?, the wall is
usually swept from the wire, but at smaller currents, the domain
wall simply jumps a short distance to the next pinning site before
stopping. For vortex type domain walls, the vortex core moves
towards the stripe edge, perpendicular to the wall propagation
direction. If the core reaches the edge, it is annihilated, thereby
converting the vortex into a transverse wall. The direction of the

vortex core motion and thus the chirality of the resulting trans-
verse wall are dependent on the applied current direction. The
observed domain wall distortions, transitions, and interactions
with defects are all expected to play a significant role in spin
torque driven magneto-electronics. Work supported in part by the
Office of Naval Research.

12:39

B22 6 Spin Transfer Torque for Continuously Variable Mag-
netization JIANG XIAO, ANDREW ZANGWILL, School of
Physics, Georgia Institute of Technology MARK STILES, Na-
tional Institute of Standards and Technology We report quantum
and semi-classical calculations of spin current and spin-transfer
torque in a free-electron Stoner model for systems where the mag-
netization varies continuously in one dimension. Analytic results
are obtained for an infinite spin spiral and numerical results are
obtained for realistic domain wall profiles. The adiabatic limit
describes conduction electron spins that follow the sum of the
exchange field and an effective field produced by the gradient of
the magnetization in the wall. Non-adiabatic effects arise for short
domain walls but their magnitude decreases exponentially as the
wall width increases. Our results cast doubt on the existence of a
non-adiabatic contribution to the spin-transfer torque.
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12:51

B22 7 Nonlinear regimes of current-induced domain wall mo-
tion YA. B. BAZALIY, M. HAYASHI, B. A. JONES, S. S. P.
PARKIN, IBM Almaden Research Center A. JOURA, Department
of Physics, Georgetown University We study theoretically the
current-induced motion of a magnetic domain wall in a nanowire
in the presence of external magnetic field and pinning potential.
The wall is assumed to be rigid and is described by the one-
dimensional model equations [1,2]. Both ‘‘adiabatic’” and ‘‘non-
adiabatic’’ spin-transfer terms are taken into account. The current-
induced motion differs significantly below and above the Walker
breakdown, i.e., in the regimes when the deflection angle is close
to a particular value vs. when it makes the full circles. We find two
novel phenomena. The first one is the existence of a stable auto-
generation regime for a wall trapped in a shallow pinning center.
The second is the ‘‘reversed motion window’’ regime in the situ-
ation when current and magnetic field push the domain wall in
opposite directions. Both regimes are qualitatively different from
the domain wall resonance regime studied in Ref. [1,3], or zero
field current induced motion [1,2]. Reversal of the domain wall
velocity by a relatively small current above the Walker breakdown
was recently achieved in Ref. [4]. 1. Gen Tatara and H. Kohno,
Phys. Rev. Lett. 92, 086601 (2004). 2. A. Thiaville et al., Euro-
phys. Lett., 69, 990 (2005). 3. E. Saitoh er al., Nature, 432, 203
(2004). 4. M. Hayashi et al., submitted (2005).

13:03

B22 8 Interactions between domain walls and spin currents M.
KLAUI, M. LAUFENBERG, D. BACKES, W. BUHRER, U. RU-
DIGER, Fachbereich Physik, University of Konstanz, Germany L.
VILA, C. VOUILLE, G. FAINI, LPN - CNRS, Maroussis, France
A promising novel approach for switching magnetic nanostruc-
tures is current-induced domain wall propagation (CIDP), where
due to a spin torque effect, electrons transfer angular momentum
to a head-to-head domain wall and thereby push it in the direction
of the electron flow without any externally applied fields. This
effect has been observed with a variety of techniques including
MFM [1] and spin polarized scanning electron microscopy [2] to
directly observe current-induced domain wall propagation in fer-
romagnetic nanostructures and magnetoresistance measurements
to systematically probe the critical current densities as a function
of the geometry [3]. The observed wall velocities and critical
current densities, where wall motion sets in at room temperature,
do not agree well with theoretical OK calculations [4]. We have
therefore measured the critical current densities as a function of
the sample temperature. We find that the spin torque effect be-
comes more efficient at low temperatures, which could account for
some of the observed discrepancies between the 300K experiment
and the OK simulation. [1] A. Yamaguchi et al., Phys. Rev. Lett.
92, 77205 (2004); [2] M. Klaui et al., PRL 95, 26601 (2005); [3]
M. Klaui et al., PRL 94, 106601 (2005); [4] A. Thiaville et al.,
EPL 69, 990 (2005); G. Tatara et al., APL 86, 252509 (2005);

13:15

B22 9 Current-Driven Resonance of Single Domain Wall in
Permalloy Nanowires SEOK-HWAN CHUNG, FRANK Y.
FRADIN, AXEL HOFFMANN, Materials Science Division and
Center for Nanoscale Materials, Argonne National Laboratory
The manipulation of magnetic domain structures with electrical
transport current is of fundamental interest for understanding the
magneto-transport properties of spintronic devices. We measured
current driven domain wall resonance by using a well-defined
single domain wall in half-circle nanowires with 35 wm radius.

Nanowires of 40 nm-thick and 250 nm-wide Permalloy with con-
tact pads were fabricated by multi-step electron beam lithography
and subsequent lift-off processes. A single ittransverse magnetic
domain wall can be effectively introduced and pinned in the center
of the nanowire, due to the strong shape anisotropy, by applying
external field perpendicular to the center of the wire. This was
confirmed with magneto-transport measurement, magnetic force
microscopy and micromagnetic simulation. We observed single
domain wall resonance by measuring the reflected power as a
function of driving frequency and applied pinning field. From
these measurements, we can obtain the domain wall inertia (Dor-
ing mass), which is 4X 10~ %g/cm? in our sample. The critical
current density for the wall motion is ~ 1X 10’A/cm?. We at-
tribute the mechanism of the current driven wall motion in our
sample to the spin and momentum transfer from s electrons in the
conduction band to the local d electrons in the domain wall. *
Supported by DOE, BES under contract W-31-109-ENG-38.

13:27

B22 10 Spin accumulation and resistance due to a moving
domain wall J. IEDA, S. TAKAHASHI, CREST, Japan Science
and Technology Agency; Institute for Materials Research, Tohoku
University S. E. BARNES, Physics Department, University of Mi-
ami S. MAEKAWA, CREST, Japan Science and Technology
Agency; Institute for Materials Research, Tohoku University The
resistance of magnetic nanowires containing a moving domain
wall (DW) is studied. The excess resistance due to the DW has
been shown in a number of transport experiments [1]. Theoreti-
cally, the DW resistance is investigated along with the concepts of
the spin dependent scattering with spin mistracking and the spin
accumulation, where the DW is assumed static just producing the
exchange field to conduction electrons. For a moving DW, how-
ever, the angular momentum transfer effect [2] should be incor-
porated to those mechanisms. In this presentation, we discuss this
effect along with the spin accumulation mechanism. The fre-
quency dependence of the spin accumulation is also presented. [1]
J.F. Gregg et al., PRL77, 1580 (1996); U. Ebels et al., PRL84, 983
(2000); E. Saitoh et al., Nature432, 203 (2004). [2] S. E. Barnes
and S. Maekawa, PRL95, 107204 (2005); cond-mat/0410021.

13:39

B22 11 Theory of Antiferromagnetic Metal Spintronics REM-
BERT DUINE, The University of Texas at Austin ALVARO
NUNEZ, PAUL HANEY, ALLAN MACDONALD, The Univer-
sity of Texas at Austin Spintronics in ferromagnetic metals is built
on a complementary set of phenomena in which magnetic con-
figurations influence transport coefficients and transport currents
alter magnetic configurations. In this talk I will argue that nano-
structure circuits containing antiferromagnetic elements have large
potential for applications, partly because the critical current for
inducing magnetization dynamics may be smaller than for ferro-
magnets. This occurs in part because spin torques that lead to
current-induced switching act through the entire volume of an
antiferromagnet. I will explain how this follows from the special
symmetry properties of antiferromagnets.
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13:51

B22 12 Towards ab-initio calculations for antiferromagnetic
metal spintronic devices. PAUL HANEY, DEREK WALDRON,
ALVARO NUNEZ, REMBERT DUINE, HONG GUO, DEREK
WALDRON, In conventional spintronics, the electron’s spin de-
gree of freedom is exploited to construct systems which exhibit
behavior of practical importance and fundamental scientific inter-
est. The prototypical system is a heterostructure which consists of
alternating layers of ferromagnetic and paramagnetic materials.
Such a system is used to study GMR and spin transfer torque, the
two most important phenomena in spintronics today. In GMR, the
relative orientation of magnetic layers affects the current flowing
through a heterostructure, while in spin transfer the current flow-
ing through the structure effects the orientation of the magnetic
layers. It is of interest to consider what type of effects occur in
structures containing antiferromagnetic materials. To this end, re-
alistic calculations of GMR and spin transfer in antiferromagnetic
heterostructures are presented. The calculations are carried out
using ab-initio NEGF methods, using the LSDA extended to non-
collinear magnetic configurations. Preliminary results of a Cr-
Au-Cr structure are presented as an example of an experimentally
realizable antiferromagnetic system.

14:03

B22 13 Nonequilibrium Green’s function calculations for an-
tiferromagnetic metal spintronic nanocircuits ALVARO
NUNEZ, REMBERT DUINE, PAUL HANEY, ALLAN MAc-
DONALD, The University of Texas at Austin In this talk I will
present results of nonequilibrium Green’s function calculations on
toy-model heterostructures containing antiferromagnetic elements
that are intended to illustrate some generic aspects of their spin-
tronic properties. Using this formalism we calculate the nonequi-
librium spin density of the electrons which, in a microscopic pic-
ture of spin transfer, gives rise to spin transfer torques. The main
result is that, unlike the case of ferromagnets to ferromagnets, the
spin transfer acts throughout the entire antiferromagnet, making
current a very effective way to induce collective magnetization
dynamics. Preliminary results on the influence of disorder and
surface roughness will be presented.

SESSION B23: QUANTUM SPIN CHAINS I
Monday Morning, 13 March 2006

320, Baltimore Convention Center at 11:15
Christopher Landee, Clark University, presiding

11:15

B23 1 Calculated And Experimental Exchange Interactions In
A Strong-rail Spin Ladder CHRISTOPHER LANDEE, A. SHA-
PIRO, M. M. TURNBULL, Clark University, Worcester, MA
01610 J. NOVOA, J. RIBAS, Departament de Quimica Fisica,
Universitat de Barcelona, Barcelona, Spain. Low-dimensional
magnetic lattices with moderate exchange interactions can be con-
veniently formed by combining organic cations with tetrahalocu-
prates. In these compounds, the ultimate structure is ultimately
determined by size, shape and hydrogen-bonding capacity of the
cation with the magnetic interactions occurring through halide-
halide contacts. A variety of these compounds have been studied

[1] and techniques have been developed for calculating the mag-
netic exchange interactions from first principles [2,3]. We report
on the synthesis, structure and magnetic properties of (2,3-
dimethylpyridinium),CuBr,, which is the second spin ladder to be
found with a stronger rail interactions (J,,,,,/kg = 9 K, J,,;/kg =
17 K). Comparison will be made between the exchange constants
calculated from first principles and those obtained from experi-
mental data. 1. C. P. Landee itet al, itPhys. Rev. B 63 100402
(2001). 2. M. Deumal itet al, itPolyhedron 22 2235-2239 ( 2003).
3. M. Deumal itet al, itEuro. J. Inorg. Chem. 2005, 4697-4706.

11:27

B23 2 Novel Raman resonance in ladder spin systems ALEX-
ANDER DONKOV, ANDREY CHUBUKOV, UW-Madison We
consider Raman intensity in spin S two-leg- spin-ladder, with the
goal to understand recent experiments[1,2]. We argue that the
Raman intensity has a pseudo-resonance peak whose width is very
small at large S. The pseudo-resonance originates from the exis-
tence of a local minimum in the magnon excitation spectrum, and
is located slightly below twice the magnon energy at the mini-
mum. The physics behind the peak is surprisingly similar to that in
the excitonic scenario for the neutron and Raman resonances in a
d — wave superconductor. We also consider mid-infrared X-ray
scattering in 2D systems and compare the results with recent mea-
surements [3]. [1] A. Gozar et al, Phys. Rev. Lett. 87, 197202
(2001). [2] S. Sugai and M. Suzuki, Phys stat sol (b) 215, 653
(1999). [3] J. P. Hill, G Blumberg et al, [unpublished]

11:39

B23 3 Theory of spin gaps in the dimerized quarter-filled two-
leg rectangular ladder* YONGGUO YAN, SUMIT MAZUM-
DAR, University of Arizona Despite the extensive work on even-
leg spin-ladders and 1/2- filled band electron-ladders' , little is
known currently about commensurate non-1/2-filled band electron
ladders. We report density-matrix renormalization group calcula-
tions of spin gaps in the 1/4-filled band correlated two-leg rectan-
gular ladder with dimerization along the legs of the ladder. In
contrast to the uniform ladder, spin gaps in the dimerized ladder
can be significant. Very large spin gaps, as are found experimen-
tally in quarter-filled band organic charge-transfer solids with
coupled pairs of quasi-one-dimensional stacks”, however, occur
within the model only for large leg dimerization and electron hop-
ping along the rungs that are nearly equal to the hopping along the
legs.

*Supported by NSF-DMR-0406604

'E. Dagotto and T.M. Rice, Science 271, 618 (1996).
’E. Ribera et al., Chem. Eur. J. 5, 2025 (1999).

11:51

B23 4 Magnetic and electrical properties of the double chain-
type compounds NaRh,0, and NaMn,0, K. YAMAURA,
NIMS (Japan) Q. HUANG, NIST M. MOLDOVAN, D.P.
YOUNG, Louisiana SU E. TAKAY AMA-MUROMACHI, NIMS
(Japan) Both compounds share the same structure basis in which
the 6- fold coordinated transition metal, RhO¢/MnQOg, forms a
double chain-type wunit by sharing the octahedra edges
(CaFe,Oy4-type structure, not spinel-like). We were interested in
the compounds because those magnetic and electrical properties
might reflect nature of the correlated 4d/3d electrons on the an-
isotropic basis. The compounds were recently synthesized for the
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first time. The structure, magnetic and electrical properties were
investigated by neutron diffraction, magnetic susceptibility, and
electrical transport measurements of those high-quality polycrys-
talline samples. The data indicate NaRh,O, is metallic down to
1.8 K and the magnetic susceptibility shows a broad cusp around
~ 100 K. NaMn, O, is highly electrically insulating with and with-
out presence of a magnetic field. The manganese oxide goes into
an anti-ferromagnetically ordered state at low temperatures
through two-steps process at ~ 40 K and ~ 10 K. We will give a
detailed report about the properties of the two new compounds.

12:03

B23 5 Spinless Fermionic ladders in a magnetic field SAM
CARR, BORIS NAROZHNY, ALEXANDER NERSESYAN,
The Abdus Salam ICTP, Trieste, Italy We study a system of in-
teracting spinless fermions hopping on a two-leg ladder subject to
an external magnetic field perpendicular to the ladder. At
1/2-filling, we find a series of quantum phase transitions as a
function of the magnetic field: these are either U(1) Gaussian
phase transitions between two phases with distinct types of long-
range order or Berezinskii-Kosterlitz-Thouless transitions between
ordered and gapless phases. At 1/4-filling, we also find long-range
order: a bond density wave or a staggered flux phase, each sup-
porting excitations with fractional charge.

12:15

B23 6 Magnetic Susceptibility and Heat Capacity of Single
Crystal CaV,0, Containing S = 1 J,-J, Antiferromagnetic
Spin Chains* A. NIAZI, D. C. JOHNSTON, S. BUD’KO, D. L.
SCHLAGEL, T. A. LOGRASSO, Ames Lab., lowa State U.,
Ames, 1A 50011, USA A. HONECKER, TU Braunschweig, Inst.
Theor. Phys., 38106 Braunschweig, Germany The compound
CaV,0, has an orthorhombic Prnam structure and contains spin
S = 1 zig-zag (J;-J,) chains running along the crystallographic
b-axis. Structural considerations suggest that J; ~ J,, which
would result in competing frustrating antiferromagnetic (AF) in-
teractions in this low-dimensional system. Previous studies on
powders have suggested collinear spin models, a gapless chiral
phase, or spin freezing below 20 K@. We have grown single
crystals of CaV,0, for the first time and carried out magnetization
and heat capacity measurements down to 1.8 K@. We observe
long-range AF ordering at 7y = 54 K with the easy axis being the
c-axis, as reflected by anisotropic susceptibility y below Ty . The
magnetic specific heat C;**(T) up to 100 K, obtained after sub-
tracting the lattice contribution of nonmagnetic isostructural
CaSc,0,, shows a clear signature of long-range magnetic order at
TN . However, the molar entropy attains only ~ 1/4 of its maxi-
mum value 2RIn(3) by 100 K, indicating strong short range order
above Ty and large values J;,J, > 100 K@. This is consistent
with our estimates J; ~ J, ~ 150-300 K obtained by compari-
son of our x(7) data with exact diagonalization calculations of
x(T).

*Supported by the USDOE under Contract No. W-7405-ENG-82.

12:27

B23 7 Profiles of magnons and spinons in a spin ladder DAVID
CLARKE, OLEG TCHERNYSHYOV, Department of Physics
and Astronomy, Johns Hopkins University JEAN-BAPTISTE
FOUET, Institut Romand de Recherche Numérique en Physique
des Matériaux FREDERIC MILA, Institute of Theoretical Phys-
ics, Ecole Polytechnique Fedeérale de Lausanne We have studied
quantum phase transitions between magnetization plateaux and
gapless incommensurate states in a frustrated spin ladder placed in

a magnetic field'. The transitions are triggered by a condensation
of magnons (spinons) at the edge of an integer (half-integer) mag-
netization plateau. In this talk we will describe magnetization pat-
terns formed in a finite ladder just off a magnetization plateau, i.e.
at low concentrations of magnons or spinons. In these regimes the
magnons and spinons behave as noninteracting fermions carrying
spins S = *1 and * 1/2, respectively. The spinons also act as
domain walls, thus causing a dramatically different magnetization
pattern from that of the magnons. The analytical results obtained
agree well with numerical data.

F. Mila, Eur. Phys. J. B 6, 201 (1998).

12:39

B23 8 Ferromagnetic-antiferromagnetic alternating exchange
spin-dynamics in the low-dimensional quantum magnet
DMACuCl; MATTHEW STONE, Oak Ridge National Labora-
tory WEI TIAN, University of Tennessee MARK LUMSDEN,
GARRETT GRANROTH, DAVID MANDRUS, Oak Ridge Na-
tional Laboratory JAE-HO CHUNG, National Institute for Sci-
ence and Tecnology STEPHEN NAGLER, Oak Ridge National
Laboratory The spin magnet dimethylammonium trichlorocuprate,
DMACuCl;, has been considered both an alternating
ferromagnetic-antiferromagnetic chain along the crystalline a-axis
as well as a collection of isolated ferromagnetic and antiferromag-
netic spin pairs. However, no spectroscopic probes have been ap-
plied until now to determine the underlying nature of the spin
dynamics. We present results of single crystal inelastic neutron
scattering measurements which clearly indicate that the magnetic
excitations in DMACuClypropagate along the crystalline b-axis,
not the proposed a-axis. A single magnetic excitation is observed
with a gap of 0.98 meV and a bandwidth of approximately 0.67
meV. The quasi-one-dimensional excitation spectrum is domi-
nated by a strongly coupled ferromagnetic spin-pair or dimer with
weaker antiferromagnetic interdimer interactions. In light of this
classification, we make comparisons to previously measured spe-
cific heat and magnetization measurements. We also place a limit
on inter-dimer interactions perpendicular to the chain axis and
propose a potential multi-chain model for DMACuCl;.

12:51

B23 9 Copper Phenazine Dichloride, a S=1/2 Heisenberg An-
tiferromagnetic Chain R. T. SCHNEIDER, C. P. LANDEE, M.
M. TURNBULL, Clark University, Worcester, MA 01610 F. F.
AWWADI, Department of Chemistry, Washington State Univer-
sity, Pullman, WA 99164 Low-dimensional antiferromagnets pro-
vide good testing grounds for predictions of cooperative quantum
behavior. S=1/2 copper ions bridged by organic ligands such as
pyrazine form antiferromagnetic chains with exchange strengths
weak enough to be overcome by available magnetic fields. [1]
Phenazine (Phz) (C,HgN,) is similar to pyrazine in its ability to
form magnetic chains but has a different electronic structure re-
sulting in different exchange strengths. We report on the synthesis,
crystal structure, magnetic susceptibility, and high field magneti-
zation of Cu(Phz)Cl,. Its behavior can be described as that of a
Heisenberg antiferromagnetic chain with an exchange constant |J
|’/ky = 33 K. The exchange strengths of chains with pyrazine,
quinoxaline, and phenazine will be compared. [1] M. B. Stone et
al, Physical Review Letters 91, 037205 (2003).

13:03

B23 10 Real-Space Treatment of Spin-Peierls Transitions:
Gap Equation of the S = 1/2 Heisenberg Antiferromagnetic
Chain ZOLTAN SOOS, SHARON BEWICK, Princeton Univer-
sity The spin-Peierls transition at Tgp of s = 1/2 Heisenberg AF
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chains with linear spin-phonon (sp-ph) coupling is modeled by
exact solution up to 18 spins. Spin correlations alter the gap rela-
tion between Tgp and the singlet-triplet gap, Eg;, from the free-
fermion or mean-field (mf) result by 30%. Direct solution accounts
for the spin-Peierls transition, magnetic susceptibility and magne-
tization of the prototypical TTF" (tetrathiafulvalene) spin chain in
TTFCu(BDT). Strong sp-ph coupling is required for size conver-
gence. Exact analysis of finite chains conserves total spin, while
mf or bosonization approximations for spinless fermions in infinite
chains only conserve the z component and have axial rather than
spherical symmetry in spin space.

13:15

B23 11 Phonon spectra in Spin-Peierls transitions FRANZ
MICHEL, TU Graz, Austria HANS GERD EVERTZ, TU Graz,
Austria We present phonon and spin spectra from precise Quan-
tum Monte Carlo simulations of Spin-Peierls systems, in one and
two dimensions with acoustical and with optical phonons. We
introduce a new technique which allows the direct integration of
phonons for a given spin configuration. Together with cluster
simulations for spins and a mapping from SSE to continuous time
this allows efficient simulations of large systems at finite tempera-
ture and close to T=0.

13:27

B23 12 Spin excitations in S = 1/2 AFM chains with alternat-
ing g-tensor and the Dzyaloshinskii-Moriya interaction. S.A.
ZNYAGIN, J. WOSNITZA, Dresden High Magnetic Field Labo-
ratory (HLD), Forschungszentrum Rossendorf, 01314 Dresden,
Germany A.K. KOLEZHUK, Physics Dept., Harvard University,
Cambridge, MA 02138 J. KRZYSTEK, National High Magnetic
Field Laboratory, Tallahassee, FL 32310 R. FEYERHERM,
Hahn-Meitner-Institute (HMI), 14109 Berlin, Germany The mag-
netic excitation spectrum of copper pyrimidine dinitrate (Cu-PM),
an § = 1/2 antiferromagnetic chain system with alternating
g-tensor and the Dzyaloshinskii-Moriya interaction, is probed us-
ing ESR spectroscopy in magnetic fields up to 25 T. The field-
induced gap is measured directly. Signatures of a soliton and
three breather branches are identified, and their frequency-field
dependences are described in frame of the quantum field sine-
Gordon model. Furthermore, the ESR linewidth and shift behavior
in Cu-PM in the perturbativespinon regime is studied as func-

tion of temperature and field. Excellent quantitative agreement
between theoretical predictions (Phys. Rev. Lett. 82, 5136 (1999))
and experiment is obtained. The results are published in: S.A.
Zvyagin etal., Phys. Rev. Lett. 93, 027201 (2004); ibid. 95,
012707 (2005).

13:39

B23 13 Dzyaloshinskii-Moriya interaction in LiCu,0,* LAS-
Z1.O MIHALY, Stony Brook University HELMUTH BERGER,
EPFL, Lasuanne LASZLLO FORRO, EPFL, Lausanne The far-
infrared optical spectrum of the spin 1/2 helimagnet LiCu,0, was
investigated in magnetic fields up to 14Tesla. In the paramagnetic
state a spin resonance line was observed corresponding to a
g-factor of about 2. The resonance broadens and practically dis-
appears around the phase transition temperature of T=25K, but it
is recovered at lower temperatures at a new position. The 2.5K
field dependence of the spin susceptibility and resonance fre-
quency is characteristic of a magnetically ordered system, where
the Dzyaloshinskii-Moriya interaction causes a finite gap of
1.5meV in the spin wave spectrum at q=0.

*Use of the National Synchrotron Light Source, Brookhaven Na-
tional Laboratory, was supported by the U.S. Department of En-
ergy, Office of Science, Office of Basic Energy Sciences, under
Contract No. DE-AC02-98CH10886.

13:51

B23 14 Meron and Haldane-Shastry spin chain states in quan-
tum dots MILICA MILOVANOVIC, ALEKSANDRA PETK-
OVIC, Institute of Physics, Belgrade We study solutions of the
Coulomb interaction problem, in the lowest Landau level approxi-
mation, of a quantum dot with N = 4 and N = 6 electrons, without
Zeeman term, and above the maximum density or filling factor one
state. By making maps of spin correlations of the solutions we are
able to connect excitations of the dot with states of the (one-
dimensional) Haldane-Shastry spin chain. We also argue that the
solutions of the problem without Zeeman term can be described as
meron quasiparticle excitations analogous to vortex excitations in
the completely polarized state. As a result we will describe how
these meron excitations and states of the dot can be connected with
spinon states of the Haldane-Shastry chain. This connection will
enable us to associate orbital spin currents to quantum dot states.

SESSION B26: FOCUS SESSION: SINGLE MOLECULE BIOPHYSICS: DNA & RNA
Monday Morning, 13 March 2006; 323, Baltimore Convention Center at 11:15

Ching-Hwa Kiang, Rice University, presiding

Invited Papers

11:15

B26 1 Dynamics of molecular motors with finite processivity on heterogeneous tracks.
DAVID NELSON, Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138, USA

The dynamics of molecular motors which occasionally detach from a heterogeneous track like DNA or RNA is consid-
ered.[1] Motivated by recent single-molecule experiments, we study a simple model for a motor 