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Dyna~iclig~tscaltering(Ol?).FOOELS
Use of F 81ber Opt 81GS QUaS 81- Elast 8lcPanIcle sizIng. Polymer latices

Dynamic light scatterl~g (OlS) technique Li ght Scatteri ng (FOQ ELS )Is used for characterizing the molecular

~:~y~:~ ~~~h:o~:rds~~~~~itCea~s~~~~:~~~e i nth e Part i c I e s i z i ng o f Pol Ymerfirst experimental use of the optical fiber
In 1975, It has been increasingly Impor- Lat ",cestant tool In the light scattering Instru-

mentation. There had been a great
amount of modification and develop-

ment of this instrumentation during last N. K. Singha C. Wu
couple of decades by so many re- ,

searchers. Here we repon the OlS study
of polymer latices of different panicle

size and different concentration using

various cells. The study shows that then II h b tt ffl I th DynamiC light scattering (DLS), quasI Experimental
qua Z ce sows e er e c ency an .
the acrylic cell for the latices of lower elastic light scattering (OELS), photon

concentration. Analysis by FOOElS for correlation spectroscopy (PCS), intensity Sample preparation
concentrated solution 01 the latex of fluctuation spectroscopy (IFS) are all sy-
smaller panicle size shows no deviation. nonymous terms 01 noninvasive laser- Polystyrene latex of different diameter
Anmysis of the latex of relatively larger light scattering technique that is used (e,g 489 nm, 305 nm and 69 nm) was ob-
panicles shows negative deviation. for characterizing the molecular changes tained from Seradyn Inc. (Indianapolis,

in physiological, chemical, polymer and IN). TIle sample was diluted to different

Verwendung van faseroplischer- colloidal systems (1,21. After the first ex- concenlration (i,e 1%, 0.1% and

uasielastischer Lichtstreuung perimental use of the opt!cal fi~er by ~a- 0.01%) using doubly distilled deioniz~d
q ..., naka and Benedek (3), It has been In- water (18.0 mn). The samples were III.

(FOOELS) In der Partlkelgronebe- creasing important tool in LLS instrumen- tered with different millipore membrane

stimmung van Polymerkristallen tation. Optical fibers whether single fillers in order to remove dust par1icles

0 . h l ' ht t (DlS) mode, multi mode or in blJndles are im- (for 489 nm par1icle by 0.8 ~Im filler, for

ynamlsc e IC s reuung '.

FOOElS .PanikelgroBebestimmung .por1ant tools for laser light scattenng 305 nm by 0.5 ~Im and for 69 nm by

Polymerkrislalle (LLS) experiments [1, 21. 0.2 ~Im). In the experimental set up of FO.

The basic principle of optical fiber in OELS used for the DLS measurements

Die Technik der dynamlschen Licht- using LLS instrumentation is that iltrans- with the probe is positioned jusl outside

streuung (OlS) wird zur Charakterisle- mits the laser lighllo the scallering med- the sample cell. II is provided with the
rung der Moleklilwanderungen in phy- ium as well as detects the back scallered systems of statistical averaging of re-

siologlschen. chemischen, polymeren laser light The lirst backscallering fiber pealed measurements. A laser beam
und kolloiden Systemen verwendet. Seit optic system, a fiber optic doppler anem- from 10 mw He-Ne operated at
der ersten.experimentellen Verwendung ometer (FODA) was described by Oyoll }. == 671 nm was transmilled to the sam-

1~75 hat.slc~ Glasfaser zunehme.nd zu (41 in 1978 The FODA "/as successfully pie solution by the transmilling optical fi-

elnem wlchtlgen Werkzeug der LIcht- .'.
l .

l t t . k II I used for DLS study 01 colloidal suspen. ber The backscattered light was receIved

s reuungslns rumen e en WIC e .m. -

Verlauf der lelzten Jahrzehnle wurde slons (5.. 6). Ollad'flal et all (I and Thomas by the receiving optical fiber. The optical

diese Technlk von zahlreichen Forschern 181 modified Illis s)'steln so that it can be fibers used here are all monomode. The

verandenund weiterenlwlckell. In die- used as very efficient and compacl back. end of receiving fiber is connected to
sem Beitrag wird liber eine DlS-Unter- scalier fiber oplic probe "Jhich provided a the photomultiplier detection system.

suchung an Polymerkristallen unler- self-beating detection of the scallered The volume of intersection of the trans-

schiedlicher TeilchengroBe und unler- light. In this case !he sell-beating fiber op- milling and the receiving liber.. is called

schiedlicher Konzentration unler Ver- tic probe comprises t"IO optical fibers scallering volume. The scallering angle

wendung verschiedener Zellen berichtel. placed side by side but mounted in com- in case of this FOOELS is 155°. In this
Die Sotud nle Zzeigl, t, dabB,dKie,Vterw

ll endun l g man ferrule. study we have used size distribution ana-

von ua z- e en e rs a en gernge- ." .

rer KonzentraUon elne bessere lei- Here we report the DLS study of differ- lysIs routines prOVIded by tile manufac-

stungsfahigkeit als die Akryl-Zelien be- ent polymer latices of different particle turer of the digital correlator. Brookhaven

sitzen. Ole Analyse von konzentriener size and of different concentration using Inslruments Corporation, Holtsville, USA.

latexlosung mlt klelner Telichengrol1e different sample cells. This report ex- The measurements were carried out
durch FOOELS zeigt kelne Abwelchung. plains the scope and limitations of use using 10 mm square acrylic cell as well
Ole Analyse von latex mlt relativ groBe- of optical fiber probe for the LLS study as quartz cell. The fiber optic probe
ren Teilchen zeJgt negative Abweichung, of polymer latex par1icles. was positioned just outside the sample

cell. All measl.Jrements were performed

at 25 °c.
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Use 01 Fiber Optics Quasi-Elastic Light Scattering (FOOELS) ...

Theoretical background1 Where p(D) is the distribution in diffusion
coefficient due to the species present in I' : "",: : : : :

A random motion of small particles in the the solulion; a and b are the lower and I ". ..: : :

solution gives rise to fluctuations in the upper bounds on 0 respectively. C(~) I :;::
time intensily of the scaltered light. In I: : : :

this case the autocorrelatiorl funclion 2 5'
can be writlen as Result and discussion 1 10 10 103 10. 10 tOb

T (j1s)

C(l) = A.e-2rl + B (1) Different concentration of polystyrene la- Correlation Function
tex (PS) was analyzed with FOOELS at

Where t IS the time Interval, A IS an optical ...
..ambient temperature. The particle size Figure 1. A Correlation diagram of FOOELS

constant determined by the Inslrument. B of PS latex as well as the diffusion co-ef -analysis 01 a PS latex 01 69 nm using quartz
is also ~ co~stanl when I increases ~he ficient of the latices was measured wilh cell (0)
correlation IS lost and tI'Ie correlation FOOELS. Fig. 1 shows an example of
fu~ction appr~ach~s the const~nt B FOOELS anal sis of a PS latex. Before
r IS the relaxallon time of fluctuatIons. ..y ..

taking the final data It was ensured that as the concentration of polystyrene (PS)
r = Dq2 (2) a satisfactory correlation curve was latex of 69 nm decreases as the particle

q is calc lated from the scaltering angle 0 achieved. Fig. 1 shows a good correla- size of the latex increases. This means
(here it i~ 15SOj, the wavelength of the la- tion curve of a PS latex ~f 69 nm dia- t~ere is positive deviation from the act~al

I. ht " d th f t.. d ( ) f meter. An example of lhe different analy- diameter of the latex when measured with
ser Ig /I. an e re rac lYe In ex no. .
th d. I.. d tical data of the PS latex of 69 nm IS quartz cell or acrylic cell (Fig. 2). For 1 %

e suspen Ing IqUI ..
shown In Tab. 1. In each case, at least PS latex both the quartz cell as well as

q = ~ Sin ~ (3) three measuremenls of the elapsed the acrylic cell gives the concordant value
}. 2 time 5 minutes were carried out and it with the actual diameter. For dilute solu-

The translational diffusion co-efficient, 0 was ensured that the sample quality tion (i,e for 0.08% and 0.008%) quartz cell
is the principal quantity measured by was 9.8 to 10.0. Tab. 2 indicates that gives more accurate result than the ac-

.DLS. II is an inherently interesting prop-
erty of the particle. According to Stoke-
Einslein equation 0 can be expressed as

D=~ (4)
6Jt11r

where K is Boltzman constant, T is the

absolute temperature, 11 is the absolute
viscosity of the medium, r is the hydrody- Mean
namic radius. Std Error

In this study FOOELS first measures Combined

the autocorrelation function and fits this
function to eqn-1 to determine relaxation Table 2. Analysis 01 PS latex 01 69 nin using FOQElS
tune J-. 0 is calculated by using equation C ( Of ) C II d A C t P I di Dill ' Ell De .. ...onc.." e use vg. Olin oy- s- uslon ectlve VlallOn
2 & 3 which In turn calculates r, the size 01 Rale (q)s) persity Cael! Diameler Irom aclual
lhe particles. A self-bealing experiment (1Im:!jsl (/11111 dia/11eler
involves a measurement of a normalized (°0)

intensily-intensity temporal autocorrela- 1.0 Acf'jlic 63(1.9 0.141 3.47. iO.6 + 2.3
tion gi:!I(T). which is related to gtll({) 0.08 ACf'jliC 119.5 0.005 2.84 86.3 -1.25.0

O.OOB Acr)~lc 65.9 0.27i 2.04 120.2 +71.1
gI21({) = AI1 + I3lglll(T)121 (5) 10 Quartz 575.1 0.047 3.69 66.3 -3.9

0.08 Quartz 66.5 0.037 3.37 72.8 + 5.2
where P describes the spatial coherence 0.008 Quartz 9.~ 0.131 3.24 75.5 +9.4

of the scatlering volume.
For monodisperse sample the meas-

ured intensity-intensity autocorrelation Table 3. Analysis of PS latex 01305 nm using FOQELS

decays exponentially with a time constant CQnc:(%), Cell used Avg. CountPoly-diS- blffusion':'Eifecti\le:"De\~aiion:'
2q2D and a simple transformation yields c"; "Rate (cps)'persily' Coelf.':"<'plarneler:',from actual

~e~~a=~~~:~~~e ~i~;~~~e:o~u~:C~~~::~ 10, C<CC" AcrytlC 9777 '" ,0 131" ~",176 ,c c"cc1391c",c,,""'1838"c~
tion is b g:61"".' ~~:~

g(2)(T) = f p(D)e-q'o( dO (6) ~:~,,:,c ,~:~~ ~~gg g:~~~, c~:~~ ,;

a 0.01, Quartz. 46.4 0.030 0.76 :,,~28.3 " ",+7.6
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Use 01 Fiber Optics Ouasi-Elastic Ughl Scallering (FOOELS1. ~
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Figure 2. Plots of diameter measured with FOOELS vs concentra- Figure 3. Plots of diameter measured with FOOELS vs concentra-
tion (filled symbols) and deviation (%) of the measured diameter tion (filled symbols) and deviation (%) 01 the measured diameter
from the actual one (open symbols) lor PS latex of 69 nm from the actual one (open symbols) for PS latex of 305 nm.

rylic cell. Tab. 3 indicates the experimen-
tal results of PS latex of 305 nm. For 1 % [ I~~g:J. Acryliclatex ac rylic cell shows large negative de- ,., Acrua' Oi.. '"

T Ouorllviation (Fig. 3). As the concentration de- ~
creases the deviation decreases. For 500 i-.~ 0
1 % PS latex the observed diameter is ~
much less than the actual diameter. Bul _"0 II .10 §

.E ~for 0.1 % and 0.01 % solution the deV1a- ~ ~
..ction is much less and almost shows the Figure 4. Plots of ~ ,.. .'1;

original diameter (Rg. 4). diameler measured ~
The PS latex of 4B9 nm shows lower dia- with FOOEL~ vs 0 '00 ..

concentration (f,lIedmeter in case of acrylic cell as well as Symbols) and de- '0 -" '0quanz cell using 1 % latex solution viation (%J of the ~:.
(Tab. 4). Though quanz cell shows excel- measured diameter

from thl! actual one " .'co
lentresullforO.I%andO.01%latexsolu- (open symbols) for ., ,: "c""c""~'~I""'/%I.'" ,.
lion, the acrylic cell shows appreciable PS lalex of 489 nm
deviation for these two solutions.

In case of concentrated latex there is

multiple scattering, i,e the photons are 30B and 4B9 nm the extent of multiple of blood and other fluids. Acrylic offers
scattered more than once before reach- scattering is very ItJrge So there is large light Iransmission of 92~'o with particular
ing the detector 17). So. there is large un- deviation bel'Neen the Ineasured value clarity at lower wavelengths 01 270 to
certainly ill delermillation of scatlering and the original value 01 the particle 350 nm Ouarlz glass can Iransmillighl
angle In case 01 smaller parlicle (like size ollalices. as low as 220 nm (9) Acrylic has more
PS of 69 nm), the mulliple scattering is Acrylic cells are made 01 polymeth~.1 illloerfeclions tllan the quartz. cell be-
absent. Hence it shows least deviation methacrylate (PMIv1A) and have high che- cause 01 less order in packing compared
from the actual panicle size. Bul PS of mical resistance. It is used lor the analysis to well-defined packing in quanz materi-

al However, acrylic cells are much

cheaper than the quanz cell. In acrylicTable 4. Analysis of PS latex of ~89 11m using FOOELS cell the extent of local oscillation is

to more than in the quartz cell. It might

lead to larger deviation from the actual va-
c;, lue when measured with acrylic cell. Bre-

;! mer et al (101 and Thomas IB) observed

6'7 thaI in FOOELS pure homodyne and het-
0:0 erodyne detection could not be achieved
1:.0 in many situations. In homodyne method2
0.1 the auto correlation flJnction of the inlen-
0.0 sity of the scattered light is directly meas-
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; c Use of Fiber Oplics Quasi-Elastic Light Scattering (F~~S) " , -
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