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(a) Reflectivity versus frequency for an ideal crystal. (b) Infrared reflectivity
versus wavelength for NaCl at room temperature. The frequencies w, and w, correspond
to A = 61 and 38 x 10~ *cm, respectively. (c) Infrared transmissivity versus wavelength
for an NaCl thin film (of thickness 0.17 x 10~ 4cm) Dip is at frequency Wp.
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TO phonon LO phonon

Relative displacements of the positive and negative ions at one instant of time for a
wave in an optical mode traveling along the z axis. The planes of nodes (zero displacement) are
shown; for long wavelength phonons the nodal planes are separated by many planes of atoms. In
ghe transverse optical phonon mode the particle displacement is perpendicular to the wavevector

; the macroscopic electric field in an infinite medium will lie only in the =* x direction for the
mode shown, and by the symmetry of the problem 9E,/dx = 0. It follows that div E = 0 for a TO
phonon. In the longitudinal optical phonon mode the particle displacements and hence the dielec-
tric polarization P are parallel to the wavevector. The macroscopic electric field E satisfies D =
E + 47P = 0in CGS or ¢, E + P = 0 in SI; by symmetry E and P are parallel to the z axis, and
9E./9z # 0. Thus div E # 0 for an LO phonon, and &(w) div E is zero only if é(w) = 0.
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Optical mode parameters of heteropolar semiconductors '

Semiconductor €oo & . wroem™l  wroem™'  e/e
AlP 7.56 9.83 440 501 2.8 j ,
AlAs 9 11 361 404 23 Emi MMLA( A
AlSb 10.2 11.6 319 340 1.93
GaP 8.5 10.7 367 403 2.04 E”@‘ )2 c/ ﬁu{b)
GaAs 109 129 269 292 2.16 (FWM/ GIRONER] Ond (A0
GaSb 14.4 16.1 230 1243 2.15
InP 9.6 12.4 304 345 2.55
TnAs 12.3 14.9 219 241 2.53
InSb 15.6 17.7 185 197 2.42
ZnS 5.1 8.7 271 352 2.15
ZnSe 5.9 8.8 207 253 2.03 I’l ( [ QL
ZnTe 7.3 9.9 177 206 2.00 C V)/ 45
CdTe 7.3 10.8 140 170 2.35
HegTe 14.0 20.1 116 139 2.96 Infrared Lattice Data for Ionic Crystals
&) (0) @,10%radfs @, 107 radfs  e*/e
A
| , ,
8= > LiF 89 1.9 5.8 12 0.87
5= H[0 NaF 5.3 175 = 4.4 7.8 0.93
NaCl 562 2.25 3.08 5.0 0.74
NaBr 599 2.62 2.55 3.9 0.69
KCl 468  2.13 2.71 4.0 0.80
KBr 478  2.33 2.18 0.76
KI 494  2.69 1.91 2.64 0.69
_ . 0) RbCl 5 2.19 2.24 | 0.84
- ‘ % ) Y ‘RbBr 5 - 2.33 1.69 0.82
Fiony (%MY’ {’emgml)yép )' 4 7 R AgCl 123 4.04 1.94 3.4 0.78
© AgBr 131 4.62 1.51 2.5 0.73
. CsCl 720 2.60 1.87 31 . 085

CsBr 6.51 2.87 1.39 0.78
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Dispersion curves for the polariton. Dashed curves represent free modes,
while solid curves describe interacting modes—the polariton.
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A plot of the observed energieé and wavevectors of the polaritons and of the LO
phonons in GaP. The theoretical dispersion curves are shown by the solid lines. The dispersion
curves for the uncoupled phonons and photons are shown by the short, dashed lines.
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Real K

— — = Magnitude of K
when K is pure
imaginary

ol . wp=1x10"rad st
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Phononlike
N
xo®
° | ' :

K, in 10% cm™

Coupled modes of photons and transverse optical phonons in an ionic crystal. The fine
horizontal line represents oscillators of frequency wr in the absence of coupling to the electromag-
netic field, and the fine line labeled @ = ¢cK/Ve(®) corresponds to electromagnetic waves in the
crystal, but uncoupled to the lattice oscillators wr. The heavy lines are the dispersion relations in
the presence of coupling between the lattice oscillators and the electromagnetic wave. One effect
of the coupling is to create the frequency gap between wy, and wg: within this gap the wavevector is
pure imaginary of magnitude given by the broken line in the figure. In the gap the wave attenuates
as exp(—|Klx), and we see from the plot that the attenuation is much stronger near wy than near
wy. The character of the branches varies with K; there is a region of mixed electric-mechanical as-
pects near the nominal crossover. Note, finally, it is intuitively obvious that the group velocity of
light in the medium is always <c, because the slope dw/6K for the actual dispersion relations
(heavy lines) is everywhere less than the slope ¢ for the uncoupled photon in free space.
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Figure 3. (a) Nanoshells are tunable plasmonic nanoparticles. Micrographs show a field of many nanoshells (large micrograph) and one
nanoshell (small micrograph). Vials show nanoshells in solution. (b) Semiconductor quantum dots are tunable excitonic nanoparticles (courtesy
of the Bawendii group). A field of quantum dots is displayed in the bottom image; an individual quantum dot is shown in the upper-left micrograph.
Vials of quantum dots are also shown. Comparing single nanoshells to single quantum dots, nanoshells typically have a 106 larger absorption
cross section, nominally five times the physical cross section of the nanoparticle.
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