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The pressure dependence of the long-wavelength transverse-optic-phonon frequency of KI and 
RbI was determined by infrared transmission me asurem ents. The mode Griineisen parame
ters thus obtained compa red well with those ca lculated fr om a rigid ion model using Born
Maye r-type potentials. The phas e transition to CsCI structure at appropriat e pressures was 
noted for both "crystals , accompanied by a lowe ring of the k<>< 0 TO phonon frequency. Infra
red t r ansmission measurem ent and its pre ssure dependence confirms that the mixed-c rystal 
syste m K1-xRb,.I fo r ms an intermediate class of mixed- crystal system "half-way" between the 
"two-mode" - and "one-mode"-type mixed crystals. 

INTRODUCTION 

Pressure-induced frequency shifts of long-wave
length optic phonons of ionic and partially ionic 
crystals were first measured1 by the far-infrared 
technique for LiF, NaF, and ZnS. Similar measure
ments have also been made2

,3 for KCI, KBr, and 
CsBr. Subsequently, the effect of pressure on the 
k "" 0, where k is the phonon wave vector, longitudi
nal-optic (LO) and transverse-optic (TO) phonons of 
diamond and a number of zinc blende and wurtzite
type crystals were studied4 by Raman-scattering 
measurements. It was also pointed out that a corre
lation seems to exist between the effective ionic 
charge of a crystal and the LO and TO mode 
Griineisen parameter, Yj, defined as 

(k) = _ d lnw j(k) 
Yj dlnV ' 

where Wj(k) represents the phonon frequency be
longing to a branch i and a wave vector i{"and V is 
the crystal volume. 

(1) 

The experimental data on the pressure dependence 
of the long-wavelength optic phonons along with the 
pressure derivatives of elastic constants may be 
used to calculate the lattice dynamics of crysWs as 
functions of volume. Such calculations have now 
been performed5

-
7 for CsCl, CsBr, CsI, LiF, NaF, 

KCl, KBr, and ZnTe . The resulting dispersion 
curves for Yj(k) have been used to obtain the 
Griineisen constant and the coefficient of thermal 
expansion. Remarkable agreement has been 
achieved between calculated and experimental values 
of the thermal-expansion coefficient. 

In this paper we report the effect of pressure on the 
long-wavelength TO phonon frequency of two more 
alkali halide crystals, viz ., KI and RbI. Nearly 
hydr ostatic pressure was applied by containing the 
crystals in an oppos ed anvil diamond cell, and the 
phonon frequency measured by infrared t r ansmis
sion. In addition to measuring the pressure-induced 
phonon frequency shift, a phase transition in both 
the crystals from NaCI to CsCl structure at the ap
propriate pressures was also observed. The k"" 0 
TO phonon frequency of KI (II) and RbI (II) are re
ported for the first time. 
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We have also measured the infrared transmission 
spectrum of K1_xRbJ under pressure. The effect of 
pressure has been reported8,9 so far only on three 
mixed-crystal systems, viz. , KCI1_J3r", ZnS1_~e", 
and CdS1_~e" . While the former forms a so-called 
""one-mode" -type mixed crystal, the latter two 
form "two-mode" -type mixed-crystal systems . Since 
K1_"RbJ appears to be the only mixed alkali halide 
system that displays10 a two-mode-type behavior, it 
was felt that a study of the effect of pressure on 
such a system would be interesting. 

EXPERIMENTAL 

The mixtures were prepared from the pure end 
members KI and RbI by weighing appropriate 
amounts of each, and heating to melting in a muffle 
furnace at a temperature of -750 °C. The mixtures 
were cooled, deSiccated, and when loaded for the 
spectral measurements, all sampling was done in a 
glove box flushed with dry nitrogen. The composi 
tions were checked by analysis for halogen. X-ray 
diffraction patterns confirmed that the fused mate
rials were a solid solution displaying a unique lat
tice constant that varied with mole fraction accord
ing to Vegard's law. 

The infrared measurements were made using a 
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FIG. 1. Long-wavelength transverse-optic phonon fre
quency of KI and RbI as functions of pressure. Results 
for both the low-pressure phase (NaCI structure) and the 
high-pressure phase (CsCl structure) are shown. 
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FIG. 2. A plot of long-wavelength TO mode frequency vs 
(1/ c)(r0/3/L) 1/ 2 for CsCI-type crystals. 

diamond-anvil high-pressure cell and a Perkin
Elmer Model 301 Far Infrared Spectrophotometer 
with a 6 x beam condenser. The method and appara
tus have been previously described. 3.11 

The powdered samples were placed between the dia
mond windows of the high-pressure cell. Pressure 
was alternately increased and decreased until the 
distribution of the solid appeared uniform across 
the face of the diamonds, as determined with a 
microscope . Sample thicknesses used were 1 J.1.m 
or less. Sample cross sections, depending on the 
diamond windows used, varied between 300 and 
500 J.1.m in diameter. The spectral measurements 
were made at highest pressures (about 20 kbar) 
first and then gradually diminished to ambient con
ditions. This procedure minimized any sample ex
trusion effects. The pressure-calibration procedure 
has been described in detail, previously. 2 Pressures 
quoted in this paper are average pressures. 

RESULTS AND DISCUSSION 

Long-Wavelength Transverse-Optic Phonons of K.I and RbI 

Figure 1 shows the effect of pressure on the k"" 0 
TO phonon frequency of KI and RbI. The STP values 
of TO frequency for KI and RbI crystallites mea
sured by the present method are 100 and 74 cm-t, 
respectively; and they compare well with literature 
values. 12 As expected, the TO phonon frequencies 
shifted upward as functions of pressure Wltil the on
set of phase transition from the NaCI to the CsCl 
structure. For RbI this transition is fairly sharp and 

occurs at 4. 5 kbar. On the other hand, for KI both 
phases appear to coexist between average pressures 
of 12-16.5 kbar, and are attributable to the pres
ence of pressure gradients along the face of the dia
mond windows. These transition pressures are com
parable to those measured by Brodgman. At the 
transition pressure, the frequency drops abruptly, 
as was also the case2 with KCl and KBr. Since the 
near-neighbor central-force constant can be shown 
to vary as M-' , where M is the coordination number, 
eigenfrequency is expected to vary approximately as 
M-1/2. Because of the higher coordination number of 
the CsCI structure the vibrational frequency is ex
pected to decrease at the transition to CsCl struc
ture, as shown in Fig. 1. 

Mitra and MarshaU13 have shown that the long-wave
length TO phonon frequency of the NaCI-type crys
tals is proportional to (ro/ J.1.(3)1/2, where J.1. is the re
duced mass per unit cell, ro is the equilibrium 
near-neighbor distance, and (3 is the isothermal . 
compressibility. A similar relation seems appro
priate also for alkali halides of CsCI structure. In 
Fig. 2 is plotted vTO vs (1/c)(ro/J.1.(3)1/2 for the CsCI 
structure which also includes data on the high-pres
sure phase of KCI, KBr, KI, and RbI (c is the veloc
ity of light). For the K and Rb salts, values of ro 
and (3 at the transition pressure14 are used. Indeed, 
a straight line passing through the origin is ob
tained. 

The mode Griineisen parameters for the long-wave
length TO phonons of KI and RbI were obtained from 
the initial slopes of vTO-vs-P curves of Fig. 1, us
ing Eq. (1) in the form 

VTO = {3V~OC:;o)T (2) 

When the zero-pressure slopes for the v TO vs pres
sure of KCI and KBr are used, slightly different 
values of YTO are obtained than those reported ear
lier.2 In Table I, the experimental values of YTO 

are presented for all the alkali halides measured 

TABLE I. Szigeti effective ionic charge and the Griineisen 
parameter for a number of alkali halide crystals. 

Crystal Szigeti effective ")ITO ")ITO ")ITO 
charge (e*/e)a (expt) b [Eq. (4»)C [Eq. (5»)d 

LiF 0. 87 2.6 2.44 3.46 
NaF 0.93 3.0 2.43 3.00 
KCl 0.81 2.9 2.52 2.92 
KBr 0.76 2.6 2.52 2.95 
KI 0.71 3.1 2.55 3.05 
RbI 0.75 2.5 2.59 3.10 
CsBr 0. 78 2.7 3.20 3.60 

aReference 12, p. 413. 
b")lTO for KI and RbI are from this study. Other values are 
collected from Refs. 1-3. 
cValues of the potential constant IT are from M. Born and 
K. Huang, Dynamical Theory of Crystal Lattices (Oxford 
U. P., New York, 1954), p. 26. 

dValues of the potential constant n are from F. Seitz, 
Modern Theory of Solids (McGraw-Hill, New York, 1940), 
p. 80. 


