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The lattice dynamics of heavier alkali halides have been thoroughly investigated by means of an extended
three-body-force shell model {ETSM) developed by Singh and his collaborators. The theoretical predictions

I

achieved for the phonon dispersions, two-phonon Raman scattering and infrared-absorption spectra, and
Debye-temperature variations in the rubidium and cesium halides are in reasonably good agreement with the
experimental data. On the basis of such overall fair agreement, the ETSM can be regarded as an adequate and

appropriate model for the dynamical description of alkali halides, It is also interesting to note that ETSM is
capable of describing the dynamical and dielectric properties of heavier alkali halides with the same success as
it does for the light-weight alkali halides.

I. INTRODUCTION

Recently, Singh and co-workers' ~ have devel-'

oped an extended three-body-force shell model
(ETSM) for the lattice dynamics of ionic solids.
Its development is based on the incorporation of
the effects of long-range three-body forces' ' and
the extension of short-range two-body overlap re-
pulsion from first- to second-neighbor ions in the
conventional framework of both ions polarizable
rigid-shell model' (BSM). The framework of
ETSM is essentially an amalgamation of two most
commonly used and realistic phenomenological
models, namely, the RSM and deformation-dipole
modei9 (DDM). This is evident from the fact that
ETSM contains (a) the two-body long-range Cou-
lomb interactions and short-range overlap re-
pulsion operative up to the second-neighbor ions,
(b) the long-range three-body forces arising from
the deformation of the electron shells, and (c) the
dipole character of the constituent ions owing its
origin to the relative displacement between cores
and shells.

The framework of ETSM has some additional
features as compared to the original TSM"
(OTSM). This can be noted from the facts that
(i) the off-diagonal elements of the dynamical
matrix contains a completely new and significant
term besides minor modifications introduced in
various other quantities involved in them; (ii) the
ETSM framework is free from inconsistencies
present in OTSM due to inadvertant error in the
definition of ionic, core, and shell charges; (iii)
the three-body forces introduce important modi-
fications in various macroscopic relations namely
the Lorentz-Lorenz, Clausius-Mosotti, Ruffa,
and Szigeti relations and leave the weQ-known
Lyddane- Sachs- Teller relations unchanged.

Until now the ETSM has been applied success-
fully to describe the lattice dynamics of thallous

bromide, ' sodium halides, and cesium fluoride.
However, on the basis of this success alone the
versatility of ETSM cannot be generalized without

carrying out thorough investigation for the remain-
ing members of this family. The necessity for
such an investigation is also pertinent in view of

the Hardy's remark ' that no one model is
equally good for all the alkali halides, i.e., if a
given model in its simplest form is good for so-
dium (or lithium) halides the same model may be
much less satisfactory for rubidium (or cesium)
halides. In the first two cases the positive ions
are light @nd of low polarizability, whereas for
the second two cases the reverse is true.

This basic need motivated the present authors
to'study the lattice dynamics of heavier alkali
halides employing ETSM. The choice of these
solids as subjects of investigation has several
other motives also. Firstly, they are char-
acterized by large Cauchy violations, high di-
electric constants, and extremely large electronic
polarizabilities and ionic radii of the cations. Sec-
ondly, the OTSM' "being subject to some limita-
tions'~ has given a poor description of the lattice
dynamics of rubidium~ and cesium' halides. The
reason for poor description in case of cesium
halides' may be ascribed to the error inherent
in the model formalism. The three-body contribu-
tions to C» and C» are erroneous by a factor ~
in view of the fact that these authors'~ have written
(adf/d~), instead of 3 '~'x, (df/dr), with 2g ands,
as lattice constant and nearest-neighbor separa-
tion, respectively. Also, the contribution of sec-
ond-nei:ghbor interactions to p» estimated by
them' is twice as large as it should be. Further-
more, the overlap parameters of Lal and Verma'
carry a factor of 2 which is inconsistent with the
equilibrium condition [their'~ equation (2)].

The present work includes the predictions of the
phonon-dispersion relations, two-phonon Raman
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TAl3LE I. Input data for model calculation. f is superscript used to designate free-&» state.

Properties
Rbp

Value

Ref�.
I

Rbcl RbBr RbI
Value Ref. Value Ref. Value Ref.

Elastic constants
(10 dyn cm )

Polar izability ratio
Vibration

frequenc ies
(10' rad sec ')

Dielectric constants

Iriterionic distance
(10-8 cm)

Ci(
C&2

C44

(Q(/G2V

yo(I )
(dip( L)
~~A(»
a&(L)
cd'(L)

Co

C~

'Vo

5.100
1.370
0.980
1.346

17
17
17
18

3.055 17
4,700 17
2.380 17
3.140 17
1.386 17
5.910 19
1.940 20
2.7985, ' 21

4.298 22
0.676 22
0.492 22
0.382 18

3.863
0.474
0.405
0.$75

2 ~ 360
2.750
1.910
2.150
1.320
3.990
2.200
3.245

1.7 1.760
17 1.820'

17 1.760
17 1.315
17 1.315
b 4.510
20 2.25Q

23 3.399

26
26
26
26
26
20
b
23

1.530
1.680
1.224
1.210
1.050
4.200
2.610
3.6275

24 3.210
24 0.360
24 0.292
25 0.307

24
24
24
25

27
27
27
27
27 .

b
20
23

Extrapolated values.
Calculated from J.yddane-Sachs-Teller relation using~ MLp(I") equal to 3.18, 2.49, and 1 94

for RbCl (Ref. 17), RbBr (,ef. 26), and RbI (Ref. 27), respectively.

scattering and infrared absorption spectra, and
Debye-temperatures variations in rubidium and
cesium halides. In general, theoretical predic-
tions and experimental observations are in reason-
ably good agreement. A detailed discussion of the
results revealed by ETSM will be presented a
little later.

II. RESULTS AND DISCUSSION

The ETSM theory described elsewhere" con-
tains 12 parameters out of which there are six
parameters for the overlay repulsion (A», B»,A»,
B»,A», B»), two for three-body interactions
(f„x,fo) and four for electrical and mechanical
polarizabilities (o,„o,„d„d,). Here, the sub-

scripts 1 and 2 refer to cations and anions, re-
spectively. The strategy for their determination
is exactly the same as followed earlier. " The
macroscopic data used are three elastic constants,
five vibration frequencies, two dielectric con-
stants, lattice constant, and ratio of free-ion
electrical polar izabilities. The input data used
are listed in Tables I and II while the values of
model parameters are given in Tables III and IV.
The calculations performed with the knowledge
of these parameters are discussed in the follow-
lIlg.

A. Phonon spectra

The phonon spectra for the present system of
solids have been calculated for a mesh of 1000

TABLE II. Input data for model calculations.

Property
CsCl (78 'K)
Values Ref

CsCl (RT) CsBr (80 K) CsI (RT)
Values Ref. Values Ref. Values Ref,

Elastic constant
(10" dyn/cm')

Lattice constant (A)

C

C44
Vibration frequencies v~o(I')
(10' sec ) vz o(R)

vz,A(R)
pro(X)
vqA(X)

Polarizability ratio (n f/Ap)
Dielectric constant

20

4,260
1.300
1.092
3.170
3.850
2.020
2.980
1.310
1.055
6.680
2.670
4.088

28
28
28
20
29
29
29
29
25
20
20
29

4.068
1.200

' 1.100
3.030
3.760
1.970
2.85Q
1.270
1.055
6.950
2.630
4.123

30 3.349
30 1.002
30 0.962
29 2.355

. 29 2.404
29 1.894
29 1.910
29 1.320
25 0.759
20 6.390
20 2.830
29 4.286

31 2.434
31 0.636
31 0.666
32 1.961
32 1.815
32 1.719
32 1.214
32 1.266
25 0.506
20 6.540
20 3.020
33 4.567

31
31
31
34
34
34
34
34
20
20
20
33

RT, room temperature.
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TABLE III. Model parameters of rubidium halides.

RbI

ETSM

RbBr RbCl
Model

parameters RbF

TSM

RbCl RbBr RbI

12.500
-0.637

0.331
-0.116
-0.175

0.272
-0.031

0.022
-19.722
-4.234

O. O1O

0.155

12.304
-0.715
-0.475

0.184
0.400

-0.255
—0.027

0,017
-15.294
-10.012

0,015
0.048

11,455
-0.724
-0.175

0.036
0.107

—0.105
—0.027

0.038
-15.276
-2.637

0.011
0.162

10.274
-0.874

0.525
-0, 175
-0.524

0.1:76
—0.021

0.045
-11.260
-7,479

0.021
0.023

A(2

A»

. A22

fo
&of'o

Y)
Y2

d(
d2

10.195
-0.873

-0.021
0.045

-10.849
-2.455

0.025
0.082

11.800
-0.792

~ ~ ~

-0.027
0.038

-56.475
—1.856

0.004
0.295

12.226
-0.785

-O.027
0.017

-9.725
-3.147

0.028
0.180

12.655
O.734

-0.031
0.022

-28.702
-2.703

O. OO8

0.279

wave-vector points in the first Brillouin zone.
This division due to symmetry properties of
Brillouin zone corresponds to 48 and 56 nonequiva-
lent points for sodium- and cesium-chloride struc-
tur es, respectively. The phonon-dispersion curves
are displayed in Figs. I-S along principal sym-
metry directions together with neutron-scattering
data on them.

A close inspection of Figs. 1-4 clearly demon-
strates that the general agreement between the-
oretical and experimental phonon-dispersion
curves for rubidium. halides obtained by ETSM
is faily g'ood, while the same achieved with pre-" ~
and post-" " ', experimental models is not so
gaqd. The agreement obtained by Ear'o" with DDM'
is extremely poor as compar ed to the present results.
This disagreement is not unexpected because DDM
takes account of only the electron-shell deforma-
tions while their overlap and displacement effects
are significant in solids like rubidium halides

which possess considerable Cauchy discrepancies
and large positive-ion polarizabilities and ionic
radii. Efforts by Karo~ to improve the DDM by
introducing next-nearest-neighbor eff ects have
provided the interpretation of BbF and RbCl but
with. only moderate success.

The agreement reported by Sneh and Dayal, "
I'andey and Dayal, "and Kress" are also only
moderately satisfactory. The first bvo authors
have used RSM' while the last one has used breath-
ing-shell model. ' The degree of agreement ob-
tanled by Lal and +erIDa w1th QTSM * ls conl-
parable with ETSM but its framework suffers frorg
several drawbacks as pointed out earlier. The
experimental investigators have generally em-
ployed different versions of RSM to interpret their
results on the phonon dispersion for the present
system of solids. These models yield exact agree-
ment, comparable with those obtained by ETSM,
but some of their parameters attain unphysical

TABLE IV. Model parameters.

Parameters CsCl (78 K)
Values

CsCl (RT) ~ CsBr (80'K) CsI (RT)

fo
+of0

Bgg

A22

d(
dp

Y(
Y)

-0.009 25
0.011 60
4.381 37

-0.260 86
0.170 83

-0.049 74
0.088 56

—0.006 72
0.040 08
0 ~ 129 45

—10.518 91
—3.087 34

—0.008 86
0.005 77
4.259 10

-0.233 81
0.093 50

-0.020 89
0.22695

—0.092 51
0.044 62
0.11923

—9.450 40
-3.352 70

—0.008 92
0.00271
4.589 70

—0.16923
0.01351

-0.092 33
0.127 14

—0.012 53
0.072 87
0.157 71

-5.977 40
-3.636 30

0,006 41
—0.002 63

5.265 80
—0.289 66
—0.587 31
+ 0.053 00

0.000 50
—0.12194

0.014 53
0.238 73

—28.084 00
—3.377 50

RT, room temperature.
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FIG. 1. Phonon-dispersion curves for RbF. Theoreti-
ca], curves: solid line, ETSM; dashed line, TSM. Ex-
perimental pointy (Ref. 17):. 0, longitudinal; , trans-
verse.

values.
The importance of second-neighbor interactions

has been visualized in Figs. 1-4 where the phonon-
dispersion curves obtained with and without their
effects have bein plotted. The role df second-
neighbor .interactions is quite obvious from the
relative agreement achieved with TSM and ETSM.
The contributions of these forces have increased
consistently and reasonably from RbF to RbI.
A3,so, their effects are more prominent in optical
branches than in acoustic ones with few exceptions.
The ETSM has predicted a large energy gap be-
bveen the optical and acoustic branches in the case
of solids i.n which the mass of the ions differ ap-
preciably (RbF and RbC1) and the absence of such
a gap in the case of solids with comparable ionic

0.8 1 0 0.8 0.23 0.4 0.4 . . p 0.4 0.5

FIG. 3. Phonon-dispersion curves for RbBr. Theoreti. -
cal curves: solid line, ETSM; dashed line, TSM. Ex-.
perimental points (Ref. 26): 0, longitudinal; 0, trans-
verse.

I

masses (RbBr and Rbl). This feature is in accord-
ance with the observations of Rolandson. ~'

A look at the Figs. 5-8 shows that the phonon-
dispersion curves derived from ETSM are in quite
good agreement with those measured by the neu-
tron-spectroscopic technique for cesium halides.
The dispersion curves derived from the pre-ex-
perimental models, namely, the rigid-ion mod-
el, ~' ~ modified rigid-ion model, ' RSM,"
DDM, ' and breathing-shell model, ""'"do not agree
so well with the measured ones. The efforts de-
voted after the report of accurately measured
neutron-scattering data on CsCl "Csar, ""and
CsI, ~ h'ave employed more elaborate models
(RSM and breathing-shell model) to predict them
but with only moderate success. It i;s interesting
to note from the Figs. 6 and 8 that the harmonic
ETSM has predicted the phonon-dispersion curves

Rb CI

T' X
Rbl

2.0—T

1.5 '

'a
a
I

C)

3
1.0

0.5

0.4 0.8 1.0 0.8 p, 4 0,2 0.4 0.5 0.4 O.e 1.O O.e 0,4 0.2 0.4 0.5

FIG. 2. Phonon-di, spersion curves for RbCl. Theoreti-
cal curves: solid lines, ETSM; dashed line, TSM. Ex-
perimental points (Ref. 17): 0, longitudinal; , trans-
verse.

FIG. 4. Phonon-dispersion curves for RbI. Theoreti-
cal curves: solid line, ETSM; dashed line, TSM. Ex-
perimental points (Ref. 27): 0, longitudinal; , trans-
verse.
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FIG. 9. Combined-density-of-states curve for RbF.
The arrows indicate the measured peaks (Ref. 54).

at 298 K for CsCl and CsI equally well as for CsCl
and CsBr at 80 K (see Figs. 5 and 7).

Since some of the vibration frequencies of zone-
boundary points have been used to determine the
model parameters, therefore, good agreement
achieved for symmetry directions does not essen-

0 3.0
l2 -I

( &,+U;')(IO sec )

6.0 9.0

tially guarantee the agreement in the other gen-
eral directions. Thus, the va1idity of the model
has been tested for off-symmetry directions by
deriving the physical properties associated with
complete phonon spectra.

B. Derivable physical properties

The physical properties derivable easily from
the phonon spectra are the second-order Baman

FIG. 11. Combined-derisity-of-states curve for RbBr;
The arrows indicate the measured peaks (Ref. 55).
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FIG. 10. Combined-density-of-states curve for BbC1.
The solid arid broken arrows indicate the measured
peaks corresponding to Ref. 55 and 56, respectively.

I I
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(y.+g. )(IO sec )
i i

6.0

FIG. 12. Combined-density-of-states curve for RbI.
The arrows indicate the measured peaks (Ref. 55).
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FIG. 13. Combined-density-of-states curves for CsCl.
Solid and dashed curves correspond to 78 and 298 K,
respectively. 'Observed Raman shifts (Ref. 56) are indi-
cated by arrows.

FIG. 15. Combined-density-of-states curves for CsI.
Observed Raman shifts: solid arrows (Ref. 59); dashed
arrows (Ref. 56).

Cs Bt
2000-

RAMAN FEATURES

I

ir FEATURES

and infrared (ir) spectra and the Debye-tempera-
ture variations. These properties are, respec-
tively, sensitive to higher and lower sides of the
frequency spectra and thus their successful pre-
dictions will provide additional reliable tests of
the model besides the most dependable test pro-
vided by neutron-scattering dispersion curves.

Two-phonon Raman arId infrared spectra

In order to interpret the second-order infrared
and Raman spectra we-have employed the com-
bined-density-of-states approach. " The. com-
bined-density-of-states curves have been dis-
played in Figs. 9-15 together with the observed
peaks marked with arrows. Our theoretical peaks
are generally in good agreement with the observed
ones for almost all the solids studied here. In
Hbr, there exists a sharp peak at higher frequency
and followed by three peaks of relatively weaker
intensity in the low-frequency side. This feature
is in accordance with that noted earlier by Hardy
and Karo. 'o However, small deviations may be .

ascribed to the coarseness involved in the division
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V)

(Y

IOOO—
rQ

c4

+

500-

0
0 6

I2
(WI+&q) (JO sec )

Rb F

270—

0 230

UJ
o

LJJ

I

1 90'

50

I
0

TEMPERATURE T ( K)

I

I

100 1 50 200
I

250

2o

1

300

FIG. 14. Combined-density-of-states curves for C sar.
Observed Raman shifts: solid arrows (Ref. 57); dash-
dot arrows {Ref. 58). Observed ir peaks: broken arrows
(Ref. 43).

1

FIG. 16. Debye-temperature variations for Hbr:
solid line, present study; 0 represent the exactly calcu-
lated values at 0 K (Ref. 64).
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TABLE V. Assignments of bands of Baman spectra.

RbF RbCl

Observed
peaks (Ref. 54)

(cm-')
Value
(cm ~)

Present study

Assignments Assignments

Value
(cm-')

Observed
peaks (Bef. 55)

(cm ')

89
141
178
220

234
272
328
356
408
487
572

93
147
176
221
2.28
240
272
324
347
376
499
566

TO(L) —TA(L)
2TA(L)

Lo(L) TA(L)
To(x)+ TA(x)
LO(X) + TA(X)
TO(L) + TA(L)
Lo(x) + LA(x)

2TO(r)
2Lo(x)

LO(L) + LA(L)
2LO(L)
2Lo(r)

LO(L) —TO(L)
TO(L) —TA(L)
To{x) LA(x)
Lo(X) —LA (X)
LO(L) —TA(L)
To(X) —TA(X)
LA{X)+ TA(X)

2TA(L)
To(x) + TA(x)
TO(L) + TA(L)
To(x) + LA(x)
Lo(x) + LA(x)
TO(L) + LA(L)

2TO(L)
LO(L) + LA(L)

2TA(r)
Lo(x) + To(x)
LO(L) + TO(L)

2Lo(x)
2LO(L)
2LO(r)

32

56
61
76
87

110

140
, 155
184
197
203
215
228
247
250
258
260
264
292
337

(35) '
(40)

55 (56)
58
66 (75)
87 (85)

105 (112)

140
150 (155)
184
187
198 (200)
215
230 (23O)
235 (240)
250 (250)
257
260
265

(280)
(326)
(357—432)

Values enclosed within parentheses correspond to the Ref. 56.

TABLE VI. Assignments of bands of Baman spectra.

RbBr

Present study

BbI

Observed
peaks (Ref. 55) Value

(cm ) (cm ) Assignments Assignments

Value
(cm ~)

Observed
peaks (Ref. 55)

(cm ~)

31
37
45
72
79

108
131
150
154
155
165
175
190
195
220

27
39
40
63
83

106
124
146

166
185
190
193
264

LO(L) TA(L)
To(X) —LA (X)
Lo(x) —LA(x)
Lo{X)—TA(X)
LA(X) + TA(X)

2LA(x)
Lo(x) + TA(X)
Lo(x) + LA(x)

~ ~ ~

Lo(L) + To(L)
2To(x)

LO(L) + LA(L)
2LO(L)
2LO(r)

2TA(X)
To(X) —TA (X)
LO(X) —TA(X)
LA(X) + TA(X)

~ ~ ~

2 LA(X)
~ ~ ~

To(X) + TA(X)
2TA(L)

TO(L) + TA(L)
2TO(L)

~ 4 ~

LO(L) + TA{L)
Lo(L) + To(L)

2TO(r)
2To(x)
2LO(X)

53
55

, 56
68

108
111
120
128

145
153
162.
163

- 165

51
55
60
69
75-78
80
85—107

108
115
118
127
137-142
145
150
162
163
165
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TABLE VII. Assignments of Baman peaks in CsCl.

ETSM study

Assignments
Value
(cm j}

Observed
peaks (Ref. 56)

value
(cm ') Assignments

TSM study (Ref. 14)
Value
(cm j)

LA(X) TA(X)
Lo(R) —LA(R)

2TA(M)
LO(x) TA(x)
LO(M) —TA(M)

2LA(X)
2TO(I.)
2Lo(x)
2LO(I")

42 (39) '
61 (59)
78 (81)

106 (10V)
158 (158)
171 (166)
211 (202)
303 (3O3)
323 (315)

42
61
81

112
158
170
212
310
353

34
58
87

112
165
181
209
31.1
329

I,o (~) —To(M)
LO (M) —LA(M)

2TA(X)
Lo(x) TA(x)
LO(M) + TA(M)

2LA(X)
2TO(I )

2Lo(x)
2LO(I )

Values within parentheses correspond to 298 K.

of the Brillouin zone. The agreement can be im-
proved remarkably by employing more sophisti-
cated pregramse"2 to generate the joint-density-
of-states functions.

The fine s@uc&re of BaInan ayeetra has been
interpreted by perform. ing the critical point anal-
ysis." The assignments obtained from this anal-
ysis have been listed in Tables V-IX. Our the-
oretical assignments of Haman bande show much
better agreement with the observed data on. them
than those reported elsewhere by Lal and Ver-
ma" ' and Haridasn and Krishnamurthy. '

A detailed investigation of the second-order
spectra presented above is intended to provide
a reliab1e test of ETSM which is sensitive to the
higher range of phonon spectra. These studies
vrill also be useful in correlating the neutron and

optical data, deducing the individual phonon fre-
quencies and studying the optical properties of
solids to explain the considerable coupling be-
tween modes of vibrations of the ions.

2. Debye-teINperature variatiens

The Debye temperatures derived from the pho-
non spectra have been plotted against tempera-
tures (0 to 300 K) in Figs. 16-22. These varia-
tions have been compared with measured data
for all the solids except for HbF. As expected,
the agreement bebveen theory and experiment
is good for the lower range of temperatures. The
theoretical values of Debye temperatures obtained
by Varshini and Konti'~ have also been shown in
Figs. 16-19. The results at higher temperatures

TABLE VIII. Assignments of Raman peaks in CsBr.

ETSM study

Assignments
Value
(cm ')

Observed
peaks (Ref. 57)

value
(cm ') Assignments

TSM study (Ref. 14)
Value
(cm «)

Lo(x) To (x)
LO(M) LA(M)
Lo(M) —TA (M)

2TA(M)
To(M) + TA(M)
To(x) + TA(x)
LA(X) + TA(X)
LO(M) + TA(M)
LO(X) + TA(X)
Lo(x) + To(x)

2LO(R)
Lo(x) + LA(x)

2LO(X)

28
35
53
79

101
109
124
131
137
156
165
171
184

25
40
54
v5 (v9) '

105
(10v)

125
134

(135)
(155)

165
176

(190)

23
42
56
81

100
108
127
130
132
155
164
177
186

LA(X) —To(X)
LA(X) —TA(X)
LO (X) —TA(X)

2TA(M)
TO(M)+ TA(M)
To(x) + TA(x)

2To(x)
LA(X) + TA(X)

2LA(R)
2TO(I )

Lo(x) + To(x)
2LO(R)

r,o(x) + LA(x)

Values within parentheses correspond to Ref. 58 ~
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TABLE IX. Assignments of Raman peaks in CsI.

ETSM study

A s s ignments
Value
{cm ')

Observed
peaks (Ref. 56)

value
(cm ') Assignment

TSM study (Ref. 14)
Value
(cm")

LA(X) —TO{X)
LA (X) —TA (X)
LO(X) —TO(X)
LA (M) —TA (M)

~ 0 4

2TA(X)
2LA(M)

~ ~ ~

LA(X) + TO(X)
Lo(X)+TA(X)
LO(X)+ TO(X)

2LO(a)
2LA (X)
2TO(r)

Lo(X) + LA(X)
2LO(X)
2LO(M)
2LO(I )

0 0

~ ~ ~

20
21
29
33

82
89

105
112
113
123
125
131
133
142
151
171

20
22
28
44
52
61
67

94
107

113
122

128
135

160
167
180
184
200

(19)'
(22)

(44)

(91)
(94)

{106)
(110)

{124)

(137)
(155)

24
27
36

81
90
92

113
122
125
129

139
158

187

4 ~ ~

LA(X) —To (X)
LA (X)—TA ( X)
LO(X) —TA {X)

2TA(M)
2LA (M)
2TO(X)

~ ~ ~

LO(M)+ TA(M)
Lo(X)+TA(X)
Lo(X) + To(X)

2TO(r)
~ ~ ~

2LA(X)
2LO(X)

2LO(r)

Values within parentheses correspond to Ref. 59.

have not been reproduced well not only with ETSM
but also by DDM, "TSM, ' and BSM." This
feature is not surprising because all these models
are subject to the harmonic approximations.

In case of cesium halides, the agreement
achieved from ETSM is much better than those
obtained by the application of other models. '~ "32 ~
The Debye-temperature variations in the case of
CsCl obtained both at 78 and 298 K and plotted in

Fig. 20 show that a low-temperature curve is able

to explain only the variations corresponding to
lower temperature, while'the curve corresponding
to higher temperatures explains fairly well the
variation of Debye temperature. However, the
shell model used by Carabatos and Prevot" fails
to explain the same even at low temperatures.

C. Other remarkable consequences of ETSM

It is seen from Table III that mechanical polari-
zabilities oi' cations a'nd anions (i.e., d, and d, ) in

'UJ
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C3
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bC

O. 160-
LLI

0
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165—
X
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200 250 300

—140

O
Qi
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e 130
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4J
O

Rb Br

50

~o ~ o
~oooo ~ ~

I

&0 15

T (K)
J

150 200 250 300
TEIUIPERATURE T(K)

FIG. 3.7. Debye-temperature variations for RbCl:
solid line, present study; dashed line, experimental
curve (Ref. 65); ~, experimental points (Ref. 66). 0
represents the exactly calculated value at 0 K (Ref. 64).

TE(U)PERATURE . T ( K )

FIG. 18. Debye-temperature variations for RbBr:
sol, id line, present study; dashed line, experimental
curve (Ref. 67); ~, experimental points (Ref. 66).' 0
represents the exactly calculated value at 0 K (Ref. 64).
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200
CsBr

'I 20-

110
uJ
Q

c'

X
laJ

W
5-
El 100—
o

0 ' 50 100

90—
I

0 5 10

TI K)

150 200

15 20

T
250 300

TEMPERATURE T (K)

FIG. 19. Debye-temperature variation for RbI: solid
line, present study; dashed line, experimental curve
(Ref. 67); P, experimental points (Ref. 66). C) represents
the exactly calculated value at 0 K (Ref. 64).
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III. GENERAL CONCLUSIONS

FIG. 21. Debye-temperature variations for CsBr.
Theoretical curves: solid lines (ETSM); dashed lines
(Ref. 33); , experimental points (Ref. 69).

the case of RbF are almost equal. This feature
is in accordance with Coehran's approach, ~ ac-
cording to which the values of d, and d, are almost
equal in RbF so that the value of Szigeti effective
charge e*/e (= 1+2,—d, ) may not deviate from
unity.

The prediction of electronic polarizabilities
0, (0, ) of positive (negative) ions obtained from
.the modified Lorentz-Lorenz relation" have been
listed in Table X and compared with various ex-
perimental and theoretical values. It is seen that
all theoretical models have predicted polarizabili-
ties generally lower than those of Tessmann et al."
This reduction may be ascribed to various kinds of
operative interactions which have been ignored in
the derivation of original Lorentz-Lorenz rela-'

tion. " In the present case this reduction is due to
three-body forces. The polarizabilities predicted
by these models have been found to be more evenly
shared by the ions than those predicted experi-
menta]ly

The overall fair agreement achieved with differ-
ent experimental measurements discussed above
leads to the conclusion that (i) ETSM in its frame-
work describes both elastic and dielectric prop-
erties simultaneously, (ii) the second-neighbor
short-range forces play an important role in the
dynamical and dielectric descriptions, (iii) the
three-body force parameters, while introducing
important modifications in various macroscopic
relations, " '~ leave the Lyddane-Sachs- Teller
relations" unchanged, and (iv) the lower tempera-
ture variatons of Debye temperatures are explained
more satisfactorily than those corresponding to

.higher temperatures.
Despite these successes the ETSM has revealed

some features which do not have much physical
significance. This is evident from the table of
parameters where the shell charge parameter
for Cs' has its value 6 in CsBr and 28 in CsI,
while the halide shell charge parameters have its
value 3.5 in both the cases. From this physical
significance viewpoint the ETSM does not seem
to be qualitatively much superior to other multi-

200-

0*
" I&5
I-

~ 150

W

~ 125
0

Cs CI

50 100 150 200
TEMPERATURE T ( K)

250 300

130„C
O

0

I I 0—
X
UJ II- I

UJ I

cQ

o 100-',
I

I

I

920
I
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I I I

IOO I 50 200
TEMPERATURE T(. K )

I

250 300

FIG. 20. Debye-temperature variations for CsCl:
F-TSM theoretical curves: solid lines (78 K); dashed
lines (298 K); dash-dot lines {Ref. 33); P, experimental
points (Ref. 68) .

FIG. 22. Debye-temperature variations for CsI.
Theoretical curves: solid line {ETSM); dashed line
(Ref. 33); experimental points (P, Ref. 68), (X, Ref.
69) (i Ref 7O)
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TABLE X. Electronic polarizabilities && {0'2) (units of A ).
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Authors BbF BbCl RbBr
Solids

RbI CsC1 CsBr CsI

Present study
Tessman etal. (Bef. 25)
Pauling (Bef. 18)
Rolandson and Raunio (Ref. 26)
Ahmed etal. {Bef.29)

1.21(0.90) 1.11(2.91) 1.66(3.49) 1.72 (5.58) 2.798 (2.653) 3.033(3.994) 3.131(6.191)
1.98 (0.652) 1.98 (2.97) 1.98 (4.17) 1.98 {6.44) 3.137(2.974) 3.137(4.130) 3.137(6.199)
1.40 (1.04) 1.40 (3.66) 1.40 (4.77) 1.40 (7.10)

~ ~ ' 3,04(0.56) 2.29 (5.64)
1.477(2.364)

Bolandson and Raunio (Ref. 32)

Buherer and Halg (Ref. 34)

1.19+.0.66
(2.10 + 0.67)

1.085(6.847)

parameter shell models. However, quantitatively
the ETSM seems to be the best of the available
multiparameter shell models for alkali halides.

To summarize, we may remark that ETSM is
able to describe the elastic, dielectric, optical,
and thermophysical properties of heavier alkali
halides with the same success as it has done for
the light weight alkali halides. '~ " This gives
us confidence that ETSM is a reasonably realistic
and appropriate model for the description of the
lattice dynamics of alkali halides.
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