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Abstract— A  theoretical approach of van der Waals three body force shell model has been used for the calculation of mechanical, elastic 

and anharmonic properties of zinc blende gallium antimonides (GaSb).The agreement between results for elastic constants, pressure 

derivative of SOEC, Cauchy discrepancy and the available experimental data is excellent.  We also report Phonon dispersion curve, two-

phonon IR/Raman spectra, Debye temperature variation and anharmonic elastic properties. It is concluded that VTSM is adequately 

capable of describing the complete crystal dynamic sdudy of zinc-blende structure crystals satisfying well. 
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1 INTRODUCTION                                                                     

 he vibrations of covalent crystals having the diamond 
structure (Ge, Si, C) and II-VI and III-V compound having 
zinc-blende type structure, has the characteristics feature 

that the transverse acoustic (TA) vibrations have a large re-
gion in which there is a very low group velocity and the dif-
ference between the frequencies of the longitudinal and 
transverse vibrations at boundary of the Brillouin zone is 
very large.  
The general theory of lattice dynamics [1, 2] permits one to 
obtain the elastic vibration spectrum of crystals by specifying 
the interaction between the structural elements of the lattice. 
In calculating the spectra of particular crystals, however, 
question arises how to properly describe the interactions i.e. 
there is a question about the choice of model, which must 
take into account the important features of the given lattice. 
 
The lattice dynamics of semiconductor compounds have been 
extensively studied in recent years.  With the development of 
inelastic neutron scattering experiments, a vast amount of da-
ta has been accumulated for phonon dispersion curves for 
various II- VI and III-V compounds [3-6]. The phenomeno-
logical models which have been used to calculate the fre-
quencies of zinc-blende crystals can broadly be classified into 
two categories, (i) rigid-ion model (RIM) [7-9] and rigid-shell 
model (RSM) [10-11]. The rigid ion model involves the ion 
rigidity hypothesis, whereas the shell model takes into ac-
count the long-range Coulomb interaction and that related to 
the displacement of shells of negligible mass. The ionic pola-
rizability is also taken into consideration. The numbers of in-
dependent parameters in the case of shell model are very 
large. One can easily show that a wide range of parameters 
give the same spectrum in the symmetric q-directions. This 
implies that the force constants introduced are of the nature 
of adjustable parameters, and cannot be assigned a definite 
physical meaning. The same remarks hold for the theory of 
Kucher and coworker [12, 13] in which the previously devel-

oped polarizable atom method [14] is used to calculate the 
spectrum of diamond type crystals. 
In constructing a model for a lattice with covalent bonding 
there is fundamental difficulty related to the introduction of 
non-central forces [15]. In the usual definition of a non-
central interaction [16] the corresponding force parameters 
are two-centre parameters, while actuality non-central forces 
cannot be due to rotation of one atom about another, but 
must be due to a change in the configuration of the atoms or 
bonds. Hence these force parameters must take into account 
atleast two coordination spheres. The rigid ion model and its 
various ramifications [17-20] have been widely used to ex-
plain several lattice dynamics properties of perfect and im-
perfect zinc-blende type crystals. These model, although eco-
nomical in force parameters, ignore completely the non-
central interaction in the lattice. 
The valance force field model (VFFM) as used by Price et.al. 
[21] incorporates bond bending, bond-stretching and point 
Coulombic interactions.  Later on the original 14 parameter 
valence force field (VFFM) was modified on the lines of shell 
model by Vegelatos et.al [6] and Feldkamp et.al [22]. In addi-
tion to lattice dynamics Garg et.al.[28], have investigated the 
mechanical properties of zinc-blende semiconductor by using 
three body force shell model [TSM] and derive the expres-
sions for the third order elastic constants (TOEC) and pres-
sure derivatives of second order elastic constants (SOEC) on 
the line of Singh and Verma [26, 27]. 
 
Analysis of these models RIM [7-9]; RSM [10, 11]; VFFM [21]; 
BCM [23]; DDM [24]; ECM [25] and TSM [26-28] reveal that 
the crystal dynamics study of zinc-blende crystals is still not 
well understood. We have thought it worthwhile to develop 
a new model for such structures which takes into account 
VWI and TBI in the framework of both ion polarizable RSM 
with short-range interactions effective up to second niegh-
bour. From the above description, it may be inferred that the 
most realistic model for the proposed purpose can be devel-
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oped by introducing the effect of VWI and TBI in the frame-
work of RSM. The present model, known as van der Waals 
three body force shell model (VTSM), has 14 parameter com-
puted for each crystal with the same input data (physical 
properties) and VWI has been added to short-range repulsive 
interactions operative up to second nieghbour. 
 

Therefore, it is obvious that along with the TBIs, VWIs must be 
taken into consideration in any discussion of lattice dynamics 
of these crystals. This new model, VTSM, corporates VWIs 
along with long range Coulomb interactions, TBIs and short 
range second neighbor interactions in the framework of RSM.  
The effect of TBI and VWI is quite significant and plays a vital 
role in the description of the lattice dynamics of gallium pnic-
tiides (GaP, GaAs and GaSb). A strong support has been 
found with experimental results for GaAs and GaP [55 & 56] 
by our group. In this paper, we thought it permanent to use 
the corrected expression mentioned in [29] for study of elastic 
properties, phonon dispersion curve (PDCs) and their pres-
sure dependence in gallium antimonides (GaSb) crystal. The 
proposed investigations have been carried out by adopting a 
simplemethod to determine a consistent set of 14 parameters 
(i.e. four TBI parameters b, ρ, f(r0), r0fʹ(r0); two nearest neigh-
bor short-range repulsive interaction parameter parameters 
A12 and B12; four second-nearest-neighbour short- range repul-
sive interaction parameters A11, B11, A22, B22; distortion polari-
zabilities of negative and positive ions d1 and d2 and shell 
charges of the negative and positive ions Y1 and Y2, respective-
ly) of VTSM. These results have shown reasonably good 
agreement with their available experimental and theoretical 
data (Farr et.al. [4]; Kunc et. al.[31]; Mooradian and Wright 
[32]; Miller et. al.[33]. 

The broad outlines about the theoretical framework of 
present model for calculations have been classified in section2. 
The calculated results and their discussions are presented in 
section4. 

 
2. THEORETICAL FRAMEWORK OF PRESENT 
MODEL: 
 

A detailed description of the three body force shell model 
(TSM) has been given by [27]. Further we have developed a 
model which includes the effect of van der Waals interactions 
(VWI) and three body interactions (TBI) in the framework of 
RSM and known as van der Waals three body force shell mod-
el (VTSM). In order to explain the essential theory and method 
of calculations, a brief idea about the TBP has been given be-
low: 

 
2.1. Three Body Crystal Potential: 
The present three body force shell model for zinc-blende struc-
ture (ZBS) semiconductor crystal to describe cohesion, the 
crystal energy for a particular lattice separation (r) has been 
expressed as: 

   
)()((r) LR rr SR                               (1) 

 
where the first term  represents the long-range Cou-
lomb and three body interaction (TBI) energies expressed by 

 
(2) 
 
 

where Z is the ionic charge parameter of ith ion, rij separation 
between ith and jth ion, f(rik) is the three body force parameter 
dependent on nearest-neighbour separation rik   and is a meas-
ure of ion size difference [27] and is Madelung constant 
(=1.63805). 

The second term in (1) is short-range energy contributions 
from overlap repulsion and van der Waals interactions (vdWI) 
expressed as [30]. 

   
    (3) 

 
  

 
where the first term is the Hafemeister and Flygare (HF) po-
tential [35] and used by Singh and coworkers [26, 27, 29, 30]. 
The second term and third term represent the energy due to 
vdW dipole-dipole (d-d) and dipole-quadrupole (d-q) interac-
tions, respectively. 
 
Using the crystal energy expression (1), the equations of mo-
tion of two cores and two shells can be written as: 
 

2M U = (R + Zm C' Zm) U + (T + Zm C' Ym) W  (4) 
O = (TT + Ym C' Zm) U + (S + K + Ym C' Ym) W  (5) 
 
here U and W are vectors describing the ionic displacements 
and deformations, respectively. Zmand Ym are diagonal ma-
trices of modified ionic charges and shell charges, respectively; 
M is the mass of the core; T and R are repulsive Coulombian 
matrices, respectively; C'  andYm are long-range interaction 
matrices, that include Coulombian and TBI respectively; S and 
K are core-shell and shell-shell repulsive interaction matrices, 
respectively  and TT is the transpose of matrix T. The elements 
of matrix Zm consists of the parameter Zm giving the modified 
ionic charge.  
                                                                                                                                                                                       `                                               (6) 
 
The elimination of W from eqns. (4) and (5) leads to the secular 
determinant:                                         
                                            `                                                       (7) 
 

 
for the elimination of the frequency determination. Here D (q) 
is the (6×6) dynamical matrix given by:  

                                                            ̀               
           (8) 
 
 

  
 The numbers of adjustable parameters have been 

largely reduced by considering all the short-range interactions 
to act only through the shells. 
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2.2.  Second and Third Order Elastic Constants: 
 

Proceeding with the use of three body crystal potential given 
by (1), Sharma and Verma [36, 37] have derived the expression 
for the second order elastic constant and used by [29] for zinc-
blende structure crystals. We are reporting them here as their 
corrected expressions. 
 
The expressions for second order elastic constants (SOEC) are 

 
 
              (9) 
 

 
               
     (10) 
 
 
                                                                                                                               
      (11) 
 
 
 
    

 
for third order elastic constants (TOEC) they are 

 
                                                                                                       

(12) 
 
 
 
 
(13) 
 

 
 
(14)      
 
 
 
 
 
 
 
 
 
 
(15) 
 
 
 

 
 
 

 
 
 

 
 
 
 
(16) 
 
 
 
 
 
 

  
(17) 
 
 
 
 
 
 
 
whe

re  is the modified ionic charge defined ealier in equation 
(6)  with  L=e2/4a4 and  

                                                                                                        (18) 
 
 The values of Ai, Bi, Ci as defined by Sharma and Verma [36, 
37] V(=3.08 ) is the volume of the unit cell. 
 
 
2.3. Vibrational Properties for Zinc-blende Structure: 

 
By solving the secular equation (4) along [q 0 0] direction and 
subjecting the short and long-range coupling coefficients to 
the long-wavelength limit 0q


, two distinct optical vibra-

tion frequencies are obtained as 
 

                                          
               (19) 

   
                                                                
                                           (20)  

 
  where the abbreviations stand for  

 
and 
 

    Z'=Zm+d1-d2                                                                                   (21) 

                                                                                                                            
                                                         
                  (22) 

                            
                                                   (23) 
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and                                                                                                 (24) 
 

2.4.  Debye Temperature Variation: 
 
The specific heat at constant volume (CV), at temperature T is 
expressed as 

 
 
 
 
          (25) 
 
 
 
 

where,  is the maximum frequency, N is the Avogadro’s a 
number, h is the Planck’s constant and kB is the Boltzmann’s 
constant. The equation (25) can be written as a suitable form 
for a computational purpose as  

 
 
 
                                           
                (26) 
 
 

 
Where E= is the Einstein function, defined by 

 
                                                       (27) 
 

with   
 
 
Also, = Total number of frequencies considered. 
                                  = 6000 for zinc-blende structure.  
 
Hence, equation (26) can be written for zinc-blende structure 
type crystals, as 

                                                   
                                           (28)  

 
The contribution of each interval to the specific heat is ob-
tained by multiplying an Einstein function corresponding to 
mid-point of each interval (say 0.1 THz) by its statistical 
weight.  The statistical weight of the interval is obtained from 
the number of frequencies lying in that interval. The contribu-
tions of all such intervals when summed up 
give . The specific heat CV is then calculated 
by expression (28). 
 
3. COMPUTATIONS: 

 
There are three basic model parameters (b,  and ), 
which have been determined by making use of the expressions 
for the three second order elastic constants (C11, C12, C44) , re-
ported  by Sharma and Sharma [36, 37]and the equilibrium 
condition,                                                                            

with inclusion of van der Waals interactions (vdWI). The val-
ues of the input data and model parameters have been listed 
in table 1. The values of Ai, Bi, Ci have been calculated from the 
knowledge of b and  and the values of various order of de-
rivatives of  (like ) have been 
obtained by using functional form   as used 
by [29].  
 

 
The values of vdW coefficients used by us in the present study 
have been determined using the SKV approach [38] as sug-
gested by Singh and Singh [29]. The values of the van der 
Waals (vdW) coefficients are listed in table 2.  
 

Table: 2. Van der Waals Interaction Coefficients for GaSb.  
(Cij in units of 10-60 erg cm6 and dij in units of 10-76erg cm8) 

Parameters Numerical Values 
C+ - 315 
C+ + 54 
C- - 1208 
d+ - 221 
d+ + 18 
d- - 1085 
C 1536 
D 1316 

 
Further, these model parameters and vdW coefficients have 
been used to compute the rest model parameters 

],,,,,,,,),('),([ 2121122211122211000 andYYddBBBAAArfrrf of the 
VTSM with knowledge of experimental values of the equili-
brium interatomic separation (r0), the vibration frequencies 

LO( ), TO( ), LO(L), TO(L), LA(L) and TA(L) and with the val-
ues 1, 2 ε0 for gallium pnictides. 

 
The model parameters of VTSM have been used to compute 
the phonon spectra for zinc-blende structured gallium anti-
monides (GaSb) for the allowed 48 non-equivalent wave vec-

Table 1.  Input data and model parameters for GaSb.  
[Cij and B (in 1012 dyne / cm2),    (in THz),   r0  
(in 10 8 cm),  i (in 10-24 cm3), b(in 10-12 erg), (in 10-8 cm) ] 

 

Input Data Model Parameters 
Properties Values Ref. Parameters Values 

C11 8.84 [51] b 1.84 
C12 4.03 [51]  0.358 
C44 4.32 [51]  -0.237 
B 5.64 [51]  1.7543 

 2.65 [51] A12 33.9777 

LO( ) 7.0 [4] B12 -4.4868 

TO( ) 6.87 [4] A11 95.8952 
       LO(L) 6.15 [4] B11 -12.9279 

TO(L) 6.48 [4] A22 -16.5754 

LA(L) 4.60 [4] B22 2.4817 

TA(L) 1.3 [4] d1 0.3770 

1 0.97 [43] d2 4.2379 

2 10.65 [43] Y1 -0.2427 

ε0 15.69 [31] Y2 -2.1730 

m

m

B

B

dG

e

dGe
Tk

h

NkC

Tk
h

Tk
h

B

V

0

0
2

2

)(

1

)(

3 B

dG

dGe
Tk

h

NkC

Tk
h

B

V

B

)(

)(

3

2

B

Tk
h

B

2

2

1)exp(

)exp(
)(

x

x
xxE

Tk
hx

B

dGxE
Nk

C B
V )()(

6000

3

21

0
)(

0
2

3
ardr

rd



International Journal of Scientific & Engineering Research Volume 3, Issue 8, August-2012                                                                                  5 

ISSN 2229-5518 

 

IJSER © 2012 

http://www.ijser.org  

tors in the first Brillouin zone at Computer Center, Banaras 
Hindu University, Varanasi. The frequencies along the sym-
metry directions have been plotted against the wave vector to 
obtain the phonon dispersion curves (PDCs) from both the 
models. These curves have been compared with those meas-
ured by means of the coherent inelastic neutron scattering 
technique. Since the neutron scattering experiments provide 
us only very little data for the symmetry directions, we have 
studied the combined density of states (CDS) for the complete 
description of the frequencies for the Brillouin zone.  
 
The complete phonon spectra have been used to calculate the 
combined density of states (CDS), N( j+ j') corresponding to 
the sum modes ( j+ j'), following the procedure of Smart et al. 
[39]. A histogram between N( j+ j') and ( j+ j') has been plotted 
and smoothed out to obtain the CDS curves. These curves 
show well defined peaks which correspond to two-phonon 
Raman scattering peaks. Since no observed data on two-
phonon IR/Raman spectra are available, these CDS peaks have 
been compared with the assignments calculated by using our 
present theoretical data and neutron data. Furthermore, the 
division of the Brillouin zone in the present case is somewhat 
coarse; therefore, the fine structure of the infra-red and Raman 
shifts may not be reproduced completely. In order to interpret 
them, the critical point analysis has been used following the 
method prescribed by Burstein et al. [40]. Besides above prop-
erties, the third order elastic constants (TOEC) and pressure 
derivatives of second order elastic constants (SOEC) have also 
been calculated using the VTSM. 
For the calculation of Debye characteristics temperature ΘD at 
various temperatures, the calculated values of CV from equa-
tion (28) at different temperature T are to be taken and corres-
ponding values (ΘD/T) is determined. 
 
4. RESULT AND DISCUSSIONS: 

 
4.1. Phonon Dispersion Curves:  
 
The phonon dispersion frequencies of gallium antimonides 
(GaSb) have been computed on the basis of present formula-
tion. Inelastic Neutron scattering results for phonon disper-
sion of this compound have been reported by Farr et. al.[4] 
and later reproduced by Rakshit et. al.[5] with improvement 
by addition of Raman Scattering Experiments.We have com-
puted phonon dispersion frequencies for the allowed 48 non - 
equivalent wave vectors in the first Brillouin zone by using 
our model parameters. We present the phonon dispersion 
curves [PDC] only along the three principal symmetry direc-
tions [q, 0, 0], [q, q, 0] and [q, q, q] shown Fig. 1. Our phonon 
dispersion curves for GaSb agree well with the measured data 
reported by Singh et. al. using TSM [29] . It is evident from 
PDCs that our predictions using present model VTSM are bet-
ter than those by using other models Singh et al. [29]. 
 
Our model VTSM has successfully explained the phonon 
anomalies even along (q00) and (qqq) directions. From figure 1 
and Table 7 it is clear that VTSM, improves result of TSM by 
5.19% along LO(X), 10.53% along TO(X), 7.41% along LA(X), 

1.46% along LO(L), 3.24%, along TO(L),5.65% along LA(L) and 
14.7% along TA(L) the deviation between theory and experi-
mental due to TSM is maximum 16.17% along TA(L) while due 
VTSM the deviation is maximum 1.47% along TA(X). Even in 
the present model no deviation has been observed along 
LO(X), LO(L), LA(L). However, the predictions of PDC for 
GaSb by using VTSM may be considered more satisfactory 
than those from three body force shell model (TSM) [29].  
 
4.2. Third Order Elastic Constants, Pressure Derivatives of 

SOECs and Values of Cauchy Discrepancy:  
 
It is interesting to note that our results on TOEC and pressure 
derivatives of SOEC for gallium antimonides (GaSb) are com-
parable to others are closer to their experimental values. The 
present model computation of Third order elastic Constants 
(TOEC) have been reported in Table 3 and compared with the 
available experimental data [33]. Further pressure derivatives 
of SOEC for GaSb are compared with available experimental 
data [33] in table 4. It can also be seen from Table 5 that 
Cauchy discrepancies are smaller for TOE constants than for 
SOE constants. A possible explanation for this fact seems to be 
that many body and/or thermal effects are more pronounced 
for SOEC than for TOEC.  
 
Table: 3. Third Order Elastic Constants  
                  (in the unit of 1012dyne/cm2) 

Property Present Study Experimental [52] 

C111 
-3.697 -4.75 

C112 -3.408 -3.08 

C123 -1.983 -0.44 

C144 0.148 0.50 

C166 -2.134 -2.16 

C456 -0.198 -0.25 

 

Table 4: Values of pressure derivatives of SOEC 
                   (in dimensionless) for GaSb. 

Properties Values 

Present Study Exp. [53] 

dK /dP 0.91 1.00 
dS /dP -0.54 0.15 
dC 44/dP 4.75 4.80 

 

Table 5: Values of Cauchy discrepancy of TOEC (in the units 
1012 dyne cm-2) for GaSb. 

Properties Values 

C112 C166 -1.274 

C123 C456 -2.181 

C144 C456 0.346 

C123 C144 -2.131 
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4.3.   Combined Density of States: 

The present model is also capable to predict the two phonon 
Raman/IR spectra. The results of these investigations from 
combined density states (CDS) approach have been shown in 
figure 2 which shows that the agreement between experimen-
tal data and theoretically observed data [47, 48 ] and our theo-
retical peaks is generally good for both two phonon Raman/IR 
spectra for GaSb.  The assignment made by the critical point 
analysis in the present study has been listed in Table 6.  
 
Table: 6. Assignments for the observed peak positions in 
Combined (Two Phonon) Density of States in terms of     
selected phonon frequencies at Γ, X and L critical points. 

CDS 
Peak

s 
(cm-1) 

 

Raman Active Infra-Red Active 

Neu-
tron 
Data 
Peak

s 
(cm-

1) 
[4 & 
54] 

Present Study Ob-
serv
ed 
IR 

Peak
s 

(cm-

1) 
[54] 

Present Study 

Val-
ues 

(cm-1) 
 

Assign-
ments 

Val-
ues 
(cm-

1) 
 

Assign-
ments 

126 126 126 2TA(L) ……. 
……
. 

……. 

164 164 164 2TA(L) ……. 
……
. 

……. 

269 269 269 
LA(L)+
TA(L) 

……. 
……
. 

……. 

410 412 410 2LA(L) 411 410 2LA(L) 

467 469 467 
TO(L)+
LA(L) 

468 468 
TO(L)+LA
(L) 

524 526 524 2TO(L) 524 523 2TO(L) 

544 542 544 2TO(Γ) 544 544 2TO(Γ) 

 
The interpretation of Raman / IR spectra achieved from both 
CDS approach and critical point analysis is quite satisfactory. 
 
4.4.   Debye Temperature Variation: 
Specific Heat CV values calculated on the basis of present 
model have presented with better agreement at low tempera-
tures also upto 10K which shows predominant with the other 
zinc-blende semiconductor structure crystals. In the present 
study the variation of Debye temperatures (ΘD) at different 
temperatures T have also been calculated and curve has been 
plotted along with available experimental data [50] in Fig. 3. If 
we start from the lowest temperature first decreases to a min-
imum, then increases to a flat maximum and finally decreases 
slowly. Though, the agreemetnt is better with our model, still, 
there is slight discrepancy beween theoretical and experimetal 
results at higher temperatures. 
 
5. CONCLUSION:  

 
The computed phonon dispersion curves in Fig. 1 show that 
inclusions of Van der Waals interactions have improved the 

agreement between experimental data[4]and our results. The 
inclusion of Van der Waals interaction (VWI) with (TBI) have 
influence both longitudinal and transverse optic modes much 
more than acoustic branches. The agreement between theory 
and experimental data at X- point is also excellent. Another 
striking feature of present model is noteworthy from the excel-
lent reproduction of almost all branches hence the prediction 
of phonon dispersion curves (PDC) for GaSb using (VTSM) 
may be considered more satisfactory than from other models 
[49] . The combined density of states (CDS) for GaSb has plot-
ted in Fig. 2 the basic aim of the study of two phonon 
IR/Raman scattering spectra is to correlate the neutron and 
optical experimental data of GaSb. We have also investigated 
the anhormonic properties of GaSb by using VTSM. Here third 
order elastic constants (TOEC) and pressure derivatives of 
second order elastic constants (SOEC) have been compared 
with experimental available data [33] which shows our result 
is excellent. We have also plotted Debye temperature curve at 
temperature (T). It is evident from Fig. 3 our results is good 
with measured experimental data [50] and generally better 
than of that of three body shell model [TSM]. 
 
 

Table 7 . Comparison of frequencies from various sources 
               (X and L points) for GaSb 

 

Z
o

n
e 

  (
T

H
z)

 

E
xp

t.
 [

 4
] 
TSM [ 29] VTSM  

(Present study) 

%
 i

m
p

ro
v

em
en

t 
 

   
   

   
 (

a~
b

) 

V
al

u
e 

 d
ev

ia
ti

o
n

 

%
 (

a)
 

V
al

u
e 

 d
ev

ia
ti

o
n

 

%
 (

b
) 

X
 (

10
0)

 

LO  6.35 6.68 0.051 5.19 6.35 00 00 5.19 

TO  6.36 5.7 0.103 10.37 6.37 0.001 0.15 10.53 

LA  4.99 4.6 0.078 7.81 4.97 0.004 0.40 7.41 

TA 1.698 1.7 0.001 0.11 1.7 0.001 0.11 00 

L
(.

5.
5.

5)
 

LO  6.15 6.06 0.014 1.46 6.15 00 00 1.46 

TO  6.48 6.7 0.03 3.39 6.49 0.001 0.15 3.24 

LA  4.6 4.34 0.05 5.65 4.6 00 00 5.65 

TA 1.36 1.58 0.16 16.17 1.38 0.014 1.47 14.7 

 
 
In this paper, we have systemcally reported phonon disper-
sion curves, combined density of states, Debye temperature 
and a part of anhormanic property of GaSb. On the basis of 
overall discussion, it is concluded that the present van der 
waals three body force shell model (VTSM) is adequately ca-
pable of describing the crystal dynamic study of gallium anti-
monides (GaSb). 
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Fig. 1. Phonon Dispersion Curve for GaSb 
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