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Abstract

We present a lattice dynamical calculation of Caesium Chloride (CsCl) whose
atoms form a bcc lattice having one type of atom at the cube centre and the other type
on the corners of the cube. Dispersion curves, density of state, and lattice specific heat
of bcc Caesium Chloride were computed. The code used in the computation of the
densities of state and dispersion curves was obtained from the Boardman Physics
program book which we modified to obtain dispersion relation in the principal
symmetry directions. In general, the obtained results agree reasonably well with the
experimental data of the bcc Caesium Chloride.
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1.0 Introduction

Atoms in crystalline solids vibrate about their meuilibrium positions at all temperatures [1]€%ha vibrations are
responsible for a number of important propertiesrgttalline solids, some of which are the heatac#yp, mechanical,
heat transport and related physical propertieb®blids. The study of these vibrations whose uare called phonons
requires the knowledge of dispersion curves anditeaf states.

Despite the role played by the density of statess ivery difficult to measure directly. Experimahtdata will
normally give information on the phonon dispersmnves, and these will be used to determine theratamic force
constants, by comparing the experimental curveb thibse calculated from the force constants. Eveermthese have
been determined, it is by no means simple to cafeuhe density of states analytically, but modmmmputing methods
have proved an ideal tool for solving the problammerically [2].

The space lattice of caesium chloride is body-aedteubic. The primitive basis of two identical m®at 000 and;-

%% is associated with each lattice point. Each dtasmtwo nearest neighbours and eight next neag@gibours.

In this paper, a simulation program is used andr#im of the two force constants is set so asdbpetpte a
theoretical set of dispersion curves and examiaeetfect of the two constants on the dispersionasirWe also choose
values for the force constant in the secular detexnt and evaluate the determinant over a mesbiafgin k-space. We
built up a histogram of density of states from wiiee determine the specific heat of the solid.

2.0 Theory

2.1 Dynamical matrix for a body- centered CsCl lattice (second neast neighbor)
In the harmonic and adiabatic approximations, thenpn frequencies of cubic systems are determiyesblving the
usual secular equation given by
ID(q) — w1 =0 @
where w,D(q), M and I are in their usual meanings.
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The dynamical matrix element for a body-centeZs@l| lattice is given by the following matrixes rlents [3] given as

1
/ P21 +7) 0 0

8 1 1

o, (1,1) = gy(mﬂnz) 2| 0 p(1+7v,) 0 | 2
1
0 0 pEl+y) /

. ) =G (G, 5:S,C, 5:CyS,

®,(1,2) = gy(mﬂnz)_z SeSyC,  —CGyC,  CSyS, 3)

S¢CyS,  CiS,S, —CyCyC,

GO0 S0 56,
O, 21 = 3ymmy) 2 | S50 =S50 G55, (@)
5:CyS,  CxS,S, —C.CyC,

ferasry o 0o\
©,(22) =2ymmy) 7z o P2 (1 +7y) o | )
0 0o odasn)

Combining Egs. (2), (3), (4) and (5) gives

- d,(1,1) D,(1,2)
k) = ( LD (L ) 6A
o ®,(22) D,(2,2) (6A)
1
p7z2(1+vy) 0 0 - C,CyC, 5xSyC, 5:CyS,
1
0 p 2 (1+7yy) 0 S¢Sy C, —C,CyC, CxSyS;
1
. 1 0 0 2(1+ $,C,S CySyS —C,C,C
DK =§)’(m1mz)_5 p2( 1) _lx yoz x°yOz xbybz 6)
—CC,C, 5¢SyC, S¢S, pz(1+v) 0 0
1
5¢SyC, —CCyC, CxSyS, 0 p2(1+7yy) 0
1
5:CyS, CxSyS, —CCyC, 0 0 p2(1+7v,)

whereC, = CosK,a, S, = SinK,a, C;, = Cos2K,a, C, = CosKya, S, = SinK,a, C;,, = Cos2K,a , y, = %R(l -
Cos2K,a) andp = ml/mz( the ratio of mass of the atoms in the cell)

In order to make an analytical calculation of tlemsity of states, it is necessary to integi@tew) ™! over a constant
frequency surface in k-space. Since this is nomadly feasible, the usual approach is to compuéedinsity of states
numerically [5]. This is usually referred to asdtsampling method” since it build up the densitgtates by finding the
roots of the secular equation at large number oftpan the brillouin zone.

The usual expression for specific he@f)(in the Debye model with the modification made yrBis given by

3 4 X
C =9nNk l J.(BD/T)L:'[‘ g_D (7)
' ° 6 0 (e"—l)z T
18nN 7%
1 2
KoV | = +—=
’ (Cf CfJ
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and X= (ha)/kBT). The quantity that reflects the properties of thaterial is6,, which depend on 1V, ¢, and ¢

where ¢ and ¢ elastic wave velocity for longitudinal and transsee waves, n is the number of atorp,i& Boltzmann
constants an¥ is the molar volume.

3.0 Results and discussion

An understanding of microscopic properties of iainly materials requires the phonon dispersionesuand density
of states. In spite of the fundamental role plalygdiensity of states, it is very difficult to measwdlirectly. The work was
motivated by a recent theoretical study of the @isjpn relations of bcc cerium [4] to develop a eucal method of
computing not only the dispersion relations bub dle densities of states and specific heat cgpacit

The program used in this work originated from tB@&rdman Physics Program” book, [3]. The modifimasi made
to it, as explained in [4], include; reformattifgetprogram to calculate in double precision in otdereduce round off
errors and eliminate singularities; substituting NMAG’s subroutine with a more readily availableeoWe also replaced
the NAG'’s subroutine FO2AAF with the Numerical Ress [5] real matrix eigenvalue solver.

The normal mode frequencies obtained for [100]0[L&nd [111] over a cubic mesh point are weiglaed stored in
histograms, to form the densities of states foheaode of vibration, presented in Figure 4. Fighiis the total density
of states for bcc caesium chloride.

4.0 Conclusions

A Fortran program developed for personal compufgfsor calculating phonon dispersion curves andsity of
states [Keeler 1980] was used for bcc caesium id@l@tructures. The efficacy of the method is feam the agreement
of the computed dispersion curves and the densifistates, bcc caesium chloride, with the thecaétind experimental
results found in literatures [6]

DISPERSION CURVES-<100=-DIRECTION
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Figure 1. The [100] phonon dispersion curves for bcc Cs@icd constant ratio R = 0.8 where the blue lirdicates
Longitudinal branch and the black and the sky lihdécates the transverse branch.
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DISPERSION CURVES-<110=-DIRECTION
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Figure 2. The [110] phonon dispersion curves for bcc Cs@icd constant ratio R = 0.8 where the black ané bhes
indicates the longitudinal branch and the red,tslkg and the light green lines represents the vege branch
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Figure 3. The [111] phonon dispersion curves for bcc Cs@icd constant ratio R = 0.8 where the sky bluethadight
green lines represents the longitudinal branchthadlack, red and the blue lines indicates thestrarse branch of the
dispersion curve.
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Figure4. The phonon densities of state for the low-, medjwand high-frequency polarization for a one-ataru lattice
with R = 0.8.
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Figure 5. The total density of states of CsCl lattice witkxR.8.
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| c, and Temperature relationl
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Figure 6. Relation between specific heat capacitpied Temperature
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