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ABSTRACT

Rubidium lodide crystals are bcc in structure. Statbout Rbl crystal in present of two body bodgrattion has
been observed some shortcomings especially witteceto the Cauchy violation, high dielectric cams, high
electronic polarizabilities and phonon dispersiaiation because of lack of many body terms. Socowes to these
difficulties a new model proposed, van der Waalsetbody force shell model (VTBFSM) come in exitgteWhich
incorporates the effects of the van der Waals adgon with long-range Coulomb interactions, thieedy
interactions and short-range second neighbour imtépons in the framework of rigid shell model (RSMg
theoretical predictions achieved for Phonon disfmrsDebye temperature variations, two phonon Raarahinfra
red—absorption spectra for RbIhe obtained theoretical results are very closesagnent with experimental result.

Keywords: Phonon; Debye temperature; combined densityatEsRaman & van der Waals interaction.

INTRODUCTION

The purpose of this paper is to report due to alahility of measured data on phonon dispersiorves [1,2],
Debye temperature variations [3,4] along with thl&oretical values [5], two-phonon IR and Ramaecsja [6,7],
elastic constants [1,8] and dielectric constants(Pof (Rbl) the nature and the physical propertéthe Rubidium
lodide have been attracted and their interpratatioy means of theoretical models [11-14] with cessfully
describe their interesting properties. The rigid mmodel (RIM) of Kellermann [15] could not interpreell the
dynamical, optical and elastic properties. Thendbfrmation dipole model (DDM) of Karo and Hardy6] and
rigid shell model (RSM) of Dick and Overhauser [BZ/Woods et a[18] by two different groups of workers has
given for study of lattice property. The most prasit amongst them are breathing shell model (BS\N§cbroder
[19], the deformable shell model (DSM) of Basu &whgupta [20] and three-body force shell model (T9#M
Verma & Singh [21-22].

In consideration of the van der Waals interactifiect recently, Upadhyaya et f3] have obtained good results
between theory and experiment for ionic semicoratgctising van der Waals interaction. This has ratdid the
author to incorporate the effects of van der Wasksractions and three-body interactions in thentavork of ion
polarizable RSM with short-range interactions effecup to the second neighbour. Therefore, it ayinferred
that the most realistic model for complete harmathjioamical behavior of the crystals under constitemecan be
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developed by introducing the effect of van der Waateractions (VWI) and three-body interaction8I)Tin the
framework of RSM. The present model is known asdenWaals three-body force shell model.

MATERIALS AND METHODS

2. THEORY

The van der Waals interaction (VWI) potential ovts=origin to the correlations of the electron roas in different
atoms. The electrons of each atom shift with resmethe nucleus in the presence of other atomscandequently
an atom becomes an electric dipole. The instantendipole moment of a closed shell atom inducebeyan der
Waals interaction potential. The necessity of idiig the (VWI) and (TBI) effects in the framework(®SM) [18]
has already been discussed above. Thus, the iocluwdiVWI and TBI effects in RSM will employ the étler
London and the free-electron approximations. Theraction systems of the present model thus coofisie long-
range screened Coulomb, VWI, TBI and the short-rangelap repulsion operative up to the second-rmighions
in Rubidium lodide . The general formalism of VTB#San be derived from the crystal potential whosevant
expression per unit cell is given by

CDC+CDR+CDTBI+CDVW| (1)

where, First term® is Coulomb interaction potential. This interactipotential is long-range in nature. An ionic

crystal can be regarded as made up of positivenagdtive ions separated by a diste{ﬁbﬁe , Wﬁ'e'rxa a vector
joining the ions i and j. According to electrostatieory, the Coulomb energy of interaction of igh with j-th ion

is written asb"( iy ). Thus, total Coulomb energy for the crystal is

‘Dc(r):%'q)c(rij)

2
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where, the prime means summation over all ionspxeg, g; will be +1, if i and j are like ions and -1, ifeth are
unlike Second tern®® is short-range overlap repulsion potential. Thestrmmmmonly used analytical expressions
for the repulsive energy are given by the inversg @ponential power laws such that

R — n R - —
¢ (r” )_ 8" (Bom Potential) , © (r,)=bexp.(-r, 1) (B-M) Potential)

Where, a (or b) ang(orp) are the Born exponents called the strength ardhleas parameters, respectively.

Third term®"™' is three-body interactions potential. Accordingjtentum-mechanical theory using Heitler-London
approximation, the atomic wave-functions are treéaigidly connected with their nuclei and supposetlto change

in a deformation of the lattices. As a natural empsence of the anti-symmetry requirement on theewanction
[16], this alteration in the electronic charge dgnsauses a charge depletion which depends ointbe nuclear
separation and interacts with all other charge€Caalomb force law and gives rise to long-range irdloduced by
Lowdin [17] and Lundgvist [18]. This interactionteatial is expressed as

Z%*[ 2n
T _ el
o™ =a, L5 201 (),

Where, the term f(k)is a function dependent on the overlap integralhe electron wave-functions®™' is also
long-range in nature hence it is added to®feand last termd""' is Van der Waals interaction potential and owes
its origin to the correlations of the electron roas in different atoms.

Using the potential energy expression (1), the ggus of motion of two cores and two shells cargiven as.

w’MU =(R+Z,C'Z U +(T+Z,C'Y, )W @
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0=(T"+Y,C'Z ) +(S+K+Y,C'Y, )W 3)

Here,U and W are vectors describing the ionic displacements defdrmations respectivelgm and Ymare the
diagonal matrices of modified ionic charges andlgierges, respectivel\ is the mass of the cor&é,andR are
the repulsive Coulombian matrix respective@/; and Ym are the long-range interaction matrices which ideki
Coulombian and three-body interaction respectiv€lgnd K are core-shell and shell-shell repulsive interactio

T
matrices respectiveﬂ} is the transpose of the matfix All these variables are as described in [18].3&eular in
form of determinant given as:

D()-w*M 1|=0
D(d)- w*M 1| @
Here D Q)i_s’the (6 x 6) dynamical matrix for Rigid Shell de expressed as :
D(@)=(R'+z,c'z,)-@C+z,C¥, )x
s+k=+y,cvy, )@ +v,cz,) )

The numbers of adjustable parameters have beeglyaduced by considering all the short-rangerations to
act only through the shells. This assumptions lead® =T = S C' is modified long-range interactioatrix given
by .Where R, T and S are short ranges forces ajipéae form of matrices defined by [13].

C=C+(Z’Zrfo)V (6)
Where § is the first —order space derivative angnZodified ionic polarizability

If we consider only the second neighbour dipolestéipran der Waals interaction energy, then it jgregsed as:

C,.+C__

++

cDVWl :_S
dd (r) \% 6r6

= ()
(7)
Where, $ is lattice sum and the constants, @nd C_ are the Van der Waals coefficients correspondinghée

positive-positive and negative-negative ion paiespectively. By solving the secular equation (& éxpressions
derived for elastic constants(CC;,, Cy44) corresponding to VTBFSM are follows as:

2
e 1 1 '
Cu=—=" 5112m2 +A, +*(A11 + Azz)"'*(Bn + Bzz) +9.3204¢
4 2 2 (8)
_ 82 2 1 5 12
Cp = a4 02267, -B, + *(Au + Azz)_ *(Bn + Bzz)+ 9.3204 ¢
4ar, 4 4 9)
2
Cu= €'4|: 25562m2 +B, + i(An + A22)+ E(Bn + B, )}
ar; 4 4 (10)
In view of the equilibrium conditiorid®/dr),=0] we obtain
11BB,+2B = -0.6786 Z? (11)
z;:zz(1+16foj and E?=127r,f,
Where 4 (12)

The term fo is function dependent on overlap irdkgof electron wave functions. Similarly, expressi for two
distinct optical vibration frequencie&y( andwy) are obtained as:
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1~ )\2
(2 )y = R+ 2L BT g 21 602)

3j1
1. \2
2 A Z'e 47T 2
(lij )q=0 =R _%3\/ Z,
T f (14)
where the abbreviations reported by R.K.Singh [thhid for
d? d,? 2,2
'R —e?| 214 Y2 Z%e
RO RO e[a1+a2]_ — RO: Vv (A12+2812)
y Z'= Zytdy-dy
a. +a 8 2
f, =1+ 2 ——2 | ==z ?2+6&'?
- ( v j 3V ( " ¢ )
a,+a 4 2
fp=1-|2—2|-—"—|(z
T ( v j 3V ( m )
where91: 92 glectrical polarizabilites andYY, are shell charge parameters of positive and negatns.
Debye’s model define the frequency distributiondiion which is given by
Op=hvyK (15)
To determine the phonon density of states for @atdrization is given by
N[> Slw - w, (a)bq
g(@=dN/dw= 8z | =(VK#2r?).dK/dw (16)
_ 3 3 . 3 L { %fw)da) =1
N = (L/2r)° (41K°/3), K is wave vector and’EV. where N as a normalization constant such th
and g(“)d“is the ratio of the number of eigen states in tegdency interval{'“" @+ dc‘“‘) to the total number of

. w\q). .
eigen states ! 9 is phonon frequency of the jth normal mode of therpn wave vector g.

3. COMPUTATIONS

Model parameters for Rubidium lodide (Rbl) haverbeemputed for [VTBFSM] from the known experimental
values of the elastic constan {, C;, andC,,), polarizabilities €., a), frequencie® o(I"),V1o(l), Vio(L), Vro(L),
via(L) andvra(L) and inter atomic separation)rThese model parameters are used to calculate treptspectra
in the first Brillouin zone for the 48- allowed naquivalent wave vectors.

RESULTS AND DISCUSSION

By use of VTBFSM model parameters and input dat&e lealculated given in Table-1. These model pararset
have used to calculate the phonon frequencies enfitet Brillouin zone, to compute the variationf @ebye
temperatures with specific heats in Fig-1. The ol Raman spectra has been interpreted with tipeofighonon
density of state (PDS) approach and critical paimhlysis, using the above spectrum shown in FigH2 two-
phonon Raman spectra are sensitive to the higeeuéncy side and the specific heats to its lowde sif the
phonon spectra. Debye temperature variations ambic®d density of state (CDS) curves for (Rbl) thylo use of
VTBFSM have been computed at different temperatbse®lackman's [24].By use of sampling technigbe t
corresponding values &p have compared with the available experimental f&# and curve fo®p against the
absolute temperature (T) plotted ,are shown in-Fifor Rbl. The calculated8p—T) curve for Rbl has given
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excellent agreement with the experimental valug.l2®ugh the agreement is almost better with oudeho
VTBFSM, there is a slight discrepancy between tbtcal and experimental results at higher tempegatwhich
can be due to the exclusion of the effect of anlbainity in the present model. The third order andh order
elastic constant and their pressure derivativesRior reported in Table-3 and Table-4 which giveergth to
author for complete structural descriptions andadtyital study of Rbl crystal. The two-phonon Rampecsra are
sensitive to the higher frequency side of the pimospectra and the specific heats are sensitivastdower
frequency side the calculated results for Ranmettsa shown in table-2. This will provide a contgleest for the
validity of the present model for the all rangettod spectra.

Table.1 Input data and model parameters for Rbl G (in 10™ dyn/cn?), v (in 10* Hz),
P (10® cm), r(in 10% cm), a; (in 102*cnt®) and C., C.. (in 10°°° erg cnf)

Input data for Rbl Model parameters for Rbl
Properties Values for Rbl  Properties Values forRbl
Cll 3.21¢C lo 3.63¢
Cuw 0.36C° rofo 0.0219
Cus 0.2927 Yo, 3.604
vio() 3.151° Z.2 0.74
vro() 2.43%° Az 13.44
Vio(L) 2,673 B2 -0.94
vro(L) 1.925° An -6.01
via(L) 1.948 By 2.79
vra(l) 1.67¢ Az 4.92
o 3.62:°¢ B,; —2.67
oy 1.679 d 0.14
o, 6.116" oy 0.124
Cis 133 Y, —-3.442
C. 1090° Y, -6.427

Ref-a-[15],b-[17], c-[18],d-[16]and e-[16]
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Fig.1. Debye temperature variations for Rbl
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Fig. 2 Combined density state curve for Rbl
Table. 2 two phonon raman peaks for Rbl
Raman active CDS pea Raman active
CDS peaks (crit)[35] Present study (om® ;)[35]'“‘ Present stud
Assignments Values (cnt) by [VTBFSM] Assignments Values (cmt') by [VTBFSM]
51 2TA(X) 50 127 2TO(L) 130
55 TO(X)-TA(X) 57 145 LO(L)+TA(L) 149
60 LO(X)-TA(X) 56 150  LO(L)+TO(L) 153
69 LA(X)+TA(X) 69 162 2TOQ) 162
80 2LA(X) 88 163 2TO(X) 164
10¢ TO(X)+TA(X) 107 16t 2LO(X) 16¢
11% 2TA(L) 111 LO+TA(A) 161
11¢ TO(L)+TA(L) 11¢ LA-TA(A) 31
CONCLUSION

The theoretical investigation of Debye temperatanel Raman/IR Raman spectra explain correctly ey afs
calculated results of model parameter. The agreebwtiween experimental [6,7] and our theoreticakpis very
good for Raman spectra of Rbl. The interpretatibRa@man spectra achieved from PDS approach aridatioint
analysis may be considered satisfactory in all ca®ar extensive study of two-phonon Raman spéstbasically
aimed to correlate the theoretical and optical erpental results. A successful interpretation afsth spectra has
provided the next best test of any model for higlaege of frequency spectra. The calculation of TGaFOEC
with pressure derivative reported in Table .3 &utcessfully .The theoretical results have been esatpwith the
available experimental data and reveal better ageae[10-14].

Therefore, it may be inferred that the inclusionvah der Waals interaction is very essential f@& tomplete
description of the phonon dynamical behaviour obigium crystals.The basic idea about the Rbl efylsas taken
by [26] and author highly thank him. Some researstalso have been successfully reported theoretisalt for
other alkali halides [27-34].

Table. 3 TOEC and FOEC (in units 18% dyn / Cn) for Rbl

Property Cin Cuz: Ciz Ciae Ciee Case  Cuny Cus: Cuee Cuz Cisee Casae  Cuze Ciiae Copu
Rbl (Present) 89.21 017 080 0.73 032 0.06 13043 039 0.29 10.5.38 050 -0.23 -0.13 -0.22
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Table- 4 Pressure derivatives of SOEC and TOEC (diensionless) of Rbl

Property dK'/dP_ dS/dP  dC4/dP  dC11/dP  dCy/dP  dCiddP  dCipddP  dCuud/dP  dClssd/dP
Rbl (Prsent) 5.95 6.98 -0.57 -779.81 -1.97 1.53 1.65 -0.13 1.71
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