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ABSTRACT

In this communication thkattice dynamics and allied properties of Rb@ystal we have investigated theoretically
by use of Van der Waal three body force shell md&lemental rubidium has a NaCl-type crystal struetwhich is
highly reactive, with properties similar to thoseather alkali metals. The investigation of of trgstals depends
on the motion of the constituent atoms, which camdhieved from the theoretical models of inteidqrotentials.
The new proposed model, van der Waals three badg &hell (VTBFS) come in existence ,which inomafes the
effects of the van der Waals interaction with lsagge Coulomb interactions, three-body interactiamsl short-
range second neighbour interactions in the framédwairrigid shell model (RSM). The obtained theaadtresults
for Debye temperature variation, two phonons IR/Ranspectra, third order elastic constants (TOE@uyrth
order elastic constants (FOEC) and the pressurévdéves of second order elastic constants (SOEE)RbBr are
very close agreement with experimental result.

INTRODUCTION

In the last two decays a considerable interestb®n shown by theoretical and experimental workerthe
investigation of lattice dynamical behavior RubidiBromide (RbBr). The knowledge of phonon dispersiarves
(PDC), Debye temperature variation, two phonon®RERian spectra, third order elastic constants (TOEQ)th
order elastic constants (FOEC) and the pressuieatigses of second order elastic constants (SOHEM) @auchy
discrepancy (&-C,s) have been of fundamental importance. Accordinghto Quantum theory of cohesion, the
ionic crystals possess Van der Waals and many lideractions. This has motivated us to incorpotiageeffects of
van der Waals interactions and three-body intevastin the framework of ion polarizable (RSM) withort-range
interactions effective up to the second neighbdurerefore, the most realistic model for completenianic
dynamical behaviour of the crystals under consiitaracan be developed by introducing the effectarf der Waals
interactions (VWI) and three-body interactions (YBI the framework of RSM. The present model iswnas van
der Waals three-body force shell model (VTBFSM)isTimodel considers all possible interactions foplaking
the harmonic properties of RbBr. Due to avail&pitif experimental data on the availability of & &b experimental
measured data on elastic constants [1-4], dieteatdnstants [5], phonon dispersion curves [6-10gby
temperatures variation [11], two phonon IR and Rams@ectra [12,13], third and fourth order elastiostants and
their pressure derivatives [14,15], for RbBr crigteeir interpretations by means of various théoe¢tmodels
[7,10,16-43], has motivated the present authoh&oltasic need for a lattice dynamical model forghtsfactory
description of their interesting properties.
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2.Theory

The schematic representation of RbBr crystal stirectshown in Fig.-The essential formalism of VTBFSM is the
inclusion of VWI and TBI in the framework of RSMhg& interactions system of present model thus cneis
long-range screened Coulomb, VWI, three-body imttzas and short-range overlap repulsion operatwéo the
second -neighbor’s ions. Looking into the adequafde interaction system, the present model sségeapproach
for the dynamical descriptions of RbBr crystal.

Bromide

Rubidium

Rubidium Bromide Structure Fig-1

The general form of present model can be derivedh the crystal potential energy per unit cell, gilsy
® = P+ PR+ PTB+ YW (1)

where, the potential energy terms on the right sidd are expressed &°,is Coulomb interaction potential. This
interaction potential is long-range in nature. Anic crystal can be regarded as made up of postieenegative

ions separated by a distar|\EJe|, where Fij is a vector joining the ionisandj. According to electrostatic theory, the

Coulomb energy of interaction ofth ion withj-th ion is written aspb®( Fij ). Thus, total Coulomb energy for the

crystal is
2

(0}

(@)

®C (=30 )=1"e,
] ]

nl

where, the prime means summation over all ionsgisg & will be +1, ifi andj are like ions and -1, if they are
unlike. If we consider infinite lattice, the Coulbrpotential energy for the whole crystal is given a

=

u‘

Z2%e?

o
where, an,is the Modelung constant whose value for NaCl-tigitice is —1.7476 and, is the equilibrium nearest
neighbour distance. Second teffi is short-range overlap repulsion potential. Thesmommmonly used analytical
expressions for the repulsive energy are giverhbyitverse and exponential power laws such that

3

C _
®C =ay

o R (rij ): ar; n (Born Potential) 4)
o R (rij )= bexp.(=r; / p) (B-M) Potential) (5)
where,a (orb) andn(orp) are the Born exponents called the strength ardhleas parameters, respectively.
oR=Mg, _bexp[(r, +r_-r) p]l+1/2M b ©6)
[B..exp(2r, 1p)+ B__exp(2r_/ p)]exp (- 1"/ p)
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whereM andM' are the number of first and second-neighboursraisdhe distance between the second neighbours
B are the Pauling coefficients [43,45] defined as

ﬂij:1+(zi/ni)+(2j/“j) v

with Z, andn; as the valence and the number of outer electronikedfth ion, r, andr. are the ionic radii of the
positive and negative ions. This interaction pbé&tins expressed as

2.2
¢ T8l :aere [Z;f(r)o} (8)
0

where, the termf(r), is a function dependent on the overlap integrdlshe electron wave-functions and the
subscript zero on the bracket indicates the eqitilib value of the quantities insid@™' is also long-range in
nature hence it is added to t#&.Using the crystal energy expression (1) the eqoatdbf motion of two cores and
two shells can be written as

WIMU=R+ZyC Zn) U+ (T+ZnC Yo) W 9)

O=(FYnCZ)U+(S+K+YuC Y)W (10)
HereU andW are vectors describing the ionic displacementsdeidrmations, respectively and R = T Zpand

Yn are diagonal matrices of modified ionic chargesh®ll charges, respectively. The elements of maisizonsists
of the paramete£,,, giving the modified ionic charge.

(11)
C'is the modified long- range interaction matrix givey
C'=_C+ (Zn"Zrof o)V+ (Z ‘)_ I (12)
7L vivazif
By using equation (13) for secular determinantftequency can calculate.
D(@)-w*M1|=0 (13)

HereD (q) is the (6x6) dynamical matrix .If we consider ot second neighbour dipole-dipole van der Waals
interaction energy, then it is expressed as:

®ga™'(1) = -S, =®'(r) (14)
C+C__
6r°

Where, $ is lattice sum and the constants.@nd C_. are the van der Waals coefficients correspondinthé
positive-positive and negative-negative ion pairespectively.The equation for calculation of sharige
parameters for the nearest neighbours and theneaxést neighbours, are given as the respectively.

ard [ d , aré [ d2 (15)
B = er§ [7¢£R)(r)} A = & [ ‘D(R)(r)}
r=rg

dr 2 2
€ dr r=rgp

V2 (B + Byy) = (rof)z{ q’(R)(r)}
r=rg~/2

N2 (A + Ay) = (rof)s{ ‘D(R)(r)}
)
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The modified expressions for the electrical andmeéacal polarizabilities are as:

Yz, ) e | Y,z a, :
V20 ) g, = RMZn) AR o) "
Ro + K R, +K Ze (YZ,)
The elastic properties in term elastic constétg Ci», Cs4) calculated by using the equation as
ardt 1 1 ,
?gcll = [‘ 511277 + Aj, + > (Aus+ Ago) + 5(311 +Bpp) +9.3204¢ 2} 17
eTclz =| 0226Z," =By + Z(All + Agp)- Z(Bll +By)+9.3204 &
4rg 1 3
eigCM = [ 2556 Z y° + By, + Z(All + Ay )+ Z(Bll + By )} (19)
In view of the equilibrium condition(§id/dr),=0] we obtain By;+B,,+B,= -1.165 Z2
where Z2 = zz(1+ % foj and &2=7r,f, (20)

The termfy is a function dependent on the overlap integréihe electron wave functions and the subscripb zer
indicates the equilibrium value. Debye’s modelimethe frequency distribution function which isgn by
Op=hv /K (21)

To determine the combined density of states foh gatarization is given by
Do =dN/dw = (VK?/21?). dK/dw (22)

where N = (L/#)° (41K %3), K is wave vector and’EV.
RESULTS AND DISCUSSION

By use of Van der Waal three body force shell mad&IBFSM) the input data and model parameters have
calculated in Table-1. The phonon frequencies i fibst Brillouin zone, to compute the variation Debye
temperatures with specific heats in Fig-1. The olet Raman spectra has been interpreted with tipeofighonon
density of state (PDS) approach and critical pamdlysis, using the above spectrum. Debye temperaariations
and combined density of state (CDS) curves for (RibErough use of VTBFSM have been computed atckfiit
temperatures fobp against the absolute temperature (T) plottedshosvn in Fig.-1 for RbBr. The calculateif—

T) curve for RbBr has given excellent agreement with éxperimental value [25].Though the agreemeatnist
better with our model, VTBFSM, there is a slighdatepancy between theoretical and experimentaltsestuhigher
temperatures due to the exclusion of the effeardfarmonicity in the present model. The third orderth order
elastic constant, their pressure derivatives andc®aDiscrepancyfor RbBr reported in Table-2 and Table-3.
Which gives strength to author for complete strradtudescriptions and dynamical study of RbBr crysta
Theoretically calculated results for the two-phoriReman spectra shown in table-2. This will provideomplete
test for the validity of the present model for tlerange of the spectra.

Table.1 Input data and model parameters for RbBr G (in 10 dyn/cnd), v (in 10" Hz), P (108 cm), ro(in 108 cmy), a; (in 102* cm®) and
Cus, C. (in 10%° erg cnrf)

Input data for RbBr Model parameters for RbBr
Properties | Values for RbBr | Properties| Values forRbBr
Cu 3.863 rofo 0.024
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C, | 0478727 0842
Cu | 04057 | A, | 12.843
vio(N) | 3.887 [ By, | -1.431
vro(l) | 2.840° [ Ay, | -2.640
vio(L) | 2.898" | By | 7.141
vro(L) | 2.0927 | A, | 2.236
via(L) | 2.807 | B, | -7.043
vra(l) | 2.09T [ d | 0.101
Io 3399 | d, | 0.204
ay 1.6797 | v, | -2.644
a, 40917 | v, | -2.971
[o 133
C. 5037

“Ref-a-[5],b-[6], C-[16]

Table. 2 Two phonon Raman peaks, TOEC and FOEC (innits 10" dyn / Cn?), Pressure derivatives of SOEC and TOEC
(dimensionlessfor RbBr

] TOEC and FOEC (in units 10" Pressure derivatives of SOEC and TOEC
Raman Active -(Present study) > . .
dyn/Cm°) (dimensionless)
Frequency Branch Values (cm') by
In (THz) [VTBFSM] Property RbBr (Present) Property RbBr (Prsent)
1.48 2TA(X) 132 Gu 67.2315 dK'/dP 5.905
1.86 TO(X)-TA(X) 62 G -0.1437 ds/dP 6.433
1.98 LO(X)-TA(X) 66 Gizs 0.0530 dC4l/dP -0.432
2.96 LA(X)+TA(X) 92 Caa 0.05479 dCy,4/dP -576.743
3.54 2LA(X) 118 Ges -0.1536 dC,4/dP -2.330
3.84 TO(X)+TA(X) 128 Css 0.05456 dC 1e¢/dF 2.342
4.14 2TA(L) 138 Gin 76.5485 dCypy/dP 1.435
2.07 TO(L)+TA(L) 69 G 0.3357 dC144dP -0.634
------- 2TO(L) Ciies 0.2231 dCs¢/dP 1.430
2.07 LO(L)+TA(L) 69 Cuz 0.4516
------- LO(L)+TO(L) m————- ClZG( 0.4596
5.70 2TOQ) 62 Cuaas 0.3234
5.70 2TO(X) 190 Gao: -0.1256
5.94 2LO(X) 198 Gaa: -0.1035
3.75 LO+TAQ) 125 Goa -0.1125
1.20 LA-TA(A) 40 Guase -0.1073
350
300 P ,_._//
-
* l
_ 250
2
(=]
= 200
150
100
o L T T T T T 1
o 50 100 150 200 250 300
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Fig.1. Debye temperature varians for RbBr
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Table.3-Cauchy-Discrepancy (in units 18 dyne/cnf) for lattice dynamics of RbBr

Property Cii— Cios Cuas Cioz Cinr- Ciior- Ciior- Ciio3- Ciioz Ciiox
Ciee Cise Case Cias Cuiee Ciase Caay Cria Cuase Cios
Values for RbBr 0.0099 -0.00156| 0.00023 -0.00179 0.1126 -0.008 8212 -0.0221 -0.0183 -0.0131]
CONCLUSION

The theoretically investigated value of Debye terapge and Raman spectra explain correctly by isaloulated

results of model parameter. A successful intergimetaf these spectra has provided the next besbfeany model

for higher range of frequency spectra. The calaiabf TOEC, FOEC with pressure derivative and @gtic
Discrepancy reported in Table .2 & 3 successfulliie. interpretation of Raman spectra achieved frdds P
approach and critical point analysis may be comsitlsatisfactory in all cases. The theoretical teave been
calculated for different frequency and reveal bettgreement [10-14].Therefore, the inclusion of dkm Waals

interaction is essential for the complete desaiptf the phonon dynamical behaviour of Rubidiulystals. The

basic idea about the RbBr crystal has taken by §4@] author highly thanks him. Some researchecstalse been
successfully reported theoretical result for othl&ali halides using the same model [40-51].
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