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ABSTRACT

Thallium halides have CsCI structure except TIF cwhhas an orthorhombically distorted variant Na@pé¢
structure. At the normal room temperature it hagliatorted rock salt structure. The nature and theygical
properties of the thallous halides have attractediacreased interest in the study of their lattdygnamics .The
dynamical behavior of thallium fluoride (TIF) habeen studied by using van der Waals three-bodyefshell
model (VTBFSM), which incorporates the effectshef van der Waals interaction with long-range Coubtom
interactions, three-body interactions and shortgarsecond neighbour interactions in the framewdrkigid shell
model (RSM).In present paper the variations of Rellgmperature with absolute temperature have been
theoretically calculated for thallium fluoride ugifVTBFSM).
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INTRODUCTION

The monoflourides of thallium, potassium, rubidiuoesium and silver constitute a class of binarpritles for
which CsCl-type structures would be excepted ifrddius—ratio criterion obtained [1]. Availabilibf the measured
data on Debye temperature variations [2,3] alorty tieir theoretical values[4] and their interptietas by means
of theoretical models[5-10] with successfully désertheir interesting properties. This has motidat® author for
incorporation of the effects of van der Waals &#nbody interactions in the framework of ion palable (RSM)
by Dick and Overhauser[11] and Woods et al[12]wy different groups of workers has given for studyattice
property with short-range interactions effectivetaghe second neighbour. Therefore, it is conduidat the most
realistic model for study of complete harmonic dyizal behaviour of the crystals can be developethtsgducing
the effect of van der Waals interactions (VWI) axgbression for the contribution of (TBI) to the dynical matrix
has been rigorously derived and exactly evaluayeddyma and Singh [13] for NaCl-structure in thanfrework of
RSM. The present model is known as van der Waatethody force shell model (VTBFSM). Here a theoedt
study of Debye temperatures variation of TIF hasnbgresented in terms ®D and T (K) that are consistent with
experimental data observed by various workers.

In Figure-1 shows the atomic structure of TIF withee dimensional space vectors.

16
Scholars Research Library



U C Srivastava Arch. Appl. Sci. Res., 2013, 5 (3):16-20

[100]

[001]

[010]

Figurel. Atomic Structureof TIF

2. Theory

The necessity of including the (VWI) and (TBI) effe in the framework of (RSM)[14] has already béd&stussed
above. The van der Waals interaction (VWI) potértises its origin to the correlations of the eleatimotions in
different atoms. The electrons of each atom shifh wespect to the nucleus in the presence of attems and
consequently an atom becomes an electric dipole.if$tantaneous dipole moment of a closed sheth &aduces
as the van der Waals interaction potential. Thius,inclusion of VWI and TBI effects in RSM will efgy the
Hietler London and the free-electron approximatiofise interaction systems of the present model twnsist of
the long-range screened Coulomb, VWI, TBI and thertstange overlap repulsion operative upto the sdeco
neighbour ions in thallous halides. The generainfdism of VTBFSM can be derived from the crystatgudial
whose relevant expression per unit cell is given by

q)C+CDR+CDTBI+CDVWI (1)

Where, First tern®® is Coulomb interaction potential. This interactjpotential is long-range in nature. Thus, total
Coulomb energy for the crystal is
Z 2e2
P (r) =% ®%a, —(rij )
j o
whereay, is the Modelung constant anglis the equilibrium nearest neighbors distanceoBéderm®R is short-
range overlap repulsion potential.

Q)R(rij ) = arijn (Born Potential) and
¢R(rij ) =bexp.(-r; / p) (B-M) Potential)

Where, a (or b) ang(orp) are the Born exponents called the strength andnkas parameters, respectively. Third
term @' is three-body interactions potential. As a natwaisequence of the anti-symmetry requirement en th
wave function[15], this alteration in the electmmharge density causes a charge depletion whipbndis on the
inter nuclear separation and interacts with aleottharges via Coulomb force law and gives riseng-range TBI
introduced by Lowdin[16] and Lundqvist[17]. Thidemaction potential is expressed as

Z%* [ 2n
o =a, 2% i),

0
Where, the term f(g)is a function dependent on the overlap integrélthe electron wave-function®™' is also
long-range in nature hence it is added todfeand last term®"""' is van der Waals interaction potential and owes
its origin to the correlations of the electron mas in different atoms closely the method used mo@vet.al[12].

By using the potential energy expression (1), thigations of motion of two cores and two shells lsamgiven as.
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WMU=(R+Z CZ }J+(T+Z CY, )W @)
0=(T" +Y,CZ U +(S+K+Y,CY W ®3)

Here,U and W are vectors describing the ionic displacements dafdrmations respectivelym and Ymare the
diagonal matrices of modified ionic charges andlsti@rges, respectivell is the mass of the corgé,andR are
the repulsive Coulombian matrix respectivey/; and Ym are the long-range interaction matrices which idehu
Coulombian and three-body interaction respectiv€lygnd K are core-shell and shell-shell repulsive interactio

matrices respectiverTT is the transpose of the matrik All these variables are as described in[14].The
introduction of VWI and TBI in the framework of RSiith the elimination ofV/ from eqs (2) and (3) leads to the
secular determinant:

D(d)-w’MI|=0 4)
Here D(q) is the (6 x 6) dynamical matrix for Rigid Shell d& expressed as:

D@)=(R+z,CZ,)-(T+Z,CY,)*

(s+k+Y,CY,) " +y,cz,) o

Where R, T and S are short ranges forces appéiae iiorm of matrices defined by[10].
C=C+(Zn*Zrfe) V. (6)
Where § is the first —order space derivative angnZodified ionic polarizability.

3. Computations

Specific heats are compared with that computed ftoenphonon spectra. This comparison is usuallyedoyn
plotting the Debye temperatures against the temyeraAt high temperatures, quantum consideratamycalmost
no significance but at low temperature the validity Debye’s approximation proved. For calculatingbe
temperature at low and high temperature case dgiyeformula. Disagreement has been observed at ititeeth
temperature side may be ascribed to the non-irmiusf the harmonic interactions in the present rho@ibe
Specific heat constant volume ((G,at temperature T is expressed as Debye’s modighed¢he frequency
distribution function which is given by

®D=hv m/K @)

For calculating the exact variation of Debye terapaes we have used the Blackmann's[18] samploigntque. In
this technique, the frequency spectrum is divided a suitable number of equal intervals and thexifip heat is
expressed as a sum over Einstein functions cometipg to the mid point of each interval. Thus,

3R
C,=—— E(yd
v = 50002 g(VE(vdv (8)

where E(v) is the Einstein function, R is the gas constamt @fv)dv are the number of frequencies lying in the
interval (v-dv/2)to (v+dv/2). In given Figure-2 shows the Debye temperatur@atian graph between T temperature
and@p,
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Figure 2. Debye Temperature Variation of Thallous Fluoride

RESULTSAND DISCUSSION

In the present study the variation of Debye tenipeea ED) at different temperatures T have been calculatetl
plotted by the availability of experimental dataRi$torius ad Clark [19]. Despite the lower symmetry of TIF and
the uncertainty as to the exact nature of the disto of the lower—temperature structure, a hegiaciy
determination of the deviation from the harmonicdeloof lattice vibration is of great interest besawf extremely
large disparity in ion masses [1]. Due to this kldée data it crate much interest to author footbécal studies of
TIF . If we start from the lowest temperature first dases to a minimum, then increases to a flat maxiranch
finally decreases slowly .At lower value side ®D no deviation observed but at increasing valuebebye
temperature the mix nature of curve clearly obdae/aear 350K. The initial slope of the melting\aiof TIF is
considerably lower .This is similar to the behavieacountered for potassium, rubidium and sodiufidés .The
thermo dynamical functions have a probable errdesd than 10% above 100K and 200 K in this graglative to
other fluorides, significant deviation beyond tlarhonic limits begins to appear.

CONCLUSION

Relativistic effects in dissociation energies angé. Part of these large effects is due to atemiic-orbit coupling
in thallium and the heavier halides, only TIF shaush large effect. Thallium halides are thermodyically stable
if we neglect entropy effects. Thus, it may be guesor these species to be trapped by matrixaismh techniques
at low temperatures for spectroscopic investigati@ur study shows a better agreement at lowerdeatyre side
but slight disagreement at the higher temperatitte may be ascribed to the non-inclusion of theharmonic
interactions in the present model, which it mayiriferred that the incorporation of van der Waalkgiiactions is
essential and appropriate for the complete degonipif dynamical behaviour of thallium fluorideso@plete lattice
dynamical property of alkali halides of NaCl andGG#ype structure like potassium and thallous hedid
theoretically reported by some researcher[20-38hte much interest for further study of such aigst
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