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ABSTRACT

The equation of state (EOS) of a solid (pressurewwe relation) plays an important role in condensedtter
physics, which are very useful for the general wstdeding of the behaviour and the application ohdensed
matters. Its role becomes more crucial especially case of those materials which have high range of
compressibility. In the present work, pressur¢hoée different alkali metal halides viz. Nal, lhd Rbl has been
calculated at different compression ranges using ftifferent isothermal equation of state (EOS) Kizmar EOS,
Shanker EOS, Brennan Stacey EOS, Poirier- Tararf@&. A critical analysis and comparative study agthe
calculated values of pressure to test the validftyarious equations of states suggest that ShaB&S gives good
agreement with experimental result.

Key words: Equation of States, Alkali Metal Halides, CompreasBehaviour and pressure-induced structural
transformations.

INTRODUCTION

ALKALI-lodide crystals have been investigated vémyensively because they can be represented qeiieby the
simple ionic lattice model. It is known that thelRind KI have the NaCl-type structure at room terapge and
atmospheric pressure, undergo a Polymorphic tiansib the CsCl-type structure 3.9 kbar. This tittos is
accompanied by a considerable sudden change imedld%. An examination of the P-V dependences of
rubidium lodide shows that the change in the irdeenergy, which accompanies the polymorphic ttemsiin
these salts, represents a very small fractionefatiice energy of either phase of these compouBasiium lodide

is one of the oldest members of optical engineefamgily which shows an abrupt phase chase changbgla
compression region which makes it a slandered alpdievice in the field of detection technology. Tigh pressure
sodium iodide arc lamp requires the use of a buféerto limit the transport of energy from the discharge to the
arc tube walls via chemical reaction.

The equation of state (EOS) of a solid (pressurewve relation) plays an important role in condengeatter
physics, because the knowledge of the EOS is dfaemportance for the general understanding eftiehaviour
and the application of condensed matters [1] aeext compressions.
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In the present work, pressure of three differektlalmetal iodides viz. Nal, KI and Rbl has beercukated at
different compression ranges using four well knogquation of state (EOS) viz. Kumar EOS, Shanker EOS
Brennan Stacey EOS, Poirier- Tarantola EOS. A coatp& study has also been made among the caldwataes

of pressure to test the validity of various equatf states.

Theory

The derivation of EOS of a thermodynamic systelmaised on a fundamental theorem which equates tjeive of
pressure to the isothermal volume derivative ofednitholtz free energy function, F. The function msists of two
terms in the case of solids, the first of whichresgnts the potential energy of a non vibratinticextwhile the
second owes its origin to the pressure of the thkwibrations.

An Equation of state can be derived from the vola@evative of lattice potential energy [2-8] byingsthe relation

P= —(d_wj (1)
dv /.

where W for an ionic crystal can be written as shen of electrostatic energy and short range ovedaplsive
energy

Z%*

iEl +o(v) @)

W=-a,

Kumar has presented a derivative of the UTE orbtss of Chopelas - Boehler approximation [9,1@] gave an
EOS known as Kumar EOS

K : Vv
p=_20 K o+1]1-—|'-1 3
K, +1 {eXp( 0 { voj} @)

Poirier and Tarantola [11] derived an equationtafesusing finite strain theory by considering $fi@in function
€=log(ly/l) given as

- 2
P:KO(%) In(%}+ KOT_Z In(%} (4)

Using the free volume formula [12] for the Gruneigmrametey and assuming that the Grineisen parameisr
proportional to volume, Brennan and Stacey[5] ot#dian EOS which is given as

—4/3 [ T
BK{VJ (3K, - 5{1— VJ
VO VO
p= -1

" k-5 | 3

()

On the basis of Born lattice theory [13] taking tledume derivative of short range force constahgriker obtained
a equation of state known as Shanker EOS [14, b&jware as
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V -4/3
| WM 1. 2 2
P=t——— |17t {expty) -1+ L+y== |expty) (®)
where
v .8
y:1—V—O and =[Ko—gj

Kpis isothermal bulk modulus ar’KO is the first derivative of isothermal bulk modukiszero pressure.

RESULTS AND DISCUSSION

The pressure have been calculated at different mesan ranges (from V#1.0 to 0.1) for different alkali metal
iodides viz. Nal. KlI, and Rbl using four differersiothermal equation of state viz. Kumar EOS, Shai@s,
Brennan Stacey EOS, Poirier Tarantola EOS (3-6¢ ddiculated values are displayed in table (2 Fag input

values of isothermal bulk modulus dKand its first pressure derivative(,) at zero pressure are taken from the

literature [16] displayed in table (1). The loghntic values of calculated pressure obtained bygusifferent
isothermal EOS have been plotted against the fbgmié¢ values of unit cell volume ratio (VY and shown
graphically, displayed in figure (1-3). The resthitis obtained shows very interesting pattern he.graph plotted
between logarithmic value of pressure vs logarithméalue of unit cell volume ratio (ViY appears linear
characteristic [fig. (1 - 3)].

Another remarkable characteristic is observedttiatariation in value of pressure from compressanmge V/\§ =
1.0 to 0.5 are minimum but as the compression @s@e the variation in the values of pressure asweases.
Pressure (P) vs. unit cell volume ratio ()\felation for all the three alkali iodides are akhsame with slight
variation upto V/\§ = 0.5 but as the compression increases variatipméssure gradually increases and after,\V
0.3 it increases abruptly which is crystal cleanfrfigure (1 — 3).

When we consider about the success of equatiotatd derived from certain scientists, we have olezkthat the
calculated values of pressure at different compwesby using Kumar EOS and Shanker EOS gives a good
agreement with experimental values whereas Bre@tacey and Poirier-Tarantola EOS shows an abruysétiten.

It is observed that Brennan - Stacey equation afesshows deviation in upward direction, where asiés —
Tarantola EOS gives a linear type projection. Noe uestion arises, why both these equations & steow a
variation of marked difference.

Brennan-Stacey EOS is based on assumption thatedimparameter is proportional to volume and tainbd on
account of free volume formula. The metallic cristaave a packed arrangement, Due to this reasemnBn EOS
in case of bulk metallic glasses fails hopelessly.

The Poirier-Tarantola proposed an equation of slatéved using Hencky logarithmic strain [3] equeérg to the
Eulerian strain for small strain and better behafegdarge strain. The reference strain is neitherinitial nor the
final configuration, but the instantaneous confajion of the body being deformed. In uniaxial defation as the
instantaneous volume (V) of the body is increasgdi infinitesimally small increment dV, the rafidv/V) is
considered as an increment of the current stas&ah

dE=(dV/V)

When the solid goes from volume Y6 V the total finite strain or normal strain alsalled the Hencky measure of
strain.
En=(1/3) log (V/V)
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It has been observed that Hencky strain as a famdt the ratio (\{V) and in this way what we find that is as the
compression increases this potential deviates father potential and successively it shows a psdirdzar
characteristic. The conclusion is very interestamgl it requires a critical and comprehensive stfatyfurther
research work.

Table-1 The input values of isothermal bulk modulug Ko) & its first pressure derivative ( K O) at ero pressure [16]

S.No.| Sample| K(GPa) | K IO(GPa)
1 Nal 14.87 5.57
2 Kl 11.51 5.48
3 Rbl 10.49 5.60

Table -2 Calculated values of pressure (P) in GPaa function of V/\, at different compressions using different equatiorof state from
equations (3-6) for "Nal"

P (GPa) P (GPa) P (GPa) P (GPa)

VIV, | Kumar EOS (3) | Poirer -Tarantola EOS (4) | Brennan- Stacey EOS (5)| Shanker EOS (6)
1.00 0.00 0.00 0.00 0.00
0.90 2.10 1.86 2.09 2.10
0.8C 6.1¢ 4.64 6.0€ 6.1C
0.7C 13.9% 8.6¢ 13.6: 13.82
0.60 29.03 14.52 28.31 28.99
0.50 58.08 23.05 57.89 59.93
0.40 114.08 35.89 121.28 127.03
0.30 222.06 56.34 271.89 288.05
0.2¢ 430.2¢ 92.62 704.9 754.7+
0.1C 831.6: 174.8: 2662.4° 2876.1(

Table -3 Calculated values of pressure (P) in GPaa function of V/\, at different compressions using different equatiorof state from
equations (3-6) for "KI"

P (GPa) P (GPa) P (GPa) P (GPa)
VIV, | Kumar EOS (3) | Poirer -Tarantola EOS (4) | Brennan- Stacey EOS (5)| Shanker EOS (6)
1.00 0.00 0.00 0.00 0.00
0.90 1.62 1.44 1.61 1.61
0.80 4.71 3.57 4.65 4.68
0.70 10.63 6.65 10.38 10.53
0.60 21.92 11.10 21.43 21.94
0.50 43.51 17.59 43.53 45.06
0.40 84.77 27.35 90.54 94.81
0.30 163.61 42.87 201.46 213.35
0.20 314.28 70.36 518.27 554.64
0.10 602.19 132.61 1941.66 2096.59

Table -4 Calculated values of pressure (P) in GPaa function of V/V, at different compressions using different equatiorf state from
equations (3-6) for "Rbl"

P (GPa) P (GPa) P (GPa) P (GPa)

VIV, | Kumar EOS (3) | Poirer -Tarantola EOS (4) | Brennan- Stacey EOS (5)| Shanker EOS (6)
1.00 0.00 0.00 0.00 0.00
0.90 1.49 1.32 1.48 1.48
0.80 4.36 3.28 4.29 4.32
0.7¢ 9.92 6.14 9.67 9.81
0.60 20.68 10.29 20.14 20.62
0.50 41.49 16.35 41.29 42.76
0.40 81.75 25.47 86.75 90.88
0.30 159.64 40.00 195.05 206.67
0.2C 310.3: 65.8( 50724 543.1¢
0.1C 601.8: 124.2¢ 1921.6: 2076.1¢
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Fig. 1-3 The logarithmic graph between calculatedalues of pressure (P) against VA for Nal (Fig. 1), Kl (Fig. 2) and RbF (Fig. 3)
using different isothermal equation of state from quations (3-6)
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