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The Pressure-Volume-temperature(P-V-T) relation using non inverted equation of state
(EOS) viz. Murnaghan EOS, Usual-Tait EOS, Vinet EOS, Born-Mayer EOS, Birch EOS,
Kumar EQS, Shanker EOS, Brennan Stacey EQS, Poirier- Tarantola EOS, Universal EOS
and Freund & Ingalls EOS for NaCI-CsCl type crystals has been studied. It is found that
except Murnaghan EOS, Brennan-Stacey EOS and Poirier Tarantola EOS all other EOS

gives close agreement with each other even at high compression ranges. Also another
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remarkable characteristic observed when the value of compression decreases from 0.5 the
variation in value of pressure as calculated by different EOS increases.
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Introduction

The exploration of matter at extreme conditions is a central
theme in a broad range of scientific disciplines (e.g. material
science chemistry, physics, and Earth and planetary science).
The application of pressure can induces both continuous and
discontinuous changes in atomic and electronic structure.
Learning how atomic and electronic arrangements change under
extreme conditions, provide insight into the nature of phase
transformations, chemical reaction, and also evolution in micro-
and nanostructural components, such as crystallite size,
dislocations, voids, and grain boundaries. Once these processes
are understood, it will be possible to predict responses of
materials under thermo-mechanical extremes using advanced
computational tools. Further, this fundamental knowledge will
open new avenues for designing and synthesizing materials with
unique properties. Using these thermo-mechanical extremes will
allow tuning the atomic structure and the very nature of
chemical bonds to produce revolutionary new materials.

The compressibility of the alkali metals is very large, and
the large volume reduction with application of pressure affects
significantly the otherwise free-electron like electronic structure.
As a consequence, these metals undergo several pressure-
induced structural transformations. These have been studied
experimentally as well as by theoretical methods [1-9] and
references therein).

The equation of state (EOS) of a solid (pressure—volume
relation) plays an important role in condensed matter physics,
because the knowledge of the EQS is of central importance for
the general understanding of the behaviour and the application
of condensed matter [10]. The EOS of crystalline solids has been
a long-standing topic and extensively investigated. A lot of
interesting and important phenomena have been observed [10].
In the last few decades a set of equations of state for solids
which can be successfully applied to the description of
thermodynamic properties of minerals in wide range of
temperatures and pressures have been developed. In the most
known work [11] the Debye approach are used for description of
quasi-harmonic part of the Helmholtz free energy and additional
contributions to the Helmholtz free energy are taken into
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account. However, the Debye approach is true within the limits
of low and high temperatures but in the intermediate field it is
inter-polar. Oxides and minerals have usually a high Debye
temperature (about 500-1000 K), therefore at room temperatures
the Debye approximation is not always correct. For very good
description of thermodynamic functions of solids from 10 K up
to melting temperature it is possible to used the Bose-Einstein
approximation [12, 13] which has been successfully used at
construction of equation of state for NaCl [14] and some metals
[15, 16]. However in the latter case construction of equations of
state needs practically full set of experimental measurements
(heat capacity, thermal expansion coefficient, adiabatic bulk
modulus from ~0 K and up to melting temperature, volume
depending on pressure and temperature) which in most cases are
absent for minerals. Other approximations which are quite
successfully applied to equations of state for solids are also
known (see, for example, [17,18,]. With the development of
high pressure techniques, pressure is becoming an important
processing variable just like that of temperature or chemical
composition for condensed phases.

In the present work, compression dependence of pressure
for twelve different alkali metal halides viz. LiF, LiCl, LiBr,
NaF, NaCl, NaBr, KF, KCI, KBr, RbF, RbCl, and RbBr has been
calculated by using different equation of state (EOS) viz.
Murnaghan EOS, Usual-Tait EOS, Vinet EOS, Born-Mayer
EOS, Birch EOS, Kumar EQS, Shanker EQOS, Brennan Stacey
EOS, Poirier- Tarantola EQOS, Universal EOS and Freund &
Ingalls EOS. Also a comparative study has been made among
the calculated values of pressure by using different EOS to test
applicability.

Formulation of equation of state

An extensive study of the EOS and other thermodynamic
properties of solids was first made by Griineisen [19] who used a
simple power law for the potential energy expression.
Murnaghan equation of state [20] is based on empirical
observation that the isothermal bulk modulus is a linear function
of pressure. On the basis of finite strain theory Birch modified
and improved the Murnaghan EOS and gave a new EOS known
as Birch Eos [21,22] which is widely used in geophysics.
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Shanker et.al. [23] obtained three sets of equations each for
pressure, isothermal bulk modulus and its pressure derivative
corresponding to three functions showing the dependence of
short range force constant on volume. The first function is
represented by the inverse power form which leads to the EOS
given by Born-Mie [24,25]. The second function is represented
by an exponential form which leads to the EOS which is
identical to that obtained by Brennan and Stacey [26,27], using
thermodynamic formulation for the Grlneisen parameter. The
third function is represented by a modified exponential form
which leads to Shanker EOS [23]. Using relationship between
binding energy and interatomic distance, Vinet proposed an EOS
known as Vinet EOS [28,29]. By using an exponential function
for short range overlap energy, Born-Mayer proposed a new
equation of state known as Born-Mayer EOS [30]. A slight
modification in Murnaghan EOS gave a new EOS known as
Usual-Tait EOS [31,32]. On the basis of Modification in
adjustable parameter of non inverted equation of state [33] we
get universal equation of state [28,34] and further modifying in
adjustable parameter we get another new equation of state
known as Freund & Ingalls EOS [31]. By defining a strain in
terms of logarithmic function, Poirier and Tarantola [35] derived
a new equation of state known as Poirier & Tarantola EOS
An Equation of state can be derived from the volume derivative
of lattice potential energy [24, 30] by using the relation

p:_(dWJ (1)
dv ),

Where W for an ionic crystal can be written as the sum of
electrostatic energy and short range overlap repulsive energy

22 2
W =-a,, VTea+q)(v) )

Where ar,, is molar volume expension coefficient.

By using an inverse power form for ® such as (aV™"), we get an
equation by eliminating the parameters 'a' and 'n' in terms of
isothermal bulk modulus (Kg) and first derivative of isothermal

bulk modulus (KIO) at zero pressure known as Born-Mie EOS
[24] which can be written as

3K Vv 4/3-K, Vv 413
p=_"20 || = - = 3)
3K',-8[V, v,

When we use an exponential function for @ [such as b exp {-

K(V/Vo)}*® and eliminating b and K in terms of K, and K'0

using the relationship for potential parameter [36]] we get Born-
Mayer EOS which is

% 23 13 413
-] -
(n-2) Vi v, v,

. . 2 1/2
n= 3(K, _1>+{9(K° -1) - 6K, +12}

where

2 4

A simple EOS based on assumption according to which the
isothermal bulk modulus K+ depends linearly on pressure i.e.
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K =Kg+KgP
Murnaghan gave an equation of state known as Murnaghan EOS
[20] which can be expressed as

_KO
LS ) ®)
KO VO

A slight modification in Murnaghan EOS performed by Usual -
Tait yields a new EOS known as Usual - Tait EOS [31,32], given

by

P= (%)Hexp(K'o + 1{1 - \\//Oj} - 1} (6)

Kumar has presented a derivative of the UTE on the basis of
Chopelas - Boehler approximation [37,38] and gave an EOS
known as Kumar EOS

__ K ' VL (7)
PR +1Hexp(l(0 +1{1 v j} 1}

which is same as Usual-Tait EOS

On the basis of finite strain theory [39] in which the expansion
of Helmholtz free energy is considered as a polynomial series in
terms of Eulerian strain and taking third order approximation
Birch obtained an EOS [40] which is as follows

sl Tl ™)

®)
Poirier and Tarantola [35] derived an equation similar to Birch
EOS but define strain as
€= log(ly/l) rather than Eulerian strain f=1/2[(V/V,)?*-1] used
by Birch and give an EOS

] o

Using the free volume formula [41] for the Griineisen parameter
vy and assuming that the Griineisen parameter 7y is
proportional to volume, Brennan and Stacey obtained an
EOS [28] which is given as

Y -4/3
3, [j
Vo

i (3k,-5) | 3

: Vv
(3K, —5)(1—\/()}
-1/ (10

Vinet proposed a new EOS on account of relating binding
energy with inter atomic distances known as Vinet EOS [29]
which may be expressed as

P =3K,(1- X)X *exp[n(1-X)] (11)
where
(K, -1 3
n= ( 0 ) and N l
2 v,
On the basis of Born lattice theory [42] taking the volume

derivative of short range force constant, Shanker obtained a
equation of state known as Shanker EOS [23, 43] which is
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<)

P W Kl—%+§j{exp(ty) ~1+ y(1+ y—%)exp(ty)}
(12)

where

\Y and .8
=1-— =K. =2
y V. [ 0 3]

0

The modification in the basic assumption of Kumari et al [33]
EOS can be written as

p- (K(')Kia) exp{—(:f? +a)] { {[H _1}_1] (13)

1/ a
Vi 1o @ i Ketrep (14)
v, [Ky+a] K,

where a, Ko & g are adjustable parameters.

By substituting the adjustable parameter o=1/3 Freund and
Ingalls introduced a new EOS known as Freund & Ingalls EOS
[31] given by

P= (K;,i01/3) eXp{—(llj('; +1/3)] H[\%]ﬂs_%—l] (15)

Further improving the adjustable parameter and putting a=2/3 in
equation (13) we obtained a new EOS known as Universal EOS
[28,34] written as

Pz<K(;3+K§/s>exp{_(K;+2/3)}H®7T3‘1}’1] Y

Result and discussion:- The pressure have been calculated at
different compression ranges (from V/V,=1.0 to 0.1) for twelve
different alkali metal halides viz. LiF, LiCl, LiBr, NaF, NaCl,
NaBr, KF, KCI, KBr, RbF, RbCl, and RbBr using twelve
different isothermal equation of state viz. Murnaghan EOS,
Usual —Tait EOS, Vinet EOS, Born Mayer EOS, Birch EOS,
Kumar EOS, Shanker EOS, Brennan Stacey EOS, Poirier
Tarantola EOS, Universal EOS and Freund Ingalls EOS from
equation (3-12, 15 and 16). The calculated values are displayed
in table ( 2 to13). The input values of isothermal bulk modulus

(Ko) and its first pressure derivative ( Kb) at zero pressure has

been taken from the literature [37] and are displayed in table (1).
The logarithmic values of calculated pressure obtained by using
different isothermal EOS have been plotted against the
logarithmic values of unit cell volume ratio (V/V,), displayed
graphically in figures (1-12).

The result thus obtained shows very interesting pattern i.e.
the graph plotted between logarithmic value of pressure vs
logarithmic value of unit cell volume ratio (V/Vg) appears to
exhibit a linear characteristic [fig. (1 - 12)]. Another remarkable
characteristic is observed namely that the variation in value of
pressure from compression range V/Vy, = 1.0 to 0.5 are
minimum but as the compression increases the variation in the
values of pressure also increases. From fig. (1-12) it is clear that
the pressure (P) vs. unit cell volume ratio (\VV/V,) relation for all
the twelve alkali metal halides are almost the same with slight

variation upto V/V, = 0.5 but as the compression increases the
variation in pressure gradually increases and after V/V, = 0.3 it
increases abruptly.

When we consider the success of equation of state derived
from certain scientists, we have observed that nine EOS show
very good agreement with each other except Murnaghan |,
Brennan-Stacey and Poirier-Tarantola EOS. Murnaghan EOS
agreement with other EQOS only upto V/V, = 0.7 and after that it
deviates sharply and shows higher pressure values, but Brennan-
Stacey EOS and Poirier Tarantola EOS show abrupt deviation. It
is observed that one equation of state shows deviation in upward
direction, where as other shows a linear type projection. Now
the question arises: why both these equations of state show a
variation of marked difference?

Brennan-Stacey EOS is based on the assumption that
Grineisen parameter is proportional to volume and equation is
obtained on account of free volume formula. The metallic
crystals have a packed arrangement, whereas BMGs have
random close packing with the existence of free volume. Due to
this reason Brennan EOS in case of bulk metallic glasses fails
hopelessly.

Poirier-Tarantola proposed an equation of state derived
using Hencky logarithmic strain [25] equivalent to the Eulerian
strain for small strain and better behaved for large strain. In
uniaxial deformations as the instantaneous volume (V) of the
body is increased by an infinitesimally small increment dV, the
ratio (dV/V) is considered as an increment of the current state of
strain
dE=(dV/V)

When the solid goes from volume V, to V the total finite
strain or normal strain also called the Hencky measure of strain
becomes Ex=(1/3) log (V/Vy)

It has been observed that Hencky strain is as a function of the
ratio (Vo/V) and in this way we find that as the compression
increases this potential deviates from other potential and
successively it shows a pseudo linear characteristic. The
conclusion is very interesting and it requires a critical and
comprehensive study for further research work.
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Fig. (1-12): The logarithmic graph between calculated values of pressure (P) against V/V, for alkali halides using different equation of state from equations (3-12, 15 and 16)
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Table-1

The input values of isothermal bulk modulus ( Ky) & its first pressure derivative ( KIO) at zero pressure [44]

S.No. Sample Ko (GPa) K'o
1 LiF 66.51 5.31
2 LiCl 29.68 5.63
3 LiBr 23.52 5.68
4 NaF 46.48 5.28
5 NaCl 23.68 541
6 NaBr 19.47 5.43
7 Nal 14.87 5.57
8 KF 30.22 5.36
9 KCI 17.35 5.48
10 KBr 14.64 5.48
11 Kl 11.51 5.48
12 RbF 26.68 5.69
13 RbCI 15.58 5.62
14 RbBr 13.24 5.59

15 Rbl 10.49 5.6
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Table -2

Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from equations (3-12, 15, 16) for "LiF"

P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola ~ Stacey EOS EOS EOS Ingalls EOS EOS
@) (4) () (6) (@) (8) EQS (9) (10) (11) (12) (15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 9.30 9.27 9.39 9.27 9.27 9.27 8.23 9.23 9.23 9.25 9.35 9.31
0.80 27.21 26.89 28.42 26.68 26.68 26.85 20.32 26.34 26.37 26.51 27.86 27.28
0.70 63.38 61.38 70.63 59.38 59.38 61.28 37.71 58.20 58.51 59.01 66.76 63.00
0.60 141.91 132.35 175.88 120.82 120.82 132.49 62.67 118.70 120.70 121.49 154.89 136.63
0.50 331.98 289.76 483.10 236.23 236.23 293.01 98.93 238.00 247.60 246.25 374.78 295.28
0.40 873.96 679.75 1606.56 453.05 453.05 705.64 153.26 488.32 529.29 511.04 1000.21 657.30
0.30 2882.33 1824.82 7436.04 860.34 860.34 2015.21 239.46 1071.04 1244.27 1133.51 3151.30 1550.68
0.20 14837.81 6314.19 63995.93 1625.45 1625.45  8090.99 391.86 2714.69 3537.06 2902.93 13225.74 4030.50
0.10 235626.46 39068.92 2530459.60 3062.76 3062.76  76966.36 736.10 10015.31 15792.62 10805.66 101864.67 12545.33
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Table -3
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for "LiCI"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
(©) (4) ©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 4.22 4.21 4.27 4.21 4.21 4.20 3.73 4.19 4.19 4.20 4.25 4.23
0.80 12.63 12.47 13.24 12.37 12.37 12.38 9.30 12.19 12.18 12.27 12.96 12.67
0.70 30.22 29.17 33.96 28.21 28.21 28.74 17.43 27.49 27.55 27.88 31.96 30.04
0.60 70.02 64.81 88.10 58.93 58.93 63.24 29.21 57.36 58.06 58.74 76.82 67.17
0.50 171.21 147.09 255.12 118.51 118.51 142.46 46.43 117.84 121.99 122.02 194.01 150.29
0.40 477.93 360.62 908.32 234.08 234.08  349.78 72.38 248.08 268.00 259.89 545.21 347.86
0.30 1709.74 1023.34 4602.96 458.24 458.24  1019.80 113.75 558.99 650.73 592.35 1829.59 857.43
0.20 9941.04 3809.99 45081.34 893.03 893.03  4188.87 187.17 1457.06 1926.51 1560.34 8322.52 2342.93
26278.57 2225052.90 1736.36 1736.36  40922.9 353.67 5533.00 911451  5978.57 71953.36 7745.68

0.10 196157.61
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Table -4
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for "LiBr"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
®) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 3.36 3.35 3.39 3.35 3.35 334 2.96 3.33 3.33 3.34 3.38 3.36
0.80 10.07 9.94 10.56 9.87 9.87 9.86 7.40 9.71 9.70 9.78 10.34 10.11
0.70 24.21 23.36 27.24 22.59 22.59 22.95 13.89 21.99 22.03 22.30 25.62 24.07
0.60 56.42 52.15 71.15 47.38 47.38 50.65 23.30 46.05 46.58 47.16 61.94 54.08
0.50 138.95 119.06 207.82 95.73 95.73 114.40 37.09 94.99 98.24 98.37 157.53 121.69
0.40 391.65 294.03 748.21 190.00 190.00 281.67 57.87 200.82 216.78 210.42 446.43 283.47
0.30 1420.02 842.05 3847.99 373.79 373.79  823.67 91.03 454.52 529.14 481.74 1513.60 703.70
0.20 8423.35 3173.02 38487.92 732.15 732.15  3393.95 149.91 1190.22 1576.92 1274.87 6975.90 1938.61
33276.4 283.51 4541.20 7531.10  4908.03 61454.87 6472.19

0.10 172212.67 22278.54 1969325.52 1430.85 1430.85
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Table -5
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for ""NaF"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
(©) (4) ©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 6.49 6.47 6.55 6.47 6.47 6.47 5.75 6.44 6.44 6.45 6.53 6.50
0.80 18.96 18.74 19.80 18.59 18.59 18.72 14.17 18.36 18.38 18.48 19.41 19.01
0.70 44.08 42.70 49.10 41.31 41.31 42.67 26.29 40.51 40.73 41.07 46.42 43.82
0.60 98.46 91.88 121.90 83.90 83.90 92.13 43.66 82.48 83.89 84.42 107.43 94.83
0.50 229.63 200.65 333.58 163.72 163.72  203.45 68.88 165.10 171.81 170.81 259.15 204.43
0.40 602.02 469.24 1103.92 313.31 31331  489.21 106.66 338.13 366.55 353.83 689.07 453.79
0.30 1974.10 1254.75 5076.46 593.68 593.68 1394.75 166.57 740.20 859.69 783.30 2161.23 1067.21
0.20 10074.82 4319.16 43285.16 1119.17 1119.17 5589.24 272.46 1872.40 2436.69  2002.02 9018.23 2763.93
511.58 6893.67 10834.3  7436.84 68884.09 8565.87

0.10 157525.69 26518.87 1684478.43 2104.06 2104.06 53047.0
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Table 6
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for ""NaCl"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
(©) (4) ©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 3.33 3.32 3.36 3.32 3.32 3.32 2.94 3.31 3.30 331 3.35 3.34
0.80 9.82 9.70 10.26 9.62 9.62 9.67 7.30 9.49 9.50 9.55 10.06 9.84
0.70 23.07 22.32 25.78 21.59 21.59 22.19 13.59 21.12 21.21 21.41 24.33 22.93
0.60 52.24 48.60 65.07 44.31 44.31 48.27 22.64 43.39 44.07 44.42 57.12 50.24
0.50 124.01 107.68 181.92 87.45 87.45 107.45 35.83 87.71 91.12 90.78 140.20 109.84
0.40 332.85 256.31 618.89 169.37 169.37  260.54 55.63 181.51 196.58 190.03 380.65 247.70
0.30 1127.72 700.86 2952.57 324.91 324.91 749.64 87.10 401.70 467.14 425.31 1224.81 592.98
0.20 6044.86 2484.75 26532.49 620.25 620.25 3034.96 142.80 1027.66 1346.10 1099.46 5280.57 1567.21
0.10 103198.16 15939.59 1129853.74 1181.02 1181.02 29157.4 268.80 3827.88 6127.72  4132.08 42272.96 4977.33
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Table -7
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for ""NaBr"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
®) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 2.74 2.73 2.77 2.73 2.73 2.73 242 2.72 2.72 2.73 2.76 2.74
0.80 8.09 7.99 8.46 7.93 7.93 7.96 6.01 7.82 7.82 7.87 8.29 8.11
0.70 19.04 18.41 21.28 17.81 17.81 18.30 11.20 17.42 17.49 17.66 20.09 18.93
0.60 43.20 40.17 53.85 36.61 36.61 39.84 18.66 35.84 36.39 36.69 47.24 41.53
0.50 102.79 89.18 151.00 72.38 72.38 88.78 29.55 72.54 75.34 75.08 116.24 90.98
0.40 276.81 212.80 515.67 140.41 140.41 215.51 45.89 150.33 162.78 157.39 316.51 205.62
0.30 942.14 583.69 2472.68 269.82 269.82  620.81 71.87 333.19 387.54 352.81 1022.05 493.46
0.20 5084.69 2077.85 22382.25 515.97 515.97 2516.72 117.87 853.75 1119.26 913.48 4426.40 1307.86
221.94 3185.26 5111.72  3438.68 35666.14 4167.77

0.10 87871.85 13410.83 965082.65 984.20 984.20 24216.2




Anjani K. Pandey/ Elixir Crystal Research Tech. 48C (2012) 9471-9490

9485
Table -8
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for "KF"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
®) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 4.24 4.23 4.28 4.22 4.22 4.22 3.75 4.21 4.21 421 4.26 4.24
0.80 12.45 12.30 13.01 12.20 12.20 12.27 9.27 12.05 12.05 12.12 12.75 12.48
0.70 29.13 28.20 32.51 27.28 27.28 28.09 17.24 26.71 26.84 27.08 30.71 28.96
0.60 65.61 61.11 81.54 55.75 55.75 60.93 28.70 54.68 55.57 55.98 71.68 63.14
0.50 154.67 134.64 226.03 109.55 109.55 135.22 45.36 110.11 114.47 113.94 174.75 137.27
0.40 411.32 318.26 760.67 211.17 211.17 326.84 70.35 226.93 245.87 237.53 470.58 307.66
0.30 1375.76 862.62 3576.99 403.15 403.15  937.12 110.03 500.06 581.27 529.35 1499.03 731.39
0.20 7233.38 3022.96 31488.29 765.81 765.81  3779.33 180.24 1273.63 1664.17 1362.30 6380.50 1917.70
0.10 119297.41 19060.78 1294335.20 1450.91 145091 36142.9 338.95 4722.43 7506.02 5096.47 50146.32 6032.28
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Table -9
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for "KCI""
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
(©) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 245 2.44 247 244 244 244 2.16 243 243 243 2.46 2.45
0.80 7.25 7.16 7.59 7.11 7.11 7.13 5.38 7.01 7.01 7.05 7.43 7.27
0.70 17.14 16.57 19.19 16.03 16.03 16.43 10.03 15.66 15.72 15.88 18.10 17.04
0.60 39.10 36.32 48.86 33.08 33.08 35.88 16.74 32.34 32.81 33.11 42.80 37.57
0.50 93.69 81.08 138.14 65.69 65.69 80.18 26.54 65.70 68.18 68.01 106.01 82.76
0.40 254.63 194.82 476.82 128.02 128.02 195.23 41.26 136.70 147.95 143.15 291.00 188.18
0.30 877.70 539.02 2319.01 247.18 247.18 564.22 64.67 304.27 354.01 322.24 948.98 454.70
0.20 4827.88 1940.92 21419.55 474.97 47497 229551 106.16 783.04 1028.94 838.01 4161.99 121459
200.07 2934.66 474191  3168.88 34146.66 3907.18

0.10 86313.14 12741.37 956131.18 910.45 910.45 22180.1
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Table -10
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for "KBr"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola ~ Stacey EOS EOS EOS Ingalls EOS EOS
(©) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 2.07 2.06 2.09 2.06 2.06 2.06 1.83 2.05 2.05 2.05 2.08 2.07
0.80 6.12 6.04 6.40 5.99 5.99 6.02 4.53 5.91 591 5.95 6.27 6.13
0.70 14.45 13.97 16.18 1351 1351 13.86 8.46 13.20 13.25 13.39 15.26 14.37
0.60 32.95 30.61 41.17 27.89 27.89 30.25 14.12 27.26 27.66 27.91 36.07 31.67
0.50 78.91 68.31 116.32 55.35 55.35 67.58 22.38 55.37 57.46 57.31 89.29 69.72
0.40 214.31 164.03 401.16 107.82 107.82 164.52 34.79 115.16 124.64 120.59 244,94 158.45
0.30 737.98 453.53 1948.80 208.11 208.11 475.35 54.53 256.24 298.12 271.37 798.12 382.65
0.20 4053.12 1631.59 17971.02 399.74 399.74  1933.39 89.50 659.21 866.06 705.47 3496.84 1021.50
168.67 2469.67 3988.40  2666.73 28648.11 3283.54

0.10  72265.38 10696.16 799974.58 765.94 765.94  18675.1
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Table 11
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for ""RbF"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola ~ Stacey EOS EOS EOS Ingalls EOS EOS
(©) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 3.81 3.80 3.85 3.80 3.80 3.79 3.36 3.78 3.78 3.79 3.83 3.82
0.80 11.45 11.30 12.01 11.21 11.21 11.21 8.41 11.04 11.03 11.11 11.75 11.49
0.70 27.55 26.58 31.01 25.70 25.70 26.10 15.79 25.01 25.05 25.37 29.16 27.39
0.60 64.30 59.41 81.15 53.98 53.98 57.63 26.49 52.43 53.02 53.70 70.61 61.63
0.50 158.70 135.88 237.63 109.20 109.20 130.26 42.17 108.28 111.96 112.14 179.95 138.90
0.40 448.60 336.29 858.28 217.02 217.02 320.99 65.82 229.21 247.37 240.17 511.22 324.15
0.30 1632.83 965.63 4432.90 427.57 42757  939.41 103.55 519.43 604.72 550.58 1738.41 806.37
0.20 9741.85 3651.40 44607.98 838.71 838.71  3874.31 170.57 1362.02 1805.57 1458.99 8042.39 2226.67
38024.3 322.66 5203.82 8646.55  5624.55 71235.27 7454.95

0.10 201219.18 25769.63 2306322.58 1641.52 1641.52
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Table -12
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for ""RbCI"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola  Stacey EOS EOS EOS Ingalls EOS EOS
®) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 2.22 2.21 2.24 2.21 2.21 2.21 1.95 2.20 2.20 2.20 2.23 2.22
0.80 6.63 6.54 6.94 6.49 6.49 6.50 4.88 6.39 6.39 6.44 6.80 6.65
0.70 15.85 15.30 17.80 14.79 14.79 15.08 9.15 14.42 14.45 14.62 16.76 15.75
0.60 36.70 33.97 46.16 30.89 30.89 33.16 15.32 30.07 30.44 30.79 40.26 35.21
0.50 89.67 77.05 133.57 62.10 62.10 74.69 24.35 61.76 63.94 63.94 101.61 78.73
0.40 250.07 188.78 475.04 122.59 122.59 183.32 37.96 129.96 140.40 136.14 285.30 182.12
0.30 893.47 535.25 2403.86 239.88 239.88  534.34 59.65 292.71 340.74 310.17 956.45 448.58
0.20 5184.95 1990.48 23495.86 467.25 467.25 2194.13 98.15 762.63 1008.14 816.67 4345.27 1224.79
185.45 2894.69 4765.31  3127.72 37499.74 4045.31

0.10 101961.88 13705.40 1155660.04 908.05 908.05 21427.8
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Table -13
Calculated values of pressure (P) in GPa as a function of V/V, at different compressions using different equation of state from
equations (3-12, 15, 16) for "RbBr"
P (Gpa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P (GPa) P(GPa) P (GPa) P (Gpa) P (GPa)
Born-Mie  Born-Mayer  Murnaghan  Usual- Tait ~ Kumar Birch P (GPa) Brennan- Vinet Shanker Freund- Universal
VIV, EOS EOS EOS EOS EOS EOS Poirer -Tarantola ~ Stacey EOS EOS EOS Ingalls EOS EOS
(©) (4) (©) (6) @) ) EOS (9) (10) 11) (12) 15) (16)
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 1.88 1.88 1.90 1.87 1.87 1.87 1.66 1.87 1.86 1.87 1.89 1.88
0.80 5.61 5.54 5.88 5.50 5.50 5.50 4.14 5.42 541 5.45 5.75 5.63
0.70 13.38 12.92 15.02 12.50 12.50 12.75 7.75 12.19 12.22 12.36 14.15 13.30
0.60 30.89 28.62 38.80 26.03 26.03 28.01 12.97 25.36 25.69 25.97 33.87 29.65
0.50 75.16 64.69 111.72 52.19 52.19 62.98 20.60 51.97 53.83 53.81 85.15 66.08
0.40 208.46 157.82 394.79 102.75 102.75 154.33 32.09 109.09 117.91 114.28 237.92 152.30
0.30 739.05 445.12 1980.84 200.48 200.48  449.05 50.41 245.09 285.29 259.68 792.91 373.59
0.20 4239.78 1643.88 19127.79 389.37 389.37 1840.41 82.90 636.88 840.87 681.92 3575.14 1015.25
156.54 2410.77 3953.12  2604.50 30520.89 3334.32

0.10 81687.92 11203.42 921456.97 754.48 754.48 17934.4




