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Abstract : A smpletheoretical mode isdevel oped
to study the high pressure behavior of solidsand then
applied to eval uate the pressurefor compression be-
low 0.65incaseof NaCl. Someather well known equa-
tion of statesreported in theliterature has a so been
included in the study. The comparison of cal cul ated
vauesfromdl these equation of state with experimen-

INTRODUCTION

Thebehavior of solidsunder theeffect of high pres-
surehastruly developed into aninterdisciplinary area
which hasimportant implicationsfor an applicationin
theareaof physics, biology, engineering and technol -
ogy apart from the discovery of variousnovel and un-
expected phenomenon, high pressureresearch haspro-
vided new insightintothe behavior of maiter’y. Strength
and e adtic properties of asolid depend on the strength
of itsinteratomicforces. Therefore, theapplication of
pressurewhich changestheinteratomic distance of the
substances changesitsphysical properties. The EOS
givesusva uableinformation about therd ationship be-
tween thechangein thermodynamic varigbleviz. pres-

tal vauesreved sthat the present mode! yieldsthebest
agreement. The present study also showsthatitisa
good approximationto consider the pressureto bequa-
draticinthedensity.

Keywords: Equation of state; Volume compres-
sion; High pressure.

sure, volumeand temperature. Every thermodynamic
system hasits own EOS, independent of others. An
EOS expressesthe peculiar behavior of oneindividua
sysemwhichdigtinguishesit from theothers. Inorder
to determinethe EOS of asystemn, thethermodynamic
variablesof thesystem, areaccurately measuredand a
relaionisexpressed between them. The EOS of asalid
can be used as pressure gauge in high pressure mea-
surements. Attemptshave been madeto deriveacom-
pressibility equation from mol ecul ar theory, but none of
them hasresulted in convenient equation expressing the
results of experimentswith adequate accuracy. To meet
thisneed someempirica equationshavebeen proposad,
thesolejudtification of whichisthat it works. In spite of
impressive advanceson thetheoretical front over the
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past decades, the need for the search of an EOS con-
tinuesto exist. Although, Modern e ectronic band struc-
turecd culationsallow the prediction of EOSfor solids
but thesearetimetaking and expansive. Inliterature,
thereare number of equation of States, and these arises
from an unchecked and improvabl e assumption con-
cerning an assumed interatomic potentia, an assumed
strain function, or an assumed boundary condition that
isnot testable?. NaCl isan important material and a
typical ionic solid used asapressuregaugein labora-
tory measurement of compression data. Thisisone of
themost widely usedinterna pressurestandardin high
pressurediffraction experimentsdueto theavailability
of thelargebody of experimentd data. NaCl hasastable
structure (B1) up to apressureof about 30 GPaand its
melting temperatureisnearly 1074K. Thuswehavea
widerangeof pressures and temperaturesfor studying
the equation of state and thermo elastic properties of
NaCl. Numerous attempts*# have been madeto un-
derstand the high pressure behavior of NaCl but an
adequate andysisisdtill lacking.

Since NaCl Crysta is used as a pressure Gauge
devicein high pressure physics experiments®? it be-
comesmoreuseful to sudy volumecompressionof NaCl
crystal. Onthebasisof acareful analysisof theexperi-
mental measurements reported by Boechler and
kennedy™ and by Fritzl*?, Birchi*¥ have obtained the
valuesof volumecompression (V/V ) whereV jisthe
valuesof volumeV at zero pressure, for NaCl crystal.
Inthe present study to check thevalidity and superiority
of out recently formul ated EOS** we have compared
our resultswith eight equation of sate, viz (i) BornMie
equation™ (ii) Born-Mayer equation™@ (i) Murnaghan’s
equation” (iv) Tait equation™® (vi)Brennan-Stacey
equation*® (v)Birch equation?, (vii)Vinet et a. equa
tion% and (viii) Shanker et d. equation

METHOD OFANALYSIS

Onthebasisof thefinding that therepulsvebranch
of binding energy curvescan berepresented by asmple
function of density Parsafar and Mason'? have con-
Sdered an EOS as:

V 2 V -1 V -2
F’(VJ :A“A{V—J *Az[VJ @

Where, VIV, =p /p,andV , p, arethe zero pressure
vauesof volumeV and density p, respectively and A,
A, and A, are constants at a particular temperature.
Onthebasisof thefirst-principlescal culaions, using
the augmented-plane-wave (A PW) method and quan-
tum statistical model Hamaand Suito® revea ed that
the Parsafar—M ason EOS becomes | ess successful at
high compressions (V/V ,<0.65). Recently, to study
the high pressure el astic properties of nano materias
Kholiyad?? hasexpended pressurein powersof density
up to the quadratic term and achieved the EOS as:

P(V,T,)= BZU{(B; -3)-2(B. - 2)(\7) +(B, —1{\\//()) ] @

0

Equation hear B and B; arethe bulk modulusandiits
first order pressurederivativeat P=0and T=T,_re-
Spectively.

An equation of state cab be derived from thevol-
umederivative of | attice potentia energy!*>9 usingthe

. . daw -
relaionshipP= _(W) , WhereW for anionic crystal
can bewritten asthe sum of electrostatic energy and

2,2

z
short range overlap energy ¢(V), W =" ?* (V)
Whenweuseaninverse power form of ¢(V) such
as (avV™") we get the Born —Mie equation of state’®
after eliminating the parameter aand nintermsof Bo

and B

_ 3BO i 4/3_BI _ l -4/3
P=B.-8)| V. v, )

Whenweuse an exponentid functionfor ¢(V), weget
theBorn Mayer equation of state!dl

(A e

1/2
Whereo = g(B‘0 —1)+[%(B‘0 -1 -6B; +12]

Themost widely used and smpleequation isthat
given by Murnaghan equation of state’*”! which can be
expressed asfollows

B, [(V)™
DT;[(V—J ‘1] ©

Eq (5) isbased on an assumption, according to which
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theisothermal bulk modulus B, dependslinearly on pres-
sure,i.e.

B,=Bo+B;

Adightly modifiedformisthat known astheTait equa-
tion*¥%! given as

p =(%)[{exp(8'o +1)1-v1v,)-1] ©)

Eq (6) hasbeen frequently used for studying the P-V
relationship, incaseof different typesof material %27,
Kumar®® has presented aderivation of theUTE onthe
basisof the Chopel as-Boechler gpproximation, Eq
(6) isbased on the assumption, according to which the
pressurederivativeof BT varieswith compression (V/

\o) asfollows
B, .,
irs T =(B! +1) 1

The Birch equatl on® is based on the finite strain
theoryY, inwhich theexpans on of Hemholtz freeen-
ergy isconsidered asapolynomial seriesineulerian
strain. By considering thethird order approximation,
Birch obtai ned thefollowing equation state

2l ) [ oo

Brennan and Stacey!® obtained an equation of state
using freevolumeformuld® for the Gruneisen param-
eter y and the assumption that isproportional to vol-
ume. Thisequation can be expressed asfollows-

w0l AN

(38,-5)
Using ard ationship between binding energy and inter-
atomicdistance. Vinet proposed thefollowing equation
of state®”
3(1-X)B
%exp{n(l— )} ©

X =(viv,)?
E(B -1)

Eq (9) hasbeen used by severa investigationg==.
Shanker have obtained an equation of stateusing

Born latticetheory®!, Taking thevolumederivative of
short rangeforce constant, they havedrivethefollow-

p:

p=

Where

ing equation2!

p= B{\U[(l- “+ J(exp(ty) )+ Y(l+ y- f] exp(ty)] (10)

.—(8/3)

y=1 ( v.)
RESULTSAND DISCUSSION

To evaluatethe pressure at different volume com-
pression (V/\Vo), wehaveused Eq. (2) to (10). All Equa
tion of state needsonly two parametersbulk modulus
(Bo) anditsfirst order pressurederivativeat zero pres-
ure.

We have used experimental vauesBo=23.84GPa
and B!=5.35 for NaCl measured ultrasonically by
Spetzler et a7, For making ameaningful test of the
results obtai ned from various equations, we have used
thesamevdue of input parameterswithout making any
adjustments. A comparison of theresultsobtained from
all theequations of state a ongwith the experimental
resultsare presented in TABLE 1. Inthelow pressure
range (up to 5 GPa) all the equation of stateyield al-
most sameresults. AScompression or pressureincreases
the EOS’sstartsdeviating from each other. Thelargest
deviationsfrom the experimental resultsare shown by
Murnaghan Equation of state (eg.5) thisdemonstrates
that the assumption whichismadeto obtain MEOS s
not adequate. The Second largest deviationisfoundin
case of theBorn-Mieequation (eg.4). TheBirch equa
tion (7) and the Born Mayer equation (4) yield results
which are close to each other. The deviations at the
maximum compression are about 15 percent for both
theequations (7 and 4). At the highest compression, it
isfound that the Taitsequation (7), the Brennm- Stacy
equation (8), theVinet equation (9), the Shanker equa
tion (10) and present formulation (eq (2)) yidd there-
sultswhich arein agreement with the experimentd data
within 10 percent. The equation obtained from the
present approach eg (2) givesthebest agreement and
deviatesonly by 1.7 percent with experimental results
at the highest compression. Theseresultsshow that a
simpleassumption can providean EOSwhich givesthe
result better than most of the EOSsbased on potential
model approach. Fromtheoveral discussionit may be
concluded that the present formul ation devel oped by
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expending pressurein powersof density up to thequa
dratic term not only reproduces the experimental re-
sultsregarding compression but aso satisfy thecriteria
based on the bas ¢ thermodynamic relationsand hence

may bequiteuseful for studying thehigh pressuredas-
tic behavior of solids. However the similar equation
having different form can a so beachieved by Davis-
Gordonintheliterature using different approach®!.

TABLE 1: Valuesof pressure(GPa) asafunction of V/Vo calculated from different equation of state. Experimental values

aretaken from®

Usual Tait

Birch Brennan-Stacy Vinet Shanker Kholiya

V/Vo Born-Mie Born-Mayer Murngaghan Exp®
€q.(3) Eq.(4) Eq.(5 Eq.(6)  Eq.(7) Eq.(8) Eq.(9 eq.(10) Eq(2
0.9627 101 1 101 1 1 1 1 1 1 1
0.9324 2.02 201 2.02 201 201 201 201 201 2 2
0.9067 3.04 3.04 3.07 3.04 3.04 3.03 3.03 3.03 3 3
0.8845 4.08 4.07 4.14 4.06 4.06 4.04 4.04 4.05 4 4
0.8649 5.13 511 5.23 51 51 5.06 5.06 5.08 4.99 5
0.791 10.6 10.5 11.2 104 10.5 10.3 10.3 10.3 9.92 10
0.7397 16.6 16.2 17.9 15.9 16.1 15.6 15.6 15.7 14.81 15
0.7004 229 221 25.5 21.4 221 21 211 21.2 19.69 20
0.6685 29.6 284 34 27.1 28.3 26.7 26.7 26.9 24.57 25
0.6416 36.8 34.9 43.4 32.8 34.8 321 325 32.7 29.50 30
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