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ABSTRACT

The Suzuki formulation widely used in literature to study the thermal
expansion of solids at constant pressure is extended to study the
compression of solids at constant temperature. Two slightly different
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formulations are used and a modified form is proposed on an empirical
basis. The Shanker formulation, which has been derived on the similar
ground, isalsoincluded inthe study. It isfound that theearlier relationsare
applicable up to a finite range of pressure. The deviation occurs as the
pressure range isincreased. The modified relation gives results, which are
in better agreement with the experimental dataas compared withthe earlier
relationsinthe high pressure rangefor sodium halidesviz. NaF, NaCl, NaBr
and Nal. This demonstrates the validity of the ssmplerelation proposed in

the present paper.

INTRODUCTION

High compression occurs due to high pressures
which are encountered from deep down the earth to
the astrophysical objects. Dueto pressure many ef-
fectshappen such aspressureionization, modification
in e ectronic properties, phase changesand severd phe-
nomenonsin applied fieldi¥. For this, pressureversus
volumerelationsof condensed matter known asequa
tion of state (EQS) isavita input. No doubt many EOS
existintheliterature, but ftill thereisaneedtojudgeon
their suitability under strong compressions. The prob-
lem of small compression (V/V d” 0.9) seemsto be
amost settled. Becausein thisrange, most of the EOSs
givethesameanswer and theM urnaghan EOShasbeen

© 2014 Trade Sciencelnc. - INDIA

found to be the best?. Thus, for suitability an EOS
should betested under strong compression, in addition
tothesmall compression.

Inhigh pressure, generally thefinite strain theory
given by Birchisused®. However, Birch theory rates
no morethan apassing mention asdiscussed in detail
by Staecy™. The attention has also been givento the
theory based on atomic potential as presented by
Rydberg®. Thetheory wasdrawn to attention by Vinet
et a® and referred asVinet or universal EOS. Stacey!
hasreviewed all these methods and pointed out that
most of thefinite strain theoriesareof limited interest
and anew approach that makesuse of thermodynamic
congtraintsisrequired.

Following Mie-Gruneisen theory Suzuki™® reported
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a relation known as Suzuki formulation®9, The
Gruneisen theory of thermal expansion asformulated
by Born and Huang!*¥ has been used by Shanker et
a3, which seemsto beinspired from Suzuki. These
authorsincluded ahigher order term for the changein
the expansion of potential energy. Suzuki theory has
beenwidely usedintheliterature®® to study the ther-
mal expansion of solids, which hasbeen followed by
Shanker formulation34, It hasbeen discussed in the
earlier literatured®®4 that thesetheories give good re-
sultsunder the effect of temperature at zero pressure
Viz. isobaric condition. But, these methodshavenot been
extended to study the properties of solidsunder high
pressure at roomtemperatureviz isothermal condition.
Thus, it becomes|egitimate and may be useful to ex-
tend these methods to study the properties of solids
under high pressure, which isthe purpose of present
work. However recent investigation saysthat alot of
work isin progress based on equation of state*>2%,
The method of analysisisgivenin section 2 and the
obtained resultsarediscussed in section 3.

METHOD OFANALYSIS

The Gruneisentheory of thermal expansion asfor-
mulated by Born and Huang™ has been used by
Shanker et at!*d. These authorsincluded higher order
termfor the changein volumein theexpans on of po-
tential energy and reported an expression for V/V |
whichreadsasfollows*2.

B ,+1). |
1-[1-2( ot )PTh]
Vo i M
V, (B',+1)
Where VIV, istherelative changein volume, B the
bulk modulus, B thefirst order pressurederivative of

bulk modulus, P,, thethermal pressure.

It has been argued by K ushwahaand Shanker!
that Eq. (1) may berewritten asfollows, when pres-
surePisnot equal to zero.

’ y2
1-[1- 2( B °+1)(PTh—P)]
Vo Bo @
Vv, (B',+1)

Whentherma pressureiszero (P,,=0) Eq. (2) gives
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Intheliterature Mie-Grunei sen Debyetheory is
being widely used. Using this Suzuki reported what
became known as the Suzuki relation for thermal
expangvity. Thisreadsasfollowg®19:

12
1+ 2k — (1— ‘”‘E”‘)
v o_ © ©
V, 2k
(B',-1) BoVo . .
Where k= o Q:T, 7,1S the Gruneisen
0
ratioand E,, isthethermal energy.
(12 _ YoEm
Shanker™ used Pm = v, and rearranged eq. (5)
asfollows:
' v
1-|1-2f Bo™l P,
Vo Bo (6)
Vo (B'o_l)

WhereP,, isthethermal pressure.

Eq (2) isvalid at P=0. Following the arguments of
Kushwahaand Shanker’?! when Pisnot equal to zero,
€g. (6) may berewritten asfollows?!:

v, 1- {1— 2((88%;’:_112(%—P)} y2 )

V 0
Now, when thermal pressureis zero (P,,=0), eq
(7) givesthefollowing smplerdation:
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Here, it isvery clear that eq. (9) isbased on the ap-

7oE
proximationthat Pm = i/m
0

, Which ssimply means

that 6 isaconstant™. Moreover, thisapproximation

isnot alwaystrueand thereforein the present paper,
wemodify P, and Q asfollows:

B,V
Th _ 00
V lQ - ?/ .
Combining eg. (5) and (10), weget thefollowing rela
tion:

B 1Y v v
1- 1—2( o J(jpm
Vo B, \Vo
Vo (B'o_l)

When P isnot equal to zero, eq (11) may further be
rewritten asfollows:

v - {1_ 2( B;; 1](\2)(&,;@} ) (12)

1=
Vo (B'o_l)

Now whenP_ =0, eq (12) givesthefollowingsmple
reldion:

ol )2 o

Eq (13) can bewritten on an empirical basisinthefol-
lowingform:

o) 5

Where nisparameter which dependson bulk modulus
andthefirst order pressurederivativeof the bulk modu-
lus. Moreover, itisdirectly proportiona tothefirst or-
der pressurederivative of the bulk moduluswhilein-
versaly proportional to the bulk modulusand may be

PTh =

(10)

(11)

givenbytherdation:

1\Ye
BO

Here- k hasthevalue 3.25 and B, isin kbar.

Inthe present paper, we usedl theseequations(4),
(9), (13) and (14) to study the compression behaviour
of four ionic solids, viz. NaF, NaCl, NaBr and Nal.

(15)

RESULT AND DISCUSSION

Wehavethus presented acritica analysisof Suzuki
formulation under high pressure at constant tempera-
ture, which have been widdy used to study thethermal
expansion of solidsat constant pressuré®. For the pur-
pose, we used eg. (9) and eg. (13) derived on dightly
different ways, and a'so modified eg. (13) onanem-
pirical basis[eg. (14)]. Theseformulaionsare used to
calculatetheisothermal compression of four different
materials viz. NaCl, NaF, NaBr and Nal. The input
parametersrequired aregivenin TABLE (1)?2. The
results obtained using these equations arereportedin
the TABLE (2-5) dong with theexperimentd data?*>4
for the comparison purpose. It isfound that all these
equationsgivethesmilar resultsinsmall compression
range (low pressure). The deviation occursasthe pres-
surerangeisincreased. At high pressureeg. (9) isfound
to deviatelargely from the experimental data, which
areimproved by eg. (13). The Shanker formul ation2
derived onthesimilar basis(eq.4) isalsoincludedin
the study which givestheresultslyingin betweento
that of theeguation (9) and (13). Among all theserela-
tions[egs. (4), (9), (13)], itisfound that eg. (13) gives
the better resultsbut it al so deviatesfrom the experi-
mental results. Wetherefore modified eg. (13) inthe
form of eq.(14) on an empirical basis. Theresultsob-
tained from eg. (14) arein good agreement with the
experimental datd®24. Moreover, eg. (14) involvesan
additional parameter n, which dependsonthemateria
congdered. Itisfoundthat nisrelaedto thebulk modu-
lusand thefirst order pressure derivative of the bulk
modulusandincreaseswithincrease of thefirst order
pressurederivativeof thebulk moduluswhiledecreases
with increase of the bulk modulus. It should be men-
tioned that the Suzuki model is based on the Taylor
seriesexpangon of potentia energy. During thisexpan-
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sion, only the second order term has been considered
by neglecting the higher order term. Thisapproxima
tion must beintroducing seriouserrorsasdiscussed in
detail by Wang and Reeber®. Inthe present work, we
concludethat the Suzuki formulation, whichwasbasi-
caly reported to study thethermal expansion of solids
at constant pressure, needs some modification under
high pressure at constant temperature. We suggest
modificationintheform of eq. (14) which seemsto be

TABLE 1: Valuesof input parametersused in the present
work; from Ref [,

Solid Bo(kbar) B, n
NaF 465 5.28 15
NaClNaBr 240199 5.395.46 1718
Nal 151 5.59 1.9

TABLE 2: Calculated values of pressure, P (in kbar), at
different compressionsalong with theexperimental data[23,
24], for NaF.

VIV, P(kbar) P(kbar) P(kbar) P(kbar) P(kbar)
Eq.(4) Eq.(9) Eq.(13) Eq.(14) Exp[23,24]
1 0 0 0 0 0
0.9830 10 10 10 10 10
0.9623 20 19 20 20 20
0.9462 29 28 30 30 30
0.9319 38 36 39 40 40
0.868 87 79 91 98 94
0.832 119 106 128 140 140
0.804 147 130 161 180 180
0.782 171 149 190 215 210
0.778 175 152 196 222 224

TABLE 3: Calculated values of pressure, P (in kbar), at
different compressionsalong with theexperimental data[23,
24], for NaCl.

VIV, P(kbar) P(kbar) P(kbar) P(kbar) P(kbar)
Eq.(4) Eq.(9) Eq.(13) Eq.(14) Exp[23,24]
1 0 0 0 0 0
0.9627 10 9 10 10 10
0.9325 20 19 20 21 20
0.9067 29 27 30 32 30
0.8828 39 35 40 43 40
0.76 102 88 116 140 135
0.702 140 118 169 215 200
0.697 143 121 174 224 220
0.675 159 134 198 261 250
0.658 172 144 218 293 290
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simpleand give good resultsfor the solids considered
inthepresent work. Dueto thesmplicity and applica
bility of eqg. (14), it may be good interest to the re-
searchersengaged in high pressure behavior of solids.
TABLE 4 : Calculated values of pressure, P (in kbar), at

different compressionsalong with theexperimental data[23,
24], for NaBr.

VIV, P(kbar) P(kbar) P(kbar) P(kbar) P(kbar)
Eq.(4) Eq.(9) Eq.(13) Eq.(14) Exp[23,24]
1 0 0 0 0 0
0.9561 10 10 10 10 10
0.9206 20 19 20 22 20
0.8913 29 27 30 33 30
0.8663 38 35 40 45 40
0.746 92 79 106 134 130
0.725 102 88 116 158 160
0.663 140 117 177 248 240
0.633 160 133 210 302 290
0.616 171 142 230 339 340

TABLE 5: Calculated values of pressure, P (in kbar), at
different compressionsalong with theexperimental data[23,
24],for Nal.

VIV, P(kbar) P(kbar) P(kbar) P(kbar) P(kbar)
Eq.(4) Eq.(9) Eq.(13) Eq.(14) Exp[23,24]
1 0 0 0 0 0
0.9422 10 10 11 11 10
0.899 20 19 21 23 20
0.8652 29 27 31 36 30
0.8364 38 34 41 48 40
0.694 93 79 113 158 150
0.648 115 96 148 219 210
0.641 118 99 154 230 230
0.609 135 112 184 287 280
0.599 141 116 194 307 310
CONCLUSION

Thuspresent theory reved sthat the Suzuki formu-
|ation requires somemodification under high pressure
and thusmodified Suzuki formulation givesgood re-
sultscomparedto the Suzuki formulationitsdf and vaid
for high pressurerangefor sodium halides.
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