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ABSTRACT

The purpose of present study isto show first timethe applicability of Singh
and Gupta’s integral form of equation of state not only for the Bulk materials
but nanomaterials as well. This Equation is based on some mathematical
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technique and used to analyze the temperature dependence of thermal
expansion coefficient, relative volume change and isothermal bulk modulus.
We are taking metals Ag and Au as bulk materials and fullerene (C, ) asa
nanomaterial. Thereisfound an excellent agreement of our calculated values
with the experimental data, which provesthevalidity of Singh and Gupta’s
equation of state for both bulk materials and nanomaterials on equal

potential. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

The Study based on the EOS at high-pressureand
hightemperaureisof fundamenta interest becausethey
permit interpolation and extrapol aionintotheregions
inwhich the experimental dataare not available ad-
equately. They help in planning future high-pressure
experiments, and ared soimportant in comparing static
high-pressure experiments with shock wave experi-
ments, inwhich thetreatment of thermal effect ispar-
ticularly important. Some high-pressure experimental
techniquesared so availablefor high-pressurehightem-
perature study &t |aboratory, which are Synchrotron X -
Ray diffraction and spectroscopy, Raman scattering,
Laser heating, Brillouin scattering and M ulti-anvil syn-

thes's. Understanding of metallic propertiesa high-pres-
sureand high temperatureisacentral problem of high-
pressure physics. Basically metasarestructuraly dis-
tinguished from non-meta sby their atlomicbondingand
electron availability. Thefreeelectronislost fromthe
outer shell of metallic atomsareavailableto carry the
electricity and heat capacity.

Over thepast decade, nanomateriashavebeenthe
subject of enormousinterest. These materids, notable
for their extremey smd| Sze, havethepotentid for wide-
ranging industria, biomedical, and el ectronic applica-
tions. Nanomaterialscanbemetds, ceramics, polymeric
materias, or composite materials. Nanocrystallinema-
teriaswith particlesizeof 1-100 nmareof currentin-
terest becausethey show noble physica and chemical
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propertiesthat may differ fromthoseof the correspond-
ingbulk materids

Inthe 1985, hollow carbon nanospheresweredis-
covered. These spheres were called buckyballs or
fullerenes, inhonor of architect and futurist Buckmingter
Fuller, who designed ageodes ¢ domewith geometry
similar to that found on the molecular level in
fullerenes™. Thebasic C_, structure consists of 60 car-
bon atomsthat link together to form ahollow cage-like
structure. The structure consists of 32 facesof which
20 are hexagons and 12 are pentagons. Of these, no
two pentagonsshareavertex. Severa physical prop-
erties such as compressibility?, bulk modulus® and
Debye temperature® have been studied for bulk
fullerenesC, but lessliteratureisavailablefor asingle
fullereneC,,

METHOD OFANALYSIS

It has been noted that under the effect of tempera-
turethe product of thermal expansion coefficient and
bulk modulusremains congtant¥, i.e.
aK [ = Congant. @
Where o isvolumethermal expans on coefficient and
K. isbulk modulus.

Ondifferentiating equation (1) withrespectto T, at con-
stant pressure, we have

dK da) _
(), ), -0 @

dK K, (da
o (%), o), ©
TheAnderson Gruneisen parameter 6. isdefined as
5 o 1 [dKTj
T aK, \ dT ), “)
Substituting theva ueof equation (3) inequation (4) we
ot

1 (da

6, - () ®
Herealsdeflnedas
« - {80

~vlar ), 6)
From equation (6) and (5) we get

_V (da
8r = a (dV )P Y

= Fyl] Peper

Gruneisen parameter isbas cdly ameasurement of
anharmonicity in acrystal.Recent studiesrevedl ed that
o, changeswith temperatureand it must be considered
asatemperature— dependent parameter. The tempera-
ture dependence of o,® isgiven by thefollowing em-
piricad relationship
&, = 69x" )
where X= (T/T ), T, isreference temperature (room
temperature) and s istheva ueof Anderson Gruneisen
parameter (J;) at T= T, and k is new dimensionless
thermo elagtic parameter, whose va ueiscal culated by
the slope of the graph plotted between log(d,) and
log(T/T,).

Sothevaueof kisdefined as

_ ([ 0ln &,
k_(alnx ) )

Subgtituting equation (8) in equation (5) we get

50X = 1 (da]
T dT

or
T N 1 (da
o _— =
ST(TO] (de (10)
Integrating equation (10)
62« Tk+1 __L
E(kﬂj‘ a; ¢ (11)

where C isintegrating constant, which can be calcu-

lated frominitial conditionat T=T anda=a,.
8OTE! s

Te(k+1) a,

Using equation (12) with (11) we have

Sy (THM) 83 (Tgh)_ 1 1
TE\k+1) TElk+1) a, ag-

Rearrangingweget find expressonfor volumether-

C= (12)

mal expansion coefficient (o).
— _ 6TaO k+1 k+1 B
Ar =0, {1 T (k ){T Ty }:| (13)

Wherea, isthethermal expansion coefficient at refer-
encetemperature T . thisequation requiresonly three

input parameter o, go andk at room temperatureand
thevalue of o isevauated directly asafunction of
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temperature. Theempirical temperature dependence of
J, isassumed then according to equation (4) at P=0,
may aso rewritten as

_(dKT ] =a,K,6;

ar (14)
Using equation (8)
k
dK T
(T )esi(g) @
Integrating above equation (15), we get
a K 60 Tk+1
R i e

Where Cisintegrating constant, which can be cal cu-
lated by initial conditions T=T , and K=K ..
We get thefina expressionfor bulk modulusK  is
a,6?2
K =K 1_ oYT Tk+1_Tk+1
T O|: Té( (k + 1){ 0 }:|
Theexpressionfor thevolumethermal expansion

(VIV,) can beobtained by making useof thefollowing
equation

(17)

dv
dK o = -8 .K; ——
Differentiating equation (17) with respect to tem-

perature, we get

(18)

a, K 82

dK , = - T LT *dT (19)
Using equation (19) with equation (18) weget
d\\// _ = a, dqr
a
1- ~Zo¥T Tk+1 _ Tk+1 (20)
RSO

Integrating equation (20) we get thefinal expres-
sionfor volumethermal expansion (V/V,) asfollows

Vo T a,

v, = eXp |:JTO[ _A{Tk+1 _T(§<+1 }JdT:|y (21)
__a,87

where A = Ti(k +1)°

The equation (21) isknown as Singh and Gupta
equation of statefor thevolumethermal expansion.

Theva ue of dimensionlessthermoel astic param-
eter k can be estimated from the slope of the graph
plotted betweenlogd, andlog T/T,. Thevaluesof .

TABLE 1: Input parameter sat room temper ature. Volume
ther mal expansivity e, (in unit of 10°K*), bulk modulusK-|
(in GPa) and first derivative of bulk modulusK 'aretaken
fromasindicated in squar ebr acket.

0o (10_5 Ko 0 ’
Metals K (GPa) ot k Ko
Ag 5.76[7] 99.6[8] 6.30 0.068 6.20[9]
Au 4.23[7] 166.6[8] 7.80 0.005 5.10[9]
Ceo 1.727[11] 491101 122 -1.34 -

and 5° have been calculated from equation (5).

RESULTSAND DISCUSSION

Thevauesof Thermal expansivity (o), isothermal
bulk modulus (K ;) and volumethermal expansion (V/
V), a different temperatures and atmospheric pres-
sure have been calculated from equations (13, 17, 21)
respectively, for Au, Ag and fullerene. Thevariation of

=

X

T 8:26- —¢—cal( eq.13)

m - - -

S 776 - 4 - -Exp[12]

5

o 7.26 1

5

o 6.76 -

(4]
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Fig 5: VIV, Vs Temperature for Au

thermal expansivity (c.;), bulk modulus (K,) and vol-
umethermal expansion (V/V ) of thesematerialsare
showninFigure (1-9), together with avail able experi-
mental values***? for the sake of comparison of our
results. It isobserved from thegraphsthat the val ues of
Itisfound in each casethat our caculated valuesarein
close agreement with theexperimental data. Thusitis
predicted herethat the Singh and Gupta’s integral form
of equation of statewhichisusedto determinethedas-
tic properitiesof solidsunder the effect of temperature,
is not only applicable for bulk materials but
nanomaterid sasowith equd footing.

K{(GPa)

Thermal expansion Coeff.(K")

VIV,

= Fyl] Peper
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