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ABSTRACT

Present paper reports a simple theoretical study to investigate the
compressional behavior of some nanomaterial using Equation of state.
The pressure dependence of compressibility of nanocrystalline PbS of
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three different sizes (2.6nm, 5.4nm & 8.8nm), nanocrystalline Ni of two
different sizes(62nm & 20nm), and nanocrystalline SnO, of three different
sizes (3 nm, 8 nm & 14 nm) have been analyzed by using Usual Tait’s
Equation of state (UTE). The compressional behavior of these nanocrystals
is compared with available experimental data. This provesthe validity of
Usual Taits Equation of State (UTE) at nano scale. This study shows that
the compressibility of nano-crystals depends upon size. It isfound in this
study that compressibility increases with decreasing particle size.
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INTRODUCTION

Over the past decade, nanomaterid shavebeenthe
subject of enormousinterest. These materids, notable
fortheir extremely small 9ze, havethepotentia for wide-
rangingindustrial, biomedical, and €l ectronic applica-
tions. Nanomaterid scan bemetdss, ceramics, polymeric
materids, or compostematerias. Nanocrystdlinema:
terid swith particlesize of 1-100 nmareof currentin-
terest becausethey show noble physica and chemica
propertiesthat may differ from thoseof the correspond-
ing bulk materialg¥. Thechemica preparation method
used playsasignificant rolein controllingthesizedistri-
bution, structureand crystallinity of theseparticles. In
nanocrystals, approximately haf theatomsareon the
surface. It isimportant to understand the surface struc-

ture, so that it can be modified at will, if one hasto
develop any deviceusing these materias. The suface
structure of ananoparticle, henceitsshape, isdeter-
mined by minimization of the surface energy. Thisis
accomplished by maximizing theamount of low-energy,
low-index facets of thecrystals. Oneway of inducing
changesin the shape and structure of nanoparticlesis
to apply high pressure. The size of the nanocrystaline
materid playsimportant rolein explainingthevarious
physica properties such as melting temperature, hard-
ness, sintering ability and el ectronic structure?? Phase
trangition pressurea so depend upon particlesize. Some
nanomaterialshave devated phasetrangition pressures
with decreasing particle s zé*“while somehavereduced
phasetransition pressureswith decreasing particlesize®
During recent past years investigations about
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nanocrystaline ceramics, metalsand semiconductors
have been dond’#on large scde. Theimportant physi-
ca propertiesof nanocrystalline Ni such asmagnetic,
mechanical, electrical behaviour, diffusion coefficient,
vibrationd modesand compression behaviour havebeen
widely studied experimentally and theoretically®®. Re-
cent investigations show that the compressibility of
Nanocrystalline Ni with alarge stability range of pres-
sures (i.e. they do not undergofirst order transforma-
tions) do not change with particlesizé'?, Theextraor-
dinary behavior of n- Feitsmagnetic, therma and elec-
trical properties, surface passivation, and mechanical
properties such asductility, hardness, phonon density
of statesand compressibility havebeeninvestigated ™2,

Thesizeof theNano crystalinematerid playsim-
portant rolein explaining the various physica proper-
ties such asmelting temperature, hardness, sintering
ability and el ectronic structure**'4, Investigation on
melting temperature showsthat it decreaseswith de-
creasing particlesize™. Phasetransition pressurealso
depend upon particle size. Some nanomaterialshave
elevated phase transition pressures with decreasing
particlesizé®>¥while somehavereduced phasetran-
sition pressureswith decreasing particlesizeé™. Anen-
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hancement of transition pressurein nanocrystalsZnO,
ZnS, and PbS*#2 gs compared with their correspond-
ing bulk material isalso observed. Thehigh pressure
X-ray diffraction investigation by Hainesand Legar?!
indicatesthree phasetrangtioninnaturefor SnO,. With
gpplication of high pressure, SnO, cantransformtothe
fluorite- typecubic phase. Thetrangitionisrather dug-
gish, and both thelow-pressure and cubic phases coexit
up to apressure of 40 Gpa.

Inthe present work we areana yzing the mechani-
ca properties especially the volume compression (V/
Vo) and bulk modulus of n-PbS (for three sizes,
2.6nm,5.4nm and 8.8nm), nanocrystallinen-Ni of two
different sizes(62nm, 20nmn-SnO, of threedifferent
sizes(3nm, 8 nm, and 14 nm) using theusua Tait2 s
equation of State (EOS). Although, the Tait2 sequa-
tion has been widely used in most of the bulk materi-
a 922 however, thiseguation hasnot been used so far
to study the compression behaviour and the variation
of bulk moduluswith pressurein nanomaterials. We
havetherefore, predicted the pressure dependence of
unit cell volume and bulk modulusof nanomateriasin
the present study for thefirst timeby applying theusud
Tait equation of state.

TABLE 1: Theequation of stateparameters, K (Gpa) and K, for PbS?!, Ni (62nm,20nm and bulk)®!, and SnO,

PbS (2.6nm) (5.F:1k:§m) (82?%) (62l\rl1lm) (2(;\rl1lm) (btlllk) @ST]?nz) é?](r)nz) (fﬁ? m) (Enu?lf)
Ko 33.50 46.51 75 216 228 180 228 225 277 328
Ky 4.0 4.0 4.0 4 4.02 4 5.6 6.0 2.0 3.28
whered_ isAnderson-Gruneisen parameter at constant
METHOD OFANALYSIS temperature.

Theusua Tait equation of stateisobtained by as-
suming thefact that the product of thethermal expan-
sion coefficient (¢) and the bulk modulus (K,) iscon-
stant under the effect of pressure?” i.e.
aK=constant. (@)
Differentiation of equation 1 with respect tovolumeat
constant temperature, gives

dK da
“(W)T*K(W)f‘) @

Anderson-Gruneisen parameter isdefined as

V( da
sfa(dvl ©)

From equations 2 and 3, we get

5 V(da Y dK)
Taldv),  Kldv); 4
Assuming 6. to beindependent of V,
dK
s (), ®

Anderson-Gruneisen parameter 6 andn =V/V, (where

V, istheinitid volume) arerelated by thefollowing rela-

tion2

(81 +1) _
n

where A isacongtant for agiven solid. Inview of equa-

A (6)
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tion 6, equation 4 can bewritten as

dK A 1
? = [— V_O + v]dv (7)
Integrating above equation,we get
K Vv Y
o ®
dpP
whereK = _V(W)T ©)

Inview of equation 9, equation 8iswritten as

K \
K—exp A[l—v—]dv =-dP (10)

0 0

Theintegration of equation 10gives

i)

Here, K, isthebulk modulus at the zero pressureand
the constant A isdetermined fromtheinitial conditions,
vizat V=V, A= 50 +1.

On substitution of Ainequation 11 and taking the

natura log, weget thefollowing fina form of usud Tait
equation of State.

1)

1
Ko+

V(PTo) _, 1 Loy
0

V(0,Ty)
whereV (P, T ) isthe volume of the solid at pressure
required to compressit, keeping thetemperature con-
stant. V, is the initial volume at P=0 at room

In{1+ (
Kg+1 K

(12)

temperatureT . K and K aretheisothermal bulk modu-

lusanditsfirst pressurederivativeat T=T...

The beauty of thisequation of stateisthat it re-
quireslessnumber of input parametersand providesa
simple and straight forward approach to predict the
relative compressionin solidsat high pressure. Totest
thevalidity of thisequation of statein nanomaterials,
(asinbulk materials), we have, therefore, employed
Tait2 sequation of stateto predict the compressiona
behaviour of nanomaterids.

RESULT AND DISCUSSION

Thevaues of volume compression (V/V ) at dif-
ferent pressure have been cal culated from Equation 12
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for nanomaterial’s considered. Input parametersviz.
bulk modulusand itspressurederivativeat zero pres-
sureand room temperature, aregivenintheTABLE 1.
Calculated resultsareshownin Figure 1-9. Figure 1-3
showsthevariationof V/V with pressurefor n-PbS
(2.6nm, 5.4nm & 8.8nm) respectively usngUTE dong
with experimental data. Figure 4 showsthe compara-
tivecurveof V/Vo with pressurefor thesethreen-PoS
using UTE. Figure 1-4 shows an excellent agreement
with theexperimental datafor the nanomaterialscon-
sidered. On considering Figure 4, we can say that the
compressibility increaseswith decreasesparticlesize.
Figure 5 showsthevariation of V/Vovs. pressurefor
Ni (20nm, 62nm & bulk and weconcludesfrom Figure
5 that compressibility increaseswith decreasing par-
ticleszedsothenanomaterid Ni ismorecompressible
than bulk Ni. Figure 6, 7& 8 showsthevariaion of rela-
tive volume change with pressure for n-
SnO,(3nm,8nmé& 14nm) along with avail able experi-

1.02 4

—&— VVo-Tait(2.6nm)
—&-\/'\o Exp

ViV 008

Pressure(Gpa)
Figurel: V/V VsPressure(Gpa) for PbS(2.6nm)
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Figure4: VIV Vspressure(Gpa) for threePbSnanocrysals
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Figure5: V/V Vspressure(Gpa) for Ni (20nm, 62nm &
bulk)
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Figure6: VIV Vspressure(Gpa) for 3nm-SnO,
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Figure9: VIV Vspressure (Gpa) for SnO,(3nm,8nm &
14nm)

mental data. We are also using the experimental data
for bulk ShO, for comparison purpose. Figure 9 shows
the comparison of relative change of volumefor three
different n-SnO, (3nm, 8nm & 14nm) usingUTE. Itis
concluded from Figure 9 that the compressibility of the
nanocrystalsincreaseswith decreasing particlesizei.e.
lower sizenanomateria ismorecompressible.

CONCLUSION

Thusitisemphasized herethat the Tait’sequation
of state (UTE) successfully explain the compression
propertiesof nanomateria’s. A singleequation of state
based on any two parameters can thusexplaintheme-
chanical properties of bulk materials and its
nanomaterialswith same potentia. Thereasonfor its
success can be tranced in fact that the compression
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behaviour of bulk materia and nano materid isnearly
samewhichisclear fromtheFigure 1-9. Thusonthe
overal discussion, it may be concluded that UTE suc-
cessfully explain thecompressibility of nanomateriads
and compressibility increaseswith decreasing particle
sizeor itisaso concluded that the nanomaterialsare
more compressi blethan itsbulk counterparts.
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