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ABSTRACT

The compression behavior of Nanacrystalline Anatase TiO, has been studied to test the validity of fundamental
equation of state. To validate our results five fundamental equation of states (viz. Murnaghan EOS, Birch EOS
Usual-Tait EOS, Kholiya EOS and Vinet EOS) are used to compute the pressure upto the compression ratio of
0.9478. In the present work it is observed that the result obtained by using Murnaghan, Usual Tait and Vinet
equation of state are consistently very close and in good agreement with the experimental results. The results
obtained by using Murnaghan and Usual-Tait equation of sate are very close to the experimental values than
Kholiya and Vinet equation of state while the Birch equation of state has no agreement with the compression
behavior of Nanocrystalline Anatase TiO2. With the validity of Murnaghan and Usual-Tait equation of sate for TiO,
the variation of isothermal bulk modulus of the sample has also studied and found its linear variation with pressure.

Keywords: Equation of state, nanocrytalline TiOcompression behavior of nanocrytalline Anatas@,Tand
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INTRODUCTION

Recently large number of nanocrystalline metalmisenductors and ceramics has been studied thealtgtand
experimentally [1-2]. Physical properties of narnystalline Anatase Ti©has also been studied well using
experimental techniques to reveal the informatiooud local structure and interface of the matgBhlOn the basis
of their experimental findings many researcherstmuggested that there is a significant effectaofigie size on its
physical properties such as melting point, hardnetsdility compressibility and sintering abilitycg4-6]. During
last two decades considerable experimental anddtieal investigations have been performed by dhffi€ group of
scientists [7-8] on the nanocrystalline metals. Tompression behavior of nanocrystalline anatag® fas also
been studied well using experimental technique$ siscsynchrotron X-ray diffraction study of pressurduced
change in the selected sample able to reveal foemation about local structure and interface &f thaterial [3].

In the present work compression behavior of Narsiatine Anatase Ti©has been studied with the help of
different equation of stat@he obtained results suggest that Murnaghan amdlU$ait equation of sate (UTE) is
most suitable to predict the compression behavidhe sample. After getting the validity of Usudlait EOS, the
variation of isothermal bulk modulus of nanocryléta Nanocrystalline Anatase TiO2 has also beedistuand
found that it has linear variation with pressure
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MATERIALSAND MEHTODS
METHODS OF ANALYSIS
To analyze the compression behavior of Nanocrystalnatase Ti@ following five equation of states (EOS) are
used. Most suitable EOS is used to study the vaniaif bulk modulus with pressure as in the cefearbon
nanotubes and graphite [2].

1.1 Murnaghan Equation of State
Using the relation of bulk modulus with pressurerivaghan derived an EOS [9-11] as follows

—K£)
p=X (XJ -1 M

1.2 Birch Equation of State
By expansion of free energy in terms of Euleriaaistbased on finite strain theory, Birch derivedEOS [12-13]

known as Birch EOS given as;
7 5 ) 2
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1.3 Usual-Tait Equation of State
A slight maodification in Murnghan EOS performed Ugual-Tait yields a new EOS known as Usual-Tait EOB

11]
P=r0 lexpl(k; +11- Y |l -1 ©)
K, +1 v,
1.4 Kholiya Equation of State

To study the physical properties of nanocrystallimaterials Kholiya suggest a EOS by expansion and
approximation of UTE EOS [14]. The beauty of thiguation is that it needs only one input paramekg) (o
predict the compression behavior of nanocrystaliiasicles. This EOS is given as,

2
P=K, —X +§ l—X (4)
V,) 20V,
1.5 Vinet Equation of State

For a special interest of calculation of pressurexreme compression ranges for solids Vinet pgedoa new
equation of state based on the relationship betwewting energy and interatomic distances, knowWiast EOS
[15-17] given as

P = 3K, x2(1- x)exp{n(1- x)}

(6)
1
where, (V) and, -3 (k' -
_(Voj n 2( 0 )

1.6 Isothermal bulk Modulus

The expression for the bulk modulus using Usuat-@quation of state can be given as [2, 19]
Ky :V(“Kaﬂp] (7)
KO VO KO
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RESULTSAND DISCUSSION

In case of some nanocrystalline materials it iseoled that their high-pressure respoisealmost similar to the
behavior of the bulk samples under compressionlewihicase of some other nanocrystalline mateitaks quite
different and displayed novel phase transitionghénpresent work the pressure dependence of votom@ression
of nanocrystalline Anatase Ti®as been analyzed using five fundamental equatibstates (viz. Murnaghan EOS,
Birch EOS, Usual-Tait EOS, Kholiya EOS and Vinet&@pto the compression ratio of 0.9478. The bubklatus
for Anatase TiQat zero pressure (€243 GPa) and its derivative (i 4) has been taken from literature [3], which
are used as input data required in the calculaG@mputed results are tabulated in the table-1thedariation of
pressure with compression for this sample is degiat figure-1. From the results it is obvious ttfe Murnaghan
and Usual Tait equation of state are consisterty elose and in good agreement with the experiaieasults than
Vinet and Kholiya equation of state. The deparmiré¢he results obtained from Kholiya equation aftstis only
because of the approximation of higher terms ingkqgansion of Usual-Tait equation of state. Thuslikh EOS
may be treated as the limiting case of Usual-Taita¢ion of state. Approximate validity of Vinetuegion of state
can be interpreted on the basis of the variatiolattice parameters at extreme conditions. Disagese of Birch
equation of state with the compression behavidtarfocrystalline Anatase TiOshows that the EOS derived on the
basis of expansion of free energy in terms of Eatestrain based on finite strain theory is notahle for the
prediction of compression behavior of Nanocryatellmaterials. The validity of Murnaghan and Tdesmulation
for Nanocrystalline Anatase TiOcan be justified on the basis of the fact thatgheduct of bulk modulus and the
coefficient of volume thermal expansion remain ¢ansfor the materials at nano as well as bulk llesinilar
explanation has also been suggested by PandeyAtialcase of carbon nanotubes. The agreemefunafamental
EOS with the results obtained in case of nanoalys¢ TiO, shows that there is no appreciable change in the
compression ratio for bulk and nano %i@s it have been predicted in case of bulk modufusutk and anatase
TiO, [18]. Thus it may be concluded that in the mosthef cases of materials the widely used fundam&®& are
still most suitable and valid for the bulk as wai nanocrystalline materials to predict their caspion with
pressure.

Table-1: Variation of pressurewith compression of Nanocrystalline Anatase TiO,using M urnaghan (Pr,), Birch (Pg), Usual-Tait (Pyr),
Kholiya(P«) and Vinet(Py)equation of states

VIVo | PegGPa| RGpa| RGpa| RrGpa| RGpa| R Gpa
0.9967 0.96 0.8086] 1.216 0.8086 0.8085 0.8086
0.9869 3.84 3.2903] 5.0005 3.2899 3.28/6  3.2898

3
1

0.9837 4.72 4.1277 6.293 4.124 4.12p3  4.1267
0.9728 8.08 7.0847| 10.91 7.080 7.05p1 7.0798
0.9662 9.68 8.9573] 13.895 8.9482 8.9014 8.9476
0.9597 11.84 10.8651  16.96 10.84p3  10.7795 10.8483
0.9531 13.44 12.8694 20.224 12.8488  12.7133  12.8424
0.9478 16.96 14.53 22.954 14.4989 143399  14.492
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FIGURE 1. Compression Behaviour of Nanocrystalline Anatase TiO, using Murnaghan (Py,), Bir ch (Pg), Usual-Tait (Pur), Kholiya(Pk)
and Vinet(Py)equation of states

With the validity of Murnaghan and its modified fiorof Usual- Tait equation of sate for nanocrystalliTio, the
variation of isothermal bulk modulus of the sampés also studied. For which the expression of &athal bulk
modulus has been derived within the frame work dfEUas mentioned in equation (7). Calculated valoies
isothermal bulk modulus at different pressure iegiin table-1 and the graph plotted between presand bulk
modulus is shown in figure-2. Obtained result shdiws linear variation of K with pressure at a constant
temperature. Same results are also predicted fboeananotubes by Chandra et al [19] and justifiedhe basis of
the fact that isothermal bulk modulus K is lineandtion of pressure at any temperature for bulkwai as
nanomaterials.

Table-2: Variation of isothermal bulk moduluswith pressure in case of Nanocrystalline Anatase TiO,

COT/;;\rZssmn Pep GPa | Isothermal Bulk Modulus@XGpa
0.9943 2.5 196.7720
0.9600 9 221.1840
0.9486 14 242.2724
0.9314 16.85 251.1520
0.8971 23.25 270.6102
0.880( 3C 295.152(
0.868¢ 33 304.357:
0.8571 38 321.7553
0.8457 43 338.6183
0.8343 51 367.4257
0.826( 54 327.344.

Variation of Bulk Modulus of Nanocrystalline TiO2 with Pressure
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FIGURE 2. Variation of Bulk M odulus of Nanocrystalline Anatase TiO,with pressure
CONCLUSION

On the basis of our findings it may be concludedt tim the most of the cases of materials the widedgd
fundamental EOS are still most suitable and vadidtfie bulk as well as nanocrystalline materialprtedict their
compression with pressure. In the present work found that the Murnaghan and Usual-Tait equatiostate is
most suitable and competent for this predictiomahpression behavior of nanocrystalline ZiThe expression of
isothermal bulk modulus has been derived within filaene work of UTE and the variation of isotherniailk
modulus of the sample has also studied, which shiog/near variation with pressure.
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