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ABSTRACT
Compression versus pressure at room temperature has been evaluated for silver using
different equations of states (Birch-Murnghan and modified Lenard-Jones EOSs). A good
agreement with experimental data has been observed. Extrapolation of variation of bulk
modulus results with pressure has been used to evaluate spinodal pressure. The effect of
high pressure on lattice frequency and phonon frequency spectrum (pfs) has been calculated

too. A comparison of the present, pfs results show a good agreement with the results of
other theoretical published work
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INTRODUCTION

Since absolute isothermal pressure-volume measurement is limited to lower pressures,
high pressure EOSs can be developed using bulk modulus B, and its derivative B], these

low-pressure measured quantities are used to extrapolate to higher pressures.

For practical applications, an ideal EOS of state should have the following four merits:
(Jiuxun, 2005)
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(i) The energy should be analytic U=U (v).
(if) The EOS should be both pressure analytic P=P(v) and volume analytic V=V (p).
(iii) It should satisfy the following spinodal condition

B o (P-P, )" witn(P-P,) =0 (1)

(iv) It should have a high energy precision with a simple form and a small number of
parameters, and allow one to predict the compression curve for materials at high pressure
using only the parameters determined from the experimental data at low pressure. In the
following two EOSs which meet these requirements, are used in the present work, as shown
below.

(i) Modified Lenard-Jones EOS (Jiuxun, 2005):
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(if) Birch-Murnaghan EOS (Birch, 1947):
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THEORETICAL DETAILS AND RESULTS
Silver under high pressure
Applying pressure on solid induced a change in specific volume. This change is
represented by the ratio V,/V,. (Fig.1) shows the relative compression V,/V, for Ag, at
different values of applied pressure calculated by using equations (2 and 3) with the values

of B, and B! shown in Table-I

Table 1: Values of B, , B] for Ag

B 105Gpa
Kennedy and Keeler, (1972)

B' 5.99Gpa
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Fig. 1: Variation of V,/V, with pressure for Ag using different EOSs

Bulk modulus under high pressure

The bulk modulus relates the fraction change in volume to the change in the applied
pressure as:

oP
B, \Y YV (4)

It measures how much pressure is required to compress a substance by a given fraction.
A substance with a large bulk modulus is more difficult to compress than a substance with a
small bulk modulus.
From Eq.2, 3, and 4, we can express the bulk modulus at pressure (p) by using different
EOSs as follows:

The modified Lennard- Jones EOS (mLJ-EOS):

(i) B, = -V 2_5: BO{\\;"] [z[\\:—J —1] ()

(if) Birch-Murnaghan EOS (B-M.EOQOS) :
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where n=V,/V,

Br -isothermal bulk modulus at pressure p

(Fig. 2) shows the variation of bulk modules with pressure using different EOSs
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Fig. 2: Variation of the bulk modulus with pressure using different EOSs

Spinodal pressure

Spinodal decomposition deals with dynamics of phase changes in materials which are
caused by transferring the material into an initial state that is not thermodynamically stable
(e.g. by rapid cooling, by rapid heating and also rapid pressure change). (Binder and Fratzl,
2001).

Although spinodal pressure is defined as pressure at which B=0. The existing theories
of spinodal decomposition are, in mechanistic form, valid and essentially correct, even if a
completely unambiguous definition of the spinodal cannot be given (Reiss, 2010; Imre
2007), (Mijbel et al., 2012).

The evaluation of spinodal pressure is a promising approach in the formulation of
universal EOS for solids as it is enable to study meta stable state of material at negative
pressure.

In the present work, on extrapolating the results shown in (Fig. 2) up to the point where bulk
modulus equal zero we obtain an expression for spinodal pressure for Ag as:

P
P =-B,— 7
sp 0 8B ( )

(Fig. 3a, b) show the values of spinodal pressure for Ag evaluated by combining eq's.5, 6
and 7.
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Fig. 3: Spinodal pressure for Ag by using (a) m.L.J-EQOS, (b) Birch- Murnaghan EOS

Table (2) shows a comparison between the values of spinodal pressure for Ag, obtained in
the present work with values of Py, given by Jiuxun, 2005.

Table 2: Comparison of the spinodal pressure values obtained in the present work

with reported results.

Present work Jiuxun, 2005
EOS P,,Gpa P,,Gpa
ML-J. -20.2
BM. | -222 -13.146

The difference between pg, values shown in literature and that obtained in the present
work is attributed to the fact that the present work used first principle approach in
evaluation of Py, values for Ag.

Phonon frequency spectrum under high pressure

A change in Vp/V, of crystal excites a change in the equilibrium position of the lattice
points and consequently a change in the frequency spectrum.
Using Griineisen approximation (Dlouha, 1964) obtained an expression for the changes in
frequencies due to change in V,/V, of crystal as:
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AN
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where:

@,  frequency at pressure p ;
@ , frequency at atmospheric pressure
4 Griineisen parameter = 2.35 for silver (Taravillo et al., 2002)

While change in the distribution function of the frequencies expressed by

w4

(Fig. 4) shows Ag phonon frequency spectrum (pfs) at atmospheric pressure (Xie and Chen,
1999).
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Fig. 4: Frequency spectrum for silver at atmospheric pressure

To compute the effect of high pressure on Ag phonon frequency is spectrum by using
different EOSs, the spectrum in (Fig. 4) is analyzed, and different g(w) values are recorded
for the corresponding frequency values. Then, combining equations 8 and 9 with eq.5 one
time and with eq.6 another time.

(Figs. 5a-b) show Ag phonon frequency spectrum obtained by using different equations
of state where (Fig.5a) shows the effect of pressure on Ag pfs evaluated by using mL. J.
EOS. While (Fig. 5b) shows variation of Ag pfs with the pressure by using B-M EOS
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(Figs. 6a-d) show a comparison between the results obtained in the present work by
using mL.J. EOS and B-M EOS, with the phonon frequency spectrum (pfs) under 10 Gpa
and 30 Gpa evaluated theoretically by ( Xie and Chen, 1999).
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Fig. 5: Variation of phonon frequency spectrum with pressure by using different
EOSs. (a) m. L. J. EOS., (b) Birch-Murgnhan. EOS.
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Fig. 6: Comparison of phonon frequency spectrum for Ag under 10 GPa and 30 GPa,
evaluated in the present work with that reported in (Xie and Chen, 1999).

Although all (Figs. 6a-d) show an excellent agreement between the results of the
present work and (Xie and Chen, 1999) results. (Fig. 5b) indicates that mL. J. EOS gives an
exact agreement with (Xie and Chen, 1999) results. While (Fig. 6d), shows an excellent
agreement with (Xie and Chen, 1999) results. This may be attributed to the fact that mL. J.
EOS depends on the atomic potential while B-M. EOS depends on the mechanical finite

strain.
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DISCUSSION

The phonon frequency of Ag increases with the increase of pressure (Figs. 5a-b)
which are consistent with increasing bulk modulus under pressure (Fig. 2). The phonon
density of state spreads up to high frequency domain as pressure increases.

Spinodal pressure study is a promising approach to formulate universal EOS of solids.
The difference between P, values shown in Table-II could be attributed to the fact that the
present work used the first principle approach in evaluation of Py, values, while (Jiuxun,
2005) used the generalized Lennard- Jones potential.
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