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ABSTRACT
According to the definition of spinodal pressure as the negative pressure at which bulk
modulus (of a substance) go to zero. Extrapolation of variation of bulk modulus results with
pressure has been used to evaluate spinodal pressure for GaN in zinc-blende and wurtzite structures
using different equations of state (EOS) (Birch-Murnaghan, Bardeen, Libby and Libby, and Born-
Mie). Result obtained in the present work for GaN in the zinc-blende structure using Born-Mie
equation of state shows a good agreement with literature. While results for wurtzite structure,
obtained by using Birch-Murnaghan and Bardeen EOSs are in a good agreement with literature.
Present results and many literature show that (Jiuxun, 2005) approach for evaluation of spinodal

pressure yield results in less agreement with other works.
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INTRODUCTION
The calculation of the properties such as enthalpy, entropy, internal energy, compression
volume, etc for different substances requires knowledge of the PVT (pressure-volume-temperature)
behavior of the substance. This can be given in the form of a table, graphs, or analytically, an
analytical expression to express PVT behavior which is called an equation of state. The correct
equation of state (EOS) is the gateway to obtaining spinodal and other derived properties, which are
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then used to develop corresponding states correlations. It is sufficient to consider the PVT equation
of state (Shamsundar and Lienhard, 1993).

There are at least two conditions which should be satisfied by an equation of state in order to
be physically acceptable, these conditions are (Singh and Gajendra, 2011):
(i) The pressure derivative of bulk modulus (dB/dP) in the limit of extreme compression (V—0
and P—o0) must be greater than 5/3.
(i) Real and reasonable values of properties should be obtained for the entire range of
compressions.

In the following we write out the EOS considered in this work, which they have these merits
and also satisfy the following spinodal condition (Jiuxun, 2005).

1

Box(P-P,) with B(P—P,)=0
where P: pressure. Py spinodal pressure. B: the bulk modulus.
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where 17 = v—” B, and B, are the bulk modulus and its first derivative at zero pressure, V, is the

volume at zero pressure, V, is the volume at applied pressure (P).

THEORITICAL DETAILS AND RESULTS
(1) Bulk modulus under high pressure.
The bulk modulus (B) of a substance measure the substance's resistance to uniform
compression. It is defined as the ratio of the infinitesimal pressure increase to the resulting relative
decrease of the volume, formally expressed by the equation:

B=-v=— R ()

From above EOSs, we can express the isothermal bulk modulus (B+) at pressure (P) as follows.
o Birch-Murnaghan EOS
B, BM) = 22 [L 523 Ly P R ¢ 5(3’ 4) ‘%] 6
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. Bardeen EOS
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Fig. (1) and Fig. (2) show the results of variation of thermal bulk modulus (By) at different values
of applied pressure calculated by using equations (6, 7, 8 and 9) for GaN in zinc-blende structure
and in wurtzite structure respectively. The values of B, and B, which have been used in the

calculations are tabulated in Table (1).

Table 1: values of B, and B, for GaN (Christensen and Gorczyca, 1994)

material B, (Gpa) B,
GaN (zinc-blende structure) 184 4.6
GaN (wurtzite structure) 200 3.8
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Fig. 1 : Variation if isothermal (Bt) bulk modulus with pressure (P) using different EOS for
GaN (zinc-blende structure).
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Fig. 2 : Variation of isothermal bulk (Bt) modulus with pressure (P) using different
EOS for GaN (wurtzite structure).
(2) The spinodal pressure.
Since the spinodal pressure for material represents the negative pressure at which the bulk
modulus of the material goes to zero (Al-sheikh et al., 2013), which whatever its values decreased

or in other words its negative values increased no additional expansion occur in material (Stixrude,
2002). By using extrapolating results shown in Fig. (1) and Fig. (2), one can obtain the spinodal
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pressure from the following expression (Al-Sheikh and Mohammed, 2012; Al-Saga and Al-Sheikh,
2013):
dP
P

sp = By v e (10)

The values of Py, for GaN (zinc-blende and wurtzite structures) are shown in Fig.(3), Fig. (4)
and in Table (I), in comparison with values calculated by equation 11 which was given by
(Jiuxun, 2005):
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Fig. 3: Spinodal pressure for GaN (zinc-blende structure) by using (a) Birch-
Murnaghan EOS (b) Bardeen EOS (c) Libby and Libby EOS (d) Born-Mie
EOS
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Fig. 4: Spinodal pressure for GaN (wurtzite structure) by using (a) Birch-Murnaghan
EOS (b) Bardeen EOS (c) Libby and Libby EOS (d) Born-Mie EOS

Table 2: Spinodal pressure values in comparison with results given in literatures

Jiuxun, Xiaowei Gupta and Cheng
Present work 2005 et al., Rana, 2012 | etal., 2008
material 2005
EQOS Psp(Gpa) Psp(Gpa) Psp(Gpa) Psp(Gpa) Psp(Gpa)
Zinc-blende Birch-Murnaghan -42.847
GaN Bardeen -43.766 -30 -48.3564
Libby and Libby -64.943
Born-Mie -49.6975
Wurtzite Birch-Murnaghan -56.4775
GaN Bardeen -56.36 -39.4737 -59.0739 -60.9647
Libby and Libby -70.4523
Born-Mie -71.053
DISCUSSION

Experimental results are meager and quite hard to obtain particularly in the neighborhood of
spinodal limit, because spinodal is the limit of metastability of substance with respect to phase
transition, therefore we used extrapolation of bulk modulus data under high pressure shown in
Fig. (1) and Fig. (2), combining these data with equation 5, and (depending on) the definition of
spinodal pressure as the negative pressure at which bulk modulus value go to zero. Equation 10
represent a new approach for evaluating spinodal pressure. By using different EOSs which satisfy
spinodal condition. The spinodal pressure values for GaN obtained in present work is close
together with results obtained from works of (Cheng et al., 2008), and (Gupta and Rana, 2012), but
differ from that obtained by (Jiuxun, 2005), this may be attributed to the fact that our present work
used first principle approach in evaluation of Py, for material obtained within the metastable state,
while (jiuxun, 2005) work didn’t consider that (Psp) for the material obtained within the metastable
state. Present work show that Py, value obtained by Born-Mie EOS is in a good agreement with
values given by (Xiaowei et al., 2005) for GaN in zinc-blende structure. While using, either Birch-
Muranghan or Bardeen EOS, in the present work, in evaluating Ps, value for GaN in wurtzite
structure, reveal a good agreement with the values given by (Gupta and Rana, 2012) and
(Cheng et al., 2008).
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