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The calculations for variations of bulk modulus (B), compression volume (%’), lattice constant and

phonon frequency spectrum (pfs) under high pressure up to 17 GPa at room temperature has been carried
out. Three equations of state (EOSs) including (Birch- Murnaghan, Vinet and modified Lennard-Jouns)
are used in the calculations. The variations of these properties under such high pressure for GaAs are
obtained and we got suitable EOS for it.
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Introduction

The evaluation of pressure-volume (P-V) phonon frequency spectrum and lattice constant
are very importance in basic and applied science (Recio et al. [12]), EOSs are fundamentally
important in study the properties of solid state at high pressure, where the study of (P-V) EOSs
of relevant material is one of the most basics are needed for pressure calibration. The Vinet,
Birch-Murnaghan (BM) and modified Lennard-Jouns (mL-J) EOSs are intended to accounting
volumetric properties for solid which has structural configurations that vary with pressure and
temperature (Anderson [1]), BM EOS was derived from the assumption that the strain energy of
a solid undergoing compression can be expressed as a Taylor series in the finite strain. (Birch [3]).
The (mL-J) EOS was derived from interatomic potential (Jiuxun [6]) but Vinet EOS from rela-
tionship between variables (P, V) (Tripathi et. al. [15]). Phonon frequency spectrum curves for
most solids shifts up slightly to the higher frequency values (Ciler & Ciiler [8]).

v
In present work, the effect of pressure on bulk modulus (B), compression volume <p>,
o

lattice constant and phonon frequency spectrum (PFS) for GaAs has been achieve using different
EOSs.
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1. Theoretical Details

1.1. Equations of State (EOSs)
Birch—Murnaghan EOS. Suggested EOS for solids (Birch [2]) is given as:

)6 Y- Qom0

Bo — thermal bulk modulus at atmosphere pressure,

3
Pp_p (V) = §Bo

where

B! — pressure bulk modulus derivative,
Vo — volume at atmospheric pressure,
Vp — volume at pressure P.

Vinet EOS. This EOS describe the relationship between the variables (P, V) and it was derived
from a general inter-atomic potential (Griineisen [5]). (Vinet el al. [16]) give suitable EOS as:

(-l p Y o
Modified Lennard—Jones EOS. (mL-J EOS) (Jiuxun [6])

e Y () 1) ;

;o dB
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PVinet = 3Bo

N
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3

where n =

1.2. Bulk modulus

In general, bulk modulus given by

(),

from derivation of Egs. (1), (2) and (3) with respect to volume and substiting in Eq. (4) we get
the bulk modulus equation as function of pressure which are given as:

3Bo[[T\ _ns 5 a5 9/ s T(o PR _
By = K)n 78— 2n 5/3—1<Bo—4)n S+ 5(30—4)77 (B4 5/3],(5)

2 3 3

Bvinet = [QBO (77_2/3 _ 77_1/3) + By 4 gBo (B/o _ 1) (n—l/S _ 1)} %

xel{3(Famt) ) ] (6)

o) (5 )
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1.3. Lattice constant

Radi et al. [11] determined the variation of lattice constant with the pressure according to
Murnaghan EOS (Murnaghan [10]).

1
, P\
ap = Qo (1 + BO_BO> 5 (8)

where a, is Lattice parameter at atmosphere pressure, a, is Lattice parameter at pressure P.

From Murnaghan EOS
1
Vo + P\ B
—=|(14+B,— . 9

Vo ( + o Bo) ( )

Then Eq. (8) can be written as:
1
V,\ 3
=a,| -2 ) 10
(Ip a <V0> ( )

1.4. Phonon frequency spectrum (PFS)

The pressure applied on the solid causes many changes in the internal atomic forces. There-
fore, the properties of the solid under high pressure can vary (Dlouha [4]). In this study, the
effect of pressure on the lattice constant and the density of state for GaAs calculated by using
Greneisen approximation to calculate the variation of the frequency where variation of mode
density due to the specific volumes change of the crystal using the above equations of state (1),

(2) and (3).
2. Calculations and Results

v
2.1. Calculations of compression volume (vp) for GaAs under high

o
pressure.

On substituting the values B,, B! tabulated in Tab. 1 in to Egs. (1), (2) and (3).
Table 1. Values of bulk modulus (B,), its derivative (B/) and lattice constant a, for GaAs

B, | 74.7GPa ( Hanfland, et al. [9])
B! 4.67 ( Hanfland, et al. [9])
a, | 5.650A4 | (Levenshtein and Rumyantsev [7])

Obtained results for <p> variations under high pressures are shown in Fig. 1, in comparison

o
with experimental data published in the scientific literatures.

2.2. Calculations of variations bulk modulus B, with high pressure for
GaAs using B.M, Vinet, and mL.J EOSs

On substituting the values of B,, B/ tabulated in Table (I), into Egs. (5), (6) and (7). Ob-
tained results for variations of bulk modules, for GaAs, are showing Fig. 2 with high-pressure

v
give us the values of bulk modulus according to the values of | —£ | at different values of pressure

by using different EOS (Fig. 2).
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Fig. 1. Variation of (VP> for GaAs at different values of pressure, using BM, Vinet, mL.J EOSs

o
comparison with other experiment data

160

—&—mL-JEOS

150} | —B—B-MEOQS |
—+—YinetEOS

bulk modulus/GPa

1 1 1 1 1 1
g 10 12 14 16 18 20
pressure/GPa

]
8]
=
o

Fig. 2. Variation of bulk modulus B, for GaAs at different values of pressure, using BM, Vinet
& mL-J EOSs

2.3. Calculations of lattice constant variations, for GaAs, under high
pressure

On using Eq.(10) with (a, = 5.6504, for GaAs) (Levenshtein and Rumyantsev [7]), and
v
(V? data from Fig.1. Present result for variations of lattice constant, for GaAs, with pressure

o
are shown in Fig. 3. on comparison with experimenter data of (Ruoff et al. [14]).
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Fig. 3. Variation of lattice parameter for GaAs with high pressure using different EOSs

2.4. Evaluations of (PFS), for GaAs, under high pressure using (BM,
Vinet, mL.J) EOSs

Fig. 4 shows phonon frequency spectrum for GaAs at atmospheric pressure and room tem-
perature
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Fig. 4. Variation of frequencies of GaAs at atmosphere pressure (Fu & Maguchi [17])

V
Since any change in (Vf’) produce, a change in the equilibrium position of lattice point and

o
it will produce a change in the frequency spectrum, which is given as (Dlouha [4]):

o) "
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~: Grneisen parameter at atmosphere pressure

g0 = () ol vl (12)

v, — frequency at atmospheric pressure,
vp — frequency at pressure P.
From Egs. (11) and (12), and putting v = 1.73, for GaAs, (Resul and Irving [13]), and using

v
(p shown in Fig. 1. Obtained results for variation of GaAs phonon frequency spectrum under
o

high pressure by using different equation of state are shown in Figs. 5-7.
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Fig. 5. Variation of frequencies with pressure for GaAs using Birch-Murnaghan EOS
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Fig. 6. Variation of frequencies with pressure for GaAs using mL.J EOS

- 376 —



Raed Hashim AL-Saqa, Siham Jasem AL-Taie  Theoretical Study of Mechanical, Elastic and Phonon. ..

14

+ p=0
L p=4Gpa | |
12 == p=iGpa
p=12Gpa
1t =—4— p=16Gpa |
=
=
> 08t .
=
£
= 06 J
@
o
o
04+
02+
L1}

[] 2 4 [ 8 10 12 “ 16 18
Frequency THz

Fig. 7. Variation of frequencies with pressure for GaAs using Vinet EOS

3. Discussion and Conclusion

v
Variations under high pressure of <p>, Bulk modulus, lattice constant for GaAs have been

evaluated by using three different EOSsogiven in Egs. (1), (2) and (3). All the three different
equations give an excellent agreement between their results in comparison with experimenter
data. On evaluating variations of (pfs) for GaAs under high pressure B.M EOS (Eq. (1)) and
mL-J EOS (Eq. (3)) give a reasonable shift to higher frequencies in agreement with theoretical
interpretation for the effect of high pressure on pfs for solids. While Vinet EOS (Eq. (2)) cannot
give a coincidence results with B.M and mL-J EOSs results.
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TeopeTtuveckoe mcciiejoBaHe MEXaHUIECKUX, YIIPYTUX

1 (POHOHHBIX YACTOTHBIX CBOICTB (GaAsS IIpu BBICOKOM
JaBJIEHUN

Paen X. Aap-Caxka

I'maBHOe ympaBiieHue o6pa3oBaHUs

cpenneit mkobl TarBaan B npoBuHiuu HuneBust
Npaxk

Cuxam JI2x. Aab-Taiie

ATbHYYD YHUBEPCUTETCKUN KOJLTEIK

Wpax

Y
Vo

pewemKy U cnekmp PGoHoHHBIT YACTMOM NPU 8blcoKoM dasaeruu 0o 17 I'lla npu xommrammold memnepamy-

IIpedcmasaenv, pacuemos 0as usmenenus 06semmnozo modyasn (B), obsem corcamusn ( ), NOCMOAHHAA

pe. B pacuemax ucnoavayromes mpu ypasrenus cocmoanus EOS, 6 mom wucae Bepyu-Myprazan, Bunem
u modudpuyuposarmviti Jlenwnapd-lotcync. Ioayvwenv, sapuayuu smuxr ce0ticms npu 8vicoKOM 0a8AECHUL
oas GaAs u nodrodswue EOS dasn nux.

Karoueswie caosa: ypasHeHue coCmoanus, 00BeMmHbl MOOYAb, COHCAMUE, NAPAMEMP DEWEMKYU, CNEeKmp
PoHOHHVT wacmom.
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