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The thermodynamic characteristics of the MgSiOs—MgO system are deter-
mined using a modified form of the Shanker equation of state (EOS) known as
the ‘Higher Order Shanker (HOS) EOS’. This adaptation incorporates higher-
order terms into the Shanker EOS. The Higher Order Shanker (HOS) EOS is
evaluated against Stacey criteria to ensure consistency in the variation of the
pressure dependence of the isothermal bulk modulus. In a comparative analy-
sis, the thermodynamic properties obtained from the Higher Order Shanker
(HOS) EOS are contrasted with those derived from established classical EOS
models, alongside electronic contribution analysis. This demonstrates the
reliability of the proposed Higher Order Shanker (HOS) EOS for computing
thermodynamic properties for similar systems under higher pressures. Fur-
thermore, expressions for the bulk modulus and its pressure derivatives are
formulated and extended to the theoretical limit of infinite pressure. These
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derived expressions are valuable for conducting more intricate analysis of
higher-order thermoelastic properties.

Key words: equation of state, Stacey criteria, thermal expansion, Griineisen
parameter.

Tepmonmuamiuni xapakrepucturku cucreMu MgSiOs—MgO Bu3HaUEHO 3 BUKO-
pucranaam moxudikosanoi ¢popmu IIlenKepoBOro piBHAHHA CTaHy, BiTOMOTO
Ak «IllenmkepoBe PiBHAHHA 3 ypaXyBaHHAM BUIMUX MOPAAKiB». 1la agamraiia
BKJITOUa€e uieHu Buiioro nopaaky lllerkepoBoro piBHaAHHS cTaHy. [llenkepoBe
PiBHAHHA 3 BpaxXyBaHHAM BUIIUX IOPALKIB orineHo 3a Kpurepiamu Crefici,
o6 3a0e3meuuTH Y3TOAMKEHICTh y B8MiHi B3aJe’KHOCTH 130TepMiuHOrO
00’€MHOr0 MOZYJIA Bif TUCKY. ¥ MOPiBHANBHIN aHANi3i TepMoagrHaMiUHi BIac-
TUBOCTi, omep:kaHi 3 [IleHKepOBOTO PiBHAHHSA 3 YPaXyBAHHAM BUIIUX MTOPAI-
KiB, MMOPiBHAHO 3 TEPMOAUHAMIUHUMU BJIACTUBOCTAMU, OJEPKAHUMHU 3 Bimo-
MuX KjaacuuHux mozeaiB IlleHKepoBoTO piBHAHHA CTAHy, a TAKOXK 3 aHAJTIi3010
eJIeKTPOHHUX BHeCKiB. Ile memMoHCTpPYye HAaAifHICTH 3aIIPOIIOHOBAHOIO METOXY
IITenkepoBoro PiBHAHHA 3 BPpaXyBaHHAM BUINUX IMOPAAKIB IJIsd PO3PAXYHKY
TePMOAVHAMIUHUX BJIACTHUBOCTEH MOAIOHUX cHCTEM 3a BUCOKUX THCKiB. Kpim
TOT0, C(hOPMYTHOBAHO BUPA3HU AJA 00’ €MHOTO MOIYJIA Ta MOTO IMOXiAHUX 34 THU-
CKOM, AKi MOIITMPEeHO Ha TEOPETUUHY I'PAaHUII0 HecKiHUueHHOro TucKy. 11i ome-
piKaHi BUpasu € MiHHUMY [Js IPOBEAeHHA OiJbIT CKJIATHOI aHATIIZW TepPMOII-
PYKHiX BIaCTHBOCTEH BUIITNX TOPAIKIB.

Karouosi ciioBa: piBHAHHA craHy, Kpurepii Creiici, TelmioBe pO3MINPEHHS,
I'pronaiiseHiB mapamerep.

(Received 16 January, 2024, in final version, 25 September, 2024 )

1. INTRODUCTION

The exact thermodynamic behaviour of the MgSiOs—MgO system as one
of the component of the Earth’s lithosphere is the field of interest for
modern mineralogical researches. Since 2004 [1,2], when
MgSiO;—MgO was known to be the ultimate phase of the lower mantle
of the Earth, different studies are carried out on its thermodynamic
properties and its phase boundary conditions, so as to know more about
the D-layer of Earth in seismological scenario and are nowadays used
as input for geodynamics studies heling us to develop the theory re-
garding plate tectonics which explain the formation of Earth’s litho-
sphere. Equations of state (EOS) is the powerful tool for the exact de-
termination of thermodynamic variables in terms of pressure, volume
and temperature and it is also found helpful for studying the com-
pressibility and pressure induced phase transitions for geophysical
minerals at high pressures and temperatures [4—6].

The properties of geophysical minerals at extreme pressures and
temperatures recently estimated from EOS’s are obtained by simplify-
ing basic thermodynamic expressions like bulk modulus and thermal
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expansion taking into account of electronic contribution due to Helm-
holtz free energy and the properties thus computed by varying temper-
ature and pressure conditions are found to have low precision due to its
limitation as reported earlier for B-M EOS for solids for higher com-
pressions. This drawback was overcome by proposing EOS universally
[10] for solids having distinct kind of chemical bonding at extremely
high compressions. The dependences of potential energy E = E(r) (r be-
ing the interatomic distance) were in agreement with Rydberg’s model
of EOS[11, 12].

An EOS based on volume dependent short-range forces in case of in-
teratomic potentials was developed by Shanker et al. [13, 14]. Howev-
er, the results reported earlier [7, 13] were not consistent with the re-
sults of Hama Suito EOS [15] derived from the first principle and based
on quantum statistical model (QSM-Model) and linearized augmented
plane wave method (APW-Method). In view of recent findings about
EOS based on potential energy function, focused studies are being
made to frame new EOS and require critical assessment to overcome
the present challenges of the Earth interior.

For achieving better consistency with the results of Hama Suito, in
the present endeavour, the previous developed Shanker EOS [13] has
been modified by considering the effect of the higher-order terms of
V/Vo, which were excluded in Shanker EOS. The consistency of modi-
fied EOS has been mapped with Hama Suito to follow the essential
Stacey criteria for pressure dependent bulk modulus dKr/dP at con-
stant temperature as a function of P/Kr; Kr being the isothermal bulk
modulus at pressure P. For rigorous consistency, the derived EOS has
been subjected to polymorphic lower mantle material MgSiOs;—MgO.
This system is of great importance as it provides understanding of evo-
lution of the Earth and helps in comprehending the seismic profile of
the Earth. In addition to this, the correctness of modified EOS is veri-
fied by comparing the results with (a) B-M EOS, (b) Vinet—-Rydberg
EOS, (c) Shanker EOS, and (d) Stacey EOS.

The thermodynamic properties obtained using modified Shanker
EOS known as ‘Higher Order Shanker (HOS) EOS’ will be useful for
various applications of Geosciences and specially to the Earth’s behav-
iour at extreme conditions. For consistency of modify EOS, we have to
calculate the values of first-, second-, and third-order Griineisen pa-
rameter using to Stacey EOS and Modified EOS (HOS EOS) values un-
der high compressions.

2. MODIFICATIONS OF SHANKER EOS

Shanker EOS representing the relationship between P and V/V, can al-
so be obtained using the volume dependence. The volume dependent
force constant is approximated [15] as
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A=Af, (1)

where Ay does not depend on volume and f is volume or compression
V/V, dependent. Now, using Shanker’s approach [16] the expression of
Pisgiven by

4/3
174 K. v

Pl — =__0 dV . 2
[VOJ v fvof (2)

Equation (2) is the basic equation, which assists in deriving the EOS.
Shanker EOS has been obtained [17] using following form for f:

f=Q0+y+y*)exp(ty), (3)

where y=1- % and t is the constant. For V=V,, f=fo=1.
0

Equation (3) is substituted in (2) as

4/3
p[l By (4)
Vo ﬁ)Vo Yo

For getting more closer results with Hama Suito results at high
compressions, we replaced the value of f inducing the higher-order
terms as given by

f=Q+y+y°+y°). (5)

Using (4) and (5) resulted in the modified Shanker EOS named as
Higher Order Shanker (HOS) EOS.
EOS.

P=K,(v/v,)" x

»  (6)
x{(1—1+3—%j{exp(ty)—l}+y(1+y—§+y2 —3—y+tgjexp(ty)}

t t t
V.- s 3 4
Ky =Ky *(1+y+y° + 9’ )exn(ty) + S P, (7)
0
1+2y+3y°
K} =é+(1—éij L.V ( / - yZ , (8)
3 8K, )|3 V,| (L+y+y*+¢)
wheret=K6—§andy:1—£.
3 V.

0
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The above-mentioned mathematical relations expressed for P, Kr
and K, are employed to investigate pressure dependent properties in
the present study and the results obtained are explained in the subse-
quent section.

3. RESULTS AND DISCUSSION

We have obtained pressure P (cold pressure or pressure at reference iso-
therm) and isothermal bulk modulus Kr for MgSiOs—MgO system (For-
sterite, Wadsleyite, Ringwoodite, Perovskite, Akimotoite, and Post-
perovskite) taking the input data of Ko, K, and K, of earlier work [22].
The expressions obtained from various EOSs are written below.

B-M EOS.

P =§K0 (=7 —x"’)[H%Al (= —1)} 9)
- %Ko (727 —5x7)+ %Al (927" —14x " +527°), (10)

K,
K,

Kp =2 {(K(; ~4)(81x° - 98x " +25x7°) + %(49x7 - 25x5)}, (11)
T

V 1/3
where x = (—J and A =K -4.
0

VINET (Rydberg) EOS.

P = 3K, x*(1 - x)exp {% (K, -1 - x)} , (12)

K, = Koxz [1 + {g(K(; -1Dx+ 1} a- x)} exp [%(K(’) -1 - x)} , (13)

1{ x(1-m)+2nx®
3

Kr=3 1+(nx+1)(1—x)+nx+2:|’ (14)

1/3
where x =~ | and n =§(K(’) -1).
Vs 2

SHANKER EOS.

P-K, (;J/ Kl 1, tEJ fexp (ty) 1} + y(l by %j exp(ty)} . (15)

o t
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1

V o 2 4
K, :KO(VO) (1+y+y )exp(ty)+§P, (16)
1+2
k-t (1 4P )1, v, (+2) [} an
3 3K, )|8 Vo| (1+y+y’)
where t = K _8 and y = 1—1.
3 174
Stacey [18, 19] has established an innovative method representing

K' = %witb the dependence with % Stacey deduced reciprocal of

K' as mentioned below:

In Y. K°2 ln(l—K;EJJr £?—1 £, (18)
v, K k) \k K
£=(1—K;£J ) (19)
. K
K’
1_1 1-2= £ (20)
K K| K K

Several attempts have been to formulate the equations of state.
However, they fail to satisfy the Stacey’s criterion [8, 19] Shanker EOS
and Higher Order Shanker (HOS) EOS, B-M EOS and Vinet EOS are
nearly linear supporting the validity of Stacey equations (linear or ex-
ponential form).

In addition, the polymorphic MgSiOs—MgO system (Forsterite,
Wadsleyite, Ringwoodite, Perovskite, Akimotoite, and Postperov-
skite) and their compressibility and phase transitions were studied by
using the different EOSs. Phase equilibria in the MgSiO;-MgO system
play a major contribution in the interpretation of the seismic profile of
Earth’s mantle. Recently, it was observed that olivine (OI) structure
converted into Wadsleyite (Wds) structure at the distance of 410 km
existing at 14-15 GPa and at the depth of 520 km at 17-18 GPa is cate-
gorised by Wadsleyite-Ringwoodite (Rwd) transition [21]. The low
boundary present in the upper mantle (650-670 km) around 23-24 GPa
is often designated to Ringwoodite (Rwd) to Mg, Perovskite, and Fer-
ropericlase (or Magnesiowistite) transition. This ‘layer D’ can be per-
ceived above the core—mantle boundary using seismic data studies.
Such type of studying is done by experimentally and an initial calcula-
tion. In the present work, measurements of P-V-T properties were us-
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TABLE 1. Values of input data for MgSiOs—MgO System.

Phase Ko K; Yo oox1078(K™)
Forsterite 127.4 4.30 1.066 22.599
Wadsleyite 169.0 4.14 1.185 20.295
Ringwoodite 187.4 3.98 1.210 18.909
Perovskite 252.0 4.38 1.700 22.594
Akimotoite 215.3 4.91 2.000 27.584
Postperovskite 253.7 4.03 1.670 22.274

ing Equations of State and the validity of the proposed equations of
state is tested for MgSiO;—MgO system. Subsequently, after assess-
ment of EOSs, we have also studied the equilibria of the transitions OI
to Wds, and Rwd to Bdg + Per.

The input data on K, K, y and vy as used [21, 22] for assessment of
EOSs are tabulated in Table 1 with K/ =2.41(for lower mantle). We
have observed the variation of pressure (P), isothermal bulk modulus
(Kr) and their derivative with compression (K,) and shown in
Fig. 1-6, (a—c). The results for obtained equations of state are strongly
matched with measured data and are found to be consistent.
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Fig. 1. Variation of pressures (a), Kr(b), K 7'. (c) with compression for Forsterite.
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Fig. 2. Variation of pressures (a), Kr (b), K., (c) with compression for Wadsleyite.
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Fig. 3. Variation of pressures (a), Kr (b), KT’, (c) with compression for Ring-
woodite.
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Fig. 4. Variation of pressures (a), Kr (b), K 7', (c) with compression for Perovskite.
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Fig. 5. Variation of pressures (a), Kr (b), K 7’, (c) with compression for Akimotoite.
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Fig. 6. Variation of pressures (a), Kr(b), K 7’, (c) with compression for Postperovskite.
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In addition, the results of pressure Kr and K, are also in good
agreement with previously reported data computed using thermody-
namic model (electronic configuration) approach equations [21, 22]
and are labelled as R.;in Fig. 1-6, (a—c).

The B-M EOS is based on Euler’s strain theory and the Vinet (Ry-
dberg) EOS is based on the Rydberg potential function. Shanker EOS is
derived from the near force constant related to the potential energy
derivative[10, 11].

Values of Ko and K, used in the present calculations are given in Ta-
ble 1. The results for P, Kr and K, as functions of V/V, down to 0.1 are
given in Fig. 1-6, (a—c). Stacey argued that results based on B-M EOS,
Vinet (Rydberg) EOS, and Shanker EOS agree well with results for For-
sterite, Perovskite, Akimotoite, and Postperovskite studied up to high
compressions. For Wadsleyite and Ringwoodite, the results obtained
from Shanker EOS are relatively close to those based on the electron
contribution equation [21, 22], but fail up to very high compressions.
However, the results obtained from Higher Order Shanker EOS (HOS),
which uses higher-order terms in this study, are more consistent up to
higher-order compression, supporting their claim [21, 22] and further
analysis help.

MgSiO;—MgO System

It is evident from Figs. 1-6, (a—c) that the values of P and Kr calculat-
ed from Eqgs. (6) and (7) present close agreement with the values ob-
tained from the HOS EOS, which is consistent with the Stacey EOS and
Electronic contribution equation [21, 22] results for the entire range
of compressions.

On the other hand, the results obtained from the B-M third-order
EOS, the B-M EOS, and the Vinet EOS deviate substantially from the
Electronic contribution equation [21, 22] at higher compressions; V/V,
is somewhat less than 0.80.

An advantage of the present EOS is that it can be written in the in-
verted form also, i.e., V/V, as a function of pressure. We have studied
the range of applicability of the present EOS for various solids with
different values of K|, . It has been found that the present EOS is valid
up to very high compressions for a material with K; <4 (Ring-
woodite—Fig. 3, a—c). For materials with 4 < K, < 4.38, (such as For-
sterite, Wadsleyite, and Postperovskite) the EOS holds good down to a
compression of V/V,=0.85. In the case of solids with K, > 4.38, such
as Perovskite and Akimotoite, the present EOS holds good only for
small compressions down to about V/V,=0.85.

For the Earth’s lower mantle, we have K; < 4 [1], and therefore the
present EOS is suitable for studying the variation of densities with
pressure for the entire depth of the lower mantle.
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Variation of First-, Second-, and Third-Order Griineisen Parameter
with Pressure

The ratio of y is a vital quantity in condensed matter physics as well as
Shockwaves and the field of geophysics. The anharmonicity of solids is
directly linked to the Griineisen parameter. The greater the value of v,
the greater is its anharmonic nature.

Important parameters like pressure as well as temperature of the
metal and core [8, 25]. One way to get the perfect EOS for a solid from
their response to shock-wave loading is to use a specific form of this
dependence in conjunction with Hugoniot shock. That is why it is im-
portant to achieve an independent form of Hugoniot shock or iso-
therm. The Griineisen ratio, used in shock physics, has not been done so
far. Therefore, the purpose of the present work we have to find the an-
harmonic behaviour of Forsterite, Wadsleyite, Ringwoodite, Perov-
skite, Akimotoite, and Postperovskite using the values (P, Krand K )
obtained by HOS.

The Stacey K-primed equation given below:

i:iJr 1_£ £ (21)
K' K, K, K

The expressions for higher-order pressure derivatives obtained
from (2) due to Stacey [20] are written as follows:

K”2
KK”:—( ' ](K'—K;). (22)
KO
The expressions of y based on Shanker et al. [27] are given below:
1 =A+B P , (23)
Y k

where A and B are material dependent constants:

A= 1/}(0 , (24)
B=K [i—lJ (25)
Yo Yo

The subscripts 0 and o present values at zero pressure and infinite
pressure, respectively. We have used the following identity at infinite
pressure [28].

The most important reason for considering (16) at finite pressures is
that it leads to the boundary conditions for higher-order Griineisen pa-
rameters at infinite pressure which are identical to those derived in the
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preceding section using the principle of calculus. Equation (16), when
differentiated with respect to pressure, gives

2:3(1—1{'5}, (26)
Y K

where ¢ is the second-order Griineisen parameter (3). Now, differenti-
ating (20) with respect to P, we find

2 '
@—Q—=B{(I{K")£+K'(1—Qﬂ, (27)
Y oy K K

where A is the third-order Griineisen parameter (8). (20) and (21) then yield

A= LP£+K’+q. (28)
1-K' = K
K
The input data used in calculations are taken in Table 1, 2. The input

data used in calculations are taken from and P, Ky and K, values from

HOS EOS ((6)—(8)). Values of KK" are determined from (22) of Stacey

and Davis [25]. Values of v, ¢ and A at different values of pressure are
calculated from Eqgs. (23), (26) and (28) respectively. The results have
been given here in Fig. 7-12. Values of y, ¢ and A for the Forsterite,
Wadsleyite, Ringwoodite, Perovskite, Akimotoite and Postperovskite
are compared with the corresponding values reported by Stacey EOS

and recent developed HOS EOS. Stacey [20] found that K| is nearly

equal to gK{) . Calculated values of K’ reported in Table 2 also vali-

TABLE 2. Values of input data for MgSiOs—MgO System from equations.

. 3, 1., 1

Phase K, | a4 B | Ka=pKe | =K -
[20 and 25 ] [25]
Forsterite 4.30 0.938 -0.123 2.58 1.123
Wadsleyite 4.14 0.843 0.213 2.48 1.075
Ringwoodite 3.98 0.826 0.280 2.38 1.027
Perovskite 4.38 0.588 0.745 2.62 1.147
Akimotoite 4.91 0.501 0.781 2.94 1.307

Postperovskite 4.03 0.598 0.872 2.41 1.042
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Fig. 7. First- (a), second- (b), third- (c) order Griineisen parameter for Forster-
ite.
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Fig. 8. First- (a), second- (b), third- (c) order Griineisen parameter for Wadsley-
ite.

date the Stacey thermodynamic constraint [20, 25]: K] > 1 + y_.

Finally, we discuss that the higher-order thermoelastic properties
obtained in the present study are useful to estimate the cross deriva-
tives of bulk modulus with respect to pressure and temperature.

The results based on the Higher Order Shanker (HOS) EOS and the
Stacey EOS are compared in Fig. 7, a-12, c. The difference in the two
sets of values is substantial at low pressures. The results for the cross
derivatives of bulk modulus with respect to P and T are very sensitive to
the values of second- and third-order Griineisen parameter g and appear-
ing in Eq. (19). We have to calculate the higher-order Griineisen param-
eters, taking the values P, Kr and K, from two sets: (i) HOS EOS, (ii)
Stacey EOS. These are in good agreement with values obtained in the
present study. The results obtained in the present study and those re-
ported by Stacey EOS both reveal that values of y, ¢ and A for the For-
sterite, Wadsleyite, Ringwoodite, Perovskite, Akimotoite and Post-
perovskite shown in Fig. 7, a-12, ¢. As pointed out that, the model is
not satisfactory for Forsterite because of KK" values become negative.
At finite pressures our values of A are between 2 and 4 for the lower
mantle, and between 2 and 3 for the core. These values of A are not
much different from the Stacey—Davis values which are between 3 and
4 at finite pressures.
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Most of the calculations for the Earth interior were performed by
Stacey and Davis (2004) using the reciprocal K-primed equation. Ao
and A, were the exceptions. Subsequently, the method was developed
(Shanker and Singh, 2005; Shanker et al., 2009) for determining A, and
M using the Stacey reciprocal K-primed equation. It should be men-
tioned that the expressions for KK" and KZ2K" obtained from the
Stacey reciprocal K-primed equation when using Shanker equation at
infinite pressure (Shanker et al., 2009) yield.

K!2
© = K(; *

Equation (29) gives Ao=1.54, 1.48, 1.42, 1.56, 1.79 and 1.44 for
Forsterite, Wadsleyite, Ringwoodite, Perovskite, Akimotoite and
Postperovskite respectively (1.38 for the lower mantle, and 1.81 for
the core). We note from (29) that L < K/ since K < K;.

The results for the Forsterite, Wadsleyite, Ringwoodite, Perovskite,
Akimotoite and Postperovskite given in figs are similar to those report-
ed by Stacey EOS values. y, ¢ and A all decrease with the increase in pres-
sure. At infinite pressure, ¢. and A remain positive finite. It should be
mentioned that (16) is more suitable for geophysical applications since P
and K both are available directly from the seismological data.

An equation of state is physically acceptable only when it satisfies
the thermodynamic constraints [5] viz. K| must be greater than 5/3,
A« must be positive finite, and A, must be less than K’ . In case of the
Birch-Murnaghan equation, we have K' =3, and A.,=2/3 [8]. This
equation thus satisfies the thermodynamic constraints, but yields the
pressure-volume data [16], which deviate much from the seismological
data [5]. For the Vinet-Rydberg equation [14], we have K/ = 2/3, and
Ao =1/3. Although this equation satisfies the constraint that A < K,
but it fails to satisfy the fundamental constraint [5] K > 5/3.

This equation thus violates the constraints viz. K/ > 5/3 and A, > 0.
To conclude, a physically acceptable equation of state must satisfy all
the thermodynamic constraints as specified above, and it should be ca-
pable of predicting not only the pressure—volume relationship but also
the higher derivative thermoelastic properties of materials in agree-
ment with experimental data. The Stacey reciprocal K-primed equation
is found to fulfil these requirements and HOS equations results close to
Stacey EOS results.

In the limit of extreme compression V — 0, P tends to infinity, K also
tends to infinity, but their ratio P/K remains finite. K decreases with
the increase in pressure and attains a minimum constant value K. .
This is because K becomes linear in P (directly proportional to P)in the
limit of infinite pressure [2, 3]. Under this condition, the following
identity has been found to hold [19, 20].

A

(29)
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P 1

where the infinite subscript denotes the respective parameter at infi-
nite pressure. (1) displays that the expression [1 -K'P/K ] reaches
zero at extreme pressure and likewise exhibit the variation of a. The
subsequent expression for a(P) can be written as[23, 24].

a=a,[1-K'(P/K), (31)

where o is the thermal expansion at P =0 and ¢ is the constant depend-
ent on material properties. The validity of (16) has been demonstrated
for the Earth lower mantle [25] with £ =1.13. The Higher Order Shank-
er equation was used for obtaining thermal expansion and the corre-
sponding input parameters [21] are also tabulated in Table 2. Values of
o(P) with compressions are shown in Fig. 13. The values of thermal ex-
pansion obtained using modified EOS display strong correlation with
the measured data[21, 22].
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Fig. 13. Variation of thermal expansion (o) for Forsterite (a), Wadsleyite (),
Ringwoodite (c), Perovskite (d), Akimotoite (¢) and Postperovskite (f) as a
function of pressure MgO-MgSiOs system.
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4. CONCLUSIONS

Shanker Equation of State (EOS) has been modified by including high-
er-order terms. The modified equation has been studied for fundamen-
tal MgO system, and, for validation, it is compared with phenomeno-
logical EOSs. The modified EOS for solids follows Stacey formulation
under high compressions and is more reliable. The results obtained
from modified EOS for MgSiOs;—MgO System are found to be in agree-
ment with the experimental data. These results indicates that the cor-
rectness of the modified EOS and confirm that it can be used for de-
termining thermoelastic properties of MgSiOs; system at high pressure
and high temperatures.

The equation’s main feature is fewer input parameters are required,
which are easily available by experimental studies. These equations
may be frequently employed as the thermal equation of states of
Earth’s minerals. It uses various advanced quantum methods and sim-
ulations at the pressure and temperature of the Earth’s interior. This
study follows the basic laws of thermodynamic in regard to expressions
at high-pressure. It also allows extrapolation to regions for which ex-
perimental data are not available.

As fewer studies have been done, so proposed study attempts to in-
vestigate the elastic properties of MgSiO; system under high pressure.
The results for the Forsterite, Wadsleyite, Ringwoodite, Perovskite,
Akimotoite and Postperovskite, given in Figs. are similar to those re-
ported by Stacey and Davis [25]. As pointed out by Stacey and Davis
(2004), the same formula for an equation of state works satisfactorily
for different phases provided we use appropriate values of input pa-
rameters such as K, and K/ which are different for the lower mantle,
outer core and the inner core of the Earth.

The present HOS EOS results are similar to Stacey EOS (6) proves
particularly advantageous for geophysical applications, as both P
(pressure) and K (isothermal bulk modulus) can be directly obtained
from seismological data. The applicability of the Higher Order Shank-
er Equation of State (HOS EOS) extends beyond geophysics, demon-
strating its relevance in the study of Bulk Metallic Glasses [29]. More-
over, the HOS EOS can be reliably extrapolated to high r pressures, en-
hancing its utility for interpreting recent experiments in high-
pressure research.

The ability to apply the same methodology to both complex minerals
and BMGs underscores its robustness and utility in diverse scientific
investigations, making it a valuable tool for researchers exploring a
range of materials and their behaviours.

Therefore, the new EOS can contribute to the planning of high-
pressure experiments in the future on compression behaviour of Earth-
forming minerals and solids.
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