
www.ijcrt.org                                         © 2026 IJCRT | Volume 14, Issue 9 September 2026 | ISSN: 2320-2882 

IJCRT2609143 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b344 
 

Analysis Of Pressure-Volume-Temperature 

Relationships For Alkaline Earth Oxides Mgo 

And Cao 
 

K. Sunil1*, S. Rekha1, S. Pushpendra1, P. K. Singh2 
1Department of Physics, Institute of Engineering and Technology, Swami Vivekanand Campus 

Khandari, Dr Bhimrao Ambedkar University, Agra 282002- India 
2Department of Physics, Shri Sadguru Saibaba Science and Commerce College , Ashti, Gadchiroli 

442707- India 

 

Abstract 

 The pressure-volume-temperature relationships of a material can be investigated using an 

equation of state (EOS). In the present study we make use of the Holzapfel adapted polynomial of 

second order (AP2) EOS for determining pressure-volume relationships along selected isotherms, 

volume-temperature relationships along different isobars, and pressure-temperature relationships along 

selected isochores for MgO and CaO. The results have been discussed and found to provide new insight 

for understanding thermodynamics of solids. 
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1. Introduction 

 There are four basic thermodynamic variables viz. pressure P, volume V, temperature T and 

entropy S which describe thermodynamic behaviour of materials [1, 2]. The variation of volume V with 

pressure along an isotherm gives isothermal compressibility which is iverse of bulk modulus. The 

variation of volume with temperature along an isobar yields thermal expansivity also known as isobaric 

volume thermal expansion coefficient  . Thus we have  
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The variation of pressure with temperature along an isochore can be written as follows 
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Equation (3) on integration yields the following expression for thermal pressure 
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When a material is heated to increase its temperature from T0 to T so that the volume is increased from 

V0 to V. Thermal pressure is then defined as the pressure required to compress the solid from V to V0 

[3]. The relationship between pressure P and volume V can be investigated using an equation of state 

(EOS). It has been found [4-7] that the Holzapfel adapted polynomial of second order (AP2) EOS yields 

quite accurate results for the entire range of volume compression. In the present study we make use of 

the Holzapfel EOS for investigating the thermodynamic behaviour of MgO and CaO. 

 

2. Method of Analysis 

 The Holzapfel AP2 EOS can be written as follows [8, 9] 
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where x = (V/V0)
1/3, V is the volume at pressure P, and V0 at zero-pressure. K0 is the value of bulk 

modulus K at P=0, and 
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where the Fermi gas pressure is 
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The constant C2 in Eq. (5) is given below  
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002
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Here 
0

K  is the pressure derivative of bulk modulus K' = dK/dP at zero-pressure. Equation (5) gives a 

correct Thomas-Fermi limit of pressure at extreme compression. PFGO is the pressure of Fermi gas with 

aFG = 0.02337 GPa (nm)5, z is the total number of electrons per molecule multiplied by the Avogadro 

number. V0 is the volume in cm3/mol. The EOS parameters used in computations are given in Table 1. 

 The EOS represented by Eq. (5) is applicable at initial temperature T0 equal to 300 K, the room 

temperature. At elevated temperatures  

T > T0, we have to modify Eq. (5) by incorporating temperature effects in terms of thermal pressure as 

follows [1, 3] 

    
th0

PT,VPT,VP        (9) 

where P(V, T0) is given by Eq. (5), and 
th

P  can be determined by using Eq. (4) as follows 
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Eq. (10) has been derived from Eq. (4) by assuming that the product 
T

K  remains constant with the 

change in temperature. 

3. Results and Discussion 

 Equations (5), (9) and (10) have been used in computations to obtain pressure-volume 

relationships along selected isotherms and volume-temperature relationships along selected isobars. The 

results have been determined for MgO upto about 200 GPa, and for CaO upto 60 GPa. MgO and CaO 

remains stable in NaCl (B1) strcuture up to these pressures [10, 11]. The results are plotted in Figures 1-

4. It should be mentioned that the thermal pressure increases with the increase in temperature. The 

required pressure therefore increases with the increase in temperature for a given value of volume 

compression (V/V0) as shown in Figures 1 and 2. The results are compared with the available 

experimental data [14-16]. 

 The variations of volume with temperature along different isobars are plotted in Figures 3 and 4 

for MgO and CaO respectively. It is found that the rate of variation of volume with temperature is 

maximum along P = 0. As the value of pressure increases the rate of V with T becomes smaller and 
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smaller. This is mainly because the thermal expansivity decreases with the increase in pressure due to 

the fact that anharmonicity of crystals is suppressed at high pressures [17, 18]. 
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Table 1 : Values of EOS parameters for MgO and CaO [1, 3, 12-14]. 

 
V0 

(cm3/mol) 

K0 

(GPa) 0
K  C0 C2 

αKT  

(10-3K-1 GPa) 

       

MgO 11.25 162 4.15 1.684 0.041 5.67 

CaO 16.75 111 4.85 1.959 0.816 3.72 
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Figure 1 : Variations of pressure P(GPa) with V(T, P) / V(T, 0) for MgO  determined from the 

Holzapfel AP2 EOS, and thermal pressures. Experimental data are represented by symbol (●) [1]. 

 

 

 

 

0

10

20

30

40

50

60

0.750.80.850.90.951

 
V(T, P) / V(T, 0) 

Figure 2 : Variations of pressure P(GPa) with V(T, P) / V(T, 0) for CaO  determined from the Holzapfel 

AP2 EOS, and thermal pressures. Experimental data are represented by symbol (●) [1]. 
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Figure 3 : Plots between V(T, P) / V(T0, P) and T(K) for MgO along different isobars at selected 

pressures determined from Eq. (9). Experimental data are represented by symbol (●) [15] and results 

obtained by Suzuki et al [16] and Shanker et al. [3] are given by symbols (▲), () respectively. 
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Figure 4 : Plots between V(T, P) / V(T0, P) and T(K) for CaO along different isobars at selected 

pressures determined from Eq. (9) Experimental data are represented by symbol (●) [15]. The results 

obtained by Suzuki et al [16] and Shanker et al. [3] are given by symbols (▲), () respectively. 
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