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Abstract 

We have investigated the cohesive energies, equilibrium lattice constants, pressure-

volume relationship, phase transition pressure and elastic constant for thorium oxide 

using an interionic potential theory with modified ionic charge, which includes Coulomb 

screening effect due to d-electrons. This compound undergoes structural phase transition 

from NaCl (B1) to CsCl (B2) structure at high pressure 65 GPa. We have also calculated 

bulk, Young, and shear moduli, Poisson ratio and anisotropic ratio in NaCl (B1) 

structure and compared them with other experimental and theoretical results which show 

a good agreement.  
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1 Introduction 

Thorium compounds have attracted much attention due to their chemical and 

physical properties making them interesting from the fundamental point of view as well 

as for a variety of applications. The potential of utilizing of these compounds as an 

alternative or supplement for uranium compounds has been acknowledged for long time. 

Importantly, various types of reactors have already operated using thorium compounds 

based fuels. Currently the significance of thorium compounds remains strong and 

growing concerns over nuclear reactor waste, safety and proliferation. These compounds 

may be used in solid fuel form or in molten form [1-3]. The high pressure structural 

behaviour, equation of state and electronic structure calculation of thorium and 
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compounds has received some importance in the past. Recent studies using synchrotron 

and powder X-ray diffraction at high pressure indicated that under pressure, a number of 

binary rare earth compounds with NaCl-type (B1) structure undergo a phase transition to 

CsCl-type (B2) structure. Shein et al. [4] have studied the electronic structure of cubic 

ThC, ThN, and ThO using the FP – LAPW + lo method within the GGA. For perfectly 

stoichiometric ThN, they found good agreement with experimental values for the lattice 

constant, bulk modulus, and specific heat coefficient. They also noted that the bonding 

behaviour of the ThX (X = C, N, and O) phases is a linear combination of covalent, ionic, 

and metallic characters. In the present study we have investigated the structural and 

mechanical properties of thorium oxide at ambient and high pressure using interionic 

potential theory with modified ionic charge. 

2 Method of Calculation  

The interionic potential for the thorium oxide in the frame work of rigid ion model is 

expressed as [5-9]  

 

                                                                                                                            (1) 

 

 Which includes the long-range Coulomb interaction (first term), Hafemesiter and 

Flygare form of short range repulsive (second term) and van der Waals multipoles 

interactions (third and last term). Zme is the modified ionic charge and parametrically 

includes the effect of the Coulomb screening due the d-electron for this compound. b and 

p are short range parameters, which can be determined from the equilibrium condition. 

Thermodynamically, a phase transition is said to occur when change in the structural 

details of the phase are caused by variation of the free energy. ThC transform from their 

initial NaCl (B1) to CsCl (B2) type structure under pressure. The stability of a particular 

structure is decided by the minima of the Gibbs energy, given by 
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                    G=U+PV–TS                                                (2) 

 

Where U is the internal energy at 0K temperature corresponding to the cohesive energy, 

S is the vibrational entropy at absolute T, pressure P and volume V.  

3 Results and Discussion  

Under high pressure the thorium oxide compound undergoes a structural phase 

transformation from initial NaCl- to CsCl-type. The structural phase transition pressure 

was found to be 65.0 GPa with relative volume change 7.5%, for ThO.  Since no 

experimental results are available at present hence our calculated results will certainly 

help the experimentalists to analyze their data in future.    

 

Table 1: Input parameters and generated model parameters for ThO. 

 

Solid   Input parameters                                                Model parameters 

           r+ (Ǻ)   r ̶    (Ǻ)           r0 (Ǻ)       B0(GPa)          Zm
2 

             b(x 10
-19

J)       ρ(Ǻ) 

 

ThO     0. 91     1.12              2.556
b
 
          

160.2
b
             3.31               1.031         0.227 

 

The elastic properties define materials, when it undergo stress, deform and then recover 

and return to its original shape after stress ceases. The elastic properties of a material play 

an important role in providing valuable information about binding characteristics between 

the adjacent atomic plane, structural stability, specific heat, thermal expansion, Debye 

temperature and Grüneisen constant. 
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Table 2: Cohesive energies and phase transition properties for ThO. 

 

Solids      Equilibrium inter-ionic    Cohesive energy      Phase Transition        

  distance (Ǻ)                     KJ/mol       pressure (GPa)           

  R1(B1)      R2(B2)        U1(B1)   U2(B2)              Pt  

     

ThO Present   2.600   2.800           -2902        -2802               65.0              

  Expt. 
        

2.651
a       

---
    

---         ---           ---                      

             

             Other      2.556
b
  

    
---              ---               ---                   ---                    

                                                                                                                                             
 

 

 

 

 

 

 

 

 

 

Figure 1: P-V relation for ThO 

 

 

 

 

 

 

 

 

Figure 2: Elastic constants for ThO. 
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We have calculated the elastic constants of thorium oxide at normal as well as at 

high pressure. In the case of cubic system, there are only three independent second order 

elastic constants (SOEC) namely C11, C12 and C44. Since we use two-body interaction 

potential between the species, the calculated values of C12 and C44 are equal. The 

calculated values of SOEC are tabulated in Table 1 and compared with other theoretical 

values [4]. It is clear from Table 2 that the calculated values of equilibrium lattice 

parameters in NaCl- and CsCl-type structures are in good agreement with available 

experimental and theoretical results [4]. Equation of states for thorium oxide is presented 

in Fig. 2. Calculated values of elastic constants are 380, 63, 63 respectively for C11, C12 

and C44, bulk modulus (BT) 169, Young modulus (E) 120, shear modulus (G) 101 in 

(GPa), Poisson ratio (ν) 0.1422 and anisotropic ratio (A) 0.39 for thorium oxide. The 

stability of ThO can also be defined by the SOEC. We have compared our results to the 

stability criteria using the following relation: 

C11-C12 > 0, C44 > 0, B0 >0 

We have found that in NaCl-type structure; these criteria are satisfied, indicating that 

this phase is elastically stable. We have calculated the pressure dependence of the 

SOEC, namely C11 and C44 in Figure 3. It is clear from the Figure 3 that C11 varies 

largely under the effect of the pressure as compared with C44. The elastic constant C11 

represents the variation of the length with pressure; a longitudinal strain is produced, 

which brings change in C11. 
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