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ABSTRACT: 

In this paper we have evolved an empirical simulation 
method for the heats of formation determination for a variety 
of rare earth Pnictides and sesquioxides. The method proposed 
for the heats of formation studies is quite simple and 
applicable for a large number of compounds. The results 
obtained by applying this simulation method, it is found that 
there is a very close agreement with the experimental data 
reported so far. 
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INTRODUCTION: 
During last two decades there has 
been a substantial interest in the 
development and discovery of new 
energetic compounds which 
include high explosives and 
propellants and a new term has 
assigned to these materials known 
as high energy density materials ( 
HEDMs) [S. Michael et.al. 2016, 
Konings Rudy JM et al. 2008, Petit 
L., et al 2016, Grosse Frank, et al 
2010]. This class of HEDMs 
categorically include compounds 
that have detonation pressure 
greater than or equal to 40.0 GPa, 
detonation velocities greater than 
or equal to 9.0 Km/s and densities 
greater than or equal to 1.9 
gm/cm3. The term has become of 
greater importance because of 
increasing environmental concern, 
call for more effective ways of  

predicting performance of HEDMs is 
required. The main interest of this 
research paper is to evolve a more 
general and relatively rapid method 
for the prediction / calculation of 
heats of formation values more 
accurately and close to the 
experimental data. 
 
COMPUTATIONAL METHOD 
There has been several theoretical / 
experimental efforts in order to 
evaluate heats of formation values 
for different type of materials. It is 
one of the several important 
parameter used to assess the 
performance of energetic materials 
[Eyring Le Roy et al. 2002, Dere A, 
2018, Springer 2001]. In practice 
most theoretical approaches 
calculate gas-phase heat of 
formation values. Solid or liquid 
phase values are then calculated by 
subtracting heat of sublimation or 
heat of vaporization values, 
respectively, from the gas-phase 
value. Heats of formation is an  

important thermo 
dynamical property of the 
materials and several 
researchers [William G. 
1978, Rezukhina T.N., 
1974, James A., 1977, 
Sappegin A.M., 1987] have 
discussed about it in terms 
of electro-negativity 
difference of the atoms 
constituting the system. 
According to Pauling 
[Pauling L. 1960] the 
following relation gives the 
energy of bond formation 
between atoms A and B. 
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The second term on the right hand side of the equation (1.1) gives the value of standard heats of 
formation as given below : 

 

 
 

J.C. 1984] investigated the heats of formation of few compound semi-conductors and proposed 
modified relation given as under - 

 
According to Pauling the following relation gives the fractional ionic character or ionicity of a 

heteropolar bond between the atoms A and B. 
 

 
Adolf M. Mulokozi [Mulokozi A.M., 1980] has studied the heats of formation of rare earth 

compounds and proposed a relation for heats of formation in terms of inter atomic 
 

 

 
will be constant (depending upon the electro negativity difference between the atoms R and X), e and A 
elementary charge, which are Constants. Where C is covalent contribution. 

 
We have drawn curves between heats of formation and lattice parameter, where from it is 

observed that the heats of formation trends in rare earth compounds increases with decreasing values 
of lattice parameter. 
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In  the  view  of  above  discussion  and  the  trends  observed  in  the  curves  plotted 

 
Where C is an adjustable parameter. The value of C used in relation (1.6) are presented in 

following table 1.1 which are evaluated from the curves drawn between heats of formation and lattice 
constant of rare earth pnictides and sesquioxides. 

 
 

The proposed modified empirical relation has been applied to evaluate heats of formation 
values for rare earth pnictides (N, P, As, Sb) and rare-earth sesquioxides (RE2O3). The values so 
obtained are presented in the following table 1.3 and 1.4 and compared with the experimental & 
theoretical data reported so far. 

 



 
 
EMPIRICAL SIMULATION FOR HEATS OF FORMATION TRENDS IN RARE EARTH COMPOUNDS         volUme - 8 | issUe - 8 | may - 2019 

________________________________________________________________________________________ 

________________________________________________________________________________________ 
Journal for all Subjects : www.lbp.world 

4 
 

 

 



 
 
EMPIRICAL SIMULATION FOR HEATS OF FORMATION TRENDS IN RARE EARTH COMPOUNDS         volUme - 8 | issUe - 8 | may - 2019 

________________________________________________________________________________________ 

________________________________________________________________________________________ 
Journal for all Subjects : www.lbp.world 

5 
 

 
CONCLUSION 

Heats of formation values of a variety of rare earth pnicitides and sesquioxides have been 
evaluated by using a very simple and generalised relation which depends only on the lattice constant 
and an adjustable constant C depending upon the crystal structure of the compounds. From the table it 
is obvious that the values evaluated by the proposed empirical simulation method are in close 
agreement with the reported experimental data which proves the validity of the approach adopted for 
the heats of formation determination of a large number of rare earth compounds. 
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