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a b s t r a c t

A new reliable simple model is presented for estimating the condensed phase heat of formation of impor-
tant classes of energetic compounds including polynitro arene, polynitro heteroarene, acyclic and cyclic
nitramine, nitrate ester and nitroaliphatic compounds. For CHNO energetic compounds, elemental com-
positions as well as increasing and decreasing energy content parameters are used in the new method.
The novel correlation is tested for 192 organic compounds containing complex molecular structures with
at least one nitro, nitramine or nitrate energetic functional groups. This work improves the predictive
ability of previous empirical correlations for a wide range of energetic compounds. For those energetic
compounds where group additivity method can be applied and outputs of quantum mechanical compu-
tations were available, it is shown that the root mean square (rms) deviation of the new method is lower.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The condensed phase heat of formation of an energetic
compound can be used to investigate its characteristics and ther-
mochemical stability. It enters into the calculation of explosive
and propellant properties such as detonation pressure, detonation
pressure, detonation temperature, heat of detonation and specific
impulse through computer codes or empirical methods [1–3].

Quantum mechanical methods, quantitative structure–property
relationship (QSPR) theory, group additivity methods, empirical
procedures on the basis of molecular structures, the heat of com-
bustion are suitable methods for predicting the heat of formation of
energetic compounds [2,4,5]. Applications of some of these meth-
ods in energetic materials have been reviewed elsewhere [2,5].
The condensed phase heats of formation of solid and liquid ener-
getic compounds at 298.15 K can be obtained by combining the gas
phase heats of formation with heats of sublimation and vaporiza-
tion, respectively. Rice et al. [6,7] have used the 6–31G* basis set
[8] and the hybrid B3LYP [9,10] density functional for converting
quantum mechanical energies of molecules into gas phase heats of
formation. They used surface electrostatic potentials of individual
molecules for computation of heats of sublimation and vaporization
as recommended by Politzer and co-workers [11,12]. Salmon and
Dalmazzone [13] developed a suitable group contribution method
that can be applied for large classes of CHNO energetic compounds
in the solid state (at 298.15 K). Applications of their method have
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some restrictions for complex molecular structures such as the def-
inition of many group additivity values, ring strain corrections and
the non-nearest neighbor interactions. For some classes of ener-
getic compounds, several simple correlations between different
structural parameters have also been developed [14–18]. As an
example, it was found that heats of detonation on the basis of Kam-
let’s method [19] can also be used for predicting solid phase heats
of formation of some explosives in the range Qcorr > 4602 kJ/g [14],
where Qcorr is the corrected heats of detonation on the basis of
Kamlet’s method [19].

It is important to have a reliable simple method for predicting
the condensed phase heat of formation of a wide range of organic
energetic compounds that contain at least one of the functional
groups including –NO2, –O–NO2 or N–NO2. The purpose of this
work is to improve predictive ability of previous models [14–18],
which have been used for certain classes of energetic compounds.
The reliability of the new method will be tested for important
classes of energetic compounds including polynitro arene, polyni-
tro heteroarene, acyclic and cyclic nitramine, nitrate ester and
nitroaliphatic compounds. The estimated results of this method
will be compared with the calculated values of group additivity
method of Salmon and Dalmazzone [13] as well as outputs of com-
plex quantum mechanical method [6,7].

2. Results and discussion

Since the existence of the variety of different molecular interac-
tions in the condensed phase of energetic compounds, predicting
the heat of formation may be difficult. A high density energetic
material with a high positive heat of formation may be a good
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Table 1
Comparison of the predicted heats of formation (kJ/mol) of the present and Salmon–Dalmazzone (S–D) [13] methods with experimental data for polynitro arene, polynitro
heteroarene, acyclic and cyclic nitramines, nitrate esters and nitroaliphatic energetic compounds that have complex and different molecular structures.

No. Energetic compound Experiment New method Dev S–D method Dev
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