
Contents

Preface —  v

About the authors —  vii

1 Crystal density —  1
1.1 Quantum mechanical approach —  2
1.2 Empirical methods for the calculation of the crystal density 

of different classes of energetic materials —  3
1.2.1 Nitroaromatic energetic compounds —  3
1.2.2 Acyclic and cyclic nitramines, nitrate esters and nitroaliphatic 

compounds —  5
1.2.3 Improved method for the prediction of the crystal densities 

of nitroaliphatics, nitrate esters and nitramines —  6
1.2.4 Reliable correlation for the prediction of the crystal densities 

of polynitro arenes and polynitro heteroarenes —  8
1.2.5 The extended correlation for the prediction of the crystal density 

of energetic compounds —  9
1.2.6 Energetic azido compounds — 11
1.3 Empirical methods for the assessment of the crystal density

of hazardous ionic molecular energetic materials using the 
molecular structures — 13

1.3.1 Two general empirical methods — 13
1.3.2 The effects of various substituents on the density of tetrazolium nitrate 

salts — 14

2 Heat of formation — 17
2.1 Condensed and gas phase heats of formation 

of energetic compounds — 17
2.1.1 QM, MM and GA approaches — 17
2.1.2 Empirical approaches or QSPR methods on the basis

of structural parameters-----19
2.2 Energetic compounds with high nitrogen contents —  31
2.2.1 Using the molecular structure —  31
2.2.2 Gas phase information —  32

3 Melting point —  35
3.1 GAV, QSPR and quantum mechanical methods —  35
3.2 Simple empirical methods on the basis of molecular structure —  36
3.2.1 Nitroaromatic compounds —  37

http://d-nb.info/1136433252


3.2.2
3.2.3
3.2.4
3.2.5

3.2.6
3.2.7
3.2.8

4
4.1
4.1.1
4.1.2
4.1.3

4.1.4

4.1.5 

4.2

5
5.1

5.2 
5.2.1
5.2.2
5.2.3
5.2.4

6
6.1
6.2
6.2.1
6.2.2

Polynitro arene and polynitro heteroarene compounds —  37 
Nitramines, nitrate esters, nitrate salts and nitroaliphatics —  39 
Nonaromatic energetic compounds —  40 
Improved method for predicting the melting points of energetic 
compounds —  41
Organic molecules containing hazardous peroxide groups —  46 
Organic azides —  47
General method for the prediction of melting points of energetic 
compounds including organic peroxides, organic azides, organic 
nitrates, polynitro arenes, polynitro heteroarenes, acyclic and cyclic 
nitramines, nitrate esters and nitroaliphatic compounds —  48

Enthalpy and entropy of fusion —  65
Different approaches for the prediction of the enthalpy of fusion —  65 
Nitroaromatic carbocyclic energetic compounds —  66 
Nitroaromatic energetic compounds —  67 
Nonaromatic energetic compounds containing nitramine, nitrate 
and nitro functional groups —  68
Improved method for the reliable prediction of the enthalpy of fusion 
of[ energetic compounds —  69
A reliable method to predict the enthalpy of fusion in energetic 
materials —  72
Different methods to predict the entropy of fusion —  74 

Heat of sublimation —  83
Quantum mechanical and complex approaches for predicting
the heat of sublimation —  83
The use of structural parameters —  84
Nitroaromatic compounds —  84
Nitramines —  85
Nitroaromatics, nitramines, nitroaliphatics and nitrate esters —  86 
General method for polynitro arenes, polynitro heteroarenes, acyclic 
and cyclic nitramines, nitrate esters, nitroaliphatics, cyclic and acyclic 
peroxides, as well as nitrogen-rich compounds —  87

Impact sensitivity —  91 
Complex methods —  92
Simple methods on the basis of molecular structure —  94
Oxygen balance correlations —  94
Elemental composition and molecular moieties —  94



7 Electric spark sensitivity — 107
7.1 Measurement of electric spark sensitivity — 107
7.2 Different methods for predicting electric spark sensitivity — 108
7.3 Simple methods for predicting electrostatic spark sensitivity — 108
7.3.1 Polynitroaromatic compounds — 109
7.3.2 Cyclic and acyclic nitramines — 109
7.3.3 General correlation for polynltroaromatics as well as cyclic 

and acyclic nitramines — 110
7.4 Some aspects of predictive methods —  111

8 Shock sensitivity — 113
8.1 Small-scale gap test — 113
8.2 Large-scale gap test— 115

9 Friction sensitivity — 119

10 Heat sensitivity — 121
10.1 Thermal kinetics correlations — 121
10.1.1 Nitroparrafins — 122
10.1.2 Nitramines — 123
10.1.3 Polynitro arenes — 123
10.1.4 Organic energetic compounds — 125
10.2 Heat of decomposition and temperature

of thermal decomposition — 126
10.2.1 Heat of decomposition of nitroaromatics — 127
10.2.2 Heats of decomposition of organic peroxides — 128
10.2.3 Onset and maximum loss temperatures — 129
10.3 Deflagration temperature — 135
10-3.1 Conadd— 135
10.3.2 F-onadd— 136
10.3.3 Energetic compounds containing both /^onadd and /^onadd — 136

11 Relationships between different sensitivities — 139
11.1 Relationship between impact sensitivity of energetic compounds 

and activation energies of thermal decomposition — 139
11.1.1 Nitroaromatics — 140
11.1.2 Nitramines — 140
11.2 Relationship between electric spark sensitivity and impact sensitivity 

of nitroaromatics — 141
11.3 Relationship between electric spark sensitivity and activation energy 

of the thermal decomposition of nitramines — 141



11.4 Correlation of the electrostatic sensitivity and activation energies 
for the thermal decomposition of nitroaromatics — 142 

11.5 Relationship between the activation energy of thermolysis
and friction sensitivity of cyclic and acyclic nitramines — 143

Problems — 145

Answers to Problems — 155

List of symbols — 159

A Glossary of compound names and heats of formation for pure as well as 
composite explosives — 165

B Calculation of the gas phase standard enthalpies of formation — 169 

References — 177 

Index — 195


