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New Correlations for Predicting Impact
Sensitivities of Nitro Energetic Compounds

W.-P. LAI, P. LIAN, B.-Z. WANG,
and Z.-X. GE

Xi’an Modern Chemistry Research Institute, Xi’an,
P.R. China

Some new and simple correlations have been introduced
to predict impact sensitivities of various nitro energetic
compounds. The correlations are based on the atomic
numbers of C, H, N, O, and other amending factors, which
are determined by the effect of the connective positions
of groups to impact sensitivity. The predicted impact
sensitivities for 196 energetic compounds are compared
with the latest empirical computations presented by
Keshavarz. Root mean square (rms) of deviation from
experimental data is 37 cm, which is lower than that
obtained from Keshavarz’s computation (44 cm) [25,26].

Keywords: connective positions of groups, correlations,
impact sensitivity, nitro energetic compounds

Introduction

Impact sensitivity is an important property for energetic mate-
rials. A large number of energetic materials cannot be used
due to their high impact sensitivities. Impact sensitivity can
be tested by experimental methods at the cost of consuming a
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large amount of samples. Therefore, predicting impact sensitivity
theoretically is desirable. Extensive efforts have been made to
predict the impact sensitivity of energetic compounds by quan-
tum chemistry methods (or quantum mechanics computations)
[1–18] and neural networks [19–21]. Each method is applicable
to various nitro energetic compounds but requires either com-
putational software or large numbers of data for a training
set. To simplify the procedure, several correlations have been
developed based on molecular structures. Kamlet [22,23] and
Kamlet and Adolph [24] introduced an approach to classify
the sensitivity of C–H–N–O explosives based on oxygen
balance. Keshavarz and Pouretedal [25] and Keshavarz et al.
[26] presented some better empirical correlations (see Eqs.
(1a)–(1c)) for predicting impact sensitivity of a variety of
nitro-derivated molecules recently, where a, b, c, and d are stoi-
chiometric coefficients for an explosive of general formula
CaHbNcOd and MW is the molecular weight of the explosive.
However, unfortunately, these methods did not take into
account the effect of the connective positions of groups to
impact sensitivities. For example, the experimental H50 of
2,4,6-trinitrotoluene, 2,3,4-trinitrotoluene, and 3,4,5-trinitro-
toluene are 98, 56, and 107 cm [27], respectively. However,
the predicted values of the above compounds are the same
when calculated by both Kamlet’s and Keshavarz’s empirical
correlations.

a. Polynitroaromatics (and benzofuroxans):

logH50 ¼
11:76a þ 61:72bþ 26:89c þ 11:48d

MW
ð1aÞ

b. Polynitroaromatics with a-CH and a-N-CH and
nitramines:

logH50 ¼
47:33a þ 23:50bþ 2:357c � 1:105d

MW
ð1bÞ

c. Polynitroaliphatics:

logH50 ¼
81:40a þ 16:11b� 19:08c þ 1:089d

MW
ð1cÞ

46 W.-P. Lai et al.
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In this study, we present some new and simple correlations
for predicting impact sensitivities of nitro energetic com-
pounds. The correlations will introduce some new factors to
amend the effect of the connective positions of groups to impact
sensitivities.

Because experimental data of impact sensitivity varied
widely depending on testing machines, sample sizes, configura-
tions, etc., we must consider the quality of experimental data to
be used in establishing correlations. Therefore, experimental
values of impact sensitivity were collected from Naval Surface
Warfare Center (NSWC) [22–24,27–29] and the Los Alamos
National Laboratory (LANL; J. R. Stine, personal communi-
cation, 1989), where the impact machines with the type 12 tool,
2.5 kg drop weight, and 25 trials were used. Many research
works have demonstrated that the collected data are suitable
for this work [1,19,20,25,30].

Details of the Correlations

Various CaHbNcOd nitro energetic compounds have been
studied, including nitroaromatics, nitroaliphatics, nitramines,
and nitrate esters. It has been shown that the atomic numbers
of C, H, N, O, and the amending factors play a role in determin-
ing the impact sensitivities. The following general equations are
suitable for this purpose.

logH50 ¼ Aa0 þ Bb0 þ Cc0 þDd0 þ E þ F ð2Þ

F ¼
X

Nn0 ð3Þ

where F represents the amending factors that indicate the effect
of the connective positions of groups to impact sensitivities. a0,
b0, c0, d0, and n0 are ratios of the atomic numbers of C, H, N, O,
and groups with different connections to the molecular weight
of CaHbNcOd energetic compounds, respectively. A, B, C, D,
E, and N are the accommodation coefficients, which amend the
correlations to best fit the experimental data for different types
of compounds. The detailed correlations to various energetic
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compounds are as follows:

a. Polynitroaromatics (and benzofuroxans):

logH50 ¼ 19:86a0 þ 32:56b0 � 12:71c0

� 13:32d0 þ 1:68þ F1 ð4aÞ
b. Polynitroaromatics with a-CH and a-N-CH:

logH50 ¼ 22:48a0 þ 17:37b0 � 31:40c0 � 48:87d0

þ 2:62þ F2 ð4bÞ
c. Polynitroaliphatics:

logH50 ¼ 42:40a0 þ 16:30b0 � 40:84c0 � 31:53d0

þ 2:31þ F3 ð4cÞ
d. Nitroamines or nitrate esters:

logH50 ¼ 42:82a0 þ 12:46b0 � 14:86c0 � 21:47d0

þ 1:43þ F4 ð4dÞ

These divisions are similar to Keshavarz and Pouretedal’s clas-
sifications [25]. The amending factors of F1, F2, F3, and F4 are
presented in Tables 1–4, respectively.

Table 1
The amending factors of polynitroaromatics

(and benzofuroxans)

N

Groups �NO2 �NH2 �OH

Nitro -o �7.90 -o 9.85 -o �2.64
-m �20.28 -m 15.99 -m �33.39
-p �7.46 -p 16.65 -p 1.98

Amino -o 9.85 -o — -o —
-m 15.99 -m 14.72 -m —
-p 16.65 -p — -p —

Furoxan 1.81

-o, -m, -p are ortho, meta, and para positions, respectively.
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Table 2
The amending factors of polynitroaromatics with a-CH

and a-N-CH

N

Groups �NO2 �NH2 �OH a-CH or a-N-CH

Nitro -o �5.26 -o 15.31 -o 15.26 -o �6.69
-m 1.92 -m 15.96 -m — -m �0.69

-p �11.36 -p 15.37 -p 30.53 -p �13.98
Amino -o 15.31 -o — -o — -o —

-m 15.96 -m — -m — -m —
-p 15.37 -p — -p — -p —

-o, -m, -p are ortho, meta, and para positions, respectively.

Table 3
The amending factors of polynitroaliphatics

Groups

N �6.15 4.55 �32.75 �89.14 �56.50

Table 4
The amending factors of nitroamines or nitrate esters

Groups

N 4.52 �4.20 �38.03 �28.19

N 6.96 7.15 �26.20 �57.53
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Details of the Prediction

The impact sensitivities of 196 nitro energetic compounds
are predicted by Eqs. (4a)–(4d). The predicted results are
compared with the ones obtained from Keshavarz’s empirical
correlations [25,26]. The root mean squares (rms) of deviation
from experimental data are 37 and 44 cm, respectively. All
results are shown in Table 5. Some examples of the details
for predictions are shown below, and the results for each cate-
gory are presented in Figs. 1(a)–(d). The results contain 52
polynitroaromatics (and benzofuroxans), 28 polynitroaro-
matics with a-CH and a-N-CH, 48 polynitroaliphatics, and
68 nitroamines or nitrate esters. The rms of the deviations
are 45, 33, 33, and 34 cm (our results) and 56, 36, 43, and
35 cm (Keshavarz’s results), respectively. Our results show
better agreement with experimental values [27,30] compared
to Keshavarz’s results as a whole, but there are still some
exceptions. The possible reason for the exceptions could be
that the accommodation coefficients of the correlations are
not accurate for some compounds. Therefore, more studies
should be done to make this approach more credible.

Examples:

(a) Polynitroaromatics (and benzofuroxans):
. Compounds: C6H2N4O8

. Molecular weight: 258

. Structural formulae:

. Numbers of atoms: a¼ 6, b¼ 2, c¼ 4, d¼ 8

. Amending factors are (1) n(NO2-o-NO2)¼ 2, n(NO2-m-NO2)

¼ 3, n(NO2-p-NO2)¼ 1; (2) n(NO2-o-NO2)¼ 2, n(NO2-m-NO2)

¼ 2, n(NO2-p-NO2)¼ 2

50 W.-P. Lai et al.
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logH50ð1Þ ¼ 19:86� 6

258
þ 32:56� 2

258
� 12:71

� 4

258
� 13:32� 8

258
þ 1:68� 7:90

� 2

258
� 20:28� 3

258
� 7:46� 1

258

¼ 1:458

Figure 1. The predicted impact sensitivities of nitro com-
pounds and their comparisons to experimental and Keshavarz’s
results. (a) Polynitroaromatics (and benzofuroxans); (b) poly-
nitroaromatics with a-CH and a-N-CH; (c) polynitroaliphatics;
(d) nitroamines or nitrate esters.
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logH50ð2Þ ¼ 19:86� 6

258
þ 32:56� 2

258
� 12:71� 4

258

� 13:32� 8

258
þ 1:68� 7:90� 2

258

� 20:28� 2

258
� 7:46� 2

258

¼ 1:508

(b) Polynitroaromatics with a-CH and a-N-CH:
. Compounds: C8H6N6O10

. Molecular weight: 346

. Structural formulae:

. Numbers of atoms: a¼ 8, b¼ 6, c¼ 6, d¼ 10

. Amending factors are (1) n(NO2-o-NO2)¼ 3, n(NO2-m-

NO2)¼ 2, n(NO2-p-NO2)¼ 1, n(NO2-o-(a-CH or a-N-CH))¼ 2,
n(NO2-m-(a-CH or a-N-CH))¼ 2, n(NO2-p-(a-CH or a-N-CH))¼
2; (2) n(NO2-o-NO2)¼ 2, n(NO2-m-NO2)¼ 3, n(NO2-p-NO2)¼
1,n(NO2-o-(a-CH or a-N-CH))¼ 4,n(NO2-m-(a-CHor a-N-CH))¼ 2,
n(NO2-p-(a-CH or a-N-CH))¼ 2

logH50ð1Þ ¼ 22:48� 8

346
þ 17:37� 6

346
� 31:40� 6

346

� 48:87� 10

346
þ 2:62� 5:26� 3

346
þ 1:92

� 2

346
� 11:36� 1

346
� 6:69� 2

346
� 0:69

� 2

346
� 13:98� 2

346

¼ 1:294
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logH50ð2Þ ¼ 22:48� 8

346
þ 17:37� 6

346
� 31:40� 6

346

� 48:87� 10

346
þ 2:62� 5:26� 2

346
þ 1:92

� 3

346
� 11:36� 1

346
� 6:69� 4

346
� 0:69

� 2

346
� 13:98� 2

346

¼ 1:276

(c) Polynitroaliphatics:
. Compound: C15H16N12O28

. Molecular weight: 812

. Structural formula:

. Numbers of atoms: a¼ 15, b¼ 16, c¼ 12, d¼ 28

. Amending factors are

logH50 ¼ 42:40� 15

812
þ 16:30� 16

812
� 40:84

� 12

812
� 31:53� 28

812
þ 2:31þ 4:55

� 3

812
� 32:75� 2

812
� 56:50� 2

812

¼ 1:522
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(d) Nitroamines or nitrate esters:
. Compound: C5H10N10O14

. Molecular weight: 434

. Structural formula:

. Numbers of atoms: a¼ 5, b¼ 10, c¼ 10, d¼ 14

. Amending factors are

logH50 ¼ 42:82� 5

434
þ 12:46� 10

434
� 14:86

� 10

434
� 21:47� 14

434
þ 1:43þ 4:52

� 6

434
þ 6:96� 3

434
� 57:53� 2

434

¼ 1:021

Conclusions

In summary, we have found that, firstly, the new correlations
show better agreement with experimental values compared with
Keshavarz’s latest empirical correlations as a whole, because
amending factors have been introduced to probe the effect of the
connective positions of groups to impact sensitivities. Secondly,
the new correlations are simple and applicable to various nitro
energetic compounds for quick estimation of impact sensitivities.
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