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By means of density functional theory (DFT), the general
gradient approximation method (GGA), and the Beck
LYP hybrid functional and DNP basis set, nitro group
Mulliken charges (QNO2

) are calculated and defined to
assess and correlate with the impact sensitivities (H50) of
nitro compounds: very negative QNO2

and high H50. By
calculating, analyzing, and comparing, we find that QNO2

can be regarded as a structural parameter to estimate
impact sensitivity and has more availability in almost all
nitro compounds in contrast to the length of the C�NO2,
N�NO2, or O�NO2 bond RR�NO2

, molecular electrostatic
potential (Vmid), and oxygen balance (OB). At the same
time, it has good reliability and accuracy even though
there are some exceptions. According to the data in
this paper, the compound may be sensitive (H50� 0.4m)
when its nitro group has fewer negative charges than
about 0.23.
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1. Introduction

The relationship between the sensitivity and molecular struc-
ture of high-energy density materials (HEDMs) has become an
important subject. The ‘‘trigger linkage’’ is a common but
very important concept that considers that a bond rupture
is the key step in detonation initiation. Many researchers
believe that C�NO2, N�NO2, and O�NO2 bonds are trigger
spots in nitro compounds. Depluech and Cherville [1–3]
propose that shock wave and thermal sensitivities in nitro
compounds can be related to the electronic structure of the
molecule and properties of C�NO2, N�NO2, and O�NO2

bonds such as electrostatic potentials, lengths, strengths,
etc. Xiao [4] suggests that the stronger these bonds, the more
stable the molecules. Bates [5], however, thinks that the
sensitivity of tetrazole is related to the ability of substitution
groups to attract electrons: the stronger the ability is, the
more sensitive the compound is. Kamlet and Adolph [6] draw
a conclusion that the impact sensitivity of some nitro com-
pounds can increase as their oxygen balances are enhanced.
Politzer concludes that sensitivity must be related to the
molecular surface electrostatic potential, and more detailed
overviews are presented in his paper [7]. But these criteria
and correlation methods often meet ‘‘abnormal’’ cases or have
a certain limitation. Additionally, Zeman’s work is very
noticeable for its correlation between the characteristics of
impact and electric spark sensitivities, detonation and thermal
decomposition, and 13C and 15N NMR chemical shifts of
polynitro compounds [8].

After performing many calculations, the authors of
this paper find that the relationship between the impact
sensitivities and electronic structures of C�NO2 compounds
can be established by charge analysis of the nitro group,
and we try to extend this method to all nitro explosive
compounds.
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2. Theory and Computational Details

In the chemical world, there is a common rule that a state with
higher potential can convert into another one with lower poten-
tial automatically, and the system becomes more stable. For
example, an oxidant with high oxidizing potential and a redu-
cer with high reducing potential can easily react with each
other and convert into product(s) with lower relevant poten-
tials, and the total system (including oxidant and reducer)
becomes more stable. There are the same cases in the covalent
compounds. Covalent compounds are composed of atoms or
groups that have the potential to offer or attract electrons,
and they will be more stable if the atoms or groups offer or
attract adequate electrons. Hydrides such as HF, H2O, NH3,
and CH4 are taken as examples, and relevant calculation results
of them are listed in Table 1. In these hydrides H atoms have
potentials to offer electrons. There are some consistent orders
in these hydrides: bond homolysis energies, Pauling electro-
negativities (x) of central atoms (F, O, N, and C atoms), and
Mulliken charges on H atoms decrease, and bond lengths
increase as follows (in fact, people usually use these parameters
to estimate the molecular stability): HF > H2O > NH3 > CH4.
So we can find that H atoms in different hydrides have different
abilities to offer electrons, and we can assess hydrides’ stabili-
ties not only by electro-negativities of central atoms, bond
properties, but also by charges of common atoms in hydrides:

Table 1
Relevant content of some hydrides

Hydride (RHn) HF H2O NH3 CH4

Homolysis energy of the
first H-R bond(298K),
kJ=mol

557.16 480.60 434.08 433.47

H-R bond length, Å 0.925 0.965 1.018 1.091
Pauling x of R atom 3.98 3.44 3.04 2.55
Mulliken charge on H atom, e 0.358 0.305 0.239 0.118
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H atoms; that is, the hydrides will become more stable when
their H atoms offer more electrons and have more positive
charges. Here H atoms’ potentials to offer electrons are repre-
sented by their Mulliken charges. Namely, the more positive
charges the H atoms have, and the more their potentials
decrease, the more stable the hydrides become.

As for nitro groups in nitro compounds, they are very
strong for attracting electrons, that is, they have large poten-
tials for attracting electrons. The same as the potentials of H
atoms in the above hydrides, these potentials can also be repre-
sented by charges of the nitro group, but not only of a different
atom. Similarly, we can draw a primary and tentative conclu-
sion similar to the former: the more negative charges the nitro
groups have, and the more their potentials decrease, the more
stable the nitro compounds become. Certainly, the ‘‘hot spot’’
theory and ‘‘trigger linkage’’ concept are accepted in this paper.
In nitro covalent compounds, C�NO2, N�NO2, O�NO2 bonds
(called R�NO2 bond; for poly-nitro-compounds, the weakest
bonds are discussed and showed in a circle in Figure 1) are
the feeblest in the entire molecule, and their ruptures are the
initial steps in the decomposition or detonation. Moreover the
impact sensitivities are used to show the stabilities of nitro
compounds. To verify the conclusion, that is, to answer the
questions ‘‘Is there a relationship between the nitro group
charges and the stabilities (for example, impact sensitivities)
of compounds and what is the relationship?,’’ Mulliken charges
of nitro groups and relevant atoms, R�NO2 bond lengths of
nitro substitutes of methane and nitro compounds in Figure 1
are calculated. All calculations are performed with the Acceryls’
Dmol3 code, and the General Gradient Approximation method
(GGA) and Beck LYP hybrid functional and DNP basis set are
adopted. At the same time, some comparisons and analyses are
performed by Politzer’s method and an oxygen balance method
we have defined. The oxygen balances (OB, according to pro-
duct CO2) of nitro compounds CaHbOcNd can be calculated by
Equation (1); and nitro group charges (QNO2

) are calculated
by Equation (2), where QN, QO1, and QO2 are charges of N
and O atoms on the nitro group, respectively; and molecular
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electrostatic potentials (Vmid, the largest molecular electrostatic
potential Vmid,max is adopted) by Equation (3) according to
Politzer’s suggestion, where QR is the charges of the C or N or
O atoms, joined with the nitro group, QN(NO2)

is the charges of
the N atom on the nitro group, and RR�NO2

is the bond length
of the R�NO2 bond.

OBðCO2Þ ¼
c� ð2aþ b=2Þ

2aþ b=2
� 100%; ð1Þ

QNO2
¼ QN þQO1 þQO2; ð2Þ

Vmid ¼
2ðQR þQNðNO2ÞÞ

RR�NO2

: ð3Þ

3. Results and Discussion

3.1. Nitro Substitutes of Methane

Usually the more substituted the nitro group, the less stable the
compound. Methane is taken as an example in Table 2. It can
be found that negative charges of the nitro group decrease
and the R�NO2 bond length, Vmid, and OB increase in the
same order when the substituted nitro groups increase from
the table. When the number of the nitro group increases, offer-
ing electrons become more and more difficult because H atoms,

Table 2
Relevant calculation results of nitro substitutes of methane

Compounds s

QNO2
, e �0.285 �0.192 �0.152 �0.050

RR�NO2
, Å 1.517 1.543 1.548 1.582

Vmid 0.123 0.185 0.227 0.244
OB(CO2) �42.87% 33.33% 140.00% 300.00%
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which offer electrons, become fewer and fewer. Meanwhile, the
nitro group’s potentials to attract electrons decrease to less and
less, and the compound becomes more and more unstable
accordingly. As a result, for nitro-substituted methane, QNO2

,
can be used to assess the stabilities of compounds as RR�NO2

,
Vmid, and OB.

3.2. Nitroaromatic Molecules

Nitroaromatic compounds from [9] are also calculated for veri-
fying that there is a relationship between impact sensitivities
(H50) and QNO2

, OB. The results are listed in Table 3 and
Figure 2. The relationship between H50 and QNO2

shows us an
obvious tendency: the more negative the QNO2

, the more H50:
that is, the more negative charges the nitro group has, the more
stable and insensitive the compound is. But there are two
exceptions—two nitro-phenols, PA and TNAP (TNB and
TNT can also be seen as two exceptions). These exceptions
can be explained using Politzer’s suggestion. Usually a minor
part of nitro-phenols (NPs) can change into nitrogen acids
(NAs) as shown in Equation (4); these have higher total ener-
gies and higher sensitivities. We calculated two isomers of PA
and TNAP, respectively, and found that it was indeed the case:
PA:� 921.2358675hartree (NP)and� 921.1879466hartree (NA);
TNAP:� 976.5969929 hartree (NP) and� 976.5654405 hartree
(NA). So, it is no surprise that these exceptions exist: QNO2

is
calculated according to NPs, but H50 must be of NAs.

ð4Þ

As to the correlation between H50 and OB, there is also a
distinct tendency similar to the relationship between H50 and
QNO2

: the less OB, the higher H50. It means that the compound
with less OB has higher stability and lower sensitivity. But two
exceptions also exist: TNB and TNT. This must be similar to
the above exceptions and due to other thermal decomposition
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mechanisms. In fact, OB must be consistent with QNO2
. For

example, oxygen atoms or attracted-electron groups will
increase when OB increases, and the nitro group on the weakest
R�NO2 can only attract fewer electrons. Additionally, the

Figure 2. Relationship between H50 and (a) QNO2
, (b) OB of

nitroaromatic compounds.
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results calculated by our method are very consistent with [6]
(see Tables 3 and 4). So this shows our method is usable, but
it must be more advantageous, because it is simpler and easy
to calculate.

Sometimes the shorter the RR�NO2
is, and the stronger the

R�NO2 is, the more insensitive the compound is. For instance,
TATB and DATB have smaller RR�NO2

and higher H50. But it
is not always the case. It can’t be found that there is an obvious
tendency from Table 3: the smaller RR�NO2

, the higherH50. It is
the same as for Vmid. There is no obvious correlation between
H50 and Vmid according to relevant data in Table 3, even
though TATB and DATB have smaller Vmid and higher H50.
Some exceptions, such as PNA, exist; PNA has the lowest Vmid

but not the highest H50. The authors think it is worth our while
to discuss Politzer’s suggestion showed by Equation (3).
According to this equation, Vmid will increase, and the sensitiv-
ity of the compound will be enhanced if RR�NO2

decreases when
the summation of QN and QR keeps constant. In other words,
decreasing RR�NO2

is not helpful for decreasing Vmid and sensi-
tivity. This must be contrary to many conventions: the shorter
the RR�NO2

, and the stronger the R�NO2, the more stability
and the less sensitivity.

3.3. Other Explosive Molecules

Two main nitric ester explosives, PETN and NG, two main
nitramine explosives, RDX and HMX, and other explosives
are discussed in Table 4. From the table, it can be found that
two nitric esters have positive nitro group charges, and this
must be due to the nitro group’s joining with the oxygen atom,
which has more ability to attract electrons. Apparently, the
nitro group’s potential to attract electrons cannot decrease.
Accordingly, the nitric esters are unstable and have smaller
H50. Explosive molecules such as RDX, HMX, M1, and TNAZ
have less than 0.12 e negative QNO2

and higher impact sensitiv-
ities (H50� 0.32m), but other explosives such as FOX-7, LLM-
105, NTO, and NQ have more negative QNO2

(>0.26) and
higher H50 (>0.72m). So, for these explosive molecules, that
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the molecules have high H50 if they have low QNO2
can also be

showed as a rule, even though there is not a corresponding rela-
tionship between QNO2

and H50 (for example, PETN has the
least H50 but not the largest QNO2

, and FOX-7 has the least
QNO2

but not the largest H50).
Obviously, we cannot adopt the criterion of Vmid to assess

the sensitivities of these compounds. But to show the limitation
of Vmid (limits of aviations figured out in [7]), we have calcu-
lated it. Additionally, RR�NO2

and OB have a rougher relation
on H50 than QNO2

, and there are many and even inverse excep-
tions in it.

4. Conclusions

By calculating, analyzing, and comparing, we can find that
QNO2

can be regarded as a structural parameter to assess
impact sensitivity (the low QNO2

and the high H50) and has
more availability in almost all nitro compounds in contrast to
RR�NO2

, Vmid, and OB. At the same time it has good reliability
and accuracy even though there are some exceptions. Accord-
ing to the data in this paper (in Tables 3 and 4), the compound
may be sensitive (H50� 0.4m) when its nitro group has a smal-
ler negative charge than about 0.23.
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