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The derivatives of 2,2′,4,4′,6,6′-hexanitrostilbene (HNS) are optimized to obtain their molecular geometries
and electronic structures at the DFT-B3LYP/6-31G* level. Detonation properties are evaluated using the
modified Kamlet-Jacobs equations based on the calculated densities and heats of formation. It is found that
there are good linear relationships between the density, detonation velocity, detonation pressure, and number
of nitro, amino, and hydroxy groups. The thermal stability and pyrolysis mechanism of the title compounds
are investigated by calculating the bond dissociation energies at the unrestricted B3LYP/6-31G* level. For
the nitro and amino derivatives of HNS, the C-NO2 bond is a trigger bond during the thermolysis initiation
process, while for hydroxy derivatives, it is started from the isomerization reaction of the hydrogen transfer
in the O-H bond. According to the quantitative standard of energetics and stability, as high-energy density
compounds, 2,2′,3,3′,4,4′,5,6,6′-nonanitrostilbene and 2,2′,3,3′,4,4′,5,5′,6,6′-decanitrostilbene essentially satisfy
this requirement. In addition, we have discussed the effect of the nitro, amino, and hydroxy groups on the
structure and properties.

1. Introduction

2,2′,4,4′,6,6′-Hexanitrostilbene (HNS), since it was synthesized,
has been widely used as a typical secondary explosive in thermally
stable charges or perforators, including secondary fillings of
detonators for deep boreholes (high temperatures and pressures in
exploitation of oil and nature gas), because of its structural stability,
higher energy, and good detonation properties. Therefore, it has
been receiving considerable attention and a lot of investigations.1-6

However, previous studies mainly focused on thermal decomposi-
tion and discussed new synthetic techniques using experimental
methods, but theoretical studies are few. To date, only the structures
and stability of the amino derivatives of HNS have been theoreti-
cally studied using a semiempirical molecular orbital (MO) method,
and at the same time, the molecular design was simply considered.7

Because studies on structure-performance relationships are the
foundation of molecular design, in this paper, a series of the nitro,
amino, and hydroxy derivatives of HNS (see Figure 1 for the
structural diagrams of these compounds) are fully optimized at the
DFT-B3LYP/6-31G* level to obtain the molecular geometries,
electronic structures, molecular volumes (V), theoretical densities
(F), detonation velocities (D), and detonation pressures (P), as well
as bond dissociation energies (BDEs) of the main bonds. The
pyrolysis mechanism, thermal stability, and sensitivity are studied.

In the past decade, our group has carried out a series of
investigations on the “molecular design” of high-energy density
compounds (HEDCs) for many typical categories of energetic
compounds.8-17 On the basis of the conventional opinion18 and
our study, quantitative criteria considering both energy (includ-
ing F, D, and P) and stability (BDE of the trigger bond)
requirements, i.e., F ≈ 1.9 g/cm3, D ≈ 9.0 km/s, P ≈ 40.0 GPa,

and BDE ≈ 80-120 kJ/mol, are employed to filtrate and
recommend potential HEDCs from the title compounds.17

The systematic theoretical studies on the structures and
properties provide an abundance of information and lay a good
foundation for the molecular design of the energetic and
secondary explosives.

2. Computational Methods

Many studies8,10,19 have shown that the DFT-B3LYP method20,21

in combination with the 6-31G*22 basis set is able to give accurate
energies, molecular structures, and a series of properties. In this
paper, the derivatives of HNS are fully optimized to obtain their
molecular geometries and electronic structures at this level with
the Gaussian03 program package.23

The detonation velocity and pressure are the most important
parameters for evaluating the detonation characteristics of
energetic materials. For the explosives with CHNO elements,
these parameters can be calculated using the Kamlet-Jacbos
(K-J) equations24,25

D) (1.011+ 1.312F0)(NMj 0.5Q0.5)0.5 (1)

P) 1.558F0
2NMj 0.5Q0.5 (2)

where P is the detonation pressure (GPa), D is the detonation
velocity (km/s), F0 is the packed density (g/cm3), N is the moles
of gas produced per gram of explosives, M is the average molar
weight of detonation products, and Q is the chemical energy of
detonation (kJ/g). N, M, and Q are decided according to the largest
exothermic principle; i.e., for the explosives with CHNO elements,
all of the N atom converts into N2, the O atom forms H2O with
the H atom first, and the remainder forms CO2 with the C atom.
The remainder of the C atom will exist in the solid state if the O
atom does not satisfy full oxidation of the C atom. The remainder
of the O atom will exist in O2 if the O atom is superfluous. Table
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1 presents the methods for calculating the N, M, and Q parameters
of the CaHbOcNd explosive.

Obviously, for known explosives, their Q and F0 can be
measured experimentally; thus, their D and P can be calculated
according to eqs 1 and 2. However, for those unsynthesized
explosives and hypothetical compounds, their Q and F0 cannot be
evaluated from experimental measures. Therefore, in the molecular

design of HEDC, in order to predict the detonation properties, we
recommend the modified K-J equations based on the calculation
results of quantum chemistry.8-17

In detail, the loading density of the explosives F0 can be
replaced by the crystal theoretical density (Fcry), while the
chemical energy of the detonation reaction Q can be cal-
culated as the difference between the heats of formation

Figure 1. Illustration of the molecular structures of the derivatives of HNS (H atoms are omitted for clarity).
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(HOFs) of products and those of reactants (Qcal). However,
from the K-J equations, it is found that Q has much less
effect than F on D and P. Therefore, Q and HOF estimated
using the semiempirical MO PM326 method are precise
enough to substitute the experimental data, as has been proven
in previous studies.27 On the basis of F and Q, the corre-
sponding D and P can be evaluated. In practice, F0 can only
approximate to but not arrive at F; thus, D and P obtained
from F can be seen as their upper limit (maximum values).

As is known to all, accurate prediction of the crystal density
is very difficult. A “group or volume additivity” method,28,29

although simple and rapid, cannot give reliable results because
of its inherent drawbacks, while the “crystal packing” method,30,31

which is more reliable, has its limitation in routine calculation
because of its extensive requirement of computational resources.
Recently, an efficient and convenient way has been worked out
to predict the crystalline densities of energetic materials contain-
ing C, H, N, and O elements.32 Studies have indicated that,32

when the average molar volume V estimated by the Monte Carlo
method based on 0.001 electrons/bohr3 density space at the
B3LYP/6-31G** or 6-31G* level is used, the theoretical
molecular density Fmol (Fmol ) M/V, where M is the molecular
weight) is very close to the experimental crystal density Fcry. It
is worth noting that the average volume used here should be
the statistical average of at least 100 volume calculations.

In a word, the modified K-J equation has been endowed
with the new connotation, and its application range has been
extended. Also, on the basis of quantum chemistry, it has been
used to calculate D and P to quantitatively evaluate HEDC in
molecular design. The modified method has resulted in satisfac-
tory results.8-17

To measure the strength of the bonds and relative stabilities
of the title compounds, the BDEs of various bonds in the
molecule are calculated. BDE is the required energy for
homolysis of a bond and is commonly denoted by the difference

between the total energies of the product and reactant after zero-
point-energy correction. The expressions for homolysis of a
A-B bond (eq 3) and for calculation of its BDE (eq 4) are
shown as follows:33

R1A-BR2(g)fR1A
•(g)+R2B

•(g) (3)

BDER1A-BR2
) [ER1A• +ER2B•]-ER1A-BR2

(4)

where R1A-BR2 stands for the neutral molecules and R1A• and
R2B• stand for the corresponding product radicals after the bond
dissociation; BDER1A-BR2

is the BDE of the bond R1A-BR2;
ER1A-BR2

, ER1A•, and ER2B · are the zero-point-corrected total
energies of the parent compound and the corresponding radicals,
respectively.

All of the calculations considered here were performed on a
Pentium IV personal computer using the default convergence
criteria given in the programs.

3. Results and Discussion

3.1. Densities and Energies. Table 2 collects V, F, D, and
P of the title compounds. The oxygen balances (OB100),
calculated HOFs, and Q’s are also listed in this table.

The oxygen balances (OB100) are calculated using the formula
(5), which can be used to roughly predict the impact sensitivities
of the explosives.34

OB100 )
100(2nO - nH - 2nC - 2nCOO)

M
(5)

where nO, nH, and nC represent the numbers of O, H, and C
atoms, respectively; nCOO is the number of COO-, and here
nCOO ) 0 for the derivatives of HNS; M is the molecular weight.

From Table 2, we see that the calculated density (1.82 g/cm3)
agrees well with the available experimental value (1.79 g/cm3),
which indicates that the theoretical density calculated at the

TABLE 1: Methods for Calculating the N, M, and Q Parameters of the CaHbOcNd Explosivea

stoichiometric ratio

parameter c g 2a + b/2 2a + b/2 > c g b/2 b/2 > c

N (b + 2c + 2d)/4M (b + 2c + 2d)/4M (b + d)/2M
M 4M/(b + 2c + 2d) (56d + 88c - 8b)/(b + 2c + 2d) (2b + 28d + 32c)/(b + d)
Q × 10-3 (28.9b + 94.05a + 0.239∆Hf°)/M [28.9b + 94.05(c/2 -b/4) + 0.239∆Hf°]/M (57.8c + 0.239∆Hf°)/M

a a, b, c, and d stand for the number of C, H, O, and N atoms in the compound, respectively; M in the formula is the molecular weight of
the title compounds (in g/mol); ∆Hf° is the standard heat of formation of the studied compound (in kJ/mol).

TABLE 2: Predicted Densities and Detonation Properties of the Title Compoundsa

no. Chemical name OB100 Q HOF V F D P

I-1 2,2′,4,4′,6,6′-hexanitrostilbene -2.22 1428.4 194.52 247.57 1.82 (1.79)35 7.59 25.75
I-2 2,2′,3,4,4′,6,6′-heptanitrostilbene -1.01 1503.1 245.67 266.78 1.86 7.98 28.80
I-3 2,2′,3,3′, 4,4′,6,6′-octanitrostilbene 0.00 1568.6 305.63 282.99 1.91 8.36 32.10
I-4 2,2′,3,4,4′,5,6,6′-octanitrostilbene 0.00 1568.5 305.39 283.01 1.91 8.36 32.10
I-5 2,2′,3,3′,4,4′,5,6,6′-nonanitrostilbene 0.85 1624.0 365.43 299.76 1.95 8.68 35.00
I-6 2,2′,3,3′,4,4′,5,5′,6,6′-decanitrostilbene 1.90 1659.3 438.23 316.35 1.99 8.90 37.21
II-1 3-amino-2,2′,4,4′,6,6′-hexanitrostilbene -2.37 1379.4 165.01 258.19 1.80 7.54 25.23
II-2 3,3′-diamino-2,2′,4,4′,6,6′-hexanitrostilbene -2.50 1340.7 151.41 263.11 1.82 7.61 25.87
II-3 3,5-diamino-2,2′,4,4′,6,6′-hexanitrostilbene -2.50 1334.7 139.29 264.18 1.82 7.60 25.82
II-4 3,3′,5-triamino-2,2′,4,4′,6,6′-hexanitrostilbene -2.63 1298.6 125.75 268.76 1.84 7.67 26.44
II-5 3,3′,5,5′-tetramino-2,2′,4,4′,6,6′-hexanitrostilbene -2.74 1258.8 99.96 279.62 1.82 7.61 25.85
III-1 3-hydroxy-2,2′,4,4′,6,6′-hexanitrostilbene -1.72 1375.2 -11.79 251.02 1.86 7.71 26.92
III-2 3,5-dihydroxy-2,2′,4,4′,6,6′-hexanitrostilbene -1.24 1329.2 -209.28 257.45 1.87 7.75 27.2
III-3 3,3′-dihydroxy-2,2′,4,4′,6,6′-hexanitrostilbene -1.24 1327.9 -211.85 257.87 1.87 7.75 27.23
III-4 3,3′,5-trihydroxy-2,2′,4,4′,6,6′-hexanitrostilbene -0.80 1286.2 -406.66 263.86 1.89 7.81 27.84
III-5 3,3′,5,5′-tetrahydroxy-2,2′,4,4′,6,6′-hexanitrostilbene -0.39 1244.0 -608.08 267.46 1.92 7.89 28.69

a Units: HOF/(kJ/mol), Q/(J/g),V/(cm3/mol), F/(g/cm3),D/(km/s), and p/Gpa. The experimental value appears in parentheses.
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B3LYP/6-31G* level is truly close to the crystal density. This
may reflect that, according to the modified K-J equation, our
predictions of the detonation properties for the title compounds
will be reliable. In fact, many previous studies have shown the
reliability of the calculation method.17

It can also be seen from Table 2 that the energy and density
of HNS are linearly improved when it is substituted with -NO2

and -OH groups. However, substitution of a -NH2 group has
little effect on the density of HNS, which shows that the
introduction of an amino group cannot improve the detonation
properties of HNS.

Taking the nitro derivatives of HNS (I-1-I-6) as an example,
Figure 2 presents the relationships between OB100, ∆Hf, Q, V,
F, D, P, and the number of nitro groups (n1), which all exist as
linear relationships, obviously showing good group additivity.
The correlation equations are OB100 ) -8.16 + 1.01n, HOF )
-176.60 + 60.72n1, Q ) 1092.49 + 58.27n1, V ) 146.31 +
17.05n1, F ) 1.56+ 0.04n1, D ) 5.66 + 0.33n1, and P ) 8.53
+ 12.91n1, respectively, and the corresponding correlation
coefficients are 0.9980, 0.9979, 0.9899, 0.9995, 0.9988, 0.9933,
and 0.9971, respectively. This strongly supports the claim that
introducing more nitro substituents (moderately increasing the
oxygen balance) into an energetic molecule usually helps to
increase its detonation performance.25

The detonation performances of the nitro derivatives of HNS
are close to those of the important explosive 1,3,5-trinitro-1,3,5-
triazinane (RDX; F ) 1.81 g/cm3, D ) 8.75 km/s, and P )
34.70 GPa) when the number of nitro groups (n1) is equal to or

more than 8. When n1 is 10, e.g., I-6, its detonation performances
(F ) 1.99 g/cm3, D ) 8.90 km/s, and P ) 37.21 GPa) are the
best and almost close to those of the more important explosive
1,3,5,7-tetranitro-1,3,5,7-tetrazocane (HMX; F ) 1.90 g/cm3,
D ) 9.10 km/s, and P ) 39.00 GPa), which indicates that I-6
is a possible potential HEDC.

For the amino derivatives of HNS (II-1-II-5), OB100, HOF,
Q, and V all linearly decrease or increase with the number of
amino groups (n2), but the variations of F, D, and P are very
little (see Figure 3), which again indicates that substitution of
a -NH2 group has little effect on the density and detonation
properties and that possibly increases the stability of HNS.
However, for the amino derivatives of HNS, the variation of F
does not correlate with the number of amino groups because of
the presence of intermolecular and intramolecular hydrogen
bonds; therefore, D and P do not linearly increase with the
number of amino groups. Here, only the linear relationships
between OB100, ∆Hf, Q, V, and the number of amino groups
(n2) are presented as follows:

OB100 )-2.23- 0.13n2, R)-0.9984, SD) 0.0116

HOF) 191.67- 22.84n2, R)-0.9902, SD) 5.0957

Q) 1424.10- 42.00n2, R)-0.9982, SD) 3.9636

V) 248.64+ 7.47n2, R) 0.9890, SD) 1.7682

For the hydroxy derivatives of HNS (III-1-III-5), OB100, V,
F, D, and P, except HOF and Q, which linearly decrease,

Figure 2. Correlations between OB100, ∆Hf, Q, V, F, D, P, and the number of nitro groups (n1) for the nitro derivatives of HNS.
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increase with the number of hydroxy groups (n3; see Figure 4).
Their linear relationships are OB100 ) -2.18 + 0.46 n3 (R )
0.9989), HOF ) 191.16 - 200.01n3 (R ) 1.0000), Q ) 1423.38
- 45.78n3 (R ) -0.9984), V ) 247.01 + 5.26n3 (R ) 0.9938),
F ) 1.83 + 0.02n3 (R ) 0.9822), D ) 7.61 + 0.07n3 (R )
0.9860), and P ) 25.92 + 0.68n3 (R ) 0.9839).

On the whole, the density and detonation performances of
the hydroxy derivatives of HNS are improved and are between
those of the nitro and amino derivatives. Therefore, it is worth
studying their stability.

3.2. Pyrolysis Mechanism, Stability, and Identification of
Sensitivity. 3.2.1. Bond OWerlap Populations. Bond overlap
populations reflect the electron accumulations in the bonding
region, and they can provide us with detailed information about
the chemical bond. As a whole, the fewer Mulliken bond
populations that a bond has, the easier the bond breaks. Though
Mulliken population analysis36 suffers from some shortcomings,
such as the basis set dependence, results derived from the
Mulliken population analysis at the same calculation conditions
are still meaningful for comparing trends in the electron
distribution for homologous compounds, as was done here. The
bond orders obtained from the Mulliken population analysis for
the title compounds at the B3LYP/6-31G* level are listed in
Table 3.

Upon inspection of the data in Table 3, it can be found that
the overlap population of the C-NO2 bond (MC-NO2

) is the least
in each molecule of the title compounds. However, for the
hydroxy derivatives of HNS (III-1-III-5), the overlap population

of the O-H bond (MO-H) close to MC-NO2
is also relatively

smaller than other bonds, which indicates that the C-NO2 and
O-H bonds may be the trigger bonds during thermolysis
initiation process.

Meanwhile, for the nitro derivatives of HNS (I-1-I-6), on
the whole, with the number of nitro groups increasing, MC-NO2

decreases as expected. This suggests that the stability decreases
and that their sensitivities increase accordingly, which confirms
that the nitro group has an effect on the activity. For example,
the order of the stability from I-1 to I-6 is I-6 ≈ I-5 ≈ I-4 <
I-3 < I-2 < I-1. For the amino derivatives of HNS (II-1-II-5),
with the number of amino groups increasing, MC-NO2

increases,
indicating that their stability increases and sensitivity decreases,
which similarly confirms that the amino group has an insensi-
tizing effect. For instance, the order of the stability for II-1-II-5
compounds is II-1 < II-2 (0.1474) ≈ II-3 (0.1471) < II-4 <
II-5. From Table 3, it also can be seen that, for the hydroxy
derivatives of HNS (III-1-III-5), with the number of hydroxy
groups increasing, the variational trend of MC-NO2

is in ac-
cordance with that of MO-H and is smaller than that of MC-NO2

of HNS (0.1468). This indicates that the hydroxy group has a
sensitizing effect. However, it is noticeable that MC-NO2

of III-1
(0.1306) is almost equal to those of III-2 (0.1303) and III-4
(0.1304) and that of III-3 (0.1422) is almost equal to that of
III-5 (0.1420), which infers that there is not much doubt about
the number of the hydroxy groups having an influence on the
stability of the molecules, but the position of the hydroxy group
is more important. Therefore, the four-substituted HNS is

Figure 3. Correlations between OB100, ∆Hf, Q, V, F, D, P, and the number of amino groups (n2) for the amino derivatives of HNS.
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recommended if we want to synthesize hydroxy derivatives with
good stability.

In a word, comparison of bond overlap populations could
primarily be used to identify the pyrolysis mechanism, the
stability, and the relative magnitude of the sensitivity of the
homologic energetic materials.

3.2.2. Kinetic Parameter. Another main concern for the
energetic materials is whether they are kinetically stable enough
to be of practical interest. Thus, studies on the bond dissociation
or pyrolysis mechanism are important and essential for under-
standing the decomposition process of the energetic materials

because they are directly relevant to the sensitivity and stability
of the energetic compounds. In this paper, seven possible initial
steps in the pyrolysis route are considered for the title
compounds by breaking the following bonds according to
previous studies:37-43 (1) C-NO2; (2) C-C (dC); (3) C-NH2;
(4) N-H; (5) C-OH; (6) O-H, and (7) hydrogen-transfer
isomerization reactions of the O-H bond. In all of these studies,
the weakest C-NO2, C-C, C-NH2, N-H, C-O, and O-H
bonds are selected as the breaking bonds based on the Mulliken
bonding population analyses at the B3LYP/6-31G* level. It is
worth mentioning that at the B3LYP/6-31G* level we failed to

Figure 4. Correlations between OB100, ∆Hf, Q,, V, F, D, P, and the number of hydroxy groups (n3) for the hydroxy derivatives of HNS.

TABLE 3: Mulliken Bond Populations for the Title Compounds

no. MC-NO2
MC-C MC-H MC-OH MO-H MC-NH2

MN-H

I-1 0.1468 0.3764 0.3392
I-2 0.1360 0.3652 0.3388
I-3 0.1341 0.3601 0.3594
I-4 0.1251 0.3611 0.3477
I-5 0.1254 0.3523 0.3509
I-6 0.1250 0.3660 0.3435
II-1 0.1468 0.3540 0.3584 0.3544 0.2732
II-2 0.1474 0.3541 0.3589 0.3536 0.2731
II-3 0.1471 0.3606 0.3584 0.3838 0.2668
II-4 0.1494 0.3558 0.3589 0.3512 0.2668
II-5 0.1558 0.3628 0.3633 0.3746 0.2659
III-1 0.1306 0.3590 0.3589 0.3715 0.2127
III-2 0.1303 0.3606 0.3540 0.3734 0.2125
III-3 0.1422 0.3552 0.3440 0.3680 0.2184
III-4 0.1304 0.3567 0.3441 0.3679 0.2127
III-5 0.1420 0.3618 0.3147 0.3679 0.2142
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locate the in-plane transition states (TSs) of the hydrogen shift
reactions, but rather we determined the out-of plane TSs, which
correspond to the rotation of the O(9)-H(39) bond around the
N(8)-O(9) bond (see Figure 5). Interestingly, the in-plane TSs
that correspond to the hydrogen shift from O(32) to O(9) can
be easily attained at the PM3 level. For comparison, we list the
calculated activation energies for both the out-of-plane TSs at

the B3LYP/6-31G* level and the in-plane TSs at the PM3 level
in Table 5. Figure 5 illustrates the structures of the reactant,
TS, and product of hydrogen-transfer isomerization reactions
fully optimized at the DFT-B3LYP/6-31G* level, including the
part of the geometric parameters related with the reaction. The
full geometric parameters of the reactant, TS, and product are
listed in Tables 1S-3S of the Supporting Information.

First, a benchmark calculation on several small molecules
with C-C, C-N, and N-N bonds by using Gaussian2 (G2)
theory44 was carried out to check the accuracy of BDE computed
with the B3LYP/6-31G* method. Table 4 summarizes the
computed BDE values at the G2 and B3LYP/6-31G* levels.
Figure 6 shows a very good linear relationship between the
B3LYP/6-31G*- and G2-calculated BDEs (R ) 0.9970). On
this basis, we might expect reliable calculated results for the
title compounds.

The BDEs and activation energies for the isomerization
reactions of the hydrogen transfer (Ea) for the title compounds
at the B3LYP/6-31G* level are listed in Table 5. Compared
with BDE0, BDE parallelly descends 5.6-38.4 kJ/mol, which
indicates that using BDEs with or without correction for zero-
point energy will not have any influence on the identification
of the trigger linkage and pyrolysis mechanism.

Generally speaking, the less energy that is required to break
a bond, the weaker the bond is, and the easier the bond becomes
a trigger bond; that is to say, the corresponding compound is
more unstable, and the sensitivity is larger. From Table 5, it
can be seen that, for the nitro and amino derivatives of HNS,
BDE of the homolysis of the C-NO2 bond is the least, which
suggests that the C-NO2 bond may be a trigger bond during
the thermolysis initiation process. This validates the conclusion
drawn from the above Mulliken population analysis. For the
hydroxy derivatives of HNS, Ea of the hydrogen-transfer reaction
is much smaller than the BDEs of all bonds, and this illustrates
that the homolysis is initiated from breaking of the O-H bond
followed by isomerization reactions of the hydrogen transfer,
which excludes the possibility of the C-NO2 bond becoming a
trigger bond. At the same time, BDEs of trigger bonds for the
title compounds are relatively larger and suffice the stability
request of BDE ≈ 80-120 kJ/mol suggested previously.

In addition, for the nitro derivatives of HNS, with the number
of nitro groups increasing, BDE for the homolysis of C-NO2

bonds decreases, indicating that the stability decreases and their
sensitivities increase accordingly. According to the BDEs of a
trigger bond (C-NO2), the order of the stability from I-1 to I-6
is I-6 ≈ I-5 ≈ I-4 < I-3 < I-2 < I-1. This agrees with the order

Figure 5. Structures of the reactant, TS, and product fully optimized
for the hydrogen-shift isomerization reaction of III-1 and the part of
the related geometric parameters.

Figure 6. Comparison of the BDEs calculated by the B3LYP/6-31G*
and G2 theory.

Figure 7. Correlations between BDE, MC-NO2
, and the structures (I-

1-I-6).
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deduced from “PSBO” (the principle of the smallest bond orders;
i.e., for the series of the energetic materials with the similar
molecular structure and pyrolysis mechanism, the smaller the
overlap population of the trigger bond, the larger the impact of
sensitivity). Figure 7 presents the correlations between BDE,
MC-NO2

, and the structures of the nitro derivatives of HNS. The
calculated BDEs of breaking of the trigger C-NO2 bond of the
amino derivatives give a stability sequence of II-4 < II-2 <
II-5 < II-1 < II-16, which is inconsistent with the ordering
derived from the computed bond overlap populations. Such a
discrepancy is likely related to the intramolecular hydrogen
bonds that are more in the amino derivatives. Because BDE
measures the feasibility of a chemical reaction appropriately,
we will use it to identify the stability for this series of
compounds. For the hydroxy derivatives of HNS, with the
number of hydroxy groups increasing, Ea for the isomerization
reactions of the hydrogen transfer changes a little but is smaller
than the BDE of the C-NO2 bond for HNS, which indicates
that, on the whole, the hydroxy derivatives of HNS are more
active than HNS.

In a word, for the derivatives of HNS, bond overlap
populations and BDE can be used not only to identify the trigger
bond and illustrate the pyrolysis mechanism but also to identify
the stability and relative magnitude of the sensitivity.

4. Conclusions

Using the B3LYP/6-31G* method, we have theoretically
studied the structures and performance of the derivatives of
HNS, and the conclusions of this work are as follows:

(1) For the nitro derivatives of HNS, the oxygen balance,
HOF, heat of detonation, volume, density, detonation velocity,
and detonation pressure linearly increase with an increase in
the number of nitro groups, while for the amino and hydroxy
derivatives of HNS, the heat of detonation and HOF linearly
decrease with the number of amino and hydroxy groups.

(2) Refering to the bond overlap populations, the homolysis
is initiated from breaking of the trigger linkage C-NO2 bond
for the nitro and amino derivatives of HNS, while for the
hydroxy derivatives, it is started from breaking of the O-H
bond followed by the isomerization reaction of hydrogen
transfer.

(3)2,2′,3,3′,4,4′,5,6,6′-Nonanitrostilbeneand2,2′,3,3′,4,4′,5,5′,6,6′-
decanitrostilbene essentially satisfy the quantitative criteria of
energetics and stability as HEDCs.

(4) The energy and density of HNS are improved when it is
substituted with a -NO2 group, and the insensitivity and stability
of HNS are increased by substitution of a -NH2 group.
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