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Abstract The thermal stability and pyrolysis mechanism
of 1,2-bis(2,4,6-trinitrophenyl) hydrazine were investi-
gated based on fully optimized molecular geometric
structures. The results demonstrate the existence of
intramolecular hydrogen bond interactions 1,2-bis(2,4,6-
trinitrophenyl) hydrazine. The assigned infrared spec-
trum was also obtained; the results reveal four main
characteristic regions in the calculated IR spectra of the
title compound. Detonation velocities (D) and pressures
(P) were also evaluated by using Kamlet-Jacobs equa-
tions based on the calculated density and heat of
formation. Thermal stability and the pyrolysis mechanism of
1,2-bis(2,4,6-trinitrophenyl) hydrazine were investigated by
calculating the bond dissociation energies at the B3LYP/6—
31 G* level.

Keywords 1,2-Bis(2,4,6-trinitrophenyl) hydrazine -
Pyrolysis mechanism - Detonation properties - Infrared
spectrum

Introduction

Energetic materials (explosives, propellants and pyrotech-
nics) are used extensively for both civil and military
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applications. The nitro alkyl and aryl derivatives of
hydrazine possess good high-energy properties and are
used as explosives and rocket propellants. Research has
shown that hydrazine and its alkylated derivatives burn
rapidly and completely in air with considerable evolution of
heat [1]. It is reported that the thermal stability of a
molecule can be improved by the introduction of an amino
group into an aromatic ring, condensation of picryl chloride
into an appropriate moiety, or through the introduction of
conjugation [2]. By determining various explosive param-
eters [3] such as oxygen balance, velocity of detonation [4],
density and heat of formation, we can evaluate the
explosive performance [5] of synthesized compounds.
Exploring microscopic pyrolysis mechanisms, i.e., addressing
the question of how an important impulse can initiate rapid
exothermic reactions leading to the detonation of explosive
solids, remains a key research target for both theoretical and
experimental chemists.

In general, initiation of detonation involves the
complex interplay of molecular, crystalline and physical
factors [6—8]. Kamlet and Adolph suggested that corre-
lations with a single factor can indeed exist if others are
kept as uniform as possible [6, 7]. However, Brill and
James [8] pointed out that a correlation does not
necessarily imply a causal relationship; it may simply be
symptomatic.

The nitro alkyl and aryl derivatives of hydrazine
have been reported to possess good high-energy features
such as explosive and rocket propellant properties.
Hydrazine and its alkylated derivatives burn rapidly
and completely in air with considerable evolution of
heat [1]. Badgujar et al. [9] stated that 1,2-bis(2,4,6-
trinitrophenyl) hydrazine (see Fig. 1) is one of the
precursors in the synthesis of the important energetic
material hexanitrazobenzene. Recently, 1,2-bis(2,4,6-trini-
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Fig. 1 Molecular structure and
atomic numbering of 1,2-bis
(2,4,6-trinitrophenyl) hydrazine

trophenyl) hydrazine was synthesized by the condensation
of picryl chloride with hydrazine hydrate [10]. To date, no
theoretical investigations on its structure and properties
can be found in the literature. Since studies on structure—
performance relationships are the basis of molecular
design, in this paper, the title compound was fully
optimized at the DFT-B3LYP/6-31 G* level to obtain its
molecular geometry and electronic structure. Spectra were
obtained and assigned by vibrational analysis. In addition,
the thermal stability and sensitivity were studied, and
density and detonation properties predicted. This work
aims to lay a good foundation for studying and further
exploiting the structures and properties of 1,2-bis(2,4,6-
trinitrophenyl) hydrazine.

Computational methods

The DFT-B3LYP method [10, 11] in combination with the
6-31G* [12] basis set has been used widely in many
investigations [13—15], and can yield reasonable energies,
molecular structures, and infrared vibrational frequencies.
In this paper, 1,2-bis(2,4,6-trinitrophenyl) hydrazine was
fully optimized to obtain its molecular geometry and
electronic structure. Vibrational analysis was then per-
formed at the same level with the Gaussian03 program
package [16]. Since DFT-calculated harmonic vibrational
frequencies are usually larger than those observed experi-
mentally, they were scaled using a factor of 0.96 as has
been done before [17].

Furthermore, the theoretical vibrational spectra of the
title compound were interpreted by means of potential
energy distribution (PED) with version V7.0-G77 of the
MOLVIB program written by Sundius [18, 19]. The
calculated Raman activity (S;) was converted to relative
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intensity (/;) using the following relationship derived from
the basis theory of Raman scattering [20, 21]:

S0 —i)*Si
I = v (1)
vil 1 = exp ()]

Where v, is the exciting frequency (in cm™ " units), v;is the
vibrational wavenumber of the ith normal mode, h, ¢ and k
are universal constants, and f is the suitably chosen
common scaling factor for all peak intensities.

Dentonation velocity (D) and pressure (P) are the
most important targets used to scale the detonation
characteristics of energetic materials. Kamlet-Jacobs (K-
J) equations [22, 23] are used to calculate D and P to
quantitatively evaluate high energy density compounds in
molecular design. For explosives with CHNO elements,
these parameters can be calculated using the following K-J
equations:

D = 0.7062 x ®°(1.0 4 1.3p) (2)
® = NMQ"
P =17.617 x 103®p? (3)

where terms in Eqgs. 2 and 3 are defined as follows: P,
detonation pressure (GPa); D, detonation velocity (km/s); p,
packed density (g/cm’); ®, characteristic value of explo-
sive; N, moles of gas produced by per gram of explosive;
M, average molar weight of detonation products; and Q,
estimated heat of detonation (KJ/g). The density is obtained
according to [24], in which the electrostatic potential is
considered.
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Table 1 Geometric parameters
of 1,2-bis(2,4,6-trinitrophenyl) Bond length(A) Bond angle(°) Dihedral angle(®)
hydrazine at the B3LYP/6-
31 G* level C1-N1 1.466 N2-C3-C2 119.53 O1-N1-C1-C2 178.66
C3-N2 1.467 N2-C3-C4 119.47 02-N1-C1-C2 —0.56
C5-N3 1.471 C2-C3-C4 120.98 O1-N1-C1-C6 —2.96
C6-N4 1.360 N3-C5-C4 115.10 02-N1-C1-C6 177.81
C1-C2 1.390 N3-C5-Cé 122.0 C1-C2-C3-C4 291
C2-C3 1.384 C4-C5-Co 122.57 C2-C3-C4-C5 —-0.73
C3-C4 1.390 N1-C1-C2 115.67 C3-C4-C5-Co —4.81
C4-C5 1.384 N1-C1-C6 122.38 C4-C5-C6-Cl 7.61
C5-C6 1.425 C2-C1-C6 121.93 C4-C5-C6-N4 —-170.89
C6-C1 1.434 C1-C2-C3 119.63 C5-C6-N4-N5 16.29
N4-N5 1.383 C3-C4-C5 119.28 C1-C6-N4-N5 -162.13
N5-C7 1.370 C1-C6-C5 115.19 C6-N4-N5-C7 125.17
N6-C8 1.469 C1-C6-N4 120.74 N4-N5-C7-C8 145.33
N7-C10 1.468 C5-C6-N4 124.05 N4-N5-C7-C12 -33.05
N8-C12 1.475 C6-N4-N5 124.64 N5-C7-C8-C9 —175.78
C7-C8 1.431 N4-N5-C7 119.57 N5-C7-C12-C11 173.64
C8-C9 1.391 N5-C7-C8 122.23 N5-C7-C12-N8 —11.85
C9-C10 1.384 N5-C7-C12 122.90 C7-C8-C9-C10 0.41
C10-C11 1.391 C8-C7-C12 114.85 C8-C9-C10-C11 -1.74
C11-C12 1.383 N8-C12-C7 121.32 C9-C10-C11-C12 —0.26
C12-C7 1.424 N8-C12-C11 115.20 C10-C11-C12-C7 3.75
N1-01 1.222 C7-C12-C11 123.27 03-N2-C3-C2 0.22
N1-02 1.245 No6-C8-C7 122.25 03-N2-C3-C4 178.52
N2-03 1.229 N6-C8-C9 115.61 04-N2-C3-C2 —179.83
N2-04 1.229 C7-C8-C9 122.12 04-N2-C3-C4 —-1.53
N3-05 1.224 N7-C10-C9 119.62 C1-C6-N4-H1 9.21
N3-06 1.235 N7-C10-C11 119.11 C5-C6-N4-H1 -172.37
N6-07 1.224 C9-C10-C11 120.96 H1-N4-N5-H2 101.93
N6-08 1.239 C10-C11-C12 118.92 H1-N4-N5-C7 —45.92
N7-09 1.228 C8-C9-C10 119.71 05-N3-C5-C4 39.59
N7-010 1.229 C1-N1-01 118.16 0O5-N3-C5-C6 —146.88
N8-O11 1.226 C1-N1-02 118.72 06-N3-C5-C4 —135.30
Ng8-O12 1.230 C3-N2-03 117.31 06-N3-C5-C6 38.24
H1-N4 1.020 C3-N2-04 117.14
H2-N5 1.021 C8-N6-07 118.31
C8-N6-08 117.87
C10-N7-09 117.30
C10-N7-010 117.06

As a high energy explosive, the thermal stability of the title
compound is important. The bond dissociation energies

Table 2 Selected hydrogen bond lengths (A) and bond angles (°)
calculated using the B3LYP/6-31 G* method

D-H..A d(D-H) D(H...A) D(D...A) /DHA
N4-H,...0, 1.020 1.791 2.595 130.07
Ns-Hs...0, 1.021 1.847 2.623 132.77

(BDEs) of various bonds in the molecule can be calculated
to measure the strength of bonds and relative stabilities of the
title compound. BDE is the energy required in homolysis of a
bond and is denoted commonly by the difference between the
total energies of the product and the reactant. The homolysis
and BDE of the R—X bond are shown as follows:

R-X—R +X* (4)

BDEx_y = E(R) + E(X*) — E(R - X) (5)
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Table 3 Calculated (B3LYP method) and experimental fundamental
frequencies (cm ') for the title compound. First numbers in parenthe-
ses in column 2correspond to IR intensities and the second to Raman
intensities. « Planar ring deformation, ¢ non-planar ring deformation,
v stretching, ¢ bending, ip in-plane deformation, oop out-of-plane
deformation, v, symmetric stretching, v,y assymmetric stretching, w
wagging, ¢ scissoring, PED potential energy distribution

Calculated Assignments[PED]
frequencies
1 394(15.55,0.68) ®(ring)[82]
2 416(8.52,0.78) @(ring)[85]
3 429(10.23,1.83) 3(CNN)[62],
4 464(2.41,1.08) @ (ring)[90]
5 504(0.93,6.41) @ (ring)[87]
6 508(1.07,2.42) @ (ring)[81]
7 524(2.88,3.52) @ (ring)[80]
8  525(8.04,39.58) S(N-H)[57], ®(ring)[33]
9 542(11.93,23.44) 3(N-H)[57], ®(ring)[33]
10 547(61.47,148.58) 5(N-H)[72]
11 570(6.39,0.59) T(CCNO)[75]
12 635(73.95,14.96) D(ring)[57], d(N-H)[31]
13 647(12.01,6.02) wWNO,[45], ®(ring)[41]
14 669(4.72,92.40) 5(N-H)[62]
15 675(30.76,122.16) o(ring)[37], 5(N-H)[54]
16 699(8.62,2.16) ®(ring)[81]
17 701(59.65,27.20) o(ring)[85]
18 702(57.53,2.54) wWNO,[82]
19 710(68.52,34.90) wNO,[42], P(ring)[44]
20 712(37.03,13.56) wWNO,[45], O(ring)[41]
21 718(77.99,89.24) wWNO,[57], 5(N-H)[32]
22 727(18.12,23.74) ®(ring)[40], WNO,[52]
23 734(4.34,5.19) P(ring)[50], wNO,[42]
24 736(8.25,6.27) D(ring)[54], WNO,[41]
25 749(18.20,77.96) O(ring)[62]
26 761(1.90,30.21) alring)[45], GNO,[47]
27 803(10.91,6.64) oring)[48], GNO,[38]
28 804(9.44,1.73) o(ring)[85]
29 807(11.58,112.09) 5(CNN)[74]
30 910(30.31,12.97) V(C-N)[78]
31 911(90.56,19.37) V(C-N)[75]
32 920(41.59,20.50) 8(C-H)oop[42], V(C-N)[32]
33 922(6.46,20.28) 3(C-H)oop[40], V(C-N) [31]
34 928(12.07,9.34) 3(C-H)oop [95]
35 932(8.39,2.25) S(C-H)oop [93]
36 940(7.46,2.62) 3(C-H)oop [95]
37 941(4.40,2.24) 8(C-H)oop [95]
38 1,062(38.12,19.85) 3(C-H)jp [92]
39 1,064(105.48,5.91) 8(C-H)jp [95]
40 1,115(17.80,14.50) 3(C-H);, [57], v(N-N)[35]
41 1,146(136.16,27.86) o(ring)[89]
42 1,151(3.60,153.75) o(ring)[87]
43 1,154(24.69,3.58) 3(C-H);, [90]
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Table 3 (continued)

Calculated
frequencies (IR)

Experimental®

Assignments[PED]

44
45
46

47
48
49
50

51

52
53

54
55
56
57
58
59

60

61
62
63

64
65
66
67
68
69

70

71
72
73
74

76

1,186(8.44,4.90)
1,246(62.28,58.76)

1,271
(57.90,154.51)
1,298(320.91,33.21)

1,302(107.64,68.05)
1,317(166.22,69.86)

1,333
(525.84,224.24)

1,334
(704.57,325.35)

1,340(1.25,304.26)

1,346
(107.39,331.82)
1,351(96.08,250.96) 1,350

1,386(2.41,18.80)
1,388 (0.81,38.90)
1,423(58.50,5.21)

1,436(81.26,12.53)

1,571
(321.04,102.98)

1,507
(208.60,186.59)

1,544(31.78,49.87)

1,546(10.91,31.04)
1,560(14.21,233.84)

1,572(95.23,76.63)
1,582(107.81,7.46)
1,588(16.39,16.95)
1,605(610.26,13.06)
1,606(250.80,11.11)
1,609(532.35,37.25) 1,600

1,619(86.34,90.41)

3,136 (18.44,38.97)
3,139(21.79,48.70)
3,147(35.91,45.66)
3,148(28.23,45.20) 3,030

3,310
(149.22,515.67)

3,319
(147.89,494.45)

8(C-H);p[61], v(N-N)[32]
5(C-H),[71]
v(C-N)[47], 6(N-H)[42]

V(C=C)pn[78]
V(C=C)pn[72]
v(C-N)[61]
Vss(NO2)[81]

Vss(NO2)[74]

V(C=C)pn[62]
Vss(NOZ)[87]

Vss(NO2)[85]
V(C=C)p[72]
V(C=C)pp[70]
V(C=C)py[50], d(N-H)[40]
V(C=C)pp[50], d(N-H)[38]
V(C=C)pn[55], v(N-C)[25]

V(C=C)pn[54], v(N-C)[32]

V(C=C)pn[85]
V(C=C)pn[82]

V(C=C)pn[55], Vass(NO2)
(38]

V(C=C)pp[65]

Vass(NO2) [60], 5(N-H)[31]

Vass(NO2) [54], 6(N-H)[41]

Vass(NO2) [74]

Vass(NO2) [70]

V(C=C)pn[60], Vass(NO2)
(31]

’V(C :C)Ph [6 1 ]a 'Vass(NO2)
[31]

V(C-H)pn[98]
V(C-H)pn[98]
V(C-H)py[98]
V(C-H)py[98]
v(N-H)[100]

~(N-H)[100]

 Data from [9]

While calculating BDE values, zero point vibrational
energy (ZPVE) corrected energies had to be used and
basis set superposition error (BSSE) calculations were
required.
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Results and discussion
Molecular structure

Table 1 lists the fully optimized geometric parameters of the
title compound, such as bond lengths, bond angles and
dihedral angels. To the best of our knowledge, experimental
data on the geometric structure of the title compound are
not available in the literature.

From Table 1, it can be seen that the bond length of Ny—
N5 equal to 1.383 A is smaller than the usual N-N single
bond (1.45 A) and the N-N bond length of hydrazine (also
1.45 A). The bond lengths of Cs—Nj3 and C;,—Ng are 1.471
and 1.475 A, respectively, i.e., longer than the normal C-N
single bond length (1.47 A) [25], while the bond lengths of
C;—N;, C5-N,, Cg—Ng and C;o—N, are between 1.466 and
1.469 A, which is smaller than that of the single (C—N,
1.47 A) bond length. In addition, the bond lengths of Cg—
N, and C;—Ns are 1.360 and 1.370 A, respectively. These
variations in bond lengths are due mainly to the electronic
delocalization in the molecule.

Interestingly, geometry optimization performed on the
title compound indicated that it exhibits intramolecular
hydrogen bond interaction. The hydrogen bond lengths and
angles are listed in Table 2.

From the data on dihedral angles in Table 1, we can
see that the dihedral angle of Cs—Cs—N3—Og is 38.24°,
while the dihedral angles of C4—C{—-N;—0O;, C4—C3—N,—03
are —2.96° and 178.52°, respectively, which shows that the
nitro group (on Cs) linked with phenyl leaves the benzene
plane because of the steric hindrance effect, and the other
two nitro groups (on C; and Cj3) are co-planar with

Fig. 2 Calculated FT-IR and
FT-Raman spectra of the title
compound at the B3LYP/6—

31 G* level

40
35
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5

0
5]

benzene. Thus, we can explain why the bond length of the
Cs—N; bond (i.e., 1.471 A) is larger than those of C;—N;
(1.466 A) and C3-N, (1.467 A), and why the former has
smaller bond populations (0.22856¢ for Cs—N3) than the
latter (0.24633e for C3—N,, 0.23232¢ for C;—N;), which
indicates that the Cs—Nj bond is relatively weaker than the
C;—N; and C5-N, bonds.

Infrared- and raman-spectra

As is well known, the IR spectrum is one basic property
of a compound, and is also an effective measure with
which to analyze or identify substances. It also has a
direct relationship with the molecule’s thermodynamic
properties. However, for some reason, little experimental
data [10] are available on the IR spectra and thermody-
namic properties of 1,2-bis(2,4,6-trinitrophenyl) hydra-
zine. Therefore, it is of great of significance to calculate
the IR and thermodynamic properties of 1,2-bis(2,4,6-
trinitrophenyl) hydrazine by theoretical methods. Here,
vibrational frequencies were calculated using DFT at the
B3LYP/6-31 G* level. Table 3 presents the calculated
vibrational frequencies, IR intensities and Raman activity
of the title compound. Figure 2 provides its IR and Raman
spectra.

From Table 3 and Fig. 2, four main characteristic
regions can be identified. In the 3136-3148 cm ' range,
the modes are associated with the C-H stretching vibra-
tions, and, in this region, the number of vibration equals
that of C—H bonds. For instance, the title compound has
four bands of 3136, 3139, 3147, 3148 cm ', The strong
characteristic peaks in the 1560-1619 c¢m™' range corre-
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Fig. 3 The homolysis process and the radical species from related homolysis

spond to the N=0O asymmetric stretching motion of nitro
groups. Another remarkable signal centering at 1333-
1351 cm ! is associated with the N=0 symmetric stretch
of nitro groups. Finally, the weak peaks at less than
1300 cm ' are caused mainly by the C-NO, stretch, C—-H
bending vibration and the deformation of the phenyl
skeleton, which is located in the fingerprint region and
can be used to identify isomers.

To testify the reliability of theoretical computation, some
of experimental vibrational frequencies [9] are also listed in
Table 3 and compared with theoretical calculations. In
addition, experimental [9] data show that the strong
characteristic peaks in the 3400-3200 cm ' range corre-
spond to the N—H stretching vibration. From the limited
frequencies available from experimental data, it is noted
that the calculated frequencies at the B3LYP/6-31 G* level

Table 4 Total energies (Hartree) and bond dissociation energies (BDE; kJ mol ') for the title compound and related radical species

Breaking bonds Reactant total energy Zero point energy Product energy 1 Product energy 2 BDE*

Ci-N, —1,800.7026 0.2293 —1,595.5513 —205.0634 230.76
C3-N, —1,800.7026 0.2293 —1,595.5339 —205.0634 276.42
Co-Ny —1,800.7026 0.2293 —955.6342 —844.9447 324.66
N4-Ns —1,800.7026 0.2293 —900.3127 —900.3127 202.60

? BDE corrected by zero-point energies (ZPE) and basis set superposition error (BSSE)

@ Springer
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Table 5 Predicted density and detonation properties of the title compound. OB Oxygen balance. HOF heat of formation

Compound Condensed HOF OBjg V (em®mol™) p(gem™) QJg") Dkms ") P (GPa) Hso(cm)
(kJ mol ™"

1,2-bis(2,4,6-trinitrophenyl) hydrazine 252.58 —0.528 262.43 1.73 6,055 7.59(7.92b) 24.95 90P

RDX* - 0216 — 1.81 - 8.75 347 16

HMX® - 0216 — 1.90 - 9.10 39.0 19

#Data for RDX and HMX are from [25]
®Data from [9]

are close to the experimental values, which proves the
reliability of the computed IR spectrum. The trivial
discrepancy is perhaps due to the intermolecular interac-
tions existing in experimental samples. Another reason
could be that the theoretical computation aims at the
isolated “gas” molecule and is based on the simple
harmonic mode.

Pyrolysis mechanism

Another main concern regarding 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 are essential to understanding
the decomposition process of energetic materials because they
concern directly the sensitivity and stability of energetic
compounds. In this paper, four possible initial steps in the
pyrolysis route are considered by breaking the following
bonds: (1) C;—Ny; (2) C3—Nj; (3) Cs—Ny; (4) N4—Ns. Figure 3
presents the stable structures of the title compound and the
radical species from the related homolysis, and Table 4 lists
the total energies, BDEs of the title compound and the related
radical species for the homolysis of the bonds.

Generally speaking, the less energy required to break a bond,
the weaker the bond is, and the more easily that bond becomes a
trigger bond. From Table 4, it can be noted that the BDE of
homolysis of the N4—N5 bond is 202.60 kJ molfl, which is the
least among the four possible initial steps, suggesting that the

5 5 7 Cio—Ny
NN ‘
/N3 ....... o Ce—Cs

0 O====Njg

N4—Ns bond may be a trigger bond during the thermolysis
initiation process. In addition, it is also noted that the BDE of
the homolysis of the C;—N; bond is 230.76 kJ mol !, which is
close to that of the Ny,—Ns bond. The BDEs of the homolysis
of the C5-N, and C4C, bonds are 276.42 and
324.66 kJ mol ", respectively, which is much bigger than that
of the N4—Ns bond. Through comparing the BDEs of C;—Nj,
C5-N, and Cs—C, bonds with that of the N4~Ns bond, we
think that the N,—Ns bond may be a trigger bond.

Detonation properties

Detonation velocity (D) and pressure (P) are important
parameters in evaluating the performances of energetic
materials. With C-, H-, O-, and N-containing explosives,
they can be estimated using K-J equations [22, 23].

One can use the atomization reaction or isodesmic reaction
method to obtain the standard heats of formation (HOF) at
298.15 K. In this paper, the isodesmic reaction method was
employed. The isodesmic reaction, where the numbers of
bonds and bond types are preserved on both sides of the
reaction, often leads to cancellation of systematic errors
resulting from bond environments, spin contamination, basis
set superposition and other nonrandom factors [26]. The
accuracy of HOF obtained theoretically is conditioned by the
reliability of HOF of the reference compounds.

The HOF for the title compound can be derived from the
following isodesmic reaction (Eq. 6):

+ 8CH; — > 2CgHg + 6CH3NO, + CHzHN-NHCH;
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Where the experimental HOFs for CH4, CsHg, CH3NO,
and CH;HN-NHCH; are —17.9 kcal mol ' [27],
16.2 kcal mol™' [28], —19.3 kcal mol ' [27] and
22.22 keal mol™" [29], respectively. Further, we computed
the condensed phase HOF of the title compound through
the method of Byrd and Rice [30]. Table 5 lists the
calculated condensed HOF, V, p, D, P, Q and the oxygen
balances (OBjqg) of the title compound. The OBy are
calculated using Eq. 7, which can be used to roughly
predict the impact sensitivities of the explosives [31].

np — (05*111-1 + ch) %

OBjgo = i

16 (7)
Where ng, ny and nc represent the numbers of O, H and C
atoms, respectively; M is the molecular weight.

Experimental data [32] for hexahydro-1,3,5-trinitro-
1,3,5-triazine (RDX) and 1,3,5,7-tetranitro-1,3,5,7- tetraa-
zacyclooctane (HMX) are also listed in Table 5. The impact
sensitivity Hsy of the title compound, as well as RDX and
HMX are also included in Table 5. It is noted that 1,2-bis
(2,4,6-trinitrophenyl) hydrazine is impact insensitive to
90 cm, which suggests that it has low vulnerability to
mechanical stimuli compared to that of other nitramine
explosives such as RDX and HMX.

It is noted that values of D and P for 1,2-bis(2,4,6-
trinitrophenyl) hydrazine are 7.59 km/s and 24.95 GPa,
respectively. The values of p, D, P of the title compound
are smaller than those of RDX and HMX, i.e., the values
of p, D, P of the title compound do not satisfy the
quantitative standard of a high energetic density com-
pound (HEDC) (p=1.9 g/em’, D=9.0 km/s, P=40 GPa)
[33], although the thermal stability of the title compound is
good and the values of p, D, P are relatively high. Based on
our previous works [13, 14], 1,2-bis(2,4,6-trinitrophenyl)
hydrazine can become a HEDC by adding more —NO,
groups to improve p, D, P.

Conclusions

Using DFT B3LYP/6-31 G*, we studied the molecular
structure and thermochemistry properties of the title
compound. The obtained conclusions are as follows:

(1) Geometry optimization performed on the title compound
indicated that it exhibits intramolecular hydrogen bond
interaction.

(2) There are four main characteristic regions in the
calculated IR spectrum of the title compound. In the
3136-3148 cm ™' range, the modes are associated with
C-H stretching vibrations. The strong characteristic
peaks in the 1560-1619 cm ™' range correspond to the
N=0O asymmetric stretch of nitro groups. Another

@ Springer

remarkable signal centering at 1333-1351 cm ' is

associated with N=0 symmetric stretch of nitro groups.

Finally, the weak peaks at less than 1300 cm ' are

caused mainly by the C-NO, stretch, C-H bending
vibration, and deformation of the phenyl skeleton.

(3) The N4—Ns and C,—N; bonds of the title compound
may possibly be trigger bonds.
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