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Abstract 1,5-Diazido-3-nitrazapentane (DANP) and 1,7-
diazido-2,4,6-trinitrazaheptane (DATNH) are two energetic
plasticizers. To better understand them, a detailed theoretical
investigation was carried out using density functional theory
and molecular mechanics methods. The crystal structures,
spectra, thermodynamic properties, heats of formation, deto-
nation velocity, detonation pressure, specific impulse and
thermal stability were estimated. Possible initiation steps of
pyrolysis were discussed by considering the bond breaking of
N-NO,, C—Nj3, and N-N, (via hydrogen transfer) for both
compounds and the cyclization of the adjacent nitro and azido
groups for DATNH. Results show that the rupture of N-NO,
and N-N,, (via hydrogen transfer) may happen simultaneously
as the initial step of pyrolysis. Both crystals have P-1 sym-
metry as was observed experimentally. DANP has higher
stability than DATNH, while DATNH has better detonation
performance than DANP. In addition, DANP has a lower
while DATNH has a higher specific impulse than RDX, which
shows their prospects as propellant components.

Keywords Azido nitramine - Plasticizer - Density functional
theory - Detonation performance - Pyrolysis mechanism
Introduction

Plasticizers are important components of propellants and a sig-
nificant number of studies have reported on their applications in
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gun and rocket propellants [1]. Energetic plasticizers can not only
improve the mechanical properties but also contribute to the
output energy of propellants. 1,5-diazido-3-nitrazapentane
(DANP) and 1,7-diazido-2,4,6-trinitrazaheptane (DATNH) (see
Fig. 1) are two energetic azido nitramine plasticizers and have
been the subject of many experimental investigations [2—8].
Properties such as density, infrared (IR) spectra, and their nuclear
magnetic resonance (NMR) have been investigated. The pyrol-
ysis mechanism of DATNH has also been proposed.
Oyumi [7] suggested that its thermal decomposition is initiat-
ed by the azidomethyl groups, similar to the behavior of the
cyclic azido nitramine 1-(azidomethyl)-3,5,7-trinitro-1,3,5,7-
tetraazacyclooctane [9], while Dang [10] supposed that the
pyrolysis of DATNH comprises two stages: the first is the
decomposition of N-NO, and the second is the rupture of C—
N3 and the remaining part of the molecule.

To clarify the pyrolysis mechanism of DATNH and to fill in
the blanks in the pyrolysis mechanism of DANP, Mulliken
bond populations (MBPs), natural bond orders (NBOs), and
bond dissociation energies (£ gp) were calculated with density
functional theory in this work. Considering that the decompo-
sition of azido compounds may also start from the transfer of
H to the N of —Nj3 to eliminate N, [11] or to the O of -NO, to
release HONO [12], or start from the cyclization of the adja-
cent nitro and azido groups to give off N, [13], the activation
energies of the H-transfer reactions [E,(H)] and the cycliza-
tion of the adjacent nitro and azido groups [E,(C)] were
predicted. In addition, the IR, NMR, thermodynamic func-
tions, heats of formation, molecular packing, crystal density,
detonation performance, and specific impulse values (/5) were
also studied. Specific impulse is a key parameter used to
characterize and evaluate the properties of propellants, there-
fore, theoretical prediction of specific impulse makes the
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Fig. 1 Optimized geometries of
the title compounds

study more meaningful. This paper focuses on a comparison
of the performance of DANP and DATNH and presents a
detailed theoretical investigation on their initiation mechanism
of thermolysis for the first time. This systematic theoretical
work would be helpful for further studies on energetic azido
nitramine compounds.

Theoretical methods

Gaussian [14] and Materials Studio [15] program packages
were employed in this study. The molecular structures were
optimized using the B3LYP [16-18] method of density func-
tional theory with the 6-31G* [19] basis set, which has been
proven to be accurate enough to predict molecular structures,
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infrared vibration frequencies, and other properties [20-22].
The IR spectra were assigned and NMR chemical shifts were
predicted at the same level. The crystal structures and densities
(p) were predicted using the molecular mechanics method
with the Dreiding force field [23].

Based on the vibration analysis and the statistical thermo-
dynamic principle [24], the standard molar heat capacity (C Op,
m), standard molar entropy (S°,,), and standard molar thermal
enthalpy (H°,,) from 200 to 800 K were derived using the
frequencies scaled by a factor 0.96 to remove the systematic
overestimation [25, 26].

The gas-phase heats of formation [AH (g)s] were calculat-
ed from the isodesmic reactions (1) and (2). This procedure
has proved very successful and has been used widely in
previous studies [27].

+4CH, + 2NH; — 2CH;N; + 2CH;CH; + NH,NO, + 2CH;NH, (1)

+4CH; + 6NH; —> 2CH;N; + 3NH,NO, + 6CH;NH, @

The heats of formation in solid state [AH ¢ (s)s] were then
estimated using the Eq. (3) [28]:

AHf(S) = AHf(g)*AHsub (3)

where AH g, is the sublimation enthalpy evaluated using the
Eq. (4) suggested by Rice [29] and Politzer [30]:

0.5
AIisub = CZA52 + /B(Vaztot) +7 (4)

where Ag is the area of the isosurface of 0.001 e/Bohr’
electron density of the molecule; v is the degree of balance
between positive and negative potential on the molecular
surface; 0% is @ measure of variability of the electrostatic
potential; 4g, v, and o2t Were calculated using a self-
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compiled program [31]. The values of coefficients «
(4.234303x10* keal mol ' A™), 8 (2.5793785 keal mol ™),
and v (—6.7335407 kcal mol ") were taken from [29].

Based on the calculated p and AH ¢(s), detonation velocity
(D) and detonation pressure (P) were predicted using the
empirical Kamlet-Jacobs equations [32].

0.5 0.5
D:I.OI(NM QO‘S) (1+1.30p) (5)

__05
P=1558 p’N M Q" (6)

where p is the density of the explosives (g cm ), N is the
moles of gas produced by per gram of explosives, M is the
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Table 1 Part of bond length (r), natural bond order (NBO) and Mulliken
bond population (MBP)

DANP DATNH

N NP NPNY NONG N NP NPNY  NONC
r/A 1.237 1.141 1.374 1.242 1.139 1.392
NBO  1.506 2350 1.082 1485 2368 1.035
MBP 0320 0574  0.199  0.290 0.580  0.181

average molar weight of detonation products, and Q is the
chemical energy of detonation (cal g'). N, M and Q were
determined according to the largest exothermic principle, that
is, all the N atoms turn into N,, the O atoms react with the H
atoms to give H,O at first, and then form CO, with the C
atom. If the number of O atoms is more than that needed to
oxidize H and C atoms, the redundant O atoms will convert
into O,. If the content of O is not enough to satisfy the full
oxidation of the H and C atoms, the remaining H atoms will
convert into H,, and C atoms will exist as solid-state C [33].
When both C and H are redundant, they will form CH, to
release more heat.

The MBPs, NBOs, the energy gaps (£,s) of the frontier
orbits and E'gps were analyzed to measure the stabilities of the
title compounds. The Egp was calculated using the following
equation, as was done in previous research [34-36]:

Epp(A-B) = Ex-+ Eg—FEa (7)

where A—B stands for the neutral molecule and A- and B- for
the corresponding radical products after the dissociation of the
A-B bond; Es_p, Es- and Ep. are their corresponding total
energies after the correction of the zero-point energy. The
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Fig. 2 Infrared (IR) spectra calculated at the B3LYP/6-31G* level

activation energies of reactions were calculated from the fol-
lowing equation:

E, = E1s—ERr (8)

E1gand E are the total energies after the correction of the
zero-point energy for the transition state and reactant, respec-
tively. IRC analyses were performed to verify the reliability of
the transition states. Considering the important role of H
atoms in the hydrogen transfer reactions, calculations of Egp
and E ,(H) were also performed using the 6-31++G** basis
set.

Specific impulse /g was estimated using the following
equations introduced by Politzer [37] and employed by many
studies [38, 39]:

I~Tc' N2 (9)
AHc = Cp(Tc=To) (10)
AHc = YAH g =Y AH ¢ p (11)

where T is the initial temperature and 7'¢ is the combustion
temperature in the combustion chamber; N is the number of
moles of gaseous products produced by per unit weight of
explosive; AH ¢ is the enthalpy of combustion; C,, is the total
heat capacity of the products; AH¢gr and AH¢p are the heats
of formation of the explosive and the products, respectively.

Oxygen balance (OB) represents the oxygen content of a
compound and can be used to approximately predict the
impact sensitivity of explosives [40]. It was calculated from
Eq. (12):

OB = {16>< (c—Za—b/Z)} X IOO/M (12)
0] DATNH 1600
‘T"_ 2180
=} 800 —
g 1270
§ 600 -]
2
7
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Table 2 Characteristic absorptions (cm ™) in the title compounds®

DANP DATNH

Assignment

2,170 (2,109 s)
1,280 (1,275 s)
1,580 (1,519 )
2,963, 1,443 (2,946 w, 1, 449 w)

2,180 (2,130 s)
1,270 (1,273 )
1,600 (1,556 s)
2,981 (2,980 w)
890 m, 590 w (890-993 m)

Nj stretching vibration
N-NO, stretching vibration
NO, stretching vibration
CH, stretching vibration
Skeleton vibration

* Experimental values in parentheses are from [8] for DANP and [7] for DATNH; s, m and w represent strong, medium, and weak absorptions,

respectively

where M is the molecular weight, and @, b and ¢ are the
numbers of C, H, and O atoms, respectively, of the compound
C,H,O.N,.

Results and discussion
Molecular geometrical structures

The optimized geometries of DANP and DATNH are depicted
in Fig. 1. Some bond lengths, MBPs, and NBOs are listed in
Table 1. The data clearly show that, for the two compounds,
the N°-N° bond in the N-NO, group is longer than the N*~
NP and NP-N" bonds in the azido group. N*-NP (1.237 A in
DANP and 1.242 A in DATNH) has the obvious double-bond
character and NP-NY (1.141 A in DANP and 1.139 A in
DATNH) possesses the triple-bond character. This can also
be illustrated by the value of NBOs. Taking DANP as an
example, the NBOs of N*-NP and NP-N" are 1.506 and
2.350, respectively. The values (about 180.0°) of N*-NP-NY
angles suggest that three N atoms of the —N3 group are
essentially in a straight form. In addition, it clearly shows that
the bond with a longer length has smaller NBO and MBP. For
example, N°-N° of N-NO, is the longest N-N bond with the
smallest bond order and population.

IR spectra

IR spectra are provided in Fig. 2 and the frequencies and the
assignments of main absorptions are listed in Table 2. Because
of the complexity of vibration modes, only some characteristic
vibration modes were assigned in this work. The two com-
pounds both had three main absorption bands with quite

similar frequencies. The Nj stretching vibration is at 2,170—
2,180 cm™ ! N-NO, stretching vibration locates at 1,270—1,
280 cmﬁl; NO, stretching vibration is at 1,580—1,600 cm L.
The weak peaks in the region 500—1,000 cm ' are caused
mainly by the deformation of the molecular skeleton. As we
can see from Table 2, the calculated frequencies are in accord
with the experimental values. The tiny discrepancy may be
due to the intermolecular interactions in the experimental
sample. This proves the reliability of the simulated IR at the
B3LYP/6-31G* level.

NMR spectra

NMR spectra of the title compounds were predicted based on
the geometries optimized at the B3LYP/6-31G* level. The
chemical shifts of "H (6 ) and "*C (§¢) are listed in Table 3.
Here, the chemical shifts of C and H are relative to those of
tetramethylsilane and the chemical shifts of N are relative to
those of ammonia. It is noted that the predicted values are
close to the experimental values. For DANP, the calculated
dys are 3.543 and 4.042 ppm respectively and their corre-
sponding experimental values are 3.636 and 3.966 ppm; the
calculated dcs are 52.472 and 47.888 ppm, respectively, and
their corresponding experimental values are 51.206 and
47.994 ppm. The average relative deviation is about 1.79 %.
The slight differences between the predicted and experimental
data may be caused by the fact that the theoretical calculations
have not taken into account the effect of the solvent. The
corresponding &y and especially dc of DATNH are larger
than that of DANP, obviously because of the presence of more
N-NO, groups. "N NMR shifts (dys), which have not been
experimentally observed, have also been predicted and shown
in Fig. 3. For the two compounds, the N atoms are suited in

Table 3 ¢ and dy (ppm) of the
title compounds®

oy (4H, CH,N3)

0 (4H, CH,N) dc (2C, CH,N3) dc (2C, CHyN)

DANP
DATNTH

3.543(3.636)
4.126(4.5)

“Data in parentheses are experi-
mental values from [8] for DANP

4.042(3.9606)
4.863(5.0)

52.472(51.206)
64.971

47.888(47.994)
62.787

and [7] for DATNH
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Fig. 3 "“N NMR spectra calculated at the B3LYP/6-31G* level

five chemical environments and the order of &y is N¢ > NF >
NY > N° > N*, The calculated dxs of N*, N¥, and N are
71.257, 239.044, and 214.080 ppm in DANP, respectively,
and the corresponding data in DATNH are 78.365, 237.503,
and 223.168 ppm. This suggests that the number of the N—
NO, group affects the chemical shifts of N atoms, especially
N*and NY in the —Nj3 group.

Thermodynamic properties

Thermodynamic properties of the two compounds were eval-
uated and tabulated in Table 4. It can be seen that C Op, m S Om,
and H°,, increase evidently with the increasing temperature
from 200 to 800 K. This is because, at the higher temperature,
the vibrations of molecules are intensified and make more
contributions to the thermodynamic properties, but at the
lower temperature the main contributions are from translation
and rotation. Therefore, the increase in temperature leads to
the increase of thermodynamic functions. In addition, all the
thermodynamic properties of DATNH are larger than those of
DANP at the same temperature for the bigger and more
complex structure.

The relationships between thermodynamic functions and
temperature are shown as follows and in Fig. 4. Obviously, the
increments for C()p,m and Som decrease with the increasing

DATNH N® N°
30
197.560 340.855
> 25
(]
5 N® N' NP
S
o, 20
A 78.365 223.168
15
237.503
1.0
05
50 100 150 200 250 300 350
Shieding/ppm

temperature, while that for H°,, increases. The corresponding
correlation coefficients are all 0.9999. These equations will be
helpful for further studies on the other physical, chemical, and
explosive properties of the title compounds at various temper-
atures.

DANP (", = 57.0360 + 1.01867-4.9739 x 107*7?
SV = 334.8263 + 1.28927-3.9258 x 10472
HC, = —14.8191 4+ 0.1714T + 2.5958 x 10*7?
DATNH (", = 38.7862 + 0.67617-3.0300 x 107*72
SV = 297.7260 + 0.85827—2.47481 x 107472
H',, = —8.0497 + 0.1077T + 1.8673 x 107472
Molecular packing

Table 5 collects the cell parameters of the seven possible
packings with the lowest energy in each of seven space
groups. We see that the structures with the P-1 symmetry
have the lowest energy for both compounds. This means they
most probably belong to the P-1 space group (Fig. 5), since
the stable polymorph usually possesses lower Gibbs free
energy (or total energy at 0 K). The predicted cell parameters
and crystal density of DATNH with the P-1 symmetry (a=
6.95 A, b=10.23 A, c=1091 A, a=111.98°, 3=107.89°,
¥=92.27°, Z=2, p=1.70 g cm ) are close to the corresponding

Table 4 Thermodynamic prop-

erties of DANP and DATNH at T/K 200 300 400 500 600 700 800
different temperatures
DANP (% /0mol 'K") 16297 21331 261.06 30201 33564 363.12 38577
SO/ mol h KT 45823 53381  601.84 664.63 72277 776.64  826.65
H°/(kJ mol ") 2178 4059 6435 9257 12451  159.49 196.97
DATNH  C% /0 mol' K 241.09 31727 38594 44293 488.59 52504 55442
S°/(@mol ' K™Y 5752 68748 78841 880.88  965.82  1,043.98  1,116.07
HC,/(kJ mol ™) 3119 59.14 9439 13593 1826 23335 28737
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Fig. 4 Relationships between C°, ,(J mol™' K ™), $%,(J mol ™' K™), H°(kJ mol™") and T(K)

experimental values (a=6.407 A, 5=9.793 A, ¢=10.801 A,
@=109.52°, 3=102.19°, y=94.91°, Z=2, p=1.72 g cm ) [7],
which indicates the Dreiding force field is reliable for predicting
the crystal structure of DATNH. Actually, it has been used
widely in predicting molecular crystals and the results proved
quite reliable [41, 42]. Therefore, we believe the predicted cell
parameters of DANP (¢=4.77 A, b=9.97 A, ¢=17.33 A,
a=51.51°, 4=50.51°, v=51.88°, Z=2, p=1.43 g cm ) are also
reasonable. DANP has a much lower density than DATNH,
which may imply it has lower detonation velocity and pressure

than DATNH since density is a critical factor of detonation
performance.

Pyrolysis mechanism and stability

Table 6 collects the energies of the highest occupied molecular
orbital (E'yomo) and the lowest unoccupied molecular orbital
(Evumo) and their energy gap (£,). The E, of the frontier
orbits can be used to evaluate the chemical stability of the
compounds with similar structures. It has been proposed that

Table 5 Cell parameters predict-

ed with the Dreiding force field Parameters C2lc P2, P2,/C P-1 P2,2,2, Pbac Pna2,
DANP VA 8 2 4 2 4 8 4
p(g cm™) 1.40 1.39 1.41 1.43 1.39 1.41 1.36
E(kcal mol ' cell ')  3.66 411 378 322 4.17 376 472
a(A) 23.13 10.63 11.61 4.77 7.36 12.14 625
b(A) 6.21 7.64 24.21 9.97 11.82 21.63 19.12
c(A) 19.21 5.90 7.44 17.33 10.98 7.18 8.17
a () 90 90 90 51.51 90 90 90
6(©) 136.53 92.78 153.25 50.51 90 90 90
¥ (°) 90 90 90 51.88 90 90 90
DATNH Z 8 2 4 2 4 8 4
p(g em™) 1.60 1.61 1.63 1.70 1.59 1.57 1.59
E(kcal mol ™! cell’l) 19.23 18.89 18.35 18.20 19.34 18.76 19.87
a(A) 16.27 6.56 7.05 6.95 18.46 22.92 12.19
b(A) 6.68 16.84 33.46 10.23 10.77 12.88 941
c(h) 30.30 7.07 6.59 10.91 6.73 9.19 11.69
a (%) 90 90 90 111.98 90 90 90
B () 54.01 12230 12286 107.89 90 90 90
v () 90 90 90 94.91 90 90 90
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Fig. 5 Most likely packings for
DANP and DATNH

the molecule with a larger £, is expected to have a higher
stability [43, 44]. According to the calculated results, the £ s
of the two compounds are close and the difference is about
14 kJ/mol. This suggests that their stabilities will be compa-
rable in the chemical or photochemical process with electron
transfer or leap.

The bond dissociation energy is often used to investigate
the thermal stability and pyrolysis mechanism of energetic
compounds. Generally, the bond that requires the minimum
energy to break is the weakest bond and is most likely to be
the trigger bond. To elucidate the pyrolysis mechanism of the
title compounds, ruptures of N-NO,, C—N3 and N-N, were
considered. The pyrolysis pathways of the N, elimination
through the transfer of H and the cyclization of the adjacent
nitro and azido groups were also considered (Fig. 6). The
results showed that the breaking of N-N, is completed
through the transfer of H simultaneously.

Table 7 shows the energies required for all possible initial
steps of the pyrolysis. DATNH has three N-NO,, the bond
dissociation energies of N-NO, [Ep(N-NO,)] on the two
sides are similar to each other (about 157.56 kJ mol ') and
lower than that of the middle one (170.89 kJ mol '). The
Esp(N-NO,) in Table 7 refers to that of the side N-NO,.

According to the calculated results in Table 7, Epp(N—
NO,)s are very close to the activation energies of the N,
elimination process through the transfer of H [E ,(H)], espe-
cially at the B3YP/6-31++G** level. The Epp(N-NO,) and
E ,(H) of DANP are 155.84 and 156.59 kJ mol ™', respectively,
and corresponding results of DATNH are 144.54 and
146.32 kJ mol . Egp(N-NO,) and E,(H) are much lower
than the Egp of C—N3 (267.56 kJ mol™! for DANP and
216.51 kI mol ™! for DATNH). They are also much lower than
the activation energy of the cyclization reaction [£,(C)] of the
adjacent nitro and azido groups for DATNH. This means that
reactions (13) and (14) happen much more easily than (15).

Table 6 Energies (a.u.) of the frontier orbits and their gap

Enomo Erumo E,
DANP —0.26058 —0.05736 0.20322
DATNH —0.28111 —0.08332 0.19779

DANFP DATNH

Therefore, the rupture of N-NO, to give off NO, and the
breaking of N—N,, via the H transfer to release N, may happen
at almost the same time as the initial pyrolysis step. The
breaking of C—Nj3 and the cyclization of adjacent nitro and
azido groups cannot be the initial step of the pyrolysis of
DANP and DATNH. This conclusion is different from that
suggested in references [7] and [10]. It is also worth noting
that the H transfer reactions of DANP and DATNH are both
exothermic and the enthalpies of reactions are —176.35 and
—185.24 kJ mol " respectively, while the rupture of N-NO, is
endothermic. Compared with CH;N; (E,(H)=
156.30 kJ mol '[11]), the calculated E ,(H) of DANP is es-
sentially the same and that of DATNH is about 10 kJ mol
lower, which shows DANP has a stability comparable with
that of CH3N;, while DATNH has a lower stability than
CH;N3. Comparing the E gp of N-NO, of the title compounds
with that of RDX (175.77 kJ mol ™' at the B3LYP/6-31G*
level) [45], the N-NO, bonds in DANP and DATNH, espe-
cially the latter, have lower strengths, which suggests the title
compounds have lower stability than RDX. However, they
both satisfy the requirement of the stability for energetic
compounds (Epp~80—120 kJ mol ' [46]) and DANP is
somewhat more stable than DATNH.

Heats of formation and detonation properties

Table 8 summarizes the AH (g), AH gy, and AH(s) of the
title compounds and the related parameters of A g, 02 and v.
In comparison with the available experimental AH(s) of
DATNH (617.23 kJ mol '[47]), the calculated value
(598.74 kJ mol ") gives a reasonable agreement with a relative
error 3.00 %. This suggests the reliability of the calculation
methods and the results for the similar molecule DANP.

Table 9 collects the predicted densities, detonation velocity,
detonation pressure, oxygen balance and specific impulse for
DANP and DATNH. For comparison, the detonation perfor-
mance (both the calculated and experimental data) of RDX is
also listed.

The detonation properties of DATNH are better than those
of DANP since DATNH has much bigger p and Q. D and P
of DATNH are 8.38 km s~ and 30.06 GPa, respectively.
Corresponding values for DANP are 7.03 km s ' and
18.91 GPa. The relative specific impulses /s, of DANP and
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Fig. 6 N, elimination process NG NG N N-N-N N N
N : 3 ) NN N\ H 4+ N
through H-transfer and | — \/\Iﬁ/\\ I’{ N + Ny (13)
cyclization NO, NO, NO,
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SIS e SN N N /;.\
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NO, NO, NO NO, N ’ | 1 | 2
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o o’

DATNH

Table 7 Bond dissociation energy (Ep) and activation energy (E, ) *

TS3

Egp(N-NO,)/(kJ mol ")

Esp(C-N3)/(kJ mol ™)

E(H)/(kJ mol ") E(C)/(kJ mol ™"

DANP
DATNH

173.43 (155.84)
157.56 (144.54)

274.66 (267.56)
228.16 (216.51)

165.70 (156.59)

154.83 (146.32) 193.11

* E(H) and E ,(C) are the activation energies of the H transfer reaction and cyclization reaction, respectively. Data in parentheses are calculated at the

B3LYP/6-31++G** level.

Table 8 Calculated heats of formation and related parameters

Ag/ oy VU AH{g)  AHg AH(s)/

A% (kJ mol™") (kI mol™") (kJ mol™")
DANP 22442 12991 025 610.87 122.06 488.81
DATNH 29297 13946 0.19 77856 179.82 508.74 (61723 [47))

Table 9 Detonation properties of DANP, DATNH, and RDX*

DANP DATNH RDX

pl(g cm™) 1.43 1.70 1.80 (1.82)
Of(cal g™") 1,161.21 1,462.75 1,632.76
D/(km s™") 7.03 838 8.93 (8.75)
P/GPa 18.91 30.06 3536 (34.00)
Ig/s 195.97 24827 212.98

Is, 0.92 1.16 1.00

OB/% ~79.90 ~29.98 ~21.61 (-21.61)

#Values in parentheses are experimental data from [48].

@ Springer

DATNH to RDX are 0.92 and 1.16, which means DANP has a
somewhat lower while DATNH has a higher /5 than RDX.
This makes the title compounds, especially DATNH, good
candidates for propellant components. Though their detona-
tion velocity and detonation pressure are not very high, as the
plasticizers, they can improve the specific impulse, while not
significantly lowering the output energy of the propellant.

The agreement of the predicted p, D, and P (1.80 g cm >,
8.93 kms ' and 35.36 GPa, respectively) with the correspond-
ing experimental results (1.82 g cm >, 8.75 km s ' and 34.00
GPa, respectively [48]) for RDX again shows the reliability of
the calculation results of this study.

Conclusions

In this study, systematic calculations were performed on two
azido nitramine plasticizers, DANP and DATNH, with density
functional theory and molecular mechanics methods. The
consistence between the theoretical and experimental results
verifies the reliability of this work. Thermolysis of the title
compounds may be initiated simultaneously from N, elimina-
tion (N-N, breaking) through H transfer and the rupture of N—
NO,. DANP has higher stability, while DATNH has better
detonation properties. Compared with RDX, DATNH has a
higher and DANP has a somewhat lower specific impulse.
Though both of them have smaller detonation velocity and
detonation pressure than RDX, it will not limit their
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applications since they act mainly as plasticizers in composite
explosives and propellants. Their high specific impulses make
them good components of propellants. This paper provides
some basic information for people interested in these and
similar compounds.
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