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Molecular orbital calculations at the DFT-B3LYP/aug-cc-pVDZ level are performed for the
possible tautomers of 1-nitroso-1,2,4-triazol-5-one-2-oxide. We have examined the substitu-
tion effects of carbonyl, N-oxide, and nitroso groups by comparing the calculated geometries,
relative energies, and electrostatic potentials of model molecules. The optimized structures, vi-
brational frequencies, and thermodynamic values for triazolone-N-oxides are obtained in the
ground state. The results show that 1H, 4H tautomers are most stable. Detonation velocity and
detonation pressure are evaluated by the Kamlet—Jacob equations based on the predicted den-
sity and the calculated heat of explosion. The explosive properties of the designed compounds
seem to be promising compared with those of 1,3,5-trinitroperhydro-1,3,5-triazine (D 8.75 km/s,
P 34.70 GPa), octahydro-1,3,5,7-tetrnitro-1,3,5,7-tetrazocine (D 9.10 km/s, P 39.3 GPa), and
2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (D 9.20 km/s, P 42.0 GPa).

Keywords: triazol-5-one-N-oxides, density, heat of explosion, detonation velocity, detona-
tion pressure.

INTRODUCTION

Synthesis and development of triazolone based explosives is of current interest to chemists due to
their high performance, high thermal stability, and remarkably low detonation sensitivity to impact,
friction, and spark [ 1 ]. 3-Nitro-1,2,4-triazol-5-one (NTO) is an insensitive thermally stable explosive
[ 2, 3 ]. The unique insensitivity/or stability of NTO is attributed to a high degree of hydrogen bonding
of carbonyl (—C=0) and nitro (—NO,) groups along with the molecular symmetry which allows the
molecule to form the layered crystal structure. It was first synthesized in 1905 by nitration of 1,2,4-
triazole-5-one (TO) [ 4 ], however, the first report on the explosive nature of NTO was published by
Lee and Coburn in 1985 [ 2 ]. Several amine and metal salts of NTO have been synthesized for the use
in gun propellants or as primary explosives. In the past few decades, researchers have been evaluating
the NTO based explosive formulations to replace 1,3,5-trinitro-1,3,5-triazine (RDX) and octahydro-
1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX).
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Computational studies on the constitutional isomers of NTO have been reported elsewhere [ 5—
7 1. Turker et al. [ 8, 9] studied the structure and explosive properties of NTO isomers and their picryl
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derivatives. Detonation velocity and detonation pressure can be increased by increasing the density,
oxygen balance, and/or heat of the formation of explosives. It is known that the introduction of nitroso
(—NO), N-oxide (—N — O), and carbonyl (—C=0) groups increases the heat of formation, density
and thus, the detonation velocity and detonation pressure of azoles. To our knowledge there were no
such reports on the geometric and electronic structures, stability/or sensitivity, thermodynamic and
detonation properties of nitrosotriazolone-N-oxides. Accordingly, one of our objectives was to deter-
mine whether they can be expected to exist. We have performed the density functional theory (DFT)
calculations at the B3LYP/aug-cc-pVDZ level to explore the geometric features, electronic structures,
thermodynamic and detonation properties of the possible tautomers of 1-nitroso-1,2,4-triazol-5-one-2-
oxide. In addition, we have examined the substitution effects of the carbonyl, N-oxide, and nitroso
groups by comparing the heat release, density, detonation velocity and detonation pressure of tria-
zolone-N-oxides (TONO).

METHODS AND COMPUTATIONAL DETAIL

All the calculations were performed on the desktop Pentium computer using the Gaussian 03
package [ 10 ]. Optimizations of all the structures leading to energy minima were achieved within the
framework of density functional theory (DFT, B3LYP) [ 11, 12 ] at the aug-cc-pVDZ level. The ex-
change term of B3LYP consists of hybrid Hartee-Fock and local spin density exchange with Beck’s
gradient correlation to the local spin density exchange [ 13 ]. The correlation term of B3LYP consists
of the Vosko, Wilk, Nusair (VWN3) local correlation functional [ 14 ] and the Lee, Yang, Parr (LYP)
correlation functional [ 15 ]. Vibrational analyses were carried out using the same basis set employed
in the corresponding geometry optimizations. The normal mode analysis for each structure yielded no
imaginary frequencies for the 3N-6 vibrational degrees of freedom, where N is the number of atoms in
the system. This indicates that the structure of each molecule corresponds to at least a local minimum
on the potential energy surface.

The heats of explosion (Q) have been calculated from the difference between the sum of energies
for the formation of explosive components and the sum of energies for the formation explosive pro-
ducts.

0= AEyg 15k + A(PV) = AE, + AZPE + A7H + AnRT, (D)
where AE) is a change in the total energy between the products and reactants at 0 K; AZPE is the dif-
ference between the zero point energies of the products and reactants; ArH is the difference between
the thermal correction from 0 to 298.15 K of the products and reactants; A(P}V') equals AnRT.

The optimized structures were used to determine the densities of triazolone-N-oxides using Mate-
rials Studio 4.1 with the CVFF force field and the Ewald summation method [ 16 ].

Kamlet and Jacob equations [ 17 ] were used to estimate the detonation velocity and detonation
pressure

D=1.01(NM"0"H"(1 + 1.30p), )

P=1558NM"0"*p’, 3)
where D is the detonation velocity in km/s, P is the detonation pressure in GPa, N is the number moles
of gaseous detonation products per gram of the explosive, M is the average molecular weight of gase-
ous products, O is the energy of explosion in cal/g of the explosive, and p is the density in g/cm’.

Oxygen balance can be defined as the amount of oxygen liberated as a result of the complete con-
version of the explosive with the general formula C,H,N.O4 to carbon monoxide, carbon dioxide, wa-
ter and so on. In other words, oxygen balance (OB%) represents the lack or excess of oxygen required
to produce H,O, CO, and CO,. Generally, the O value reaches maximum for triazolone-N-oxides con-
taining two NO, groups corresponds to the oxidation of carbon to more CO, and less CO and hydro-
gen to H,O. Based on the composition of the explosive, the main components of gaseous products may
include CO, CO,, N,, H,O with lesser quantities of other molecules and radicals such as H,, NO, H, O,
CHO, and N,O. The possible detonation products of the model triazolone-N-oxides have been written
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Fig. 1. Molecular frameworks of nitrosotriazolone-N-oxides

based on the modified Kistiakowsky—Wailson rules [ 18 ]
C,H,N,O03 — H,O + 2CO + 2N,. 4)
The highest occupied molecular orbitals and the lowest unoccupied molecular orbitals play an
important role in governing the stability or sensitivity of compounds. We have determined the stability

of triazolone-N-oxides from the frontier molecular orbital energies and their gaps and the total ener-
gies [ 19—211].

RESULTS AND DISCUSSION

Optimized structures. At the outset we have optimized the structures at the DFT-B3LYP/aug-
cc-pVDZ level, and the molecular frameworks of triazolone-N-oxides are presented in Fig. 1. No
imaginary vibrational frequencies were found, confirming that these structures correspond to true ener-
gy minima. All triazolone-N-oxides belong to the C; point group. The non-planarity or co-planarity of
a molecule is due to the repulsion between the neighboring nitroso (—NO), N-oxide (—N — O), and
carbonyl (—C=0) groups, which rotate the oxygen atom(s) away from the molecular plane. The lo-
west frequency, total energy, zero-point energy, thermal correction to enthalpy and frontier molecular
orbital energies and their gaps of triazolone-N-oxides are summarized in Table 1. The lowest frequen-
cies varying from 22.8379 cm ™' to 84.8999 cm ™' are for the wagging modes of the NO group [22].
The selected structural parameters at the B3LYP/aug-cc-pVDZ level are listed in Table 2. The N—NO
lengths have been found to be longer in NTNO-1 (1.435 A) and NTNO-6 (1.437 A). The N1—N2,
N2—N3/or N3—N4, and N1—CS5 lengths are longer in the triazole ring. The N — O length is longer
in NTNO-4 (1.265 A) and is shorter in NTNO-6 (1.234 A). The C=0 lengths of NTNO-1, NTNO-2,
NTNO-3, NTNO-4, NTNO-5, and NTNO-6 are 1.207 A, 1.204 A, 1.195A, 1.191 A, 1.212 A, and
1.205 A respectively. The C=O length is longer in NTNO-1 (1.207 A) and is shorter in NTNO-4
(1.191 &). Furthermore, NTNO-2, NTNO-3, NTNO-4, NTNO-5 and NTNO-6 have N—O...H inter-
actions (2.602 A, 2315 A, 2.367 A, 2.234 A, and 2.351 A respectively) that are shorter than sum of the
van der Waals radii [ 23 ]. The discrepancies in the total and zero point energies, thermal correction to
enthalpy, frontier molecular orbital energies, C—C, C—N, N—N, N—NO, C=0 and N — O lengths
are presumably due to the relative positions of N atoms in the triazole ring.

Table 1

Lowest frequencies (wy), total energies (Ey), zero-point vibrational energies (ZPVE), thermal correction
to enthalpy (Hr) and frontier molecular orbital energies of nitrosotriazolone-N-oxides computed at the
B3LYP/aug-cc-pVDZ level

HEM | o, cm’’ Ep, a.u. ZPVE, kJ-mol' | Hrpau. |HOMO,eV | LUMO, eV | grumo nomop €V
NTNO-1 61 —521.9866684 38.94300 0.070900 —6.61 -3.31 3.30
NTNO-2 | 22 |[-521.999988 39.47755 0.071596 | -7.15 -3.48 3.67
NTNO-3 53 | -521.9868824 39.53674 0.071542| -7.05 -3.58 3.47
NTNO-4 63 —521.9751982 39.72165 0.071567 —6.81 -3.81 3.00
NTNO-5 84 —521.9627541 39.29895 0.070905 -7.93 -3.71 4.22
NTNO-6 | 65 |-521.9580648 39.31148 0.071054 | -7.77 -3.48 4.29
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Table 2

Selected structural parameters® of nitrosotriazolone-N-oxides computed from the B3LYP/aug-cc-pVDZ level

NTNO-1 NTONO-2 NTNO-3 NTNO-4 NTNO-5 NTNO-6
Parameter |Value| Parameter |Value| Parameter |Value| Parameter |Value| Parameter |Value| Parameter [Value

NI-N2 |1.445] N1-C2 [1.394] N1-N2 ([1.373] N1-N2 [1.393] N1-N2 |1.391] N1-N2 |1.408
N2—-C3 |1.315] C2—-N3 [1.319] N2—C3 [1.381| N2—C3 |[1.393] N2—N3 |1.456] N2—N3 |1.429
C3—N4 [1.388| N3—N4 |1.406] C3—N4 |1.326] C3—N4 |1.323] N3—C4 |1.325] N3—C4 [1.328
N4—C5 |1.384| N4—C5 [1.383| N4—C5 [1.505| N4—C5 [1.478] C4—C5 |1.457| C4—C5 |1.447
C5—N1  [1.434| C5—N1 |1.431| C5—N1 |1.374] C5—NI1 |1.411] C5—NI1 |1.418] C5—NI1 [1.469
NI—N6 |1.435] NI-N6 [1.383| N2—N6 ([1.348| N1-N6 [1.368] N2—N6 |1.396] NI-N6 |1.437
N6—O7 |1.188] N6—O7 [1.209] N6—O7 [1.225| N6—O7 [1.210] N6—O7 |1.207| N6—O7 |1.189
N2—08 |1.251| N3—0O8 [1.251| N4—-0O8 [1.255| N4—O8 [1.265| N3—0O8 |1.226] N3—08 |1.234
C3—H9 ([1.081| C2—H9 |1.078| C3—H9 |1.081| C3—H9 |1.082] C4—H9 |1.082 C4-H9 [1.082
N4—H10 |1.009| N4—H10 (1.012| N1—HI10 (1.014| N2—HIO0 [1.021| N1—HI10 |1.019] N2—H10 |1.025
C5—011 [1.207| C5—0O11 |1.204] C5—0O11 |1.195| C5—OI11 |1.191] C5-OI11 |1.212 C5—O11 (1.205

NI—N2—C3{106.5|N1—C2—N3|[108.0|N1—N2—C3|108.7|N1—N2—C3|104.5|N1—N2—N3|107.2|N1—N2—N3(106.0
N2—C3—N4{109.9|C2—N3—N4|107.8|N2—C3—N4|109.1|N2—C3—N4|112.3|N2—N3—C4|108.1|N2—N3—C4(110.2
C3—N4—C5[111.6|N3—N4—C5[111.8|C3—N4—C5(108.5|C3—N4—C5|108.4|N3—C4—C5|110.4|C3—C4—C5|110.3
N4—C5—N1|102.6|N4—C5—N1|101.5|N4—C5—N1{102.9|N4—C5—N1{102.4|N4—C5—N1{104.8| C4—C5—N1|103.8
C5—N1-N2|109.2|C5—N1-C2|110.7|C5—N1—N2[110.6{C5—NI1—N2(111.8| C5—N1—-N2(108.9|C5—N1—-N2|108.3
NI—-N6—07|113.2|[N1—-N6—07[112.6|[N2—N6—07|112.9|N2—N6—07|112.6|]N2—N6—07|112.1|]N1-N6—07|114.4

“Bond lengths in A and angles in degree.

Frontier molecular orbitals. The highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) energies play a prominent role in governing the chemical reac-
tions of the compounds. It has been revealed in several studies that the band gap AEumo—nomo) be-
tween the LUMO and HOMO is an important stability index of the molecules [ 24—29 ]. A large band
gap implies high stability and a small band gap implies low stability; in turn, high stability indicates
low chemical reactivity and low stability indicates high reactivity, i.e., the smaller the band gap be-
tween HOMO and LUMO, the easier the electron transition is and thus lesser the stability is. The
compound having large differences in frontier orbital energies, that is if egomo — €Lumo >> 0, then very
little electron transfer occurs. If the respective orbital energies are quite similar, that is if eyomo —
— gLumo =~ 0, strong electron transfer occurs. The frontier molecular orbital energies and their gaps are
shown in Table 1. The band gap values of triazolone-N-oxides vary from 3.30 eV to 4.30 eV. NTNO-5
(4.22 eV) and NTNO-6 (4.30 eV) are more stable while NTNO-4 (3.0 eV) and NTNO-1 (3.30 eV) are
lesser stable. The high frontier orbital gap is also associated with a low chemical reactivity and high
kinetic stability [ 24 ]. Thus NTNO-5 and NTNO-6 seem to be kinetically more stable and chemically
less active than the other triazolone-N-oxides. The discrepancies in the band gap values among the
isomers are caused by the relative positions of NO, N — O, and C=O groups in the triazole ring. The
larger the length of C=N, C—N and N—N bonds of molecule is, the easier the dissociation or break-
down, thus the molecule becomes lesser stable. The N—NO bonds are the trigger sites in these mole-
cules, and resonance in the triazole moiety strengthens these bonds, thereby the molecules get stabi-
lized. Also,the higher the total energy of the molecule, the lesser the stability is.

Assignment of IR spectra. The optimized structures of nitrosotriazolone-N-oxides belong to the
C1 point group as it does not display any special symmetry. As a result of this all the 27 fundamental
vibrational modes of the molecules are IR active and are spread over the functional and fingerprint
regions. The calculated IR spectra of model compounds are shown in Fig. 2. The calculated wave
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Fig. 2. Calculated IR spectra of nitrosotriazolone-N-oxides

numers are expected to be higher compared with the corresponding experimental quantities because of
the combination of electron correlation effects and basis set deficiencies. Also, these discrepancies are
taken into account either by computing anharmonic corrections explicitly or by introducing a scalar
field or even by a direct scaling of the calculated wave numbers with a proper scaling factor. The vi-
brational assignments have been made based on the relative intensities, line shape and the animation
option of Gaussview 3.0. The appearance of a strong band in the IR spectra around 1522—1895 cm™'
in azoles shows the presence of the carbonyl group. The wave number of the stretching is due to that
the carbonyl group (—C=0) mainly depends on the bond strength, which in turn depends upon the
inductive, conjugative, field, and steric effects. The identification of C—N stretching is not an easy
task due to the possible mixing of other vibrations. The strong band from 3290 cm™' to 3336 cm ' is
for C—H stretching vibrations. Vibrations involving C—H in-plane bending are found throughout the
region from 1100 cm™ to 1500 cm™'. The C—H wagging mode starts appearing at 960 cm ' and has
contributions up to 738 cm ™" and is assigned well in the spectra. The wave numbers from 3445 cm™' to
3656 cm " are for N—H stretching vibrations.

Theoretical density. The density appears to a higher power in the Kamlet—Jacob expressions
[ 17] than does any of the other variables; it is considered to be one of the top priorities in the deve-
lopment of new explosives. Several researchers have attempted to predict the densities with satisfac-
tory accuracy [ 30—32]. We have taken the optimized structures computed at the B3LYP/aug-cc-
pVDZ level to predict the densities using Materials Studio 4.1 with the CVFF force field and the
Ewald summation method. This approach is based on the generation of possible packing arrangements
in all reasonable space groups. Many organic compounds are known to pack in C2/c, P2, P2//c,
P2,2,2,, P-1, Pbca, Pbcn, Pna2,, Cc and/or C, space groups [ 33, 34 ]. The crystal characteristics of
triazolone-N-oxides are summarized in Table 3. The model compounds have densities varying from
2.194 g/cm’ to 2.217 g/em’, which are higher compared with octanitrocubane (ONC) (1.979 g/cm’)
[ 35 ] and hexanitrohexaazaisowurtzitane (CL-20) (2.040 g/cm’) [ 36 ]. The higher densities are due to
the intramolecular hydrogen bonds (N—O...H), layered structures in the crystal lattice as well as per
atom/or group additivity. The absolute error in the calculated densities is believed to be less than
0.03 g/cm’ and thus is known to be fairly good to calculate the performance properties of the designed
compounds [ 1].

Chemical energy of explosion. The heat of explosion provides information about the work ca-
pacity of the explosive. The liberation of heat under adiabatic conditions is called the heat of explo-
sion. It is an irreversible process and whatever the amount of heat is released, it is ultimately lost to



JKYPHAJI CTPYKTYPHOWM XUMUN. 2014. T. 55, Ne 2 273

Table 3
Predicted crystal characteristics of nitrosotriazolone-N-oxides
o [ o o T e T il e
NTNO-1 408.5 -395.7 P2,2,2, | Rhombic | a=5.11,b=16.13,c=4.97, 2.147
a=y=p=90
NTNO-2 395.6 —389.1 P2y/c | Monoclinic | a=11.0,b=9.41, c =9.44; 2217
a=7=90,B=156.1
NTNO-3 799.5 -369.2 Pbca Rhombic | a=7.46,b=1743,c=6.15; 2.194
a=y=p=90
NTNO-4 400.6 —374.8 Pna2, Rhombic a=9.40,b=8.52,c=5.0; 2.190
a=y=p=90
NTNO-5 458.1 -122.7 P2y/c | Monoclinic | a=12.62,b=11.41,¢=9.28; | 2.140
a=y=90,B=160
NTNO-6 447.4 -123.2 P2,2,2, | Rhombic | a=6.46,b=6.82,c=10.15; 2.142
a=y=B=90
Table 4
Calculated explosive properties of nitrosotriazolone-N-oxides
HEM Formula Mw, g-mol™ | OB, % | O, kcal-g"' | p,g-cm™ | D,km-s”' | P, GPa
NTNO-1 | CHoN4Os5 130 —24.61 1.015 2.147 9.57 44.86
NTNO-2 | CH,N4O; 130 —24.61 0.953 2.217 9.65 46.37
NTNO-3 | C,H,N4O4 130 -24.61 1.016 2.194 9.73 46.90
NTNO-4 | C,H,N404 130 —24.61 1.073 2.190 9.85 48.04
NTNO-5 | CHoN4O;5 130 —24.61 1.130 1.915 9.81 47.04
NTNO-6 | CHoN4O; 130 —24.61 1.153 1.961 9.87 47.61
RDX* C3HNgOg 222 -21.62 1.27 1.82 8.75 34.70
HMX*® | C4HgNgOg 296 -21.62 1.27 1.92 8.96 35.96
NTO® C,H,N404 130 —24.60 1.03 1.918 8.56 31.12
CL-20° | C3HgN;,04, 438 —-11.00 1.342 2.042 9.20 42.00
ONC ¢ CsNgOy6 464 0 1.337 1.979 10.10 48.45

* Experimental values of 1,3,5-trinitroperhydro-1,3,5-triazine (RDX) and octahydro-1,3,5,7-tetrnitro-1,3,5,7-
tetrazocine (HMX) are taken from ref. [ 37 ].

b Experimental values of 3-nitro-1,2,4-triazol-5-one (NTO) are taken from ref. [ 11 ].

¢ Experimental values of 2,4,6,8,10,12-Hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20) are taken from
ref. [ 36 ].

d Experimental values of octanitrocubane (ONC) are taken from ref. [ 35 ].

surroundings. The higher the value of heat of explosion is, the more the heat generated when an explo-
sion occurs. The determination of the composition of the products of a detonation or explosion process
has been known to be a key issue. Kim et al. [ 32 ] reported that a difference of 10 kcal/mol in the heat
of formation had little influence on the explosive performance. For the accurate prediction of the deto-
nation performance the heat of formation should be provided within an error of 5 kcal/mol. If the ex-
plosive compound is composed of C, H, N, and O atoms, the products can conceivably be expected to
be CO,, CO, N,, H,0, H,, O,, NH;, CHy4, and NO gases as well as soot or free carbon. The modified
Kistiakowsky—Wailson rules [ 18 ] give an approximate for the decomposition products, which is in-
dependent of the temperature of explosion. We have calculated the heats of explosion (Q) of tria-
zolone-N-oxide assuming the explosive reactions to achieve a total completion. Table 4 presents the
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calculated oxygen balance, heats of explosion and performances of triazolone-N-oxide computed at
the B3LYP/aug-cc-pVDZ level. Usually a good oxygen balance results in a greater heat of explosion
and therefore leads to a better performance of the explosive. NTNO-1 has a lower Q value of
1.015 kcal/g and NTNO-6 has a higher O value of 1.153 kcal/g (OB% -24.61, stoichiometric oxidation
of carbon to carbon monoxide and hydrogen to water). Nevertheless, the calculated Q values do not
exactly agree with those obtained experimentally because the conditions of loading density, tempera-
ture, pressure and so on are not taken into consideration. The total amount of energy liberated depends
upon the relative proportions of the reactants to the products. The Q values are related to the nature of
triazolone-N-oxide and the strength of C=0 and N — O bonds. The detonation energies obtained are
for the gas phase compounds and in the reality they should be for the solid phase, which would dimi-
nish the magnitude of QO values [ 1 ].

Detonation velocity and detonation pressure. Two key measures of the detonation performance
are the detonation velocity and the detonation pressure, referring to the stable velocity of the shock
front that characterizes detonation and the stable pressure developed behind the front respectively
[ 1, 17, 18 ]. The detonation velocity and the detonation pressure are desired to be as high as it is com-
patible avoiding the excessive sensitivity of the compound to unintended stimuli (i.e., like impact,
shock, friction, and electric spark). Kamlet and Jacob indicated the importance of the density as a de-
terminant of the detonation velocity and the detonation pressure. However, one or more of the other
factors do sometimes override the effects of the density. The detonation velocity (D) linearly increases
with p for most of explosives while the detonation pressure (P) increases with the square of p, when p
is greater than one. Detonation energy, oxygen balance, detonation velocity and detonation pressure of
triazolone-N-oxides are summarized in Table 4. The detonation properties of NTNO-1 (D 9.57 km/s,
P 44.86 GPa), NTNO-2(D 9.65 km/s, P 46.37 GPa), NTNO-3 (D 9.73 km/s, P 46.90 GPa), NTNO-4
(D 9.85 km/s, P 48.04 GPa), NTNO-5 (D 9.81 km/s, P 47.04 GPa), and NTNO-6 (D 9.87 km/s,
P 47.61 GPa) are higher compared with those of RDX (D 8.75 km/s, P 34.70 GPa), HMX (D 8.96 km/s,
P 35.96 GPa), NTO (D 8.56 km/s, P 31.12 GPa), and CL-20 (D 9.20 km/s, P 42.0 GPa [ 1,36 ]. The
higher performance properties of triazolone-N-oxides are presumably due to their higher densities.
Overall, the performance properties are related to the number, the relative positions of substituent
groups, and the strength of trigger bonds.

CONCLUSIONS

The density functional theory calculations at the B3LYP/aug-cc-pVDZ level have been carried
out to explore the structure and explosive properties of nitrosotriazolone-N-oxides. Our computational
results indicate that the designed molecules do correspond to the energy minima and accordingly
should be able to exist. All triazolone-N-oxides belong to the C; point group. Detonation properties
were evaluated by the Kamlet—Jacob equations based on the calculated density and the chemical
energy heat. The partial replacement of hydrogen by nitroso group appears to be a particularly promi-
sing area for the investigation since it may lead to two desirable consequences of the higher explosion
heat and diminished sensitivities. All model compounds have Q values varying from 0.953 kcal/g to
1.153 kcal/g and the discrepancies are due to the relative position of the N atom in the triazolone-N-
oxide ring and the position of nitroso (—NO), N-oxide (—N — O), and carbonyl (—C=0) groups.
Triazole-N-oxides have densities varying from 2.140 g/cm’ to 2.217 g/cm’, which are higher com-
pared with those of CL-20 (2.040 g/cm®) and ONC (1.979 g/cm’). The detonation properties of
NTNO-1, NTNO-2, NTNO-3, NTNO-4, NTNO-5, and NTNO-6 are higher compared with those of
RDX (D 8.75 km/s, P 34.70 GPa), HMX (D 8.96 km/s, P 35.96 GPa), NTO (D 8.56 km/s, P 31.12 GPa),
and CL-20 (D 9.20 km/s, P 42.0 GPa. The designed compounds satisfy the criteria of high energy ma-
terials. Furthermore, these triazolone-N-oxides may hold promise as detergents, fluorescent agents,
and biologically active compounds (i.e., insecticides, fungicides, bactericides, nematocides, acaricides,
and blood ocular compounds) in the near future.
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through the Advanced Centre of Research in High Energy Materials.
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