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The molecule of the title compound, C2H2N6O4, consists of

three planar fragments, namely a tetrazole ring, a nitromethyl

group and a nitro group. The nitro group and the tetrazole

cycle are arranged in the same plane, but the planar

nitromethyl group is located nearly orthogonal to this plane.

The molecules are packed in the crystal via van der Waals

interactions.

Comment

Derivatives of tetrazole attract the attention of chemists in the

®eld of explosives thanks to their large endothermicity and

high nitrogen content and, at the same time, the relative

stability of the tetrazole heterocycle. In principle, by the use of

a combination of the tetrazole cycle with the usual exploso-

phoric groups (±NO2, ±N3, NNO2, etc.), the creation of new

high explosives is possible (Ostrovskii & Koldobskii, 1997).

The structure of the title compound, (I), of this new high-

explosive tetrazole class, has been investigated using single-

crystal X-ray techniques.

Earlier, we investigated the structure of 3-nitro-1-nitro-

methyl-1H-triazole, (II) (Vasiliev et al., 2000). Compound (I)

differs from (II) in the replacement of the CH± fragment in

the 1,2,4-triazole ring by an N± fragment; the result is

another heterocycle ring, i.e. tetrazole. One can expect that,

after this replacement, the energetic and detonation para-

meters will increase at the expense of density, oxygen balance

and an increase in the heat of explosive formation. At the

same time, it is not absolutely clear how the transition from

the triazole cycle to tetrazole will affect the thermal stability of

the compound. Therefore, the ®rst aim of the present work is

to clarify how the replacement of the CH± molecular frag-

ment by N± will affect the geometric parameters of the

molecule, especially the lengths of the CÐNO2 bonds, the

strength of which determine the thermal stability of nitro

compounds (Manelis et al., 1996).

The geometric conformation of molecule (I) is close to that

of (II). Similar to (II), the molecule of (I) (Fig. 1) consists of

three planar fragments, namely a tetrazole ring, a nitromethyl

group and a nitro group (H atoms are omitted from the

present consideration). The tetrazole cycle is practically

planar [r.m.s. deviation of 0.0018 (9) AÊ and a maximum

deviation of 0.0025 (9) AÊ ]. The interatomic distances in the

cycle are not equal, ranging from 1.302 (2) to 1.338 (2) AÊ . The

nitro group bonded to the tetrazole cycle is rotated by 0.9 (3)�

with respect to the ring plane. The nitromethyl group is strictly

planar and is located nearly orthogonal [86.02 (7)�] to the

tetrazole ring, while the O3ÐN8ÐC7ÐN2 torsion angle is

ÿ6.9 (2)�.

The CÐNO2 bond lengths are not equal [1.441 (2) and

1.503 (2) AÊ ]; the greater value corresponds to the bond in the

nitroalkyl fragment of the molecule. Thus, the CÐNO2 bonds

in (I) are slightly stronger than those in (II) [1.450 (2) and

1.509 (2) AÊ , respectively; Vasiliev et al., 2000]. However, there

is no evidence to suggest a similar or greater thermal stability

of (I) in comparison with (II). The thermal decomposition of

(II) begins with the breaking of the weaker CÐNO2 bond,

whereas for (I), an alternate path of thermal decomposition,

typical for 2,5-substituted tetrazole derivatives (Manelis et al.,

1996; Ostrovskii & Koldobskii, 1997), is possible, namely, the

breaking of the N2ÐN3 bond. At the same time, it is known

that a series of nitroalkyl 2,5-substituted tetrazoles decompose

with an initial breaking of the CÐNO2 bond (Stepanov et al.,

2000). The X-ray data for the bond lengths in (I) do not

indicate a preference for one of these probable thermolysis

paths. We are now carrying out an experimental study of the

kinetics and mechanism of the thermal decomposition of (I),

which will give an answer to the problems discussed above.

As expected, the density of (I) is greater than that of (II)

(1.80 versus 1.76 Mg mÿ3). The density of (I) allows the

consideration of its detonation parameters as being close to

those of such a well known explosive as RDX, the former

slightly exceeding the latter in the heat of explosion, at the

expense of a greater heat of formation and better oxygen

balance.
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Figure 1
The molecule of (I) showing the atom-numbering scheme and displace-
ment ellipsoids at the 50% probability level. H atoms are drawn as small
spheres of arbitrary radii.
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Experimental

Single crystals of (I) were obtained by crystallization from ethanol

[m.p. 408 K (decomposition)].

Crystal data

C2H2N6O4

Mr = 174.10
Monoclinic, P21/c
a = 9.213 (3) AÊ

b = 7.7610 (10) AÊ

c = 10.180 (2) AÊ

� = 118.04 (2)�

V = 642.5 (3) AÊ 3

Z = 4

Dx = 1.800 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 20±28�

� = 1.52 mmÿ1

T = 293 (2) K
Lump, colourless
0.27 � 0.25 � 0.24 mm

Data collection

Kuma KM-4 four-circle diffrac-
tometer

Pro®le measured �/2� scans
1254 measured re¯ections
1177 independent re¯ections
978 re¯ections with I > 2�(I)
Rint = 0.023

�max = 69.9�

h = 0! 10
k = ÿ5! 9
l = ÿ12! 10
2 standard re¯ections

every 50 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.108
S = 1.09
1177 re¯ections
118 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.0666P)2

+ 0.0898P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.20 e AÊ ÿ3

��min = ÿ0.26 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0097 (16)

The re®ned CÐH distances are 0.95 (2) and 0.97 (2) AÊ .

Data collection: KM-4 Software (Kuma, 1991); cell re®nement:

KM-4 Software; data reduction: DATARED in KM-4 Software;

program(s) used to solve structure: SHELXS97 (Sheldrick, 1990);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: SHELXTL (Sheldrick, 1995); software used to

prepare material for publication: SHELXL97.
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