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Our recent prediction of nitryl cyanide,,8CN, as a new
high-energy moleculehas prompted us to make a theoretical
search of its possible derivatives with similar performance
(exothermic decomposition) but with possibly increased stability

and a higher density in its condensed state. Nitryl cyanide itself
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The minimum energyCs structure of TNTA has a planar
aromatic six-membered cycle with the NQroup rotated out
of the ring plane by 40 The out-of-plane rotation of NO
groups compromises the conjugation of the nitro groups and
the aromatic six-electron ring system (maximum for the planar
form) and the repulsion of negatively charged oxygens and ring
nitrogens (minimum for the Y0rotation). The energy effect
of the rotation is small. ThB3z, forms with NG groups planar
and perpendicular to the ring plane are 1.8 and 3.1 kcal/mol
higher in energy than th€; minimum. Although neither of
the two Dz, forms are minima at the HF/6-31G* level, the
perpendicular orientation of the NQroups is 1.6 kcal/mol more
favorable than the planar structure at HF in contrast to MBPT-
(2). The ring CN bond length in TNTA (1.331 A) is shorter,
and the NCN bond angle (128)is smaller than the corre-
sponding values irs-triazine (1.341 A and 126°Cat MBPT-
(2)/6-31G* and 1.338 A and 126°4n an electron diffraction

has been estimated to possess a rather high heat of formatiorexperiment, respectively) (Scheme 1). Although the aromatic

(AH®1300) = 60 kcal/mol) and exothermic decomposition energy
(AE, = 150 kcal/mol) along with a reasonably large barrier
(AE” = 54 kcal/mol) on a complex unimolecular decomposition
pathway!

The formation of molecular complexes (e.g., di-, tri-, oligo-,

ring geometry almost does not change with \foup rotation,
the external €&NO, bond is longer in the planar form (1.498
A) than in the perpendicular form (1.465 A). A similar effect
of CN bond variation induced by NOgroup rotation was
observed in nitrobenzerd®. Trinitrobenzene (TNB) has a

and polymers) is a conceivable way to increase density and S0mewhat shorter €N bond than TNTA! The nitro groups

stability and to improve the material properties of propellants
and explosives. Taking into account that trimerization leading
to aromatics-triazines (e.g., 3CICN— (CICN);)? is a well-
known and characteristic reaction for cyanides, it is logical to
envision the cyclic trimer of nitryl cyanide, 2,4,6-trinitro-1,3,5-
triazine (TNTA), as a potential high-energy molecule. Surpris-

influence the benzene and triazine rings in a similar way by
shortening the ring bonds and enlarging the bond angles at the
carbons bound to NOgroups.

The most fundamental performance properties of a potentially
energetic metastable molecule are the heat of formatibif
and energy release in decomposition to stable spedEg.(

ingly, there seems to be only one obscure reference to thisThe heat of formation of TNTA (46 kcal/mol) can be obtained

compound in 1907 but with a predictiveab initio theory we

from the isodesmic reaction (Scheme 2) and experimetis}

can assess its energy performance and other important properties/alues of the reference molecules benzene (19.8 kcalfhol),

Extending our theoretical search and investigation of high-

energy molecules, new potential rocket propellants, and explo-

sives!* we have performed aab initio study of TNTA and

s4riazine (53.9 kcal/mol}? and TNB (8.5 kcal/mol)** The
estimated heat of formation of TNTA in the solid state is 24
kcal/mol lower than its gas phase vale.

some reference molecules in order to obtain its structure and Once theAH®; for TNTA was estimated, the 304 kcal/mol

spectra and to estimate performance of this intriguing molecule.
The geometrical parameters have been optimized at HF/6-31G*

and at MBPT(2)/6-31G* levels by use of the ACES Il program
systen® The analytical harmonic vibrational frequencies were
obtained at HF/6-31G* for TNTA and at both levels for smaller

energy release in decomposition intp&hd CQ (AE,), specific
decomposition energy (1410 caliyE, divided by the molecular
mass), and specific impulse (269 s in the atmosphere and 294
s in a vacuunif can be easily derived. Our estimatesAd,
andlsp for TNTA demonstrate its performance to be similar to

reference molecules and are available for identification of the that of RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine), but the

moleculest® Energy comparisons are discussed at MBPT(2)/
6-31G*//MBPT(2)/6-31G+ ZPE level unless otherwise notéd.
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Scheme 1 TNTA is available in the literature. Other possible synthetic
roots can be based on the intrinsic tendency of cyanides toward
trimerization? Comparison of the computed MBPT(2) energies
of trimerization in egs 1 and 2 shows that TNTA should be a
more stable species than nonsubstitigedazine:

30,NCN— (O,NCN),  AE = —70.2 kcal/mol (1)

3HCN— (HCN), AE = —26.5 kcal/mol
(expt—43 kcal/mol}® (2)

TNTA Trinitrobenzene A higher stability of the six-membered TNTA ring structure
compared to that af-triazine can be explained by teeacceptor
Scheme 2 effect of NQ groups, which increases the effective electrone-
NO, , gativity of carbon atoms and cyclic electron delocalization.

NO,
We have designed and characterized theoretically 2,4,6-
+ [ j
O,N NO,

NN NN . . ; . ;
/“\ )\ + — t ) trinitro-1,3,5-triazine, and we encourage synthesis of it and its
0N N7 o, NZ derivatives.

AE = -20.4 kcal/mol
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