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We have investigated the heretofore unknown unimolecular decomposition pathway of the explosive molecule
diaminodinitroethylene (DADNE). With the use of DFT methods, whose accuracy has been calibrated by
means of ab initio calculations (MP2, MP4, G2) on a simpler but related molecule, nitroethylene, we have
been able to characterize the entire decomposition reaction pathway. Importantly, we find that the reaction is
initiated by a nitro-to-nitrite rearrangement with a calculated energy barrier of magnitude 59.1 kcal/mol obtained
by use of B3LYP (59.7 kcal/mol B3P86) which is very close to the experimental activation energy of 58
kcal/mol. We have been able to characterize every step in the decomposition reaction path leading to fragments
NO, HONO, CO, NH, and HNC. These may interact to yield final stable products, CH H)O with an

energy release that on average is adequate to initiate two additional DADNE molecular decompositions, and
thus, sustain a chain reaction. The structural parameters we have calculated for DADNE are consistent with
the known experimental crystallographic structure, and also with previous theoretical calculations. Additionally,
we have obtained the structural parameters of the initial transition state, as well as each subsequent step
along the decomposition pathway. Thus we consider the unimolecular decomposition of DADNE to be well
characterized.

Introduction ON_  cH NO, ON NO,
. L L N \N—CHz—N/
There have been several recent studies of 1,1-diamino-dinitro- ", N | | | |
ethylene (DADNE),A. The synthesis has been repottedd /C:C\ HC _CH Cle C|H=
the crystal structure has been determipédts features as an ~ H,N NO, T N—CH,—N
explosive, including the activation energy, have been character- NO, OZN/ \No2
ized experimentally.The important properties such as-80, A B c

and C-NH; bond dissociation energies, heats of formation,
vaporization, and séubllmatlgn have been calculated at the B3P86L -\ 5\ Instead of G-NO,, N—NO, bond dissociation
6-31Gt-(dp) level> As Politzer et af. have pointed out, this would occur, and the ring geometries would present the
compound has the same molecular stoichiometry as RBX, ’ 99 P

. . possibility of symmetric ring fission. Theoretical work inves-
and HMX, C, which are among the most effective currently tigating possible reaction pathways for RDX and HMX has been

used explosives and monopropellants, and, upon complete . . .
b prop P P carried ouf#10-12 Considerable experimental work has been

decomposition to CO, pland HO, all of these molecules would . . . .
yield the same high value, 0.0405, for moles of gaseous productperformed.V.VIth RDX and HMX in prder t'o dgtermlne possible
decomposition pathways and their relative importaiicé’

per gram of compound, one of the key determinants of explosive In this investigation of the decomposition mechanism of
and propellant performance. It is interesting to note that the DADNE. we hav% focused on discovgrin the lowest ener
reported activation energye{ = 58 kcal/mol for temperature d T h p imolecul dg - f hgy
interval 210-250°C)* for DADNE is higher than that of RDX ~ JScomposition pathway for unimolecular decomposition of this
(Ea ~ 40 kcal/mol§~8 and HMX (Ex ~ 35 kcal/mol)? which compound. We have considered the behavior of the nitro group
fa\a;ors DADNE as an explosive ' in nitroethylene to be a possible model for the behavior of nitro
An understanding of the decomposition mechanism, however,g“?l“oS in DADNE, because in both cases a nitro group is
adjacent to a carbercarbon double bond. We employed

also plays a key role in the evaluation of an explosive. The . . : . .
I . reasonably inexpensive DFT methods with a moderate size basis
decomposition mechanism for DADNE can be expected to be . o S ; .
set to obtain a qualitative description of the energetic profile

quite different from that for RDX and HMX. Note that even for this DADNE decomposition pathway. In nitroethylene, we

though DADNE does have the same stoichiometry as RDX and died® the eff b po P y.l . y'ene, h

HMX, structurally it bears no similarity to these molecules. studied®the effect of basis set size on relative energies. It has
’ been found that DFT methods (especially those based upon the

Thus, possible reaction pathways involving unimolecular de- ) - ) .
composition of these compounds would differ from those studied Becke three parameter .hyb”d (B3) exchange functlor)al) with
a moderate basis set yielded good geometfi¢zor a given

* Permanent address: Geo-Centers, Inc., 10903 Indian Head Highway, J€0Metry, a way to obtain a more accurate evaluation of energy
Fort Washington, MD 20744, values is to carry out a single-point calculation with a larger
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TABLE 1: Total Energies for DADNE, the Two Radicals Resulting from the C—NO, Bond Dissociation and Estimated Bond
Dissociation Energy (BDE) for This Bond

B3P86 B3LYP BDE, kcal/mol
structure energy, a.u. ZPVE, kcal/mol energy, a.u. ZPVE, kcal/mol method of BDE calculation B3P86 B3LYP
(H2N),C=C(NQO,), —599.70979 58.23 —598.35631 57.68 uncorrected for ZPVE 73.1 67.1
(H2N)2C=C.:(N02) —394.10864 48.29 —393.16541 47.80 corrected for unscaled ZPVE 68.8 62.8
NO, —205.48464 5.65 —205.08389 5.51 corrected for scaled ZPVE 68.9 62.9

basis set. In the case of nitroethylene, however, we found thatthe cleavage of a €NO, or N—NO, bond2¢ The C-NH; bond
larger basis sets did not significantly improve the energy values is known to have a very high bond dissociation enérgy.
obtained with the moderate basis set used here. In our nitro- Therefore, we calculated the-MO, bond dissociation energy
ethylene study we employed the ab initio methods MP2, MP4, (BDE) for DADNE. The results are displayed in Table 1. Our
and also G2, which are expected to give highly accurate energyB3P86 value of 68.9 kcal/mol is consistent with the result
values, as well as DFT methods based upon B3 exchange andabtained by Politzer et &lby use of the same method. The
two different correlation energy functionals, viz., LYP and P86. BDE obtained with B3LYP is 62.9 kcal/mol. Both of these
In most decomposition steps, LYP performed better than P86, values may be underestimates. Our previous study of nitro-
except for estimations of bond dissociation energies (BDE), as ethylené® showed that BSLYP and B3P86 underestimate the
judged by comparison with ab initio results. With DADNE, we C—NO; bond dissociation energy for nitroethylene t$ and
also applied both B3LYP and B3P86 to get a sense of the vari- ~4 kcal/mol respectively, as compared to the G2 result. We
ability associated with different correlation energy functionals. thus predict that the BDE for DADNE should probably be
We found that, while there are some quantitative differences around 73 kcal/mol, which is quite high compared to the
between DFT and ab initio results, the qualitative trends are experimentakE, of 58 kcal/mol} and therefore there must exist
the same. Furthermore, we anticipated that the DFT error esti-a lower energy process which is responsible for the initial
mates (measured against G2 as a standard) obtained for nitrodecomposition step of this molecule.
ethylene might be applied to DADNE for those particular steps ~ We previously found that nitro-to-nitrite rearrangement is the
in the decomposition pathway which are essentially the same.lowest energy decomposition pathwayl’ kcal/mol lower than
the G-NO; bond cleavage) for nitroethyleri# Investigation
Computational Details of the nitro-to-nitrite rearrangement in DADNE verified that
the same is true for this molecule. The barrier for the
rearrangement is 59.7 and 59.1 kcal/mol, as obtained with
B3P86 and B3LYP methods, respectively. Furthermore, based
on our investigation of the same reaction for nitroethylene, for
which G2, B3LYP and B3P86 results agree very closely, we
argue that the error of this calculation should be rather small.

All quantum mechanical calculations were performed with
the Gaussian 98rogram packag® The reader is referred to
ref 21 for definitions of technical symbols. The Becke three-
parameter hybrid (B3% was used in conjunction with two
correlation functional methods. The functionals were the Per-

- 24
dew 86. (P8&Y and t.he LeeYang—Parr (LYP)= For all Note that this result compares very well to the experimental
calculations, a Gaussian-type basis set, &-G{d,p) was used. o 2
. o activation energyK,) of 58 kcal/mol
Thus, geometries of all reactants, products, and transition states The structures and optimized aeometrical parameters for
were optimized by the use of the two methods, B3P86/6G1 DADNE, 1, the transition F;tateZIT gnd the isonitFr)ite product
(d,p) and B3LYP/6-3+G(d,p). Default convergence criteria 3, are shown in Table 2. Note that DADNE is not a planar

were used for all structures except struct@ren that case, .
P structure. Because of the repulsion between the twe dfQups,

default criteria for BSLYP gave a small negative frequency. :
. . g . they are rotated by more than20ith respect to the C1C2—N
Upon tightening the convergence criteria, the negative frequencyplane_ When further rotation of either N@roup occurs, a possi-

disappeared. Vibrational frequencies were calculated with the .- ~ . : o
use of the same approximation for characterization of the nature gl:ge?;ei t eomte)(r)gngsfoanEtelotr;aar‘g(ijtié:usst;[grc;ﬂ-cr;;;ze t[:iar-
of stationary points and zero-point vibrational energy (ZPVE) C2—N2b bond is elongated to 1.536 A from that of 1.432 A in

corrections. All of the stationary points have been positively -
. o - . - . : DADNE, and a new C20bs bond of 1.785 A is formed. Upon
identified for minimum energy with no imaginary frequencies formation of the product, isonitrite3, the C2-N2b bond is

and the transition states with one imaginary frequency. For .
anharmonicity correctioff, the calculated ZPVE values were broken_, and the C—ZQbs_bond s_hortens to 1.355 A. To avoid
scaled by 0.9759 and by 0.9806 for B3P86 and B3LYP CO”“‘If"on' ngmef”f“on In Passing fjhat. E]O(t:hzolgscand IOb.a are
calculations, respectively. Intrinsic reaction coordinate (IRC) quflé/capa €o °f.mk:”gt e bond wit d. ag.aylasl, 0
analysis was carried out for each transition state to make sure[z] ed to a reactant with the Nroup rotated perpendicularly

that it is the transition structure connecting the desired reactants:tthh; S\/l;fz_Nz plane, and this group can subsequently rotate

and products. For all structures with an even number of . -
electrrt))ns, a restricted (doubly occupied orbitals) wave function W? now proceed_wnh a d_escr|pt|_or_1 of the DADNE dec_om-
was used. For the high-energy structure, transition s@fe [ position steps following the nitro-to-nitrite rearrangement. F[g_ure
however, an unrestricted wave function was also implemented l. prowdgs a schgme of unimolecular DADNE decomposﬁpn,
to check the result. For all doublet structures an unrestricted V'@ the nitro-to-nitrite rearrangement pathway, through formation
wave function was used and examined for spin contamination, of small fragments, which can further react among th(_a_mselves
which was found to be inconsequential. to form stable productfs, _such as CQ, _lsind HO. In addition, .
the structures and optimized geometrical parameters of species
7—17 are also shown in Figure 1, while the structures and
optimized geometrical parameters for spedie® and4—6 are
Initial Step of DADNE Decomposition. The initial step in displayed in Table 2 and Table 3, respectively. Table 4 lists
thermal decomposition of nitro-containing compounds is often the calculated energies of all chemical species involved in the

Results and Discussion



1,1-Diamino-Dinitroethylene Decomposition

TABLE 2: Selected Structural Parameters for Species +3

S
/
Obs <2b ?ﬁ
Oba N2b oba ©OPS
[21%, ¢4 3,Cy

Geometrical 1 2 3
Parameter B3P86 B3LYP| B3P86 B3LYP| B3P86 B3LYP
Cc(1)-Cc)° 1426 1428] 1419 1422 1395 1399
C(1)-N(ta) 1.339  1.345] 1341 1347} 1345 1.350
C(1)-N(1b) 1.339  1.345] 1347 1352 1363 1.369
CQ2)-N2a) 1424 1432f 1405 1410 1400 1409
CQ)-N2h) 1424 1432] 1515 1536 -
C(2)-O(bs) — ] 1766 1785 1354 1355
N(ia)-H(aa) 1.007 1.008{ 1007 1009 1.007 1.009
N(1a)-H(as) 1.019 1017 1019 1018 1019 1018
N(1b)-H(ba) 1.007 1.008| 1009 1011 1009 1010
N(1b)-H(bs) 1019 1.017| 1014 1014] 1010 101t
N(2a)-O(an) 1219 1225| 1225 1231] 1231 1238
N(22)-O(as) 1251 1257| 1255 1262 1256 1263
N(2b)-O(ba) 1219 1225 1227 1232 1155 1154
N(2b)-O(bs) 1251 1257 1341 1350 1536 1583
C(2)-C(1)-N(1a)® 1200 121.3] 1215 1217) 1239 1243
C)-C(1)-N(1b) 1210 1213 1193 1196 1180 1180
N(1a)-C(1)-N(1b) 1178 1173] 1190 nssl ns2 1177
C(1)-CQR)-NQa) 1216 121.7] 1245 1249| 1238 1237
C(1)-C(2)-N(2b) 1216 121.7] 1186 1188 — —
C(1)-CR)-O(bs) — —] 1054 1058 1189 1191
N(2a)-C(2)-N(2b) 1169 1167] 1141 1139 — —
N(2a)-C(2)-O(bs) — 1 1226 1214 1172 1172
N(2b)-C(2)-O(bs) — | 415 413 — —
C(1)-N(1a)-H(aa) 120.1 1200 1196 1194 1195 1195
C(1)-N(1a)-H(as) 1164 117.1] 155 1161] 1144 1151
Hi(aa)-N(1a)-H(as) 1218 1213 1207 1202| 1206 1202
C(1)-N(1b)-H(ba) 1201 1200| 1190 1189 1178 1177
C(1)-N(1b)-H(bs) 1164 117.1] 117.8 1182 1156 1156
H(ba)-N(1b)-H(bs) 1218 1213] 1178 1175 1154 1153
C(2)-N22)-Oan) 1196 1196 1176 1178 1185 1185
C(2)-N2a)-O(as) 1178 1178 1181 1180] 1186 1187
O(@n)-N(21)-O(as) 1226 1226 1243 1242{ 123.0 1228
C(2)-N@b)-O(bn) 1196 119.6] 1201 1286 -
C(2)-N2b)-O(bs) 177 1178 761 761 — —
O(ba)-N(2b)-O(bs) 1226 1226] 1197 1194 1097 1095
C(2)-O(bs)-N(2b) — —| 564  s67] 1101 1104
N(1a)-C(1)-C(2)-N2a)* -126 -126] 114 124 62 6.1
N(12)-C(1)-C(2)-N(2b) 167.4 1674 -148.7 -149.0 — —
N(12)-C(1)-C2)-O(bs) — —| 1617 1615| -1726 -172.7
N(1b)-C(1)-C@2)-N(22) 1674 167.4| -1744 -1732| -1743 -1745
N(1b)-C(1)-C(2)-N(2b) (127 -126| 254 254 — _
N(1b)-C(1)-C(2)-O(bs) — —| 242 241 6.9 68
C(1)-C@)-N2a)-O(an) | -156.1 -1548| 178.6 177.0] 1756 1754
C(1)-C2)-N(2a)-O(as) 218 228 08 26l 41 a3
N(2b)-C2)-N(22)-O(an) 40 252 205 208 -
N@2b)-C2)-NQa)-O(as) | -158.3 -1572] 1602 1596 _ —
O(bs)-C(2)-N(2a)-O(aa) — | 32 3 56 58
O(bs)-C(2)-N(2a)-O(as) — —| -1462 -1472| 1747 1745
C(1)-CQR)-N@2b)-Oba)y | -1559 -1548| 322 316 — ,,,
C(1)-C2)-N(2b)-O(bs) 218 228 -849 -85 . _
N(2a)-C(2)-N@2b)-O(ba) 240 252 -1209 -13138 _ _
N(22)-C(2)-N2b)-O(bs)y | -1583 -1572| 113.0 1115 — —
O(bs)-C(2)-N(2b)-O(ba) — | n71r nses — _
C(1)-C2)-O(bs)-N(2b) —_— —| 1149 1149 -1071 -1064
N(2a)-C(2)-O(bs)-N(2b) — —d w941 947| 740 748
O(ba)-N2b)-O(bs)-C2) — | -1273 267 <1716 -1709

*bond distances, "bond angles, °dihedral angles

decomposition process. Table 5 displays the relative (to
DADNE) energies at every step during the decomposition of
DADNE. Finally, Figure 2 depicts the reaction diagram.
Isonitrite, 3. Energetically, this species lies lower than
DADNE by some 1.2 and 4.5 kcal/mol as calculated with the
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TABLE 3: Selected Structural Parameters for Species 46

4,C, 5if, ¢ 6, Cs
Geometrical 4 5 6
Parameter B3P86¢ B3LYP| B3P86 B3LYP| B3P86 B3LYP
ca)-cey 1457 1460 1495 1501 1505 1515
C(1)-N(1a) 1331 1.336] 1301 1305 1293 1294
C(1)-N(1b) 1.338 1.344 1.338 1.342 1.343 1.350
C(2)-N(2a) 1.452 1.462 1.416 1.423 1.413 1.420
C(2)-O(bs) 1241 1244| 1230 1.233] 1225 1226
N(1a)-H(aa) 1.007 1.009 1.013 1.014] 1.016 1.018
N(1a)-H(as) 1.023 1021 1277 1264| 1465 1.535
N(1b)-H(ba) 1.006  1.007] 1.006 1.007| 1.006 1.007
N(1b)-H(bs) 1013 1.013] 1012 1013] 1012 1Lo12
H(as)-O(as) 1776 1814 1180 1203| 1059 1038
N(2a)-O(aa) 1221 1227 1225 1232 1226 1.233
N(2a)-O(as) 1.260 1.267 1.326 1.336 1.350 1.370
C2)-C(1)-N(1a)’ 1249 12519 1193 1192| 1196 119.8
C)-C(1)-N(1b) 1133 11375 1127 1132| 1116 1117
N(1a)-C(1)-N(1b) 121.7 121.06 128.1 127.6 128.8 128.5
C(1)-C(2)-N(2a) 119.1 119.25 174 1173 1182 118.5
C(1)-C(2)-O(bs) 1201 120.18] 1209 1209 1211 1211
N(2a)-C(2)-O(bs) 120.8 120.57 121.7 121.8 120.8 1204
C(1)-N(1a)-H(an) 1222 122.05) 1192 119.5[ 1165 1159
C(1)-N(1a)-H(as) 1147 11548} 103.8 1044 1022 1023
H(aa)-N(1a)-Hgas) 1231 12248] 1371 1361 1414 1418
C(1)-N(1b)-F(ba) 1233 123.070 1226 1224 1221 1217
C(1)-N(1b)-H(bs) 1157 116.32 116.8 117.3 1175 118.2
H(ba)-N(1b)-H(bs) 121.0 120.61 120.6 120.3 1204 120.1
N(1a)-H(as)-O(as) | 1549 1545 1545 1533
C(2)-N(2a)-O(an) 1176 117.68] 1206 1206 1214 1216
C(2)-NQa)-O(as) 118.8 11891} 1195 1195 1204 121.0
O(aa)-N(2a)-O(as) 123.5 12342 119.9 1199 118.2 117.5
H(as)-O(as)-N(2a) — 1052 105.1} 1051 1052

%bond distances, "bond angles

B3P86 and B3LYP methods, respectively. It is, however, highly
unstable, since it immediately loses an NO radical via the-Obs
N2b bond dissociation. The BDE obtained with B3P86 is 0.5
kcal/mol as compared to the negative B3LYP value-&.6
kcal/mol for this reaction. Obviously, the error of this calculation
is quite substantial. It is interesting to note that the analogous
process for nitroethylene requires some 18.2 kcal/mol as
calculated with B3P86 and 13.6 kcal/mol as calculated with
B3LYP.1” The G2 method gives an even higher value of 23.3
kcal/mol18 As with the C-NO, BDE for DADNE, we expect
that the DFT values are underestimated for this process too.
Our rough prediction by comparison to nitroethylene would be
a BDE of ~4—5 kcal/mol.

Hydrogen Atom Migration from NH ; to NO,. The remain-
ing radical,4, (see Table 3) has a-&C bond length of 1.460
A, as compared to 1.428 A i, as well as a €NH, bond
length (CEN1a bond in Table 3) at 1.336 A versus 1.345 A
in 1. Itis possible for the hydrogen atom, Has, to readily migrate
from the NH, group to the NQ group, because the transition
state, p]T, of this reaction lies only 2.3 and 3.1 kcal/mol above
4 as calculated with B3P86 and B3LYP, respectively. The
optimized geometrical parameters for the radidhe transition
state structure,5]’, and the isomeric producs, are shown in
Table 3. All of these structures are planar. Prodéctlies
energetically higher than the transition sta@/ [if the ZPVE
correction is made when calculating the differences in energy.
If no ZPVE correction is madeg lies lower than §] by 0.4
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Figure 1. A scheme of unimolecular DADNE decomposition via the nitro-to-nitrite rearrangement pathway. The optimized geometrical parameters
of speciesl—3 and4—6 are displayed in Tables 2 and 3, respectively. The regular and italic fonts indicate the use of the B3R&5({6;3)land
the B3LYP/6-31-G(d,p) methods, respectively.

TABLE 4: Absolute Energies, Imaginary Frequencies, and Zero-Point Vibrational Energies of All Chemical Species Involved in
DADNE Decomposition via Nitro-to-Nitrite Pathway

B3P86/6-31+G(d,p) B3LYP/6-3%G(d,p)

multiplicity, energy, Vi, ZPVE, energy, Vi, ZPVE,
structure 2S5+1 a.u. cmt kcal/mol a.u. cmt kcal/mol
1 singlet —599.70979 58.23 —598.35631 57.68
[2]Ta singlet —599.61090 811i 55.79 —598.25833 811i 55.20
3 singlet —599.70961 56.85 —598.36127 56.25
13 singlet —130.15256 2.88 —129.89548 2.83
4 doublet —469.54989 51.17 —468.46495 50.71
5] doublet —469.54251 882i 48.80 —468.45647 1074i 48.30
6 doublet —469.54317 50.54 —468.45832 50.34
14 singlet —206.13464 12.91 —205.71501 12.69
7 doublet —263.34187 34.52 —262.68909 34.29
81t doublet —263.31015 115i 30.89 —262.66246 198i 30.87
15 singlet —113.55453 3.17 —113.31732 3.15
9 doublet —149.75584 26.72 —149.34789 26.67
[a01 doublet —149.69465 131i 23.80 —149.29469 236i 23.94
11 doublet —56.04295 12.01 —55.88545 11.91
12 singlet —93.64976 9.22 —93.40924 9.17
16 singlet —109.76926 3.54 —109.52978 3.51
17 singlet —76.61055 13.49 —76.43405 13.36

a Symbols such as [2fefer to a transition state.

and 1.1 kcal/mol as calculated with B3P86 and B3LYP, Therefore, the barrier for this process is approximately equal
respectively. This indicates that the calculations are not accurateto the differences in energy between the reactGngnd the
However, we may conclude that the differences in energy two products,7 and14. We calculated this barrier to be 38.7
between specieg—6 are small and tha# may easily be and 25.1 kcal/mol with the use of B3P86 and B3LYP,
converted to6 and vice versa. respectively.

HONO Elimination. We considered several possibilities of The large difference between the values for this barrier
species4 and 6 decomposition on a doublet potential energy obtained from the two methods merits a comment. While
surface (PES). Species could undergo either NOor NH, investigating the decomposition of nitroethyléffeye found
radical elimination, while speciescould undergo Nkradical that the results obtained from the use of B3P86 and B3LYP
or HONO molecule elimination. However, only the HONO were similar in almost all of the steps, except the ones which
elimination from6 would result in the formation of a reasonably result in HONO formation. Moreover, the B3LYP results come
stable conjugated structure, radizalVe were not able to locate  reasonably close to the G2 results, while the B3P86 results are
the transition state for HONO elimination fro® We thus overestimations as compared to the results obtained from the
obtained a PES by optimizing the geometry at a series of fixed G2 method. Comparison of optimized geometrical parameters
C2—N2a bond lengths iB. The energy of the system increases with the experimental ones also indicates that the B3LYP
with an increasing bond length at first and then reaches a plateaucalculations are preferable. The experimental -HO bond
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Figure 2. The energetic profile of DADNE decomposition via the nitro-to-nitrite rearrangement pathway. All of the energies are in reference to

DADNE. The units are kcal/mol. The regular and italic fonts indicate the use of the B3P86/6{81p) and the B3LYP/6-31tG(d,p) methods,
respectively.

TABLE 5: Relative (to DADNE) Energies in kcal/mol at Every Step of DADNE Decomposition via Nitro-to-Nitrite Pathway

B3P86 B3LYP
corrected corrected corrected corrected
uncorrected for unscaled for scaled uncorrected for unscaled for scaled
structure for ZPVE ZPVE ZPVE for ZPVE ZPVE ZPVE
21 62.1 59.6 59.7 61.5 59.0 59.1
3 0.1 -1.3 —-1.2 -3.1 —4.5 —4.5
4+13 4.6 0.4 0.5 —2.6 —-6.7 —6.6
[5]7+13 9.2 2.7 2.8 2.7 —-3.8 —3.7
6+13 8.8 4.0 4.1 1.6 —-2.9 —-2.8
7+14+13 50.7 42.7 42.9 35.6 27.7 27.9
[8]T+14+13 70.6 59.0 59.3 52.3 41.0 41.2
9+15+14+13 70.4 57.8 58.1 50.6 38.3 38.5
[10]™+15+14+13 108.8 93.4 93.7 84.0 68.9 69.2
114+12+15+14+13 110.0 92.0 92.4 84.0 66.0 66.4
15x2+16x2+17x2 —99.7 —-117.5 -117.1 —-129.3 —146.9 —146.5

length is 1.433 A versus 1.426 A and 1.406 A as calculated reacted molecules. The number of possibilities is large. We point
with B3LYP and B3P86, respectively. Thus, the B3LYP result out below, however, some of the most important and the most
appears to be somewhat more trustworthy here. Additional likely reactions to occur in the final stages of DADNE decomp-

information on the performance of DFT methods, including the osition. They all have rather low activation energies (determined
comparison of experimental and calculated geometrical param-either experimentally and/or theoretically by various authors,

eters for the HONO system, can be found in a recent work by see refs 2#30) and lead to stable products;, XCO, and HO.
Jursic?’

CO Elimination. The CG-C bond appears to be the weakest (@Y’ HONO— eNO + «OH
spot in structurg. CO elimination may occur on a doublet PES 28 .
with a barrier of only 16.4 and 13.3 kcal/mol as calculated with (b)™ eNO+eNH, =N, + H,0

B3P86 and B3LYP, respectively. The transition stad§’, [has

29 —
an extremely long €C distance of 2.278 A and one imaginary (€ HNC+«OH CN+H0

frequency of 198i.. Thg products of this reaction are the radical, (d)29 HNC — HCN
9, and CO,15, which is an extremely stable molecule. ”
NH, Radical Elimination. The remaining fragmeng, may (e HCN+ «OH—CN+ H,O
further decompose into NHadical,11, and HNC,12, via NH; 30
radical elimination on a doublet PES. The barrier is 35.6 and (™ oCN+eNO—N,+CO
30.7 kcal/mol as calculated with B3P86 and B3LYP, respec- .
tively. The transition state1D]*, has a long &NH distance ~ The two N, two CO, and two HO molecules energetically
of 2.205 A and one imaginary frequency of 236i. lie below DADNE by an impressive 117.1 and 146.5 kcal/mol

Final Stages of DADNE DecompositionSo far we showed as obtained with B3P86 and B3LYP, respectively.
how unimolecular decomposition of DADNE may lead to the . .
formation of the following fragments: NO radical, HONO, CO, Additional Check on the Accuracy of DFT Calculations
NH, radical, and HNC. Clearly, these fragments may undergo As mentioned earlier, we calibrated our use of the DFT
collisions and thus react with other fragments and with yet un- methodology, applied in this paper, by comparing DFT results
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TABLE 6: Single Point MP2 Energies Calculated at the B3LYP/6-3%G(d,p) Optimized Geometries for the Initial Step of
DADNE Decomposition, along the Nitro-to-nitrite Reaction Pathway

MP2/6-31G(d,p) MP2/6-31HG(d,p)
| 1l E,, kcal/mol
structure energy, a.u. energy, a.u. metho# gfalculation | Il
1 —596.73483 —597.02531 uncorrected for ZPVE 59.4 58.4
[2]t —596.64021 —596.93230 corrected for unscaled ZPVE 56.9 55.9
3 —596.73662 —597.02909 corrected for scaled ZPVE 56.9 55.9

a For two different basis sets, 6-31G(d,p) (1) and (6-3G(d,p) (I1), the energies are listed for structuie®©ADNE), [2]" (transition state), and
3 (isonitrite). The activation energ\g,, is listed for both basis sets | and Il. The ZPVE corrections used were obtained from the B3LYP/
6-31+G(d,p) calculations.

with ab initio results (MP2, MP4, G2) for the related molecule, We pointed out how these fragments may plausibly interact to
nitroethylene. However, for purposes of having one additional yield, as final stable products, CO,Nand HO. These final
check on the accuracy of DFT as applied to DADNE, and at products lie below the original DADNE molecule by 146.5 kcal/
the same time obtaining additional information concerning the mol B3LYP (117.1 kcal/mol B3P86). On average, the energy
first step of particular interest in the decomposition, we have released by one DADNE molecule is sufficient to activate two
carried out ab initio MP2 calculations on the structutef2] T, additional molecules, and thus a chain reaction may be sustained.
and 3, which define the first step in the nitro-to-nitrite re- The structural parameters that we have calculated for DADNE
arrangement reaction pathway. The energy values calculated byare consistent with the experimental crystallographic struéttire,
the MP2 method with two different basis sets, viz., 6-31G(d,p) and also with the previous calculations of Politzer et al.
(I) and 6-311-G(d,p) (), at the B3LYP geometries, for these Additionally, we have obtained the structural parameters for
three structures are listed in Table 6. Recall that our DFT the initial transition state, as well as for each subsequent step
prediction for the crucial initial step in the nitro-to-nitrite  along the decomposition pathway. Thus, the unimolecular
rearrangement pathway was an activation energy of 59.7 anddecomposition of DADNE appears to be well characterized.
59.1 kcal/mol, obtained with the B3P86 and B3LYP methods,
respectively. This prediction is very close to and just above the =~ Acknowledgment. We acknowledge the Maui High Per-
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