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Rodney J. Bartlett
Quantum Theory Project, P.O. Box 118435, University of Florida, Gainesville, Florida 32611-8435
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The structure and thermodynamic stability of methylnitrite and its anion are studied by the
infinite-order coupled-cluster method with all singles and doubles and noniterative inclusion of
triple excitations[CCSIO(T)] and Hartree—Fock-density-functional theofffFDFT). We have
optimized the geometries and computed the harmonic vibrational frequencies of major fragments,
H,, CH, NH, OH, CN, N, CO, NO, G, CH,, NH,, H,0, HCN, HNC, HCO, HNO, GH, CG,,

NO,, CHz, NH;, CNH,, HCO,, HNO,, CH3N, CH;O, CH;NO, CH;ON, CH,NO,, and their
anions, when the latter exist. Fragmentation energies obtained at both levels of theory are rather
close to each other, except for channels involving CN as a product. ThR®RE™ and CHNO,

anions are shown to possess lower fragmentation energies than their neutral parents. This implies
that the attachment of an extra electron to,88, or CH;ONO may have a crucial role in initiating

the decomposition of these compounds. Also, the attachment of an extra electronN®Lbt
CH3;ONO leads to the appearance of new exothermic decay channels of the anioi9990©
American Institute of Physic§S0021-960699)30801-]

I. INTRODUCTION barrier to transformation to the methylnitrite anion, which

) ) ) would produce methylnitrite upon detachment of an extra
Nitromethane is the simplest prototype of monopropel-gjactron.

lants and explosives and has been the subject of numerous e aim of the present work is to evaluate decomposi-
experimental and theoretical investigatidsee, e.g., Refs. 1 jon energies through different decay channels of methylni-
and 2 and references thergifts isomer, methylnitrite, has yite and its anion with the infinite-order coupled-cluster
been found to be responsible for a low-energy dissociation yathod with all singles and doubles and noniterative inclu-
channel sion of triple excitation§CCSD(T)] and the Hartree—Fock-
density-functional-theory (HFDFT) approach using the
CHaNO,—[CHNO,[* —[CHZONOJ* =CH;0+NO. (1)  6-311+ +G(2d,2p) basis set, which has been applied in our
previous calculatiorfson nitromethane and nitromethane an-
However, reaction patlil) is competitive with the direct jon as well. Thus, one would know also the thermodynamic
decomposition through the basic channel stability of nittomethane and its anion estimated at the same
levels of theory.
CHzNO,—[CHsNO,J* —CHy+NO, )
II. COMPUTATIONAL DETAILS
due to a high barrier to isomerization in reactiti). The The calculations have been performed with #gEs I
barrier height appears to be close to the dissociation energy ita of program¥ at the CCSDT)'112 and HFDFT 13-16
correqunding to reaction?) 'a.c_cording '505 experimental levels of theory using the 6-3%1+G(2d,2p) basis séf
observatlop%and result; Oﬁb |n|.t|o stgdle7s.' ([12s6p2d/5s4p2d] for C, N, O, and 6s2p/4s2p] for H).
Formation of negative ions is bglle\f’edto be rate con- armonic vibrational frequencies of heavier species are
trolling in the detonation of liquid nitromethane. Gas'phasecomputed at the MBP(R)/6—311+ +G(2d,2p) level of
nitromethane was shoWfl to form both dipole-bound and theory. The optimizations were carried out until the root-
conventional(valence anionic states upon attachment of an mean-squaréRMS) gradients fell below the threshold value
extra electron. A dipole-bound state of g¥D, can be pro-  tg1E—3 a.u.
duced via attachment of a low-energy electron to the ground- Generally, the HFDFT approach is computationally
state nitromethane and then this state may transfBtothe  taster and its results are less dependent upon inclusion in the
ground state of the nitromethane anion, which should posseggyg;s set of functions with higher angular momentum, which
lower decomposition energies. On the other hand, it might bge required to recover the correlation energy in coupled-
anticipated that the nitromethane anion will have a lower. ster methods. When performing the HFDFT calculations
we have used the hybrid B3LYP exchange-correlation
3Electronic mail: glgutsev@hsc.vcu.edu potentiat®!® defined as

0021-9606/99/110(1)/403/9/$15.00 403 © 1999 American Institute of Physics
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TABLE I. Results of our calculations for diatomic species and their anions
performed at the CCSD)/6—311++G(2d,2p) and HFDFT/6-
311+ + G(2d,2p) levels together with experimental data. Total energies are
in hartrees, bond lengths are in A, and vibrational frequencies areif.8m

ccso) HFDFT
CH30 CH30" NHCH, Species Re We ElOl RE We Elol (B3LYP)
H, 0.7421 4413 -—1.170865 0.7452 4381 —1.172545
Exp. 0.7414 4401 c 0.7414 4401 .
CH 1.1191 2839 —38.419455 1.1267 2784 —38.465475
Exp. 1.1199 2829 1.1199 2829

CH™ 11373 2593 -—38.457546 1.1356 2592 —38.509 264
NH 1.0368 3271 -55.145915 1.0442 3232 —55.207 726
Exp. 1.0362 3282 . 1.0362 3282 .
NH™ 1.0397 3175 —-55.144545 1.0465 3122 —55.217 427
OH 0.9695 3748 —75.635869 0.9806 3646 —75.724429

CH3NO CH3NO” CH30N Exp. 0.9697 3738 . 0.9697 3738 .
OH™ 0.9626 3763 —75.690781 0.9710 3684 —75.783862
CN 1.1729 2116 —92.577623 1.1230 2804 —92.657 661
Exp. 1.1718 2068 e 1.1718 2068
CN™ 1.1831 2050 -—-92.716317 1.1778 2077 —92.827 098
N, 1.1029 2329 —109.380021 1.0989 2365-—109.498 742
Exp. 1.0977 2359 ce 1.0977 2359
CcoO 1.1340 2158 —113.160786 1.1304 2181-113.237 286
CH2NO2 CH2NO2" Exp. 1.1281 2170 - 1.1281 2170 .
NO 1.1541 2083 —129.714851 1.1361 3072—-129.861103
FIG. 1. Equilibrium geometrical configurations of heavier fragments of Exp. 1.1508 1904 e 1.1508 1904
CH;ONO and CHONO™. NO™ 1.2759 1366 —129.709253 1.2647 1427-129.865916
O, 1.2168 1563 —150.120937 1.2208 1559-150.295 696
Exp. 1.2070 1580 ce 1.2070 1580 .
(O 1.3608 1107 —150.127392 1.3612 1130-—150.310979

Vye= (1— A)* EZ0 Ax ELF+ Bx EDO%K®

8 xperimental data from Ref. 28.
+C*xESP+(1-C)xE/N, 3

whereE;"is the classical Slater exchantfeg ! is the HF

.exch::mge,E)'?eCke is a1 g[%(gignt correction to the exchange |, RESULTS AND DISCUSSIONS

introduced by Becké! EL"" is the Lee—Yang—Parr correla- ) ) )

tion potentia?? EYWN is the Vosko—Wilk—Nusair correla- A- Geometrical configurations

tion potentiaf’® andA, B, andC are the constants obtained |n order to estimate fragmentation energies of,ONO

when flttlng the theoretical results to the experimental heatgnd CHONO™, we performed geometry Optimizaﬁons and
of f(.)rm.ation.l? Even within a Kohn-Sham approach, the harmonic vibrational frequency calculations on the following
partial inclusion of the HF exchange permits some selfspecies and their anions when the latter exist. Diatomics are
Interaction correction. H,, CH, NH, OH, CN, N, CO, NO, and @; triatomics are
The adiabatic electron affinityAig) of a molecular sys-  CH,, NH,, H,0, HCN, HNC, HCO, HNO, GH, CO,, and
tem is defined as the difference in the ground-state total enyO,: tetra-atomics are CH NH;, CNH,, HCO,, and
ergies of the system and its anion. Within the Born—HNO,; penta-atomics and sexta-atomics aresSHCH;O,
OppenheimefBO) approximation, one may evaluate thgg  CH;NO, CH;ON, and CHNO,. The neutral species have
as been the subject of an enormous amount of computations and
Ani=Eiot N,Re) + Zy— Ero A,RS ) — Za= AE g+ AEpye, we recalculated thgm in order to have'the r('asult.s at the same
(4) levels of theory which should be used in estimating fragmen-
_ o . tation energies and adiabatic electron affinities. The equilib-
whereR. and R, denote the equilibrium geometrical con- jm configurations of heavier species are presented in Fig.
figurations of the neutral molecule and the anion, respec; petailed discussions on the structures of “difficult”
tively. The zero-point vibrational energieZ)( are estimated CHsN (NHCH,) and CHNO, can be found in Refs. 24 and
within the harmonic approximation. 25 and Refs. 26 and 27, respectively.
Fragmentation energies are calculated as the differences 14p1e | compares the results of our computations

in the total energies of fragmenks formed in a particular , eynerimental daf for the diatomics in order to get an
decay channel and the total energy of an initial compdund insight into the accuracy to be expected at the

corrected for the correspondints CCSDT)/6-311++G(2d,2p) and  HFDFT/6-311
++G(2d,2p) levels. Generally, agreement is rather good,
Do(l\/l)ZEi [Ewot(Fi) +Zr 1= Ei(M) = Zy except for CN computed at the HFDFT level. Tables Il and

Il present our results for triatomics and tetra-atomics and
=D(M)+AZ, - (5)  their anions, and Table IV contains the total energieszsd



J. Chem. Phys., Vol. 110, No. 1, 1 January 1999 Gutsev, Jena, and Bartlett 405

TABLE II. Results of our calculations for triatomic species and their anions performed at the (CC&M
HFDFT levels with the 6-311+ + G(2d,2p) basis. Total energies are in hartrees, bond lengthsake bond
angles are in degree, a@d are in kcal/mol.

CccsOT) HFDFT
Species Geometry z Eiot Geometry z Eit (B3LYP)

CH,, 3B, R(C-H)=1.0763 10.88 —39.085769 R(C-H)=1.0788 10.23  —39.132985
£ HCH°=133.49 £ HCH°=136.30

CH, , ?B, R(C-H=1.1212 9.74  —39.099 081 R(C-H)=1.1244 9.61 —39.154938
£HCH®=102.31 £HCH®=102.62

NH,, 2B, R(N-H)=1.0242 12.03 —55.796 160 R(N-H)=1.0321 11.73 —55.864 358
£ HNH®=102.90 £HNH°=102.41

NH; , 'A;  R(N-H)=1.0271 11.72 —55.812 740 R(N—H)=1.0330 11.45 —55.884828
£ HNH°=101.63 £ HNH°=102.41

H,0, A, R(O-H)=0.9575 13.58 —76.329639 R(O-H)=0.9673 13.12 —76.329 639
£HOH®=104.33 £HOH®=102.54

HCN, '3 * R(H-C)=1.0651 9.95 —93.285048 (H-C)=1.0682 10.14 —93.392608
R(C-N)=1.1588 R(C-N)=1.1527

HNC, 3+ R(H-N)=0.9952 9.54 —93.260990 R(H-N)=1.0008 9.47 —93.370039
R(C-N)=1.1743 R(C—N)=1.1695

HCO, 2A’ R(C-H=1.1186 8.14 —113.687 752 R(C-H)=1.1295 7.96  -113.822 240
R(C-0=1.1815 R(C-0=1.1761
£HCO°=124.32 £HCO°=123.07

HCO™, A’  R(C-H)=1.2246 6.29 —113.690096 R(C-H)=1.2579 5.97 -—113.830029
R(C-0=1.2420 R(C-0=1.2289
£HCO°=109.68 £HCO°=110.21

HNO, 1A’ R(N-H)=1.0512 8.69 —130.295482 R(N-H)=1.0646 8.56 —130.443193
R(N-0)=1.2178 R(N-0)=1.2123
£HNO°=108.05 £ HNO°=108.37

HNO™, ?A”  R(N-H)=1.0459 7.78 —130.299 350 R(N-H)=1.0555 7.77 —130.460 339
R(N-0)=1.3449 R(N-0)=1.3413
£ HNO°=105.57 £ HNO°=105.88

O,H, 2A" R(O-H)=0.9693 8.93 —150.703 912 R(O-H)=0.9807 8.75 —150.876 349
R(O-0)=1.3418 R(O-0)=1.3238
£ O0H°=104.08 £HNO°=105.35

O,H7, A’ R(O-H)=0.9574 8.13 —150.734 293 R(O-H)=0.9670 8.20 —150.913374
R(O-0=1.5402 R(O-0=1.5191
£ 00H*=96.98 £ 00H*=98.80

CO,, 12$ R(C-0=1.1654 7.21 -188.324975 R(C-0)=1.1655 7.20 —188.542052
£0C0°=180.0 £0C0°=180.0

CO; , %A, R(C-0=1.2364 5.15 —188.297106 R(C-0)=1.2355 4.90 -188.520668
£0C0°=137.35 £0C0°=137.29

NO,, 2A, R(N-0)=1.2025 5.57 —204.792618 R(N-0)=1.2011 6.85 —205.027 644
£ 0ONO°=134.16 £ 0ONO°=133.44

NO; , A, R(N-0)=1.2670 4.76 —204.868 845 R(N-0)=1.2665 4.90 -205.108012
£0ONO°=116.55 £0ONO°=116.32

of heavier fragments required for calculations of fragmentawith both experimental dat&*® and previous theoretical
tion energies. results*®

Table V displays the results of our computations d&
and trans conformations of CHONO, which are compared
to experimental geometrigsand fundamentaf® as well as
for two conformations of CEONO™. Both cis and trans Since there are a lot of experimental d¥tan theA 4 of
conformations correspond to stationary states ok@NO  fragments entering C}¥ONO, it is interesting to compare the
and CHONO™, whereas configurations obtained from themability of the CCSIVT) and HFDFT levels in reproducing the
by = rotations around the C—N axisee Fig. 2 are transi- A,$s when using the same moderate-sized basis, such as 6
tion states and have one imaginary frequency eachirihe  — 311+ +G(2d,2p). Let us start with atomic electronic af-
andcis conformations of both CEDNO and CHONO™ dif-  finities presented in Table VI. Both CC$D and HFDFT
fer in total energy by=1 kcal/mol only. The transition states methods indicate the nonexistence of a stable nitrogen anion,
are higher in total energy by several kcal/mol, in agreemenin correspondence with the experiméhtHowever, while
with a theoretical resuft! stating that the barrier height for the HFDFTB3LYP) approach reproduces all experimental
the CH;ONO isomerization equals 9.8 kcal/mol and experi-values rather well, the CCSD) method underestimates the
mental datg10 kcal/mo).?° On the whole, the results of our oxygen electron attachmefEA) by 0.4 eV. This can be
computations for CEONO are in rather good agreement attributed to the relative insensitivity of density fucntional

B. Adiabatic electron affinities
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TABLE |Il.
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lengths areri A , bond angles are in degree, abs are in kcal/mol.

Gutsev, Jena, and Bartlett

Results of calculations for tetra-atomic species and their anions performed at the
CCSDOT)/6—311++G(2d,2p) and HFDFT/6-311++G(2d,2p) levels. Total energies are

in hartrees, bond

ccsoT) HFDFT
Species Geometry z Eiot Geometry z Eiot (B3LYP)
CHs, %A} R(C-H=1.0768 18.69 -39.766397 R(C-H)=1.0809  18.45 -—39.819105
£ZCHjy,3=90.0 £ ZCHjy,3=90.0
CH; , A R(C-H=1.1016  17.9 -39.760117 R(C-H=1.1024 1751 -39.816672
£ ZCH; ,4=110.44 £ ZCHj 5 5=109.04
NHg, 2A3 R(N-H)=1.0108 21.76 —56.474293 R(N-H)=1.0183 20.96 -56.542955
LZNHy,,=112.02 LZNH;,,=111.74
CNH,, 2A;  R(C-N)=1.2996  16.71 —93.784491 R(C-N)=1.2921  16.33 —93.899 648
R(N-H)=1.0160 R(N-H)=1.0257
£CNH°=122.64 £ CNH°=122.90
NCH,, 2A;  R(C-N)=1.2517 15.84 —93.831964 R(C-N)=1.2124  16.34 —93.939187
R(C-H)=1.0932 R(C—H)=1.1009
£NCH°=121.07 £NCH°=121.47
NCH, ,'A; R(C-N)=1.2536 14.25 —93.841301 R(C-N)=1.2399  13.79 —93.960 009
R(C-H)=1.1417 R(C-H)=1.1554
£NCH°=125.72 £NCH°=126.24
HCO,, 2A;  R(C-H=1.1573  9.62 —188.807401 R(C-H=1.1535 190.66 —189.031587
R(C-0)=1.2292 R(C-0)=1.2282
£ HCO°=107.80 £ HCO°=107.96
HCO, , A, R(C-H)=1.1285 12.57 —188.934947 R(C-H) =1.1389  12.28 —189.159 845
R(C-0)=1.2569 R(C-0)=1.2577
£HCO0°=114.87 £HCO°=114.78
HNO,, 'A;  R(N-H)=1.0313 13.71 —205.412175 R(N-H)=1.0436  13.63 —205.648 745
R(N-0)=1.2251 R(N-0)=1.2258
£HNO°=115.90 £HNO°=115.98
£ ONHO°=180.0 £ ONHO°=180.0
HNO, , 2A’  R(N-H) =1.0235 12.44 —205.413001 R(N-H) =1.0353 11.82 —205.659 770

R(N-0)=1.3177
£HNO°=112.71
£ ONHO°=145.75

R(N-0)=1.3164
£ HNO°=112.23
£ ONHO°=143.16

theory (DFT)-based approaches to augmentationspafba-  value of 0.26:0.08 eV® the HFDFT value of 0.60 eV could
sis sets by functions with higher angular momentuif  be recommended as th&,; of CH;ONO. Contrary to
whereas the convergence of the correlation energy if€Hs;NO,, CH;ONO has a relatively small dipole moment of
coupled-cluster methods is proportional th4/>*®whereL. 2.2 D, which seems not to be sufficient to sustain a dipole-
is the maximum angular momentum of spherical harmonicdound state of CEDNO™, because extensive investigations
in a given basis. In particular, harmonics up lte=5 are  for organic compounds haveshotfi that the critical value
required in order to reach 0.03 eV accuracy in the compute@f the dipole moment required to sustain a dipole-bound state
atomic EA values’ is 2.5-2.7 D.

Tables VII and VIII compare ouA,s computed at both
levels of theory to experimental data Note that all theA, s
obtained at the different levels from HF to CC8D are  TABLE Iv. Results of our calculations for heavier species and their anions
computed at the geometries optimized at the CO3Mevel  performed at the CCSD)/6—311++G(2d,2p) and HFDFT/6-311++G
and theAZ corrections are obtained from harmonic vibra- (2d.2p) levels. Total energies are in hartrees @ware in kcal/mol.
tional frequency calculations performed also at the CA3D

. ) . ccsom) HFDFT
level. The HFDFTA,$ are obtained at the geometries opti-
mized with the BLYP exchange-correlation functional. Gen- ~ Species Eot Z  E (B3LYP) z
erally, the HFDFT approach providés,s which are some- CHsN (C,,2A") 04479902 2532 —94.594186 24.64
what closer to experimental data than the CCBDmethod  cH,0 (c,,2A") —-114.876 179 23.22 —115.015096 20.67
does, except for CN, where HFDFT fails seriously. This wasCH;O™ (Cj, ,'A) —114.923677 22.27 —115.066 624 21.52
also found previousf{ when using larger basis sets in con- CHsNO (Cs,*A") —169.545047  29.35 —169.742293  26.49
junction with different exchange-correlation functionals. ~ CHaNO™ (Cs *A")  ~169.544190  27.68 ~169.751449  25.34
The A,q of CH;ONO is somewhat higher than that of S eON (Cs:'A) 7169460480 27.40 ~169.662577 2613
ad 3 X CH,NO, (C,,,%B,)  —243.990115 22.87 —244.275308 .
CH3NO, computed at the same levels of theory. Since theszNo; (Coy A  —244.074974 22.74 —244.367268 28.92

HFDFT A,q of CHNO, is very closé to the experimental
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TABLE V. Results of calculations for CHONO (C.,'A’) and CHONO~ (C,,?A") at the
CCSDOT)/6—311++G(2d,2p) level. Frequencies are computed at the MBBB—311++G(2d,2p) level.
Raman intensities are in brackets. Total energies are in hartrees, bond lengthd\ararigles are in degrees,
vibrational frequencies are in crh, Zs are in kcal/mol, and dipole momentg) are in Debye.

CH;ONO CH;ONO™

Property Cis Exp? Trans Exp? Trans Cis
R(C-O 1.4369 1.436 1.4379 1.436 1.3693 1.3765
R(C—H,) 1.0800 1.089 1.0875 1.09 1.1135 1.1098
R(C-H, 1.0848 1.094 1.0862 1.09 1.1104 1.1097
LOCH°1 104.44 102.6 109.62 109.5 111.43 111.55
LOCH;3 110.67 110.4 108.52 109.5 113.56 113.47
R(O-N) 1.4011 1.418 1.4323 1.415 1.9549 1.9206
£ CON° 114.09 114.5 109.33 109.9 107.14 102.12
R(N-0O) 1.1933 1.181 1.1772 1.164 1.2096 1.2048
£0ONO° 114.41 114.5 111.05 111.8 109.52 110.25
ya H1COH°2'3 119.34 120.7 120.16 120.0 119.21 119.40
w(a') 3591] 377 37914] 340 2970.3] 23629]
w(a') 653213 623 562160 567 34%76] 28435]
w(a’) 857491] 836 812408 812 55116] 549103
w(a') 1024133 991 107161] 1048 1124106] 1115157]
w(a’) 11971] 1171 121031] 1208 11882] 11745]
w(a’) 14678] 1411 14855] 1423 149646] 147q9]
w(a") 15196] 1460 15397] 1460 151123] 15117]
w(a’) 1557118] 1620 1620162 1678 19882379 1854266]
w(a’) 310314] 2957 310137] 2943 2818429 28771237]
w(a’) 32474] 3040 32087] 3040 2876116) 2897366)
w(@") 2270.2] 186 1001] . 1362] 773]
w(a") 3692] 249 2271] 213 2161] 1341]
w(a”) 11771] 1140 11871] 1156 11770.1] 11790.1]
w(a") 150710] 1446 15155] 1446 14983] 14903
w(a”) 319(14] 3000 320814] 3000 287(285] 2876272
4 30.65 30.73 29.03 29.22 28.71 28.19
m 2.23 .. 1.82 2.37 1.23
(25+1) 1.0 1.0 2.006 2.005
HF —243.740 560 —243.739119 —243.735353 —243.736 517
MBPT(2) —244.608 205 —244.606 224 —244.615548 —244.612814
CCsSD —244.618 050 —244.616 627 —244.624544 —244.622 951
CCSD+T —244.659 647 —244.658 071 —244.669051 —244.666 721
CCsOT) —244.656 520 —244.654 913 —244.664978 —244.662 703
B3LYP —244.935 245 —244.934 505 —244.953 093 —244.952 290

#Experimental geometries and frequencies are from Refs. 29 and 30, respectively.

As a matter of fact, we have computed the binding en6—311+ + G(2d,2p) basis augmented by seven diffusp

ergy of a dipole-bound electron to be 0.05 M@47 cn')  shells in the same manner as was done b&fioreCH;NO,.
using the recently developed electron-attachment equation-

of-motion coupled clustefEA— EOMCO method! and the  C. Fragmentation energies

Fragmentation energies of the ground-state;GNO
and CHONO™ species, presented in Tables IX and X, re-

CH30NO
TABLE VI. Total energies(in hartreeg of the H, C, N, O atoms and their
anions calculated with the 6311+ + G(2d,2p) basis. Electron affinities
are in eV.
Species ccso) B3LYP EAccsor)  EAgsiyp  Exp?
CH30NO- H —0.499818 —0.498 499 0.676 0.773 0.754
H™ -0.519726 —0.526 899 .. . o
C —37.792982 —37.832963 1.104 1.221 1.263
(om —37.833535 —37.877834 S . o
N —54,523 227 —-54.572287 —0.607 -0.122 <0
N~ —54.500 887 —54.567 803 s c c
(e} —74.973873 —75.055601 1.057 1.426 1.461
G.S. LM T.S. O —75.012704 —75.108 020
FIG. 2. Stationary configurations of GANO and CHONO™. 2See Ref. 33.
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TABLE VII. Adiabatic electron affinitiegin eV) calculated with the 6 311+ +G(2d,2p) basis.AZs are calculated at the CCED level.

Level CH NH OH NO Q@ CN HCO HNO CH NH, OH CO, NO, NCH, HCO, HNO, CHs

HF 044 -151 -0.26 —-0.28 -0.81 290 -0.78 —-0.16 —-0.97 -1.09 -053 -1.09 150 -130 3.07 0.14 -1.47
MBPT(2) 1.16 0.04 182 -0.11 0.17 476 0.06 0.13 0.34 0.68 1.12-0.85 204 081 3.39 -0.17 -0.33
CCsD 1.00 -0.13 137 -0.09 0.5 3.76 0.09 0.17 0.32 0.34 0.76-0.68 2.15 0.20 3.44 0.20 —0.24
CCSD+T 1.06 —-0.02 152 -0.10 0.22 370 0.14 0.15 0.43 0.47 0.85-0.66 2.10 0.32 3.44 0.08 —0.13
ccsOoT) 1.05 —-0.02 150 -0.10 0.20 3.77 0.14 0.15 0.41 0.46 0.86-0.67 211 0.32 3.34 0.08 —0.14
LDA 1.64 0.63 2.19 0.18 044 486 0.51 0.47 0.87 1.07 123053 223 114 3.34 0.08 —0.30
BLYP 1.20 0.38 1.73 0.10 046 464 0.29 0.44 0.72 0.65 114054 211 0.75 3.12 0.21 0.02
B3LYP 121 0.28 1.62 0.17 0.44 461 0.29 0.50 0.65 0.57 1.04049 222 0.64 3.36 0.36 —0.03
Exp. 1.24 0.38 1.83 0.02 044 382 0.30 0.34 0.65 0.78 1.080.6 2275 ... o 0.29 0.08

spectively, are calculated according to EB). with the AZ halogens where X is a halogen attnappears to be due to

corrections obtained from CCSD) calculations. As is seen, smaller electronegativities of H and O with respect to F or

there is rather good agreement between fragmentation eneti.

gies obtained at the CCSD) and HFDFT levels, except for Keeping in mind that formic acid was observed as a

some channels involving CN as a product. This is apparentlprimary product of thermal decomposition of gMD,, one

due to a poor description of the CN radical at the HFDFTmight surmise that the formation of formic acid could be due

level (see Tables | and VIl Therefore, the CCSO) results  to decomposition of CENO, through the channel NH

should be considered as more reliable in general. Our theor HCO, . Subsequent detachment of an extra electron from

retical values compare welwithin 5 kcal/mol accuragy HCO, and attachment of the electron to another;88, or

with experimental dat&>~**which are known for several CH,ONO could initiate a chain reaction process.

decay channels of CiMO, and CHNO;. The CHNO, and CHONO™ anions possess two other
Table IX shows that the source of the high-energy denbasic decay channels: to GB +NO and CH+NO,

sity of CH;ONO and CHNO, is due to their highly exother- which are lower in the energy than the corresponding decay

mic decomposition, into Ngland CQ. Note that ammonia channels of CENO, and CHONO to CHO+NO and

and formic acid were found to be major products of the therCH;+NO,, respectively. On the whole, the fragmentation

mal decomposition of CENO,.*> Obviously, the direct de- energy of a particular decay channel of D, and

cay CHNO,—NH3+ CO, requires three bonds to be rup-

tured, which energetically is highly unfavorable. Formic acid

is a decay product through the next lowest bimolecular chanIABLE IX. Fragmentation energiesn eV) of CH;ONO computed at the

] . . ] CCSOT)/6—311++G(2d,2p) and HFDFT/6-311+ +G(2d,2p) levels ac-
nel, NH,+HCO;, which is twice as low in energy as the cording to Eq.(5). Fragmentation energies of GNO, are larger by 0.06

basic channe(l). and smaller by 0.23 eV at the CCSD and HFDFT levels, respectively.
According to our results presented in Table X, theExperimental data are obtained for QD,.

CH;ONO™ anion has additional exothermic fragmentation
channels with respect to those of its neutral parent. Espe-

CCSOT)  B3LYP

cially interesting is the appearance of an exothermic channel Channel De Dy D. D Exp.

CH3;0ONO™ —NH,+HCGO, , whose exothermity is due to a CH,ONO - NH, + CO, 397 -40l-4.12-4.14

rather Iarge/-_\ad of HCGO, (%3:3 eV, see Table V]I For- — NH+CO,+H, 0.32 —0.19 0.31 —0.15

mally speaking, the HCOradical belongs to the class of —CO+HNO+H, 0.72 0.48 0.86 0.39

superhaloger{8*8 of the generaMX,Y type. A relatively —NH,+HCO, 136 100 103 071

low electron affinity of HCQ with respect toM X5 super- —NHCH,+0, 143 143 119 120 ...
—CHzO+NO 170 154 157 146 188
—HCN+H,0+0 177 149 184 160 ...
—CH3+NO, 257 233 237 2228, 246

TABLE VIII. Electron affinities (in eV) calculated with the & 311+ —H,0+0OH+CN 3.00 254 3.22 3.06

+G(2d,2p) basis.AZs are calculated at the MBRZ)/6—311+ +G(2d,2p) —HCO+H,0+N 301 2.66 3.64 336

level. —NCH,+ O,H 320 298 330 293
—CHzNO+0 3.66 3.64 3.71 3.60

Level CHO CH;NO CH,NO, CH;NO, CH;ONO —CH,+HNO, 423 400 414 392

—CH,NO,+H 445 415 435 405 ...

HF -032 -0.20 1.23 0.02 0.03 —HNO+HCO+H 464 4.07 462 409 3.89

MBPT(2) 1.66 0.00 2.42 —-0.25 0.27 —H,0+CH+NO 526 4.76 5.15 4.77

ccsb 121 0.05 2.27 0.13 0.26 —.CH,ON+O 580 5.69 587 581

CCSD+T 1.35 0.05 2.31 0.05 0.33 —CH,+OH+NO 591 544 5.86 5.41

ccsoT) 1.33 0.03 2.32 0.03 0.30 2CH;ONO—2CO+N,+2H,0+H, —6.08—6.87-5.71-6.41

LDA 2.03 0.28 2.86 0.01 0.59 2NO—N,+0, -1.98-2.18-1.99-1.98

BLYP 1.53 0.23 2.48 0.07 0.36

B3LYP 1.44 0.30 251 0.22 0.60 3See Ref. 42,

Exp. 1.57 . 2.48 0.27 . bSee Ref. 43.

‘See Ref. 1.
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TABLE X. Fragmentation energigé eV) of CH;ONO™ computed at the

CH30NO-
CCsOT)/6—311++G(2d,2p) and HFDFT/6-311++G(2d,2p) levels ac-
cording to Eq.(5). Fragmentation energies of GNO, are smaller by 0.21
and larger by 0.02 eV at the CC8D and HFDFT levels, respectively.
— — —
CCsOT) B3LYP
0.10 0.73

Channel D, Dy De Dy

CH;ONO —NH;+CO,+e —3.65 —3.64 —3.59 —3.64

—NH;+CO; -290 —2.98 —3.01 -3.16 ...

—NH,+HCO;, -1.80 —1.98 —1.94 —2.17 ...

—H,O+0OH+CN~ —0.46 —0.76 —0.44 —0.79 e -
—CHz0™+NO 072 057 069 0.48

—CHy;+NO; 081 058 071 041 0.560.2 118 2.59 0.21 eV

—NH, +HCO, 122 091 100 064 .

—H,O+OH"+CN 182 153 255 220 . FIG. 4. A transformation of CEONO™ to aA” transition configuration of
—O,H+H,+CN~ 2,01 155 210 1.61 . CH,NO; .

—CH,NO; +H 245 220 238 209

—NCH,+ O,H"~ 269 248 273 253 .

H(N:(H:ii’\l‘o-jool:l g'gg g-gg g-zg g-g; tilted towards two hydrogens. This configuration is higher
HCH’iHNE) 418 395 407 380 o (than the ground-stafen total energy by 0.12 eV.

— > 7} . . . . e . . H

—.CH,+HNO, 452 429 436 405 ... The barrier height to t;ansform_afuons of the ground-state
—CH,+OH +NO 472 418 477 430 CH;ONO™ anion into theA” transition configuratior(see

Fig. 3) was evaluated on the basis of calculations for inter-
mediate configurations obtained via optimizing all geometri-
cal parameters while keepinQ(C—N) to be fixed and
stepped by @ A . Fig. 4 shows that there is a rather high
barrier for this transformation. The barrier height is approxi-
mately the same as that found previously for the transforma-
tion CHNO,— CH3ONO.*® Thus, this way of anion trans-
{ormation appears not to be favorable.

We have considered another transformation path starting
with the 2B, transition configuration and using tHO—C)
distance as a stepping parameter. Several steps of this trans-
formation are shown in Fig. 5. The barrier height with re-
D. Geometrical transformations spect to the CEONO™ ground state decreases to about 2 eV

Following McKeé and Saxon and Yoshimifewho and the barrier corresponds to equalizing the C—O and C-N
have considered transformations of nitromethane into metheond lengths as in the preceding case. Thus, one cannot con-
ylnitrite, we can consider a transformation from 0, to  clude from these two sets of calculations that the anion for-
CH,ONO™. However, the anions have different ground-statemation could greatly facilitate the transformation {MtD,
symmetries?A’ and 2A”, respectively. Therefore, such a —CH3ONO.
transformation should be nonadiabatic and presumably pro- Because of controversial points of vigd on the exis-
ceed through a transition state of an appropriate symmetryénce of a barrier for the direct decomposition of ni-
Optimized transition states of GNO, are displayed in Fig.

3. Optimizations as well as all other subsequent calculations

are performed at the MBR2)/6—311++G(2d,2p) level.
Note, thafA’ transition configuration is similar to that of the e o
ground state of CENO, and was obtained in optimizations

aSee Ref. 44.

CH3;ONO™ is lower than the fragmentation energy of the
corresponding channel of their neutral parents byAheof a
decay fragment in the neutral channel, if the fragment pos
sesses a positivé,y. Since anions are generally more
loosely bound than their neutral parents, the formation o
CH3;NO, or CH;ONO™ would greatly facilitate initiating a
decomposition reaction of nitromethane.

starting with an initial configuration where the oxygens were -244.5931 -244.5937
. I"\_“

-244.5925 -244.5809

-244.5479 -244.6116

-244.6039 A' -244.6029 A"  -244.5930 B2 -244.5933 B1

FIG. 5. A transformation of @, transition configuration of CENO, to
FIG. 3. Transition configurations of the GNO, anion. CH;ONO™.
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CH3NO, I I‘
I r I RNC=1.5,A" 'E=-244.5918 RNC=138, A" E=-244.5625 RNC=2.0, A" E=-244.5214

CH3NO2- iE i
i £ RNC=2.2. A' E=-244.5724 RNC=2.4,A' E=-244.5803  RNC=2.6, A' E=-244.5850
Re R(C-N)=1.8 R(C-N)=2.5 R(C-N)=3.0 R(C-N)=3.5
FIG. 6. Direct dissociation pathways QRO,— CHz+ NO, and CHNO,
—CHg+NO; .
tromethane through chann@), we performed a simulation

of the decomposition of CHNO, and CHNO, to CH; RNC=3.0,A'E=-244.5882  RNC=35, A"E=244.5884

NG, ar.]d CHﬁ_NQ? " rESpeCtuvely'. In both cases we FIG. 7. Decomposition of &” transition configuration of CHNO, to

started with the equilibrium configurations and kept stretch+, ", o

ing the C—N distance by 0.2 A, while optimizing the rest of ’ :

the geometrical parameters, to a C—N distance of 3.5 A. The

results of our simulation are presented in Fig. 6. Since a

restricted Hartree—FockRHF)-based solution for CENO, 2A" configurations corresponding to autodetachment of an

has the wrong dissociation limit, we have optimized also theextra electron, whereas the bonding configurations at similar

triplet state of CHNO, (based on a unrestricted HF wave geometries havéA’ symmetry. Applications of a compli-

function) and found the total energies of the triplet and sin-cated diabatic approadkee, e.g., Ref. 530 anion fragmen-

glet states to cross &(C—N)~2.5 A. At larger distances, tations are further complicated by the necessity of checking

one should use the total energy of the triplet state as correat each intermediate geometry whether there exists a support-

sponding to a proper dissociation to two doublet radicals. ing neutral parent state which can prevent autodetachment of
We have not found any barrier for GNO, when the extra electron. Applications of electron-nuclear dynamics

stretching the C—N bond length, in accord with experimentamethods,* which avoid constructions of potential energy

findings of Wodtkeet al.® The behavior of the anion is surfaces, could be a promising alternative for considering

somewhat different. The anion preserves his ,Nlting anion decay channels, especially if done purely quantum me-

shape up tdR(C-N)=3.5 A, where the dissociation limit is chanically.

practically achieved. However, the long-range Coulombic in-

teraction still favors sharing an electron between a peripheral

hydrogen and oxygens. Note that nitrogen has no positivi, coNncLUSIONS

electron affinity>® and the near-planar GHtself cannot sus-

tain an additional electrott. We found a barrier of about Our coupled-cluster and Hartree—Fock-density-func-

0.35 eV, which appears when the €froup inverts through tional-theory studies of high-energy density compounds

its planar configuration aR(C-N) ~2.0 A. However, this CH;ONO and CHONO™ as well as of their major frag-

barrier seems to be an artifact of the BO approximationments can be summarized briefly in several conclusions:

which has been fouridto be invalid for the cation dissocia- (i) The fragmentation energies obtained at both the

tion CHNO; — CH3;0™ + NO, because the anion wave func- CCSD(T) and HFDFT levels of theory are in fair agreement

tion at this separation has an appreciable spin contaminationith each othefand experimental dataxcept for channels

((2S+1)=2.16) which is indicative of the appearance of containing CN as a product, where HFDFT fails seriously.

some other close-lying states which, probably, correspond to (ii) The adiabatic electron affinities of all the fragments

decay channels CH-HNO, or CH, +HNO,. computed at the HFDRBLYP) and HFDFTB3LYP) levels
Nonadiabatic transformations in ions appear to be morare, generally, in somewhat better accord with experiment,

common than in neutral systems. An example of such a&xcept for CN, whosé\,4 is overestimated by 0.8 eV.

nonadiabatic transformation is shown in Fig. 7, obtained (iii) Attachment of an extra electron to GBINO or

when we simulated the dissociation of 4D, starting with  CH3;NO, reduces substantially the fragmentation energies

a?A” transition state. Stretching the C—N bond, one reacheand leads to the appearance of new exothermic decay chan-
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