Imernational Journal of

)

Mass Spectrometry

v les
ELSEVIER International Journal of Mass Spectrometry 195/196 (2000) 101-114
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Abstract

[C,H5,N,O] cation radicals and molecules corresponding to the less stable isomers were investigated by a combination c
ab initio and density functional calculations, and collision-induced dissociation and neutralization-reionization mass
spectrometric measurements. The ions formed by loss of oxygen from a nitromethane cation radical and loss of hydroxy
radical from protonated nitromethane were identified as having the nitrosomethane stri2itiur& fovel rearrangement in
the ethyl nitrite cation radical was found to result in an elimination of formaldehyde to pr@&iubet not isonitrosomethane,
CHL,ON™ (3%). Dissociations o2*" and2 were investigated by variable-time neutralization-reionization mass spectrometry.
Cleavage of the C—N bond was found to occur in both the neutral and ion with comparable rate constants. Ab initio calculation:
provided C-N bond dissociation energies that were very similé? and 2%, 161 and 164 kJ mol', respectively. The
calculated heats of formation, adiabatic and vertical ionization energies, and recombination energies are reported for si
[C,H5,N,0] ion and neutral isomers, formamide, nitrosomethane, isonitrosomethane, formaldoxime, formaldonitrone, anc
oxaziridine. (Int J Mass Spectrom 195/196 (2000) 101-114) © 2000 Elsevier Science B.V.
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tinct dissociations shown in Scheme 1. The structures
and relative energies of these cations were therefore

1. Introduction

Gas-phase cations containing N-O bonds in nitro,
nitroso, and nitrite functional groups often undergo
unimolecular rearrangements [1]. Migrations of hy-
drogen atoms [2—7], oxygen [8,9], alkyl [2,3,6,8-10],

of interest as were those of the corresponding neutral
molecules. Out of the [CEIN,O] family of isomers
only formamide {) is sufficiently stable in the con-
densed phase to allow thermochemical measurements.

and aryl groups [11-13] have been observed and NitrosomethaneZ) is a reactive compound that un-

studied [14-16], as reviewed [17]. In the course of
our studies of cationic precursors for nitro, nitroso,
and nitrite radicals by neutralization-reionization
mass spectrometry (NRMS) [18], we observed the
formation of [C,H;,N,O]"" cations due to three dis-

* Corresponding author. E-malil: turecek@chem.washington.edu
Dedicated to the memory of Robert R. Squires.

dergoes spontaneous dimerization and tautomeriza-
tion to formaldoxime 4) upon standing [19-21].
Isonitrosomethane3f has not been prepared so far.
Compounds? and 4, generated as monomers in the
gas phase [22-24], have been studied by a variety of
spectroscopic methods [24-26] and ab initio calcula-
tions [27-32]. The gas-phase ion chemistry of
[C,H3,N,O]"" isomers has been studied in some detail
by Hop et al. [33], who focused on the more stable
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Scheme 1.

isomers of this group. However, the thermochemistry CHZ/CH, or H3/H, as reagents. The ions were
of the high-energy, less accessible [GM O] iso extracted from the source and passed through a
mers relied on estimates [33] and ab initio calcula- quadrupole operated in the rf-only mode. A series of
tions for ions [23] and neutral molecules [23,27-32] lenses accelerated the ions and the final translational
that were performed at different levels of theory. energy was 8250 eV. The fast ions entered a collision
In this work we report on the formation and mass cell in which dimethyldisulfide was introduced as a
spectrometric characterization of nitrosomethane cat- neutralization gas to achieve 70% transmittantp (
ion radical @"). Neutralization-reionization mass of the precursor ion current. At this transmittance,
spectrometry [34] combined with variable-time mea- -850 of the colliding ions underwent single colli-
surements [35,36] are used to characterize neutralsions. The neutrals and ions exited the collision cell
nitrosomethane?). In order to compare the ion and  ang entered the conduit region. The fast ions were
neutral thermochemistry at a uniform level of theory, gefiected by the first element of the conduit, which
G2(MP2) ab initio calculations combined with density 1< fioated at+250 V, while the neutrals passed
functional theory geometry optimizations are used t0 yhindered. The lifetime of the neutrals in the 60 cm
provide heats of formation, dissociation, ionization, long conduit was 3.2is. The surviving neutrals and

a”‘?' Frandc_k—lcjonddon ener|g|es| for lseveral E_ I,_I,IC]N o fragments were then reionized in a second collision
cation radicals and neutral molecules containing N— cell by O, introduced to achieve 7098 of the

bonds. precursor ion current. The fast ions were decelerated
to 80 eV translational energy, energy filtered, mass
analyzed by a second quadrupole, and detected by an
off-axis electron multiplier. The signal was converted
2.1. Methods to a voltage and amplified by a Keithley 428 ampli-
fier. A series of scans, usually 30-50, were collected

Measurements were performed on a homebuilt and processed by a PC based control system.
tandem quadrupole acceleration deceleration mass Variable time experiments were performed using
spectrometer that has been described in detail previ- the procedure described previously [38]. The lifetime
ously [37]. Typical conditions for electron ionization of the neutrals and reionized fragments and survivor
were as follows: Electron energy 70 eV, electron ions were varied in an inverse fashion by applying a
current 500 uA, ion energy 70 eV, and source scanning high voltage potential to various portions of
temperature 270-300 °C. Chemical ionization was the conduit. Using the ratio of integrated peak inten-
carried out in a tight ion source of our design using sities for the survivor ion to fragment ion, fragment

2. Experimental
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mass, reionization efficiencies (the latter calculated paired electrons are defined to hamespins. This
using the method of Fitch and Sauter [39]) the causes the G2(MP2) homolytic bond dissociation
dissociation rate constants for neutral and ionic dis- energies to be 12.13 kJ mdl greater than those
sociations could be calculated. A least squares fit was calculated from effective QCISD(T)/6-31%
calculated for a bimodal exponential decay for one G(3df,2p) energies and appropriate ZPVE corrections.
fast and one slow dissociation of the neutral interme- It should be noted that the G2(MP2) scheme was
diate, and for a single exponential decay of the calibrated to atomization energies of mostly closed
reionized ion. A Visual Basic macro was used to shell molecules to produce high atomic spin states,

integrate the kinetic equations for unimolecular dis-
sociations for both neutrals and ions.

Collisionally activated dissociations (CAD) were
performed in the first field-free region of a JEOL-
HX100 double-focusing mass spectrometer using
linked B/E scans. Air was used as the collision gas at
50% and 70%IT of the precursor ion beam.

2.2. Calculations

Standard ab initio and density functional theory
calculations were performed using tleaussian 94
suite of programs [40]. Geometries were optimized
using Becke’s hybrid functional (B3LYP) [41] and

(P)0O, EP)C, (S)N, etc. [44]. Hence, the empirical
corrections usingx electrons may somewhat under-
estimate the product stabilities and thus increase the
homolytic bond dissociation energies. Franck—Con-
don energies in vertical neutralization and reioniza-
tion were taken as absolute differences between the
total energies of fully optimized ion or neutral struc-
tures and those in which an electron has been added to
an optimized cation structure or subtracted from an
optimized neutral structure. No zero-point corrections
were applied to the calculated Franck—Condon ener-
gies.

the 6-31+ G(d,p) basis set. For selected species and 3. Results and discussion

dissociation pathways, geometries were also opti-
mized with MP2(FULL) and the 6-3% G(d,p) basis

set. Basis sets of this quality have been shown to give

mostly reliable equilibrium geometries for neutral
molecules and ions [42]. The optimized structures

3.1. lon preparation and characterization

Electron impact ionization of nitromethane as well
as protonation with El and CH gave rise to

were characterized by harmonic frequency analysis as[C,H;,N,O]" ions atm/z45 [Scheme 1, Egs. (1) and

local minima (all frequencies real) or first-order sad-
dle points (one imaginary frequency). The B3LYP/6-
31 + G(d,p) frequencies were scaled by 0.961 [43]

(2)]. The highly exothermic protonation with JH
provided the highest yield of [C4N,O]" as shown
in Fig. 1. The CAD spectra of [C4N,0]" ions

and used to calculate zero-point energies and enthalpygenerated from nitromethane were practically identi-
corrections. Single-point energies were calculated at cal; that from protonation with k is shown in Fig.

the Gaussian-2(MP2) level of theory [44]. This con-
sisted of MP2/6-31H G(3df,2p), MP2/6-311G(d,p),
and QCISD(T)/6-311G(d,p) [45] calculations that
were combined to provide effective QCISD(T)/6-
311 + G(3df,2p) energies corrected for the ZPVE
and the number of valence electrons [44]. Note that
most relative energies calculated in this work refer to
isoelectronic systems in which the empirical correc-
tions cancel out. In homolytic bond dissociations,
treating the radical products by the G2(MP2) formal-
ism formally violates spin conservation because un-

2(a). The major dissociations of [C;HN,0]"" were
loss of H and CH, giving rise to fragment ions a/z

44 and 30. The CAD spectrum in Fig. 2(a) was closely
similar to that assigned to the nitrosomethane ion
(2% by Hop et al. [33].

The 70 eV electron ionization mass spectrum of
ethyl nitrite gave rise to a peak at/z 45 that was
found by high resolution measurements to consist of a
2.5:1 mixture of [C,H,N,O]" and GH,O"*. The
latter ion was not studied in detail, but it was assumed
that it corresponded to the stable gEH=OH" iso-



104 M. Pola&ek et al./International Journal of Mass Spectrometry 195/196 (2000) 101-114

100

62
Fig. a CI/CH,"
80
=
2 60
g
£
o
=
§ 40
o
17
20
45
N
0 e e SR S S
10 20 30 40 50 60 70 80
m/z
100
45|] 46
Fig. b CIH,"
80 —
=
(2] 60_
15 30
£
(0]
=
T 40 -
[
15
62
20
0 == T e e AAAiSAARABAARARRE
10 20 30 40 50 60 70 80
m/z

Fig. 1. Chemical ionization mass spectra of nitromethane. Protonation with (&) ®HH3 .

mer, by analogy with the formation of GHOH™ peared am/z50. The CAD spectra of [C kN,O0]"
from methyl nitrite [6,7]. The [C,HN,O]" and prepared from ethyl nitrite and GED,ONO are
C,H:0" ions were separated in the mass spectra of shown in Fig. 2(b) and (c). In spite of some degree of
labeled ethyl nitrite analogues, GEID,ONO and contamination by the isobaric species, the CAD spec-
CD5CD,ONO. The mass spectrum of GED,ONO tra of [C,H;,N,0]"" closely resembled that &

gave a 5:1 mixture of [C,5IN,O]"" and GH;DO ™" at The deuterium labeling measurements indicated
m/z 45, whereas the C}D=0OD" ion appeared at that the expulsion of formaldehyde from the ethyl
m/z 47. The mass spectrum of GOD,ONO gave nitrite ion involved an intact CH-O moiety, which
[C,D3,N,O]"" at m/z 48, whereas CECD=OD" ap did not exchange hydrogen atoms with the methyl
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Fig. 2. CAD spectra of [C,EIN,O]"" prepared from various precursors: @) from H; -protonated nitromethane; (8) from dissociation
of ethyl nitrite ion; (c)2"" from dissociation of CHCD,ONO"".

group. The methyl group can migrate to the N or O The mechanism for the elimination of formalde-
atoms of the NO moiety to give rise t@" or hyde from the ethyl nitrite ion is visualized in Scheme
CH,ON™ (3"). These isomers can be expected to 2 that shows some of the alternative mechanisms for
undergo similar dissociations, namely, loss of bl the methyl migration. Migration to the oxygen termi-
form NO* and may be difficult to distinguish. How  nus may proceed through a five-membered transition
ever, we show below that a clear distinction can be state to form a distonic intermediate (path which
made on the basis of the calculated relative energiescan dissociate to forn3"" (path b) or rearrange by
that strongly favo2™". methyl migration to nitrogen (patb). A N—-O bond
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cleavage in the ethyl nitrite ion may lead to an authors used xenon as neutralization gas and obtained
ion—-molecule complex of ethoxy radical and NO the spectra on a sector instrument. The NR mass
(pathe). Dissociation of the complex can proceed by spectra of [C,H,N,O]"" from ethyl nitrite and
loss of GHsO', which is the major path observed in  CH;CD,ONO showed dissociations characteristic of
the mass spectrum, or by methyl migration and 2* when accounting for the contaminating ions [Fig.
elimination of formaldehyde to giva* (pathf). lon 4(a)—(c)]. Subtracting a reference NR mass spectrum
27" may also be formed by patd. In order to of CH;CH=OH™" (prepared from 2-propanol) from the
distinguish thea — b — 3" pathway in Scheme 2,  spectrum in Fig. 4(a) resulted in a spectrum that was
it was necessary to unequivocally identify the ion closely similar to that o2 from nitromethane. The
formed and examine the product thermochemistry. NR spectrum of CBNO" from CD;CD,ONO
This was achieved by a combination of NR mass showed a somewhat more abundant {MD)" peak
spectra and ab initio calculations, as discussed below. at m/z46 [Fig. 4(c)], but otherwise was similar to that
of 2. The peak am/z28 in the NR mass spectra of

3.2. Neutral preparation and characterization both2™" and CDNO™" was assigned to CO.
In order to distinguish dissociations of neuttal
Collisional neutralization o2 * followed by reion from those of reionize®"" we performed variable-

ization afforded the NRMS spectrum shown in Fig. time measurements for the most abundant channel
3(a) and (b). The spectrum displayed a prominent forming CH; and NO. lons2™" used in these mea
survivor ion atm/z45, and fragments an/z 44, 30, surements were generated by LDelimination from

15, and 14. The NR mass spectra obtained from CH,CD,ONO™" [Fig. 4(b)]. The rate parameters for
nitromethane protonated with Hand CH were dissociations of neutral2 were measured as
practically identical [Fig. 3(a) and (b)]. Overall, the ky(NO) = (8.2 + 0.8) X 10° s * and ky(CH,) =

NR mass spectra in Fig. 3 were very similar to that (5.6 = 0.6) X 10°s L. The rate parameters showed a
assigned t@ " by Hop et al. [33]. Note that the latter  reasonable albeit not perfect correlation. The rate
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Fig. 3. Neutralization (CEBSCH;, 70%T) reionization (Q, 70%T) mass spectra of (&' from CHZ -protonated nitromethane; ()" from
H3 -protonated nitromethane.

parameters for the dissociations of reionizad, were therefore investigated by ab initio and density
k(NO™) = (6.1 + 1.6) X 10° s * and k(CH3) = functional calculations, as discussed below.

(—5.1 + 8) x 10* s, showed preferential forma

tion of NO" in line with the Ordering of ionization 3.3. lon structures and energies

energies, IE(NO)= 9.264 eV< IE(CH;) = 9.84 eV

[46]. The variable-time measurements clearly showed  The B3LYP/6-31+ G(d,p) optimized ion struc-
that both neutral and ion dissociations occurred on tures are shown in Fig. 5. Two features deserve a brief
NR. The N-O bond dissociation energieiand2™* comment. The C-O bond in the isonitrosomethane ion
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CH,CD,ONO; (c) [2-Dg]*" from CD,CD,ONO.

(37 is conspicuously long and the H—-C—O angles are gauche rotamer in which both the O-H and the C-H
small indicating partial planarization of the methyl bonds were deflected out of the C—N-O plane. Two
group. lon3" may be viewed as a complex of a planar structures corresponding to syn and antirotam-
methyl radical bound to the oxygen terminus of the ers were calculated to be transition states for OH
NO™ cation. Note that no dramatic lengthening of the group rotation in4™". The rotational barriers, caleu
C-N bond was calculated foR*" (Fig. 5). The lated with B3LYP/6-31+ G(d,p), were substantial,
formaldoxime ion4™" was found to exist as a single, 85 and 29 kJ mol* for the syn and anti-transition
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Fig. 5. B3LYP/6-31+ G(d,p) optimized geometries df'—6"". Bond lengths in angstroms, bond and dihedral angles in degrees.

states, respectively. This contrasted the optimized form CH,=N=0" required higher threshold energies.
geometries of neutral that showed two stable planar The calculated threshold energies were in good qual-
rotamers (vide infra). itative agreement with the product ion formations in
The ion relative energies are summarized in Table the CAD spectrum o2, which showed a dominant
1. According to G2(MP2), ion2" 6" were 160—  NO™ ion [Fig. 2(a)]. The CAD relative intensities of
250 kJ mol * less stable thah™ confirming that they ~ the minor ions, CH and CH=N=0O", which did not
belonged to a group of high-energy isomers. The follow the order of threshold dissociation energies,
relative energies obtained with B3LYP/6-3%#1 may be biased by different ion transmission and
G(3df,2p) showed the same ordering of isomer stabil- detection efficiencies at different ion kinetic energies
ities, although absolute deviations of up to 16 kJ andm/zvalues.
mol~! were apparent (Table 1). In addition to the The thermochemistry o2 and the other high-
relative stabilities of the high-energy ion isomers energy [C,H,N,O]"" isomers can be assessed from
276", dissociation energies due to simple bond the ion relative and dissociation energies and adia-
cleavages were calculated at the corresponding ther-batic ionization energies of the neutral molecules
mochemical thresholds, that is, disregarding potential (Table 3, vide infra). The relative energy scale was
energy barriers (Table 2). anchored to the experimental heat of formatiori 6f
The lowest-energy dissociation af " was forma (AHS 595 = 794 kJ mol 1), which was obtained using
tion of CH; and NO". The formation of charge- the tabulated AHS,og(1) = —186 kJ mol* and
reversed products, CHand NO, and loss of Hto IE,(1) = 10.16 eV [46]. This reference number
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Relative energies of [C 4N,0]" ions and molecules (kJ niot)
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B3LYP/6-311+ G(3df,2p)

QCISD(T)/6-311+ G(3df,2p)

Species 0K 298 K 0K 298 K
lons
1+ 0 0 0 0
2" 176 177 161 163
3+ 266 269 253 256
(250y
4+ 187 187 190 190
5 182 182 183 183
6" 264 264 248 248
Neutrals
1 0 0 0 0
2 268 268 257 257
3 464 464 459 459
anti4 215 215 208 208
syn4 235 234 229 228
5 254 253 254 253
6 308 307 291 289

2Single-point calculations on a MP2(FULL)/6-31 G(d,p) optimized geometry using B3LYP/6-31 G(d,p) zero-point corrections.

slightly differed from that used by Hop et al. (791 kJ
mol~1) [33]. The calculatedH; ,4¢(2"") are shown in
Egs. (1)-(4)

17 =27 AH;,0427) =957 kI mol* (1)
2" — CHy + NO™

AH{,05(2") =966 kJmol'*  (2)
2" — CH3 + NO'

AH{,05(2"7) =967 kImol*  (3)
22" AH; 505(2") = 968 kI mol'*  (4)

The estimate from the ion relative energies [Eq. (1)] is
somewhat lower than those from ion dissociations
[Egs. (2) and (3)] and neutral ionization [Eg. (4)]. The
heats of formation from Eqgs. (2)—(4) very nicely
confirm the previous estimate by Hop et al. (967 kJ
mol~* [33]).

Equations analogous to (1)—(4) were also used to
calculateAH; ,o5(3"), as 1050, 1065, 1067, and 1054 kJ
mol~ %, respectively. The average value, 1058 kJ

The thermochemistry of ionrd""—6"" was assessed
from the relative ion energies and adiabatic ionization
energies (Table 3). The latter were combined with
G2(MP2) calculated heats of formation of the neutral
molecules (vide infra). ThéH; ,9g calculated from
the relative energies and ionization energies agreed
within 10 kJ mol'* giving the following averaged
values: AH; 5o5(4"") = 989+ 5 kJ mol'*, AH; ,qq
(57) = 982+ 5 kJ mol'%, AH;,6¢(6") = 1046 +
5 kJ mol*. It should be noted that the use of the
empirical (“high level”) corrections in the G2(MP2)
energies [44] sometimes results in ionization energies
that are~0.1-0.15 eV too high [47]. For example, the
IE, of 1 (10.16 eV) [46] was calculated with a better
accuracy without using the “high level” correction
(10.13 eV) than with it (10.26 eV, Table 3).

It was interesting to compare the performance of
the density functional theory method used (B3LYP) in
providing accurate dissociation and ionization ener-
gies for the ions in question. Table 2 shows that the
B3LYP/6-311+ G(3df,2p) calculations uniformly
overestimatedbn dissociation energies by as much as

mol %, represents the best estimate for the high-energy 40 kJ mol *. This appears to be typical for dissocia-

isomer3™". It may be noted (Table 2) that i@ is only
weakly bound against dissociation to Cahd NO'".

tions of open-shell species [48,49], and it was attrib-
uted to the possibility that a better delocalization of
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Table 2
Dissociation energies (kJ mol)
B3LYP/6-311+ G(3df,2p) QCISD(T)/6-311 G(3df,2p)
Reaction 0K 298 K 0K 298 K Exp.
2 - CH; + NO 147 153 154 161 163
2 - TS(CH;...NO) 148
3 — CH; + NO —49 —42 —48 -41
3 —= TS(CH;...ON) -9
anti4 — CH=N-O + H’ 322 327 340 346
5 — CH=N-O + H 283 289 295 301
2" — CH; + NO* 199 205 157 164 166
2" — CHJ + NO 222 228 211 218 218
2" —= CH=N=O" + H' 261 266 253 258
3" — CH; + NO* 109 105 68 65
47— HC=N-OH" + H’ 218 225 189 196
4" — CH=N=0O" + H’ 250 256 224 230
5% — CH=N=0O" + H' 255 261 231 238

2From [50].
® From the reactant and product heats of formation [46].

valence electrons in an open-shell reactant, which is ment and results in an overstabilization of the larger
described by a larger wavefunction than the open shell species. In contrast, ionization and recombination
product, is amplified by the density functional treat- energies were reproduced rather well by B3LYP when

Table 3
lonization and recombination energies in the [GMO] system
B3LYP QCISD(T)
Species 6-311 + G(3df,2p) G2(MP2) Exp?
Formamide ) IE. 10.13 10.13 10.26 10.16
IE,© 10.33 10.35 10.48 10.16
RE,® 9.87
CH;NO (2) IE, 9.17 9.14 9.27 9.3
IE, 9.67 9.60 9.73 9.68
RE, 8.61 8.51 8.63
CH;ON (3) IE, 8.07 7.97 8.10
IE, 8.42
RE, 7.93
CH,=NOH (4) IE, 9.83 9.94 10.07 10.11
IE, 10.92 10.99 11.10 10.60
RE, 8.84 8.88 8.99
CH,=NH-0O (5) IE, 9.38 9.40 9.53
IE, 9.46 9.42 9.53
RE, 9.30 9.35 9.46
cyc—CH~NH-O () IE, 9.67 9.69 9.82
IE, 10.61 10.65 10.76
RE, 8.55 8.48 8.59

2 Adiabatic ionization energies were extrapolated from onsets in photoelectron spectra [24].
® Adiabatic ionization energy, eV.

¢ Vertical ionization energy, eV.

dVertical recombination energy, eV.
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1_106/112.7 121.5 \ 1.008 1.094 /1118 1138 1.000 / 106. a\
H y H 0
1(Cy) 2 (Cy) 3(Cy)

Hn
’ H '1.026
118.0
1.081 1155 /1,031 N) 197 1162
1.304 — 1.439
Syn_4 9 N 1.500 1.089
1.081 /1185 1286 1.269 O/C ........ i,
1.403 1.091
116.5 1.273 N 1.404 103.2 H 115.8 H1
1.085 > 77, o> 0967
122.8 & Hy-N-C-O= 942
1.091 5(Cy) & Hy-C-O-N=112.1
: b & Ho-C-O-N=-107.0

anti-4 6

Fig. 6. B3LYP/6-31+ G(d,p) optimized structures df-6.

compared with the G2(MP2) and experimental data reaction [Eq. (6)], dissociation [Eq. (7)], and energy
(Table 3). The largest deviation in the calculated IE relative to that ofl [Eq. (8)]

was found ford where the B3LYP values were off by

0.2-0.3 eV.

2—(P)C+ 3(3S)H + (*S)N + (°P)O

3.4. Neutral structures and energies AH? ,04(2) = 62 kJ mol ™ (5)

The optimized structures df-6 are depicted in
Fig. 6. The structures o2, 4, and5, calculated at
various levels of theory, were discussed in detail AHS 506(2) = 71 kI mol* (6)
previously [27-31] and compared with available ex-
perimental geometries from microwave spectra 2—CH; + NO
[25,26]. The B3LYP/6-31+ G(d,p) optimized geom-
etries of2 and4 showed bond lengths and angles that
were in excellent agreement with the experimental 5 _, 4
data [25,26]. The thermochemistry &fwas assessed
from the atomization energy [Eqg. (5)], an isodesmic

2 + NO, — CH,NO, + NO

AHS 565(2) = 75 kI mol™* (7)

AH?,298(2) = 71 k\] morl (8)
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The AHZ 595 from Eq. (5) appeared to be somewhat
low. This was checked by calculating théd? .o of 1
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6-31 + G(d,p) calculations located a first-order sad-
dle point at d(C—O)= 1.905 A. However, a G2(MP2)

based on its atomization energy, which again gave a single point calculation placed the putative transition

low value, —195 kJ mol * compared with the exper
imental —186 kJ mol'* [46]. Eq. (5) was therefore
excluded from the thermochemical calculations. The
mean value of Egs. (6)—(8M\H{g(2) = 72 = 2 kJ
mol~%, was in excellent agreement with an estimate
from the C—N bond dissociation energy [50] (736
kJ mol ). The AH{,qg Of the other isomers was
assessed from the relative energies referencédao
AHP,04(3) = 273 kI mol?, AHP,qg4) = 22 kJ
mol ™Y, AHP,4(5) = 67 kJ mol'*, andAH?,q4(6) =
103 kJ mol *.

The dissociation energy of the C—N bond in neutral
2 was comparable to that in io2™ (Table 2). The
calculated bond dissociation energy i was in
excellent agreement with the single experimental
value (163 kJ mol?) [50]. We have also examined
the potential energy surface along the dissociation
pathway to determine if there is a barrier correspond-
ing to a transition state. Stepwise calculations with
B3LYP/6-31 + G(d,p) showed a very shallow rise of
potential energy (e.g. 12 kJ mdi at d(C-N)= 2.7
A) in spite of the substantial bond dissociation energy
predicted at this level of theory (151 kJ md). It
appeared that B3LYP was not treating the
CH; ... NO system properly, and the dissociation
pathway was therefore reexamined with MP2(FULL)/
6-31 + G(d,p) calculations, which yielded a first-
order saddle point at d(C-Nj 3.2 A. However, a
single-point G2(MP2) calculation placed the putative
transition state 6 kJ mol below the dissociation
threshold. It therefore appeared that the C-N bond
dissociation in2 was continuously endothermic. The
similarity of the BDE in2 and2*" is consistent with
the similar rate parameters for the neutral and ion
dissociations (vide supra). It is also of interest to note
that the dissociation threshold for Gland NO was
substantially below the barrier to unimolecular
isomerization oR to the more stable syA-The latter
barrier was estimated at 254-263 kJ molfrom
recent MP2 and B3LYP calculations [27].

A transition state was also sought for the exother-
mic dissociation of3 to CH; and NO. MP2(FULL)/

state 9 kJ mol* belowthe energy oB. This indicated
that higher level calculations, in both optimizations
and single points, would be needed to treat the
dissociation of3 accurately. Nonetheless, the calcu-
lations strongly indicated tha&8 was a very weakly
bound species that should not have a microsecond
lifetime when formed by collisional neutralization.
Note also (Table 3) that the Franck—Condon energy in
vertical neutralization o8*" should be sufficient to
cause rapid dissociation &f

As a final note, the N—H bond dissociation energy
in nitrone 5 was substantial, 301 kJ mdi at 298 K
(Table 3). This, together with the high potential
energy barrier to isomerization to awdti¢185—-200 kJ
mol~* [27]), should makes amenable to preparation
in the gas phase.

4. Conclusions

Nitrosomethane cation radic@" is formed by
loss of an O atom from the nitromethane cation
radical and by loss of OHrom protonated nitrometh
ane. The newly discovered elimination of formalde-
hyde from the ethyl nitrite cation radical also gives
rise to ion2"" and not the isonitrosomethane i8f".

A combination of ion and neutral thermochemistry

from high-level ab initio calculations, and ion char-

acterization by NRMS allowed us to distinguish

among several alternative mechanisms of ethyl nitrite
ion dissociation.
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