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The structures and energetics of thgHeN and GH,N™ isomers have been investigated using a modified
Gaussian-2 (G2) method, which takes into account the energy correction due to spin contamination. At the
QCISD(Full)/6-31G(d) level, ¢H,N may exist as 12 stable isomers. In the order of decreasing stabilities,
they are CHCN (1), CH,NC (2), CHCNH (3), c-CH,CN (4), c-NCHCH ), CHNCH (6), NH,CC (7), NHCHC

(9), c-NHCHC (10), cissCHCHN (12), cisCHNHC (13), andtransCHNHC (14). On the other hand, there

are seven @H,N™ isomers. In the order of decreasing stabilities, they are c-NCH(®H), CH,CN* (17),
CH,NCT (27), CHCNH" (3%), CHNCH?' (6%), c-NHCHC' (10%), and NBCC* (7). The G2 result for the
ionization energy ol and theAH°;gg values ofl and1" are in good agreement with the available experimental
data. However, the G2 results for radic&sand 5 as well as cation®" and 5° do not agree with the
experimental data in the literature. This calls for a reexamination of the experimental results. Furthermore, in
a recent study of the reaction between nitrogen atom and vinyl radicakiaNGadical was formed with an
ionization energy< 9.64 eV. On the basis of our calculations and known reactivity of the reactants, it is
concluded that the unidentified isomer is likely to be

Introduction their corresponding cations and anions. In other words, these
studies reported the results of only a small number g0/
C,HoNT isomers. In the present work, we have carried out G2
calculationg for a large number of §4,N and GH,N™ isomers.

In addition, we also report the G2 heat of formation at 0 K
(AH%1) and 298 K AH®19g) for all the isomers. Where possible,
we will compare these results with the available experimental
data.

Recently, Thorn and co-workers published a photoionization
efficiency (PIE) spectroscopic study of cyanomethyl radical,
CH.CN, produced by the reaction ¥ CH;CN — CH,CN +
HF, using a discharge-flow-photoionization mass spectrometer
coupled to a dispersed synchrotron radiation sotrtaey
reported a values of 10.2B 0.01 eV for the adiabatic ionization
energy (IE) of CHCN. In the same measurements, they also
reported that there was an unidentifiegHgN radical isomer

with IE < 9.64 eV, and that unidentified isomer was formed in Theoretical Methods

the reaction between nitrogen atom and the vinyl radical: All calculations were carried out on IBM RS6000/390 and
. SGI10000 workstations, and SGI Origin 2000 High Performance
N (“S)+ CH=CH, — C,H,N + H 1) Server, using the Gaussian 94 package of the progfahtis.

structures were optimized at the second-ordeill&ét—Plesset

However, the assignment of PIE spectrum for the unidentified theory (MP2) using the 6-31G(d) basis set with all electrons
isomer was made difficult by the possible existence of numerous included, i.e., at the MP2(Full)/6-31G(d) level. The G2 theoreti-
CzH2N and GHoN* isomers. cal procedureis an approximation to the ab initio level of

On the theoretical front, so far there has not been a systematicQCISD(T)/6-31H#G(3df,2p). It involves single-point energy
study of all the isomeric &4,N radicals and gHN" cations. calculations at the QCISD(T)/6-311G(d,p), MP4/6-311G(d,p),
However, there are a few reports on a selected number of MP4/6-311G(d,p), MP4/6-311G(2df,p), and MP2/6-31 G-
isomers. For instance, calculations were carried out at HF/4- (3df,2p) levels based on the optimized geometry at MP2(Full)/
31& and MP4SDQ/6-311G(d,p)//HFDZP® levels of theory  6-31G(d). A small empirical correction is added to include high-
for C;HoN* isomers. Recently, Radom and co-worKesplied level correction effects in the calculation of the total electronic
several G2- and CBS-based methods to cyanomethyl radical,energies ). The HF/6-31G(d) harmonic vibrational frequen-
isocyanomethyl radical, andHtazirinyl radical, as well as to  cies, scaled by 0.8929, are applied for the zero-point vibrational
energy (ZPVE) correctiontd® K (Ep = E¢ + ZPVE).

T Ames Laboratory is operated for the U.S. Department of Energy by ; ; ;
lowa State University under contract No. W-7405-Eng-82. This article was In this work, to make certain the existence of theigN and

supported by the Division of Chemical Sciences, Offices of Basic Energy C2H2N™ isomers, we also performed structural optimization at
Sciences. the QCISD(Full)/6-31G(d) level for all isomers found at the
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Figure 1. Selected structural parameters aHaN isomers optimized at the levels of MP2(Full)/6-31G(@)-@1, 13, and15) and QCISD(Full)/
6-31G(d) (2 and 14). All bond lengths are in angstroms, and angles are in degrees. It is noteg| thhtand 15 do not exist at the QCISD-
(Full)/6-31G(d) level.

HF/6-31G(d) and MP2(Full)/6-31G(d) levels. Indeed, with this of UHF/6-31G(d) wave functions fot and 3 are 0.924 and
additional structural optimization, several isomers were elimi- 0.939, respectively. Hence, we employed the method proposed
nated. by Chiu and co-workefsto correct the spin contamination in
For the isomeric @HN radicals, unrestricted wave functions UHF wave functions. Energy correction ter=([$°0), for the
were used in all geometry optimizations and single-point energy SPin contamination is approximated by:
calculations. For the f£1,N* isomers, a number of closed-
shelled cationic structure4¥, 3*, 6%, 7*, and10") were found AE(TST) = E[PUMP4/6-311G(2df,p)I-
to have unrestricted Hartredock (UHF) energies lower than E[UMP4/6-311G(2df,p)] (2)
the corresponding restricted Hartrdeock (RHF) energies, i.e.,
RHF instabilities occur. For these cations, excéptand10™,
the unrestricted wave functions were first constructed. Then
these unrestricted wave functions were employed in the
geometry optimizations at the UHF/6-31G(d) and UMP2(Full)/ _
6-31G(d) levels. The eventual UMP2(Full)/6-31G(d) geometries PG2= G2+ AE(BZ@ ©)
were then used for single-point energy calculations.#oand This method has been applied to all radical and cationic isomers
10", the unrestricted wave functions reverted to the restricted \ith RHF instabilities.
wave functions during UHF/6-31G(d) optimizations. Therefore,  additionally, it is noted that G2 heats of formations in this
the original RHF wave functions were used for energy calcula- work were calculated in the following manreFor molecule
tions. For the remaining cationic speci@s$ @nd5*), theirwave  AB, its G2 heat of formation aT (AH°; 1) is calculated from
functions are RHF stable and hence the restricted wave functionsthe G2 heat of reactioAH®, 1 (A + B — AB) and the respective
were used in the subsequent G2 calculations. experimentalAH® +(A) and AH°; (B) for elements A and B.
In our calculations, spin contamination in the UHF wave Before proceeding to presenting and discussing the results,
functions is significant for some radicals, e.g. f0values we note that the G2 predictions faH®s's and IE’s are usually

The energy correction term for spin contamination is added
to the G2 energy in order to yield the projected (corrected) G2
energy, PG2, according to the following expression:
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Figure 2. Selected structural parameters oHaN* isomers {*—3",
5t—7*, 10", and15") at the MP2(Full)/6-31G(d) level. All bond lengths
are in angstroms, and angles are in degrees. It is foundl&atioes
not exist at the QCISD(Full)/6-31G(d) level.

well within £0.15 eV (or about£15 kJ mof?) of the
experimental dat&.So far we have applied the G2 method to
determine theAH®°’s of C,HsS"8 and GHsS™ 2 isomers,
CHsS,*, CHsS,, and CHS,~ isomersto11 CH;O", CH;0, and
CH30~ isomerst2-14 SK,*, Sk, and Sk~, n = 1—6,516CHs-

SF and CHSSCH,!” and ChO, and ChO,*+ isomers as well as
their fragments8 In addition, we have applied the same method
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and GH)N™ isomers are summarized in Tables 1 and 2,
respectively. Where available, experimental values are included
for ready comparison. Also included in Table 1 are the G2 IE’s
of the radicals, and the energy corrections due to spin
contamination AE(CE)].

To gain further validity for the modified G2 method employed
in this work, especially regarding the energy correction due to
spin contamination, we also carried out analogous calculations
for two CsHgz isomers and their corresponding cations, for which
thermodynamics data are available in the literature. Tktd;C
isomers are CHCCH and c-GH3, which are isoelectronic tt
and 5, respectively. In other words, cations gECH" and
c-CsHz™ are isoelectronic td* and 5T, respectively. Results
for these four species are summarizied in Table 3.

The C,H2N and C;H,NT Isomers. The most stable ;N
isomer is the cyanomethyl radical, @EN (1), with Cy,
symmetry. Among the remaining isome&and 7 also have
C,, symmetry. But they have different skeletons in tBdias
the CNC linkage and that of is CCN. Isomer3 (Cs) and 6
(C1) have terminal hydrogens at both ends. Isoienas a
partially closed ring in which the nitrogen atom is weakly
bonded to the methylenic carbon. Ison%eis the most stable
species among the five cyclic isomers. Radi@&imd12 form
a pair of cis and trans geometrical isomers. However, at the
QCISD(Full)/6-31G(d) level, foB, ring closure takes place to
form 5. RadicalslOand11 are two cyclic isomers in which the
nitrogen atom irl0is sp-hybridized, while inl1it is the carbon
atom that is sphybridized instead. At the aforementioned higher
level, 11 reverts tol0. Isomer9 has a planar structure with the
two hydrogens in trans arrangement. [We could not locate the
cis-isomer]. Also, 13 and 14 are another pair of cistrans
isomers. The cyclic radicdl5is the least stable £1,N isomer
and it becomed at the QCISD(Full)/6-31G(d) level. Finally,
it is noted that, at the HF/6-31G(d) and MP2(Full)/6-31G(d)
levels, all GH,N isomers, excepl2, have a doublet ground
state. Forl2, the ground state is a spin quartet. On the other
hand, at the QCISD(Full)/6-31G(d) level, bdtB and14 have

to determine the energies of the dissociation reaction involving & duartet ground state, while those for all other isomers are

CHsS, CHSH, and their cations and aniotfH{SCHCH,SH 20
C,HsCl, and GHsCIt 21 as well as GIO, and ChO, " isomers!8

doublets.
Although 15 GH:N radical isomers were found, we only

In all instances, the calculated results are in good to excellentlocated eight cationic equilibrium structures foftGN™ at the
agreement with the experimental data. Indeed, there are alsoMP2(Full)/6-31G(d) level. Furthermore, at the QCISD(Full)/6-
cases we use the G2 results to suggest preferred values wherg1G(d) level, 15" no longer exists. Radical isomers outnumber
the experimental data are either not very accurate or in conflict cationic isomers because some of the radical isomers ionize to
with each othet8 There are also examples where the G2 results the same cation. Rather surprisingly, the cyclic cafibiis most

are used to revise experimental d#ta.

Results and Discussion

In our notation, numeral$, 2, etc., refer to GH,N radicals,
while their corresponding cations are denotedlas2*, etc.
At the MP2(Full)/6-31G(d) level, there are 15KGLN isomers
(1—15, in order of decreasing stability) and eightHGN™
isomers {*—3*, 57—7*, 10", and15") found on their respec-

tive potential energy surfaces. The geometries of the radicals

and cations, optimized at the MP2(Full)/6-31G(d) level, are

stable among the £1,N* isomers. Compared witli*, 5T is

more stable by 30 kJ mol. However, when their radical
counterparts are comparetljs more stable thab by 240 kJ
mol~L. Thus, the presence or absence of one electron changes
the relative stabilities of these isomers by about 270 kJ fnol
The extra stability o6™ may be due to its considerable aromatic
stabilization, as twor-electrons are delocalized into the vacant

p orbital of nitrogen. Catio®™ is the ionized product for both
radicalss and12. Isomers2™, 3", 67, 7*, and10" are the cations

displayed in Figures 1 and 2, respectively. However, it should Of their corresponding radicals. They have structures similar to

be noted that, at the QCISD(Full)/6-31G(d) level, radicals
11, and15 no longer exist. In trying to locate these species at
the higher level, we foun8, 10, and7, respectively. Also, at
the higher level, catiod5" does not exist. In its optimization,
we found7* instead.

The G2 energiest® K (Eo), enthalpies at 298 KHx»gg), heat
of formation at 0 and 298 KAH° and AH®gg) for the GH,N

their radicals. It is worth noting that, i, the nitrogen atom is
sp>-hybridized and the terminal carbon is sp-hybridized. On the
other hand, foB", just the opposite is true: the terminal carbon
is sp@-hybridizied while the nitrogen atom is sp-hybridized.
Cation1" is the ionized product of both and4. Additionally,

the cyclic cationl0* is the common ionized product of radicals
9, 10, 13, and14. Regarding the spin state of the cations, at all
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TABLE 1: G2 Total Energies (Eo), Enthalpies (H29g), Standard Heats of Formation & 0 K (AHq) and 298 K (AH°x9g), Energy
Corrections for Spin Contamination [AE (($°0)], Expectation Values of & ([$?[), and lonization Energies (IE) of G;H,N Isomers

Eo (G2  AH°0(G2F  Haos(G2R AHPpo5 (G2) AE (0 ionization
species (hartree) (kJ mol?) (hartree) (kJ mol?) (kI molY)  [F(au) I (eV) process
1, Cy, %B: —131.87769 248.3 —131.87298 246.5 —21.4 0.924 10.18 1—1f
(2434 13F (2454 10y (10.28+ 0.01y
(250 8)° (253 9) (10.30+ 0.04)
2,Cy, %B, —131.83820 351.9 —131.83317 351.1 —=12.7 0.861 9.48 2— 2"
(310 13) (3344 8) (8.40¥
(336+ 11) (4024 13F (8.30-9.26)
3,C,, A" —131.82797 378.8 —131.82298 377.8 —25.7 0.939 9.92 3—3"
4, Cg, %A’ —131.79022 477.9 —131.78598 475.0 —10.3 0.875 7.80 4—1"
5,Cy, 2A —131.78644 487.8 —131.78229 484.6 —12.9 0.919 7.41 5—5*
(~339y (<8.30
6, C1, 2A —131.77888 507.7 —131.77395 506.5 —28.6 1.140 8.75 6— 6"
7, Ca, ?B1 —131.77006 530.8 —131.76518 529.5 —-4.0 0.767 9.46 7—7"
9,C, A" —131.74868 587.0 —131.74415 584.8 —19.8 0.985 7.87 9— 10"
10, Cy, 2A —131.74611 593.7 —131.74148 591.8 —4.8 0.800 7.80 10— 10"
12" C,, A" —131.74471 597.4 —131.74028 594.9 —26.5 4.048 6.28 12—5*
13, C,2A —131.68587 751.9 —131.68141 749.5 —19.1 1.202 6.16 13— 10"
14m C,, *A" —131.66346 810.7 —131.65881 808.8 —-9.3 3.808 5.55 14— 10"

2 These results have been corrected for spin contamination (se€’tExperimental data, where available, are given in brackets beneath the G2
value.¢ Reference 23! Reference 24 Reference 25.Calculated from ref 269 Reference 1" Reference 27.Reference 28.Reference 29.
kReference 30.Using AH®»gs values for radical and cation in Tables 1 and 2, respectivealculated at the G2//QCI level.

TABLE 2: G2 Total Energies (Eo), Enthalpies (H29g), Standard Heats of Formation & 0 K (AH®q) and 298 K (AH°®x9g), Energy
Corrections for Spin Contamination [AE ([$%])], and Expectation Values ofS? ([$?) of CoH,NT Isomers

Eo (G2) AH®p(G2) Hags (G2 AHPp05 (G2)RP AE ([0
species (hartree) (kJ mol?) (hartree) (kJ mol?) (kJ mol?) [(Fau)
1*, Cy A1 —131.50344 1230.8 —131.49874 1229.1 —33.7 0.352
(1218 8y
(1246+ 18y
2%, Cy, 'As —131.48978 1266.7 —131.48493 1265.4
(1180-1226Y
3%, C,, A" —131.48741 1272.9 —131.48223 1272.4 —20.4 2.199
5%, Ca, A1 —131.51410 1202.8 —131.51010 1199.3
(<1138}
6%, Cs, A" —131.47494 1305.7 —131.46973 1305.3 —28.8 2.045
7t, Co YA —131.42253 1443.3 —131.41779 1441.6
10, Cg, A’ —131.45942 1346.4 —131.45536 1343.0

aWhere applicable, the energies have been corrected for spin contamination (seefeperimental data, where available, are given in brackets
beneath the G2 valué Reference 23 Reference 27.

TABLE 3: G2 Total Energies (Eo), Enthalpies H2gg), Standard Heats of Formation & 0 K (AH®g) and 298 K (AH®x9g), Energy
Corrections for Spin Contamination [AE ([$%0)], Expectation Values of$? ([$20), and lonization Energies (IE) of Two GHs
Isomers and Their Cations

Eo (G2 AH°o(G27 Hass (G2 AHPpgg (G2)pP AE (B0
species (hartree) (kJ mol?) (hartree) (kJ mol?) (kJ mol) [F(au) I (eV)
CH,CCH, Cy,, 2B; —115.78226 341.7 —115.77702 340.8 —23.6 0.974 8.70
(343F (8.68Y
CH,CCH" 9 Cy, 'A; —115.46238 1181.6 —115.45748 1179.7 —22.5 0.224
1179y
c-GgH3, Cg, %A’ —115.72303 497.2 —115.71862 494.1 —24 0.759 6.09
(440+ 17F (6.6¥
c-CsHs™, Dan, *AL —115.49928 1084.7 —115.49517 1080.8
(1075}

aWhere applicable, the energies have been corrected for spin contamination (seeEep€rimental data, where available, are given in brackets
beneath the G2 valué Reference 249 Wave functions for this species are found to be RHF unstable.

three levels of theories employed in this woB, and6* have literature?3-26 |t is noted that the very good agreement between
triplet ground states, while those of the remaining cations are our result and the experimental data is achieved through the
singlets. energy correction due to spin contamination as expressed in

In summary, at the QCISD(Full)/6-31G(d) level, we have eqgs 2 and 3. Without such a correction, the &2°:,9g value is
located 12 GH,N isomers and seven,&3,N* isomers. 267.2 kJ mot™. Indeed, as pointed out by Radom et‘algveral

The Cyanomethyl Radical (1) and Cation (1). Examining G2- and CBS-based methods lead to essentially the same
Table 1, it is seen that the G2 IE (10.18 eV) of the cyanomethyl AH°pgg value for 1, about 20 kJ mol' higher than the
radical (1) is in good agreement with the latest experimental experimental result. As for the cyanomethyl catidm)( from
results of 10.28+ 0.01 eV by Thorn and co-worketsin Table 2, the G2AH®pgg value of 1229.1 kJ mol is about the
addition, our G2AH°gg value of 246.5 kJ mott is in good to average of the listed experimental data (1248 kJ mol? by
excellent agreement with the various data found in the Holmes and Mayé? and 1246+ 18 kJ mot™ by Shea et &’).



3334 J. Phys. Chem. A, Vol. 103, No. 17, 1999

In short, by considering the correction due to spin contamination,
our G2 method yields good to very good results for the
thermodynamic data of the cyanomethyl cation and radical. It
is further pointed out that the experimental results for these two
species come from several independent investigatighigs

Examining Table 3, it is seen that once again the spin
contamination correction leads to very good results for,-CH
CCH and CHCCH", species isoelectronic td and 1,
respectively. Specifically, our GRH°:gg for CH,CCH (340.8
kJ molt) and CHCCH" (1179.7 kJ motl) are in excellent
agreement with the experimental data (343 and 1179 k3ol
respectively) listed in Lias's compendiuthAs a result, our
G2 IE for CH,CCH (8.70 eV) is also in very good accord with
the experimental results (8.68 &Y. The results obtained with
our G2 model forl and 1™ as well as for their isoelectronic
species lend confidence to the results for otheHf8l and
C,HoNT isomers obtained with the same method.

The Isocyanomethyl Radical (2) and Cation (2). From
Table 1, it is seen that there are four rather disparate experi-
mental results in the literature for theHgg of the CHNC
radical @), ranging from 31Qk 13 to 402+ 13 kJ mot1,23.26.28.29
Additionally, it is noted that G2- and CBS-based methods yield
essentially the samAH®gg for 2, about 360 kJ mott. Our
G2 value, 351.1 kJ mol, is within the error range of the
experimental data reported by Matimba e€%(334 & 8 kJ
mol~1) and by Berkowitz et &% (3364 11 kJ mof?). As for
the AH°q9g for the CHNC™ cation @), Holmes and Mayé&?
reported a value range of 1180226 kJ mot? for this quantity.
Our G2 result forAH®rg8 of 2 is 1265.4 kJ mol?, while other
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In Table 3, we have listed the G2 results for ¢Hg and
c-CsHz™, which are isoelectronic t6 and 5", respectively. It
is seen that our G2AH®pgg for c-CzHs™ (1080.8 kJ moil)
agrees very well with the experimental result (1075 kJHat
On the other hand, both our G2H°9g (494.1 kJ mot?t) and
IE (6.09 eV) of c-GH3 are not in agreement with the available
experimental data, 448 17 kJ moi'! and 6.6 eV, respectively.
Indeed, the disagreements are so large that they raise doubts
on the accuracy of the experimental results. Actually, such
discrepancies have already been reported by Glukhovtsev and
co-workers3! In their work, the G2AH°q9g of c-CaHz was
calculated using various atomization and isodesmic schemes;
the results range from 479.2 to 495.5 kJ mplin good
agreement with our G2 value. Also, their G2 IE for gHlg was
calculated to be 6.06 eV, very close to our result.

In summary, our modified G2 method, which takes into
consideration energy correction due to spin contamination, gives
results for theAH°,9g values ofl, 1+, CH,CCH, CH,CCH",
and c-GHs™, and IE values oflL. and CHCCH, which are in
excellent agreement with the available experimental data. These
agreements suggest that our G2 method should yield reliable
results for the remaining £1;N and GH,N™ isomers.

Other Isomers. There are nine other#8,N isomers and four
other GHoNT isomers for which no experimental data are
available. It is hoped that the results reported in Tables 1 and
2 will provide incentives for experimentalists to study these
hitherto unknown species. Among the unknowatgN species,
radicals3 and4, which are more stable thathermodynami-
cally, appear to be prime candidates for experimental detection
and other studies.

The Unidentified CoHoN Isomer Formed in N + CH=

G2- and CBS-based method lead to values between 1265 andCHs,. In the reaction between nitrogen atom and vinyl radical

1270 kJ mot™. In view of the rather large disagreement between

(reaction 1)t Thorn and co-workers reported the possible

the calculated and experimental results, as well as the differenceformation of a GH,N radical with an IE upper bound of 9.64

between the experimental data in the literature, Mg
values for the isocyanomethyl radical and cation clearly deserve
a reexamination.

In passing, it is mentioned that there also appears to be som
confusion regarding the IE & In their experimental study for
the IE of1, Thorn and co-worketaoted that the IE o2 is 9.4
eV, quoting the work of Holmes and May&This value is in
excellent agreement with our G2 result, 9.48 eV (Table 1).
However, upon private communication, we have learned that
the value of 9.4 eV is actually a misprint for 8.4 é\in other
words, the G2 result is more than 1 eV off the experimental
value in the literature. As discussed in the previous section, the
error range for G2 result is usually well withir0.15 eV. Hence
our G2 result for the IE o2 has cast some doubt on the accuracy
of the experimental work® Meanwhile, the G2- and CBS-based
methods of Radom et Alyield IE values between 9.35 and
9.42 eV.

The 1H-Azirinyl Radical (5) and Cation (5%). There are
experimentalestimate®’® for the AH®9g values of5 and 5+.
They are~339 and<1138 kJ mot?, respectively, giving rise
to an approximated IE c£8.30 eV for5. Since the results were
obtained by various approximation and estimafidomwe feel
that our G2 results, 484.6 and 1199.3 kJ Tddbr the AH®:9s
values for5 and5™, respectively, and 7.41 eV for the IE bf
are very likely to be the more accurate estimates. Furthermore,
it is pointed out that the computational results by Radom et al.
are in better agreement with our results than with experimental

eV. Among the 12 gH,N isomers studied in this work, there
are two candidates that satisfy this IE requirement. Theyare
(isocyanomethyl radical, GINIC) and7 (ethen-2-yl-1-iminium

eradical, NHCC) with IE’s of 9.48 and 9.46 eV, respectively.

Chemically, it is not clear to us how or 7+ is formed in the
aforementioned reaction. On the other hand, the following
appears to be a plausible pathway for the formatior2bf
(reaction 4).

hv

HG—CH,
N + CH=CH, —~ \\N/ HC=N—CH,

(16) 17)

H,C=N=C*+ H + ¢ 4)

@9

In reaction 4, the nitrogen atom inserts into the double bond
of the vinyl radical to form azirine1), which ring-opens to
produce nitrile ylide 17). Ylide 17 then undergoes dissociative
photoionization to producg". Hence, it seems th&tis likely
to be the unidentified &4,N isomer.

Conclusions

From the above discussion, the following conclusions may
be drawn:

(1) The G2 method including energy correction due to spin
contamination yieldé&\H°,9g values for the cyanomethyl radical

estimates. They have also suggested possible sources for tha@ and cation1™ and IE results forl that are in very good

experimental uncertainties.

agreement with the available data in the literature.
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(2) However, the G2 results for the isocyanomethyl radical
2 and cation2™ as well as for radicab and cation5* do not
agree with the available experimental data. In addition, the
various experimental data are not in good accord. This calls
for a reexamination of the experimental results.

(3) On the basis of the G2 IE’s of the) ;N isomers listed
in Table 1, it is suggested that the unidentifiegHgN isomer
formed in the reaction between nitrogen atom and vinyl radical
may be CHNC (2).
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