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Is the Elusive Trioxydehydroethene Neutral (QC—CO) Detectable in the Gas Phase?
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The covalently bound radical anion JO-CO]* is formed when 1,3-dioxolane-2,5-dione captures an electron
followed by retro-cleavage of Gi@. Calculations at the CCSD(T)/aug-cc-pVDZ//B3LYP/6-31G(d) level of
theory indicate that there are a number of neutral isomers with formu@g, @iz. van der Waals complex
0O,C- - -CO (rel. energy= 0 kcal mol?), singlet oxiran dione+{60.9 kcal mot?), triplet OCOCO (-99.4

kcal mol?), covalently bound triplet @C—CO (+ 107.6 kcal mot?), singlet trioxapropellanet171.9 kcall
mol™Y) and triplet trioxapropellane 222.4 kcal mot?). Of these, only triplet @—CO is accessible by
vertical Franck-Condon one-electron oxidation of §O—CO] . Neutralization reionization experiments of
[O,C—COJ* (both~ NR™ and~NR") fail to produce recovery signals corresponding to ionize@4#which
means that if neutral £0; is stable, the lifetime must be10°® sec. The"NR" spectrum of [@QC—CO]J*
shows peaks corresponding to COCO,™ and to [G=C=C=0]*. The last of these species can only be
formed from a decomposing,Os** radical cation by a process endothermic by 47 kcal et the CCSD-
(T)/aug-cc-pVDZ/IB3LYP/6-31G(d) level of theory]. Calculations at this same level of theory indicate that
the vertical one-electron oxidation of §O0—CO]* to triplet O,C—CO ground state produces the neutral with

essentially no excess energy. There are two dissociation pathways of this triplet neutral, (i) an endothermic

process yieldingCO + CO, (+ 28.9 kcal mot?), and (ii) an exothermic process-6.8 kcal mot?) with a
barrier of 5.4 kcal mol* yielding *CO + 3CO.. A combination of experimental and theoretical data, suggests
that vertical oxidation of [@C—CO]* produces only one neutrabO; isomer; a transient triplet {&L—CO
neutral whose lifetime is less than F0sec.

Introduction must mean that either the neutral is formed with sufficient excess

Carbon monoxide and carbon dioxide cluster ions are €N€rgy to effect dissociation to carbon monoxide or the triplet

important in atmospheric chemistry. Carbon dioxide cluster neutral spin inverts to the singlet form oF&L=C=0, which

neutrals and ions have been studied extensively in the gas phasé,S unstable with respect tg dissociation to carbon mono%éde..
including their photoelectroh; vibrational?~1° electron spin Our work on ethylene dione leads us to ask whether there is

resonancél 13 and infrared*15 spectra. The van der Waals a stable trioxydehydroethene, with bond connectivity as shown
complex between carbon dioxide and carbon monoxide was first!n 2. The van der Waals complex GOCO (1) will certainly
formed in a pulsed molecular beam using diode laser spectros-NOt be_ stable under the experimental condl_tlons used for an NR
copy combined with Fourier transform microwave spectros- €xperiment. Any @03 neutral detected during an NR experi-
copy6 This CO,—CO complex has since been studied exten- Ment, must either be covalently bound or held together
sively both experimentally and theoreticalf2! The complex electrostatically. The aims of this study were therefore as

is proposed to have the T-shaped geometry showh2ibut follows: (i), to make a precursor anion radicai® with bond
infrared spectroscopy suggests that there may be two stableconnectivity corresponding % and (ii), to determine whether
conformers of the comple3:2! vertical one-electron oxidation of this anion radical forms a
detectable trioxydehydroethene neutral.
o
c Experimental Section
o
X A . . L
: 3458 o 0 A. Mass Spectrometric Methods For a detailed description
: c-C . : .
0-¢-0 o} of the experiment and the instrument used, see ref 26. In brief,
1 2 the experiments were performed using a two-sector modified

VG ZAB 2HF mass spectrometer with BE configuration, where
We have used neutralization/reionization of negative ions B and E represent magnetic and electric sectors, respectively.
("NRM)Z%in a mass spectrometer to investigate the formation The GO;* radical anion was generated by chemical ionization
and characterization of short-lived neutrals in the gas ph&&e.  (Cl) in the negative ion mode, with typical source conditions
Recently, we have shown that triplet ethylene dione=(@>= as follows: source temperature 200, repeller voltage-0.5
C=0) (which has been calculated to be stable with respect to V, ion extraction voltage 7 kV, mass resolutionAm > 1500.
dissociation to singlet and triplet carbon monoxide) cannot be The precursor, 1,3-dioxolane-2,5-dione, was placed in a small
observed using eitherNR*™ or "NR~ experiments from glass capillary tube which was then drawn out in a flame to
[O=C=C=0].25 Neutral G=C=C=O0 is thus not detectable  create a very fine aperture, allowing for a slow steady release
within the microsecond neutral lifetime of this experiment. This of sample vapor upon heating. The capillary was inserted into
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SCHEME 1 Supercomputer or the AlphaServer SC at the Australian National
o o University Supercomputing Facility (Canberra).
/N “c-¢
//C_C\\o o o Results and Discussion
16 (0 keal mol”) 31 (453 keal mor) Experimental Approach to Neutral C,O3. The first task is

to synthesize the precursor anionQz* by an unequivocal
route. Anion radicals &3 * have been reported previously on
two occasions. The first studj,reports the formation of a
C,037* species by a dissociative process following capture of
a low-energy electron by maleic anhydride. No structure was
roposed for this species but the (initial) bond connectivity must
e O-C—0—C—0. The second and more recent sttidgports

the CI source via the direct probe; the probe tip was heated to
60—80 °C to generate a background pressure of ca® Torr
inside the source housing. The@;—* anion radical was formed

by electron capture followed by loss of @Bl as shown in
Scheme 1, utilizing hexane as the Cl reagent gas at a pressur‘g

of ca. 10 Torr inside the source housing. . . . . .
o . . _— the formation of a stable radical anion@;~* following laser
Collisional induced dissociation (CID) of B mass selected - " ;
ablation of transition metal targets with concurrent 11 K

C,0s57* was effected in the first of the two tandem collision . . . )
cells positioned between B and E. Argon was used as a targetdeposmon of C@CO/Ar mixtures. Theoretical calculations at

gas. The pressure of the collision gas in the cell was maintained® number of levels, including B3L YP/aug-cc-PVDZ and MP2/
such that 80% of the parent ion beam was transmitted through6'3ll+G(d)’ suggested that this,Os * ion could have one of

the cell. This corresponds to an average of-AP collisions two structures of comparable energy; viz an electrostatic
S e -SP : g complex3 and the covalently bound radical aniénConsid-
per ion?’ Product ions resulting from CID were recorded by

. eration of the computed vibrational frequencies of these two
scanning E. ith the infrared £ 1h . I
Neutralization-reionizatioft ("NR™ or "NR~ as appropriate) strgctures wit t € Inirare SpeCtF”.m of the experimentally
experiments were performed for B mass-selectshC utiliz derived GOz~ anion suggested that it is structéreThe authors
= 3 - . . . .
ing the dual collision cells located between sectors B and E. suggest that this anion radical is formed by electron capture of

Neutralization of the anions was achieved by collisional electron the van der Waals complek®"
detachment using £Oat 80% transmittance as collision gas,
whereas reionization to cations was achieved by collision of o
the neutrals with @ again at 80% transmittance. lonization to ¢ 0
anions in the second cell was performed using benzene as (9 294 o, 0
©
3

o
161A

reagent gas at 80% transmttance. Any ions remaining after the dc—c
first collision event were deflected from the primary neutral

beam using an electrode maintained at a high voltage (1.5 kV)
positioned before the second collision cell. To detect a reion-
ization signal due to the parent, the neutral species must be stabkav
for approximately one microsecond. Charge revers@R")
spectré®2° were recorded using single collision conditions in
collision cell 1 (Q, 80%T).

(o]
4

We approached the synthesisdof from a precursor neutral
hich contained the appropriate bond connectivity. The anion
radical was synthesized by electron capture of 1,3-dioxolane-
2,5-dione, followed by a retro cleavage as shown in &gn

B. Synthesis of the Precursorl,3-Dioxolane-2,5-dione was H,
prepared by a reported meth#y. O/C\ o_| - o

C. Theoretical Methods. Geometry optimizations were c-¢ E— _‘;Qc—g\' + CH,0 egn. 1
carried out with the Becke 3LYP meth8¢? using a modest o © o o©

6-31G(d) basis within the GAUSSIAN 98 suite of prografhs.

Stationary points were characterized as either minima (no The collisional induced mass spectrum ofJg™ (m/z 72)
imaginary frequencies) or transition structures (one imaginary shows a pronounced molecular radical anion, but no fragment
frequency) by calculation of the frequencies using analytical anions are observed in this spectrum. Possible fragment anions
gradient procedures. The minima connected by a given transitioncould be O* and CO™ (electron affinities of ®and CO are
structure were confirmed by intrinsic reaction coordinate (IRC) 1.4622and 1.37 e¥® respectively), whereas the formation of
calculations. The calculated frequencies were also used toCO,"is unlikely under conditions of collisional activation (the
determine zero-point vibrational energies which were then electron affinity of CQ is — 0.60 eV?3 but CQ; —* can be
scaled by 0.9804 and used as a zero-point correction for the observed under low energy conditiéh®). The stability of
electronic energies calculated at this and higher levels of theory. C20s™ is supportive of the formation o#™: 37 would
B3LYP/6-31G(d) has previously been used for geometry decompose readily under conditions of collisional activation
optimizations of anions and has demonstrated good correlationsince the lowest energy dissociative pathway te@ad CO is
with structures calculated using high level coupled-cluster reported to be only some 3 kcal mélendothermié!
approache&36 Some problems have been highlighted in the

literature regarding the use of the B3LYP method for the o /o\ /&

accurate prediction of molecular energies for carbon clusters, o-¢” ¢t—o O/C_C\o [ >

even though the method continues to be used with suééys. 5 6 0 7

More accurate energies for the B3LYP geometries were

determined using the CCSD(T) metHéd'* together with the We have calculated the structures3of and4— at the CCSD-

Dunning aug-cc-pVDZ basis st&*” The CCSD(T)/aug-cc- (T)/aug-cc-pVDZ//B3LYP/6-31G(d) level of theory. The results

pVDZ//IB3LYP/6-31G(d) approach predicts the adiabatic elec- are listed in Table 1, and are similar to those obtained earlier
tron affinity of linear G to be 3.65 e¥* which is in reasonable by Zhou et aP15>We have also investigated whether there are
agreement with the experimentally measured value of 3.88 other stable radical anions of formulas,dz™; viz those

eV 2849A]| calculations were carried out on the Power Challenge corresponding to structures to 7. These results are also
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TABLE 1: Anion Structures (37°), (47*), and (7°°) 28 (CO+.)
3
Y -NR+
ZC‘ 04
\‘ 40 03
\ L2 / [{02C-CO]}-. 44 (CO2+.)
40. Lo /C C 1
~e 9 o 505208
3 4 7-
state 2A 2A;" NO
symmetry G Cs Dan ;EAK
energy (Hartree3) —301.22629 —301.23312 —301.04053
Rel. energy (kcal mott) 4.3 0.0 120.9 (C202+)
dipole moment (Debyé) 2.89 1.31 0.00 5
bond length (Ajor angle {)°
cic? 3.03 1.62 1.64 m
c20o? 1.15 1.20 1.47 dai mmWM kg gt
clo? 1.24 1.24 1.47 e ‘ W 'ﬂW
cxot 3.03 2.39 1.47 Figure 2. Neutralization reionizatiom (NR*) mass spectrum of [{@—
c20° 2.57 COJ™* (47). VG ZAB 2HF mass spectrometer. For experimental details
clod 1.25 1.24 1.47 see Experimental Section.
cico? 106.4 124.4 56.3
201 . . . o
gzgg ggé ﬂ%g ggg radical cation: only peaks corresponding to decomposition of
03C205 1045 ' ' the parent cation are observed. This means that if we produce
o‘clos 134.6 134.8 92.2 a neutral GO; species in the neutralization reionization experi-
occlo 89.3 913 120.0 ment, we cannot use positive ion mass spectroscopy to identify
o’cclos —88.8 —-91.3 —120.0

the neutral, because under the reaction conditions, ionization
a CCSD(T)/aug-cc-pVDZ level of theory including zero point energy ~ of that neutral will not give rise to a detectable recovery signal

(calculated from vibrational frequencies at the B3LYP/6-31G(d) level [i.e., we will not see a peak corresponding to an igOg*

of theory and scaled by 0.98834. ® Geometries at B3LYP/6-31G(d) (M/z 72)]56 The “NR* experiment involves stepwise vertical

level of theory. one-electron FranekCondon oxidation processes frora@

44 (CO2+ to the neutral and then to the cation. ThRER" and "NR*
spectra show some similarities. The major peaks in this spectrum
-CR+ are due to ionized CO and GOAs expected, there is no
recovery signal am/z 72 in the"NR™ spectrum, which means
[02C-CO]-. that we cannot use a peakrafz 72 as a specific probe to detect

the formation (or absence) of neutraj@.

There is however, a small peak in theR* spectrum which
can only be formed from a decomposing@3*™ radical
cation: the peak atvz 56, GO,™ (see Figure 2). We have
28 (CO+) shown previously that although the radical anion and cation of

O=C=C=0 (ethylene dione) are stable species, neutrad O
(C202+) C=C=0 cannot be detected under the conditions used for the
56 NO PEAK neutralization reionization experimeéfBecause [&-=C=C=0]
(€204 72 is not formed on collisional activation of the precursor anion
16 l C,057*, [0=C=C=0]""is likely to be formed from a decom-
posing GOsz™ radical cation in the NR™ experiment, and the
decomposing €Dz radical cation can only be formed by
Figure 1. Charge reversal"CR") spectrum of [QC—CO]™ (47). ionization of a transient £0; neutral. Calculations at the CCSD-
VG ZAB 2HF mass spectrometer. For experimental details see (T)/aug-cc-pVDZ//B3LYP/6-31G(d) level of theory show that
Experiment Section. [O,CCOT"™ (4**) is not a stable minimum on the cation potential
summarized in Table 1. Anior&* and6* are unstable at the ~ Surface. The”NR™ spectrum of [@C—CO] ™ (Figure 2)
CCSD(T)/aug-cc-pVDZ//B3LYP/6-31G(d) level of theory, and  identifies three decomposition products, £6 CO™, and
7-* though stable, lies 121 kcal mdl above 4~, and is C,0O,™*: these processes are summarized in Table 2. The
eliminated on energetic grounds. We have not considered Processes forming GO and CO™ are exothermic by 18.0 and
isomers of GO3~* which contain—O—0O— functionality: such 18.2 kcal mof? respectively (at the level of theory used),
species would be unstable under the reaction conditions usedvhereas the formation of0;™ is calculated to be endothermic
for the neutralization experiments. We conclude on both by 47 kcal mor™.
experimental and theoretical grounds, that the synthesis shown We have shown above that we cannot dseas a probe to
in eqn 1 does produce radical anidn, the precursor anion  detect the presence of neutray@LCO in a~NR* experiment
required for this investigation. because the cation radicét* is not a stable species. However,

The charge reversal CR") and neutralization reionization  if some GOs neutrals can survive for a microsecond, they should
("NR") mass spectra of [f@—CO]* are shown in Figures 1 ~ be observable in aNR~ experiment, i.e., where we use the
and 2, respectively. The charge reversal experiment is considerecstable radical aniod ~* as a probe to detect the neutraids.
to involve a vertical FranckCondon synchronous two-electron In the "NR~ study, we first carried out a standard experiment
oxidation of the radical anion to the corresponding radical using PhCOCOPh to check the sensitivity of the instrument.
cation?324 As can be seen from a consideration of tf@R" Conversion of [PhCOCOPhH]to neutral PhCOCOPh followed
spectrum, there is no recovery signal corresponding to the parenby electron capture by the neutral to reform [PhCOCOPhH]

12
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TABLE 2: Thermochemical Data for Decompositions of TABLE 3: Neutral Structures (1), (4), and (5)
C,03 o
catiort kcal molt neutrals kcal mol* [ /03
¢----2c—0°® “4om-Cl-2C

COs"*—C,0,+ 0O  +47.0 24—1CO+3C0O, —6.80 ] 4 . /CLO/CZ\os
C,037*—CO,* + CO -18.0 34—3CO+1CO, 28.90 Y 5 0 4
C0s—CO,+ CO™ 182 35—1CO+3CO, 212 1 4 5

a Calculations at the CCSD(T)/aug-cc-pVDZ level of theory indicate  state 1A 3A" 3A'
that 41, the radical cation of @CCO, does not exist as a potential symmetry G Cs Cs
minimum, but undergoes immediate dissociation. The energy value for energy (Hartrees) —301.245 30 —301.072 61 —301.086 81
Cz0s*. given in the Table is that of the species with the geometry of rel. energy (kcal mot!) 0.0 108.4 99.5
neutral triplet4 on the cation radical surface (following vertical Franck adl(%t:/a)nc electron affinity—0.52 4.37
Condon oxidation of the neutral). Energy values are determined from dipole moment (Debyg) 0.235 0.950 1.350

the following theoretically calculated values (Hartrees);O8* =

—300.742 94, @),* = —225.706 04, CQ* = —187.666 28, COr bor(‘f)’b'e”gth (Ayor angle

= —113.068 94, ®= —74.92565,CO = —188.174 43,3CO = cic? 319 151 234

—188.014 501CO, = —188.174 433CO, = —188.014 50 [at CCSD(T)/ 208 114 12 118

aug-cc-pVDZ level of theory (calculated from vibrational frequencies 104 1.17 1.26 1.39

at the B3LYP/6-31G* level of theory and scaled by 0.986%]. c204 3.41 2.42 1.39
Clo® 1.17 1.26 1.18

gives a pronounced recovery signal. Using this as a standard, it€,¢’0? 179.9 133.8 156.7

is still possible to increase the signal intensity by a factor of gzglgi gg'i ﬁgg %647

10* in a "NR~ experiment with the instrument operating at  gscios 179.1 116.0 1243

optimal conditions of sensitivity. We then performed tidR~ o3ceclof 180.0 97.4 0.0

experiment with [QC—CO]~* on some fifty occasions. Several ~0°C*C'O° 180.0 —97.4 0.0

times, we thought we could see a small signal fe©g* at Total atomic charges 0.278

maximum sensitivity of the instrument, but the noise level was . 0.576

very high under these conditions, and we were not able to o3 —0.248

reproduce these results. We conclude, on a statistical basis, thaO‘; —0.303

there is no signal for @3 in repeated NR~ experiments (S)um of Mulliken charges _8_'88)8

using the instrument at maximum sensitivity and using various

collision conditions in the tandem collision cell facility. Thus @ CCSD(T)/aug-cc-pVDZ level of theory including zero point energy
.. . . . b i -

reionization experiment. We conclude from the experimental gvge;r¥h22d scaled by 0.9889. ® Geometries at B3LYP/6-31G(d)

evidence that a transientGs neutral is formed, but the lifetime V-

of this neutral must be less thanfGec. following neutraliza- ~ TABLE 4: Neutral Structures (6), (7), and €7)

tion of the radical aniof’

Theoretical Consideration of the Structure of Neutral joy o o
C,03. There are a number of neutral@; isomers that we must 50)0—02\03 soAzos SOAZO3
consider in the context of this study, izand4—7. In principle, 16 17 37
all of these may have singlet and triplet states. These isoforms . 1AL 1AL 3AL"
have all been investigated at the CCSD(T)/aug-cc-pVDZ// symmetry G, Dan Dan
B3LYP/6-31G(d) level of theory: details of energies and energy (Hartree3) —301.148 28 —300.971 42 —300.890 94
geometries of stable structures are listed in Tables 3 and 4. Somde!. energy (kcal mot) 60.9 171.9 222.4
of these structures can be eliminated as possible products ofgid'glgaxfoﬂeeﬁtrc(’gsg'g')ty (ev)o %‘731 0%‘58 o?)gg
the NR process frord™. For example, the singlet and triplet bfnd length (A) or ag/gb ® ' '
of 7 are high energy structures (Table 4) and are considered noc!c? 1.44 1.49 171
further, whereas the triplet o8 is unstable at the level of = C?0® 118 1.43 1.46
calculation used. That leaves the van der Waals combléhe g;gj o a3 a0
singlet and triplet o#, triplet 5, and single® to be considered 15 118 1.43 1.46
as possible neutral isoforms 0£@;s, that might, in principle, clczo? 163.5 58.7 54.2
be accessed by vertical oxidation of fO-CO] . cxcrot 59.5 58.7 54.2

The van der Waals compleihas the most negative energy cjcigz 163.5 58.7 54.2
of all the neutral isomers of £Os. However, it is stable with 83820104 ﬁg:g 22'0?0 ?géo
respect to dissociation to G@nd CO by only 1.2 kcal mot 03C2C105 0.0 21200 ~1200

at the CCSD(T)/aug-cc-pVDZ//BILYP/6-31G(d) level of theory. a CCSD(T)/aug-cc-pVDZ level of theory including zero point energy

We also calculate at the same_level .Of theory,_.that foIIt_)Wlng (calculated from vibrational frequencies at the B3LYP/6-31G(d) level
one-electron FranekCondon vertical oxidation o™, a species  of theory and scaled by 0.9864). ® Geometries at B3LYP/6-31G(d)

corresponding to singlet8—CO (the singlet neutral with the  |evel of theory.
same geometry &) is formed with an excess energy of 62.8

kcal mol~* with respect to the van der Waals structdrélhis stable species. The structural details of trigleare contained

will initiate immediate dissociation to COand CO. Van der in Table 3. The structure of triplet (Cy) is similar to that of

Waals neutrall will not survive the NR experiment. 4~ (Cy), except for minor differences in the dihedral angles
The singlet neutral corresponding to structéidoes not exist ~ O3C2C!0* and GC2C!O,% which are 97.2 and—97.4 for the

as a minimum on the potential surface ofQ3. Singlet4 is neutral, and 913and —91.3 for the radical anion. Tripled

unstable with respect to decomposition to £ahd CO. The has a dipole moment of 0.94 D, and an adiabatic electron affinity
situation is different for triplet, which is calculated to be a  of 4.37 eV. The central €C bond length of 1.506 A implies
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3co + 'co,
(+129.6)
(+100.7)
(+106.1)
(+93.9))
co + 3co,
(0
04
c-C.
o o
4

Figure 3. Vertical Franck-Condon oxidation of [@C—CQO]J ™ to triplet
0,C—CO, and dissociation pathways for triplet)@-CO. CCSD(T)/
aug-cc-pVDZ//B3LYP/6-31G(d) level of theory.

a single bond; the two equivalent CO bonds (1.261 A) indicate
significant double bond character, whereas the othe®@®ond
(1.178 A) must have some triple bond character. Mulliken
charge analysis (Table 3B)shows excess electron density on
each of the three oxygen atoms with the carbon bearing the
single oxygen surprisingly being the most electropositive atom.
The results of calculations for the neutralization4of to
triplet 4 [at the CCSD(T)/aug-cc-pVDZ//B3LYP/6-31G(d) level
of theory] are shown in Figure 3 with details of structures listed
in Tables 1 and 3. The vertical one-electron oxidation in this

case gives the triplet neutral with essentially no excess energy
resulting from that process. There are two dissociative processes

of this neutral: (i) an endothermic process28.9 kcal mot?)
yielding 3CO and!CO,, a process which is unlikely to be
accessible, and (i) the formation 8CO and3CO, by an
exothermic process-6.8 kcal motl?), but one which has a well-
defined barrier (see Figure 3 and Table 5) of 5.4 kcal thol

J. Phys. Chem. A, Vol. 105, No. 44, 20010143

TABLE 5: Transition State Structures
94
O~ o Iy
-0t 507" Rgs 500N
see Figure see Figure 8
3 4
state 3A 1A'
symmetry G Cs Cy
energy (Hartree3) —301.06402 —301.14837 —301.01677
bondblength (Ayor angle
0

cic? 2.03 1.47 1.39
c208 1.15 1.16 1.21
cto? 1.25 1.32 1.48
c204 2.84 1.66 1.48
clod 1.25 1.19 1.21
cicod 122.3 180.0 156.2
ccot 117.6 72.9 61.8
ccloe 117.6 145.8 156.2
oClod 1175 141.3 140.9
oscciot —105.3 180.0 —164.8
os’czcros 105.3 0.0 30.5

a8 CCSD(T)/aug-cc-pVDZ level of theory including zero point energy
(calculated from vibrational frequencies at the B3LYP/6-31G(d) level
of theory and scaled by 0.988%. ® Geometries at B3LYP/6-31G(d)
level of theory.

0
c-c.
° 0
.C—LC=0
(+56.9) (+53.3)
(+53.2)
:,c_c/

o

(- 59.6)
€O, + CO

These data suggest that should there be triplet neutrals offigure 4. Dissociation pathways for singlet;O—CO (4) and 6.

structure4 formed with insufficient energy to surmount the
barrier of 5.4 kcal mol%, then those neutrals should be
detectable in the NR experiment if their lifetimes ard06
sec.

Finally, calculations show that neither tripleinor singleté
are accessible by vertical Frane€ondon oxidation of [@C—
COJ™ (47). Let us deal first with single6é because it is the
simpler of the two systems. The structure corresponding to
singlet QC—CO [the (unstable) singlet neutral with the same
geometry agl—*] does not occur on the reaction coordinate for
the ring opening of singled followed by dissociation to C©
and CO. This process is shown in Figure 4. We have calculated
many points along the reaction coordinate for dissociation of
singlet 6. During the ring opening o6 and the subsequent
dissociation, the C@and CO units remain planar. There is no
rotation to produce orthogonal orientation of the £dd CO
moieties (as k™).

The situation with triplet neutrab is different and more
complex. In principle, tripleb may be accessible via tripldt
if the barrier of conversion of tripled to triplet 5 is less than

CCSD(T)/aug-cc-pVDZ//B3LYP/6-31G(d) level of theory.

that of the barrier{5.4 kcal mot™) for the dissociation of triplet

4 to 1CO and3CO. We have carried out extensive potential
surface calculations on this system, considering two scenarios,
viz (i) a synchronous rearrangement of tripleb triplet5, and

(ii) a stepwise process whereby tripkepartially dissociates to

a loosely bound C&@CO intermediate followed by reorienation
of CO, and CO within that complex in order to effect formation
of triplet 5. We can find no stepwise pathway to triplgt
dissociation to CO and Calways occurs in preference to any
rearrangement. Neither could we find any concerted pathway
from triplet 4 to triplet 5. Cyclization via a transition state
corresponding to symmetrical but unstable tripietdid not
proceed to triple®, but led directly to dissociation to CO and
CO,. The only transition state we could find [apart from that
for direct dissociation of triple# to 3CO, and1CO (see Figure

3)], is a non planar cyclic saddle point for the degenerate
rearrangement of triplet £&8—CO to triplet OC-CO,. This
transition state lies 30 kcal n1dl above triplet QC—CO, has
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the structure8 shown below and defined in detail in Table 5. (21) Langlet, J.; Caillet, J.; Allavena, M.; Raducu, V.; Gauthier-Roy,
This process cannot compete energetically with the dissociationB- Pahoo, R.; Abouaf-Marguin, LJ. Mol. Struct.1999 484, 145.
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Holmes, J. LMass Spectrom Re1989 8, 513; For recent reviews of the
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c—c¢ Hornung, G.; Schirder, D.; Schwarz, HlInt. J. Mass Spectrom. lon

o’ o Processe4998 172 181. Zagorevskii, D. V.; Holmes, J. Mass Spectrom.

8 Rev. 1999 18, 87.

(24) Blanksby, S. J.; Schder, D.; Dua, S.; Bowie, J. H.; Schwarz, H.
J. Am. Chem. So00Q 122, 7105, and references therein.
Conclusions (25) Schrdler, D.; Heinemann, C.; Schwarz, H.; Harvey, J. N.; Dua,
S.; Blanksby, S. J.; Bowie, J. KChem. Eur. J1998 4, 2550.
. . . 26) P .; Blank .J.; D ., Bowi HPhys. Chem.
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