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Abstract: The dimethylcarbene radical cation, (§kC'*, has been generated in the gas phase. Experimental

identification was achieved by charge stripping mass

spectrometry whereby the stable dimethylcarbene dication,

(CHg),C?*, is observed. Electron impact appearance energy measurements and G2 ab initio molecular orbital
calculations have been used to investigate the thermochemistry of the dimethylcarbene radical cation. The carbene

radical cation is calculated to lie 84 kJ mélabove the
barrier of 35 kJ moil.

Introduction

Dimethylcarbene has received considerable attention from

experimentalisésand theoreticians. The neutral carbene has
been indirectly identified from trapping experimes, but

experiments have failed to produce and identify its radical cation

and dication, both of which are predicted by ab initio molecular
orbital calculations to be stable gas-phase spécies.
Four isomeric GHg't ions (n/z42) have been postulated to

propene radical cation and to be separated from it by a

vestigated by McLafferty et dl. They concluded from CS
experiments that thesBle¢"t ion produced was primarily ionized
propene, and they therefore suggested that the carbene ion was
of relatively low stability.

We report here the first experimental observation of both
singly- and doubly-charged dimethylcarbene ions, a search for
the neutral carbene generated from its radical cation, and the
results of new theoretical calculations.

exist in the gas phase, namely the propene radical cation, the
cyclopropane radical cation, the trimethylene distonic ion, and Experimental Methods

the dimethylcarbene radical catibnWhile it is unclear from

experiment whether the cyclopropane radical cation and the ) ! i i
| Spectrometer of BEE geometry which has been described in detail

trimethylene distonic ion are distinct entities, recent theoretical
calculation8 predict a single isomer corresponding to a partially

ring-opened structure. Charge stripping (CS) mass spectrometr
(the tandem mass spectrometric study of doubly-charged ions

All mass spectra were recorded on a modified VG ZAB-2F mass

elsewheré. Kinetic energy release value$ys, were obtained from
the peak widths at half-height and evaluated by established methods.
yEnergy resolution was such that the width at half-height of the main
ion beam was 4 V. For CS experiments, Was used as the collision

produced by collisional excitation of the mass selected ion of gas at a pressure sufficient to reduce thel& beam by 15% (i.e.,

interest} has been used to distinguish between ionized propeneapproximately single collision conditions). Corrections for the con-
and ionized cyclopropane. Neither ion was found to produce a tribution of thel3C overlap from the adjacent ions of lower mass were

significant yield of stable, doubly-chargedstz®" (m/z 21)
species, and identification rested upon the ratio oftitz20.5
to m/z20 orm/z19 fragment peak intensitiég. The ions can
also be distinguished by measuring their reactivity in-ton
molecule reaction$.

The possible formation of ionized dimethylcarbene by the
loss of GH4 from ionized 1,1-dimethylcyclopropane was in-
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carried out by measuring the CS mass spectrum of both the ion of
interest (n/z42) and the preceding peai{z41) on a chart recorder.

The required correction was made by using the difference in amplifier
gain, the intensities of the respective signals, and the natural abundance
of the 13C isotope multiplied by the number of carbon atoms in the
ion. In the neutralizationreionization (NR) experiments Xe and, O
were used for neutralization and reionization, respectively; their
pressures were adjusted to give a main beam transmission of 85% for
each stage. The appearance energy (AE) of the dimethylcarbene radical
cation fn/z 42) was measured by using a AElI MS-902S mass
spectrometer and determined by measuring the ion abundance vs
electron energy over a small energy range32/) above the threshold.

The data were treated as described in detail elsewhe?2,4,4-
Tetramethyl-1,3-cyclobutanedione was purchased from Aldrich Chemi-
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20 originates by loss of CO frorm/z 70, which has the dimeth-
19 ylketene structuré8
21
+ —+
J »
46 (|f -CO_ CSH;
O/ PO
TMCBD

The m/z 42 peak resulting from dissociation of metastable
dimethylketene ions is composite, a narrow Gaussian peak atop
a broad second component, showing that for metastatd&0
ions there are two reaction channels that leachta42. The
kinetic energy release§j s calculated from the half-height
widths of the narrow and broad components of the above
metastable peak are 18 and 200 meV, respectively. By selecting
Figure 1. CS mass spectra of (a) ionized propene, (b) ionized ions from the centroid of the narrow component and from one
cyclopropane, (c) source generated carbene radical cation, and (d)edge of the broad component, it was shown by a collision
metastably generated carbene radical cation. lon translational energiesexperiment® that the latter are propene ions, while the former
5 kV for spectra ac and 4.8 kV for spectrum d. Shaded areas (which we propose below to be dimethylcarbene ions) produced
correspond to contributions from tH&CC,Hs™ ions. m/z21 as a major signal in the charge stripping region (Figure
. 1d). Although ionized ketene (alsn/z42) displays a sizable

Computational Methods m/z21 peak in its @ collision induced dissociation (CID) mass

Standard ab initio molecular orbital calculatishwere carried out ~ SPectrunt? the absence af/z29 in all our CID mass spectra
with the GAUSSIAN 943 suite of programs. Geometries were rules out the generation of anyl@O"* ions from metastable
optimized and harmonic vibrational frequencies (scaled by 0.9646) were ionized dimethylketene.
obtained at the MP2(FULL)/6-31G(d) level of theory according to the  The theoretical study of Lammertsma efatoncluded that
G2(ZPE=MP2) schemé! G2 theory effectively corresponds to a  the dimethylcarbene and trimethylene dications are the two most
QCISD(T)/6-311G(3df,2p)//MP2(FULL)/6-31G(d) energy adjusted  giap1e GH2+ isomers. They are predicted to have comparable

by an empirical higher level correction (HLC) and zero-point vibra- . . L .
tional energy (ZPE). The HLC in G2(ZR&VIP2) theory is slightly energies, with the propene dication lying about 50 kJ thol

different from that in standard G2 theory (5.32 mh rather than 5.00 higher !n e_nergy. Both the dimethylcarbene a_nd the trimeth-
mh per electron paif Heats of formation 80 K (AH°c) were ylene dications were predicted to be observable in the gas phase.
evaluated by the atomization method as outlined by Nicolaides However, the likelihood of the present experiment producing
et al.15 using experimentah;H°, values for the atom¥,and corrected the trimethylene dication is small, since an intricate rearrange-
to 298 K with the use of scaled theoretical harmonic frequencies for ment would be requiret. We therefore propose that metastable

 EE

the species of interest and enthalpy correctidtipds — H°) for the ionized dimethylketene produces both propene and dimethyl-
constituent elements in their standard states evaluated by USingcarbene ions on the microsecond time scale. Itis noteworthy
experimental dat#. that the possible production of the carbene radical cation was
i . dismissed in favor of ionized propene in a previous mass
Results and Discussion spectrometry study of TMCBD by Olivares etZl.Their CID

Experimental Findings. The electron impact mass spectrum Mass spectrum of then/z 42 ion resembled that of ionized
of 2,2,4,4-tetramethyl-1,3-cyclobutanedione (TMCBD) contains Propene, but the CS region of the spectrum was not reported.
a significant peak an/z42 (37% of them/z70 base peak). We ~ This latter point is significant because, apart from the charge
find through high resolution mass spectrometry that the ion is Stripping region of the CID mass spectrum, the observations
solelyof formula GHe*. Unlike ionized propene and ionized ~ ©On this new ion are indeed similar to those for ionized propene
cyclopropane, this ion source generate#ig" species displays ~ @nd cyclopropane, so that only the doubly-charged ions provide
a significantm/z 21 peak in its CS mass spectrum (Figure 1). the significant structure indicative features.

The GHgt ion (m/z 42) in the mass spectrum of TMCBD CS experiments (see Figure 1) in which the various isomeric
_ CsHg™ ions had closely similar translational kinetic energies
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Figure 2. G2 potential energy diagram for the dissociation and
interconversion of propene and dimethylcarbene radical cations. All
values correspond to 298 K and are in units of kJ thaBuperscript

a indicates data from this work. Superscript b indicates data from ref
23. For experimental values see text and ref 16. No attempt was made

to calculate transition structures (and hence reverse barriers) for the H Figure 3. Optimized geometries of dimethylcarbene radical cation and
loss reactions. the transition structure for the 1,2-hydrogen shift connecting dimeth-

ylcarbene and propene radical cations. MP2(FULL)/6-31G(d) geom-
supported by the results of theoretical calculations (see below) etries are given in bold t(_axt. For dimeth_ylcarbeng radical cation, MP2/
and is illustrated in the potential energy diagram (Figure 2). 8-311FG(2df,p) geometries are shown in underlined text and QCISD/
The appearance energy (AE)rfz42 generated at threshold 6-31G(d) geometries in italics. Bond lengths in A, angles in deg.
from metastablen/z 70 ions was found to be 12& 0.1 eV. . _ )
The AE will be an upper limit because this secondary frag- Thus, the G2 heat of formation of (GHC"" is not particularly

mentation of ionized TMCBD is subject to a competitive shift. Sensitive to the level of theory used to optimize the structure or
Using AfH26dCO] = —110.5 kJ mot?,6 AH°,0d TMCBD] to calculate the frequencies. Previous ab initio calculations at

= —308 kJ mol116 and AH°ed(CH3),CCO] = —92 kJ the HF/6-31G level predicted a similar structure and energy for

mol-1 24 gives AfH°[(CH3).C**] = 1062 kJ motL. It should the dimethylcarbene radical catiéh. _ _
also be noted that this value could alternatively represent the Ve @lso calculated thasH®z9g of the product ion resulting
energy of the transition structure for the formation of the propene from H loss (the 2-propenyl cation, [GB=CH|"), 989 kJ
radical cation component of the composite metastable peak. Mol™*, and the energy of the transition structure for the 1,2-
We have attempted to observe the neutral carbene by neuydrogen shift to give ionized propene, 1088 kJ mdFigure
tralization-reionization (NR) mass spectromefryThe ion 2). The geometry for the transition structure is given in F|.gur¢
source and metastably generatedz 42 ions both give a 3. The dimethylcarbene rgdlcal cation is pred|cted'to reside in
significant recovery signa(40% of base peak), showing that 2 fairly shallow well, requiring only 35 kJ mot for isomer-
CsHe ions have been reduced to a stable neutral counterpart.ization to the propene radical cation. This pr_edlctlor_1 suggests
However, the CS regions of the NR mass spectra failed to that the density of states of the propene racﬁcal cation will bg
contain any peak a/z21. Moreover, a separate CS experiment much Iarger_than that of_the carbene raqllcal cation an_d is
on the mass selected recovery ions also failed to shuw consistent with the _expenmental observation that very little
21. The absence of the dication signal {42suggests that  (CHs)2C'" is formed in the ion source.
any neutral carbene formed (which may be generated in an

excited state) was not stable on the time scal) 6f the NR Conclusion
experiment and that the detectedHg™ recovery signal is Combined experimental and theoretical results show that
ionized propene. ionized dimethylcarbene, (GHC'*, and the corresponding

Computational Findings. Calculations at the G2(ZREVIP2) dication, (CH),C?", have been generated by using 2,2,4,4-
level* give AH20d(CH3),C**] = 1053 kJ mot?, consistent tetramethyl-1,3-cyclobutanedione as the precursor. Experimen-
with the experimental upper limit of 1062 kJ mélreported tal identification of the dimethylcarbene radical cation is based
above. The (CH.C'*t ion is predicted, at the MP2(FULL)/6-  on its charge stripping mass spectrum, which contains a large
31G(d) level, to have€, symmetry with C-C bond lengths of m/z 21 signal, unlike the other {Elg"* isomers. G2 ab initio
1.418 A and d1CCC angle of 141 3(Figure 3). The geometry  molecular orbital calculations show that the dimethylcarbene
was also optimized at the MP2/6-3t6G(2df,p) and QCISD/ radical cation resides 84 kJ mélabove CHCH=CH,"" and
6-31G(d) levels, and was found not to change to any significant is separated from it by an isomerization barrier of 35 kJThol
extent (Figure 3). Scaled vibrational frequenétesere ob-
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