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Charge stripping from either CH2XH+. or CH3X+. cation radicals (X = F, CI, Br, I, OH, SH, or NH2) results in  the 
formation of observable dications; a comparison of experimentally derived Omin data for the process m++m2+ with 
the computed vertical ionization energies, I.E.", suggests that whereas electron removal from CH2XH+. results 
directly in the formation of the corresponding dications, i.e. CH2XH2+, charge stripping from CH3X+. does not lead to 
stable CH3X2+ species, but instead rearrangement (perhaps from a Rydberg state of CH3X+-) is likely to take place to 
give CH2XH2+ ions. 

There has been considerable recent theoretical and 
experimental interest in the gas phase chemistry of ionized 
ylides, CH2XH+., which can also be formally viewed as 
ion-dipole complexes between CH2+- and polar molecules 
XH (X corresponds to a first- or second-row element).' The 
stabilities of CH2XH+- ions are usually comparable to those of 
their isomeric forms CH3X+. (both thermochemically and 
kinetically). This is in distinct contrast to the behaviour of the 
neutral parent molecules for which, in general, CHZXH 
species do not exist as stable entities;2 instead, they isomerize 
via 1,2 hydrogen shifts to the substantially more stable CH3X 
molecules. Thus, ionization leads to a strong relative stabiliza- 
tion of the unusual structure CH2XH+.. What might happen 
when a second electron is removed, i.e. formation of the 
dications CH2XH2+ and CH3X2+, respectively, has been 
investigated for X = OH with the aid of state-of-the-art ab 
initio molecular orbital calculations.3 Singlet CH30H2+ (1) is 
not found to be a stationary point on the potential energy 
surface; it rearranges spontaneously to a weakly bound 
complex H2. . .CH-OHZ+ (2) which dissociates via a small 
barrier of 3 kcal mol-1 (1 cal = 4.184 J) into H2 and 
CHOH2+.3 In contrast, the dication CH20H22+ (3) exists in a 
deep potential well. The dication (3) is calculated to be 74 kcal 
mol-1 more stable than (2) and to be prevented from 
undergoing exothermic dissociation processes owing to high 
energy barriers.3 Theoretical results for CH30H2+ and 
CH2OH22+ were believed3 to be in agreement with the 
experimental observations of Holmes et al.4 Charge stripping 

CH30H2+ 
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( 5 )  
(C.S.) mass spectrometry5 experiments gave4 an intense, 
narrow peak at rnlz 16, corresponding to CH402+ in the 
spectrum of CH20H2+- showing that a significant binding 
energy must indeed exist between CH2+- and H20+-.  In 
contrast, the collisional activation mass spectrum of CH30H+- 
does not contain any detectable signal at rnlz 16,4 when, for 
example, helium is used as a collision gas. Similar results were 
obtained for other CH3X+- ions and it was concluded4 that 
doubly charged ions of the elemental composition CH3X2+ 
are inaccessible in charge stripping experiments from CH3X+. 
precursors. This conclusion, however, is not justified. By 
using oxygen as a collision gas? charge stripping takes place 

H2* * * .CH-OH2+ 

CH20H22+ 

CH,OH+* 

CH20H2+* 

t O2 has been used in numerous other cases as an efficient collision 
gas for charge stripping processes. e.g. D. Stahl and F. Marquin, 
Chimia, 1983, 87. 
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Table 1. Vertical ionization energies, Qmi, for the process 
m, ++m , 2 +  . a  

0 

Precursor 
CH20H2+. ( 5 )  
CHzSH2 +. 

CHzFH+* 
CH2CIH +. 

CH21H+. 
CHClClH + . 

CHZNH3+. 

CH2BrH+. 

Qmidev 
16.50 k 0.04 
19.78 k 0.05 
18.85 +_ 0.06 
17.92 & 0.03 
17.47 & 0.04 
17.62 & 0.03 
16.30 & 0.04 
16.12 +_ 0.02 

Qminlev 
16.34 t 0.05 
20.18 t 0.04 
17.69 t 0.07 
17.23 k 0.07 
18.16 ? 0.03 
17.91 t 0.07 
17.94 k 0.05 
16.23 k 0.03 

Precursor 
CH,OH+.(4) 
CH,SH+. 
CH3NH2 +. 
CH3F+. 
CH3CI+. 
CH3Br+. 
CH-J+- 
CH2C12+. 

a The Qmi,-values represent the average of 10-20 individual 
measurements, and the errors are given as S/n1/2. 

and signals for stable dications are observed starting from 
either CH2XH+. or CH3X+. precursors;$ the energies needed 
to remove one electron from monocations are given in Table 1 
[denoted as Qmin = I.E.(m+)-I.E.(m) (I.E. = Ionization 

For the isomeric pair CH3X+KH2XH+- (X = OH and F) 
we have compared the experimentally derived Qmin-values, 
for generating dications, with those calculated by ab initio 
MO-calculations using GAUSSIAN 76,6a extended by a 
Mdler-Plesset perturbation calculation6b,c terminated at 
second order to account for the correlation energy. Energy 
calculations were performed at MP2/6-31G* level, with 
geometries optimized at MP2/6-31G* (X = F)6d and 6-31G" 
(X = O),k respectively. For the vertical ionization of 
CH20H2+. an ionization energy, I.E.", of 16.60 eV has been 
calculated; this value is in excellent agreement with the 
experimentally determined Qmin = 16.50 eV. Geometric 
relaxation of the so-obtained CH20H22+ ion results in a 
species (3), the electronic and geometric details of which have 
already been discussed in detail by Bouma and Radom.3 Less 
straightforward is the interpretation for the process of 
removing a single electron from ionized methanol (4). The 
experimental value of Qmin= 16.34 eV is by no means 
matched by the one calculated for the vertical ionization of 
CH30H+. (I.E. = 22.05 eV). It is highly unlikely that the huge 
discrepancy of 5.7 eV is due to large errors in either the 
computational method§ or the experiments. Instead, we 
believe that removal of an electron from CH,OH+- (4) does 
not result in the formation of an (unstable)3 methanol 
dication, CH30H2+ (l), but is accompanied by hydrogen 

Energy 11 * 

$ Experimental conditions: CH2XH+. ions are generated via dissocia- 
tive ionization (70 eV ionizing energy) of suitable precursors ( e . g . ,  
HOCH2-CH2XH+HOCH2-CH2XH+.+CH20 + CH2XH2+.), and 
CH3X+. by direct ionization of neutral CH3X in a VG analytical 
ZAB-2F mass spectrometer. The ions of interest are accelerated by a 
potential of 8 kV before being separated by the magnetic sector. The 
collision gas used was O2 at a pressure of ca. Torr. The products 
of the collision-induced reactions were studied by scanning the 
electrostatic analyser. Qmin was determined from the positions of the 
relevant peaks in the ion kinetic energy spectrum, and the value of 
Qmin = 15.7 eV for the process C,H,++X,H,2+ in toluene was used as 
a standard to calibrate the energy scale in all measurements (F. H. 
Dorman and J .  D. Morrison, J .  Chem. Phys., 1961, 35, 575). 

§ It should also be mentioned that, by applying Koopman's theorem 
(T. Koopman, Physica, 1933,1,104) the calculated energy needed to 
remove an electron vertically from the SOMO of CH30H+. is as much 
as 6.5 eV higher (6-31G*//6-31G*) than the one determined 
experimentally. Similarly, it was calculated (6-31G*/ /6-31G*) that 
vertical ionization of CH3F+. would require energies which are also 
substantially larger (by ca. 6.5 eV) than those obtained by charge 
stripping. 

1 

X 1.E.a 1.E.v Qmin 

OH 15.46a 16.60a 16.50 

F 17.42b 18.67b 17.92 

a 
i zc -XH * + 

'H,C-X '* 

) 

X 1 . E . V  Qmin 

OH 22.05a 16.34 

F 21.8Zb 17.23 

1 H&-X+* 
H,C-XH+' 

Figure 1. Relative energies (eV) for removal of one electron from 
CH,XH+. and CH3X+. ions. Vertical ionization energies (1.E.") and 
adiabatic energies (I.E.a) were obtained by either (a) 
MP2/6-3 1G*/ /6-31G* or (b) MP2/6-31G*/ /MP2/6-3 lG* calculations. 
Qmin data were determined in charge stripping experiments. 

rearrangement to give eventually the stable methyleneoxo- 
nium dication CH20H22+ (3). In line with this interpretation 
is the fact that the Qmin-value for ionizing CH30H+. (4) is 0.16 
eV lower than that for CH20H2+. ( 5 ) ,  which is a consequence 
of the fact that (5 )  is thermochemically more stable by 0.3 eV4 
than (4). At what stage does the isomerization CH,OH+. 
+CH2OH22+ occur? If the isomerization were to involve the 
molecular ion of CH30H+., i.e. CH30H+.+CH20H2+., 
following by charge stripping of the excited methyleneoxo- 
nium ion, simple thermochemical considerations show that 
owing to the high barrier37437 of this rearrangement and the 
fact that one is dealing with an isolated species, Qmin for 
CH30H+. should be as low as 14.9 eV. This again is in 
disagreement with the experimental value. Moreover, as 
CH30H2+ is not directly accessible energetically, we suggest 
that collision of CH30H+- with oxygen molecules leads 
initially to a Rydberg state of CH30H+- (A in Figure 1) from 
which an electron is ejected, followed (or accompanied) by 
hydrogen rearrangement to give eventually the stable 
CH20Hz2+ species (3). 

Similar results were obtained for the fluorine derivatives 
CH3F+- versus CH2FH+- (Figure 1). The calculated vertical 
ionization energies of CH2FH+. ions are in reasonable 
agreement with the Q,i,-data, whereas those for CH3F+. 
precursor ions differ by as much as 4.6 eV. 

We conclude that (i) charge stripping from CH3X+- ions is 
possible provided a suitable collision gas is used and (ii) 
removal of the electron for CH3X+. is not a process leading to 
the formation of CH3X2+ dications but is very likely to be 
associated with hydrogen rearrangement, thus generating 
eventually the stable methyleneoxonium dications CH2XH2+. 
The latter species are directly accessible by charge stripping 
from CH,XH+-. 
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