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A Study on Mass Spectrometry of Methylated
[60] Fullerenes Using the “In-beam”
Electron Impact Technique

Hamad M. Al-Matar and Sayed M. Badawy
Chemistry Department, Faculty of Science, Kuwait University, Safat, Kuwait

Mass spectra of the methylated [60]fullerenes were obtained by EI mass spectrometry using
“desorption” or “in-beam” technique. The mass spectra of the methylated fullerenes, C60Men,
have the molecular ion peak M� indicating that the product is stable under the MS (EI)
conditions. The appearance of an intense peak at m/z 360 was assigned to the formation of
fullerene dication C60

��. The remaining peaks were assigned to successive loss of methyl groups
from molecular monocation and dication. (J Am Soc Mass Spectrom 2005, 16, 1311–1315)
© 2005 American Society for Mass Spectrometry

Alkylation involves reaction of fullerene anions
with positive alkyl groups. This leads to differ-
ent addition patterns, which vary also accord-

ing to the alkylation technique. These compounds are
exceptionally soluble fullerenes, and promise to be
useful cross-linking additives, for which the parent
fullerenes are too insoluble.
Their relative simplicity aids structural characteriza-

tion, and many of them form suitable crystals for X-ray
structure determination [1, 2]. Although the small size
of the methyl group and the reasonable stability of the
methylfullerenes toward electron impact (EI) mass
spectrometry made the reaction suitable for elucidating
mechanistic features of fullerene additions, the polym-
ethylation was a disincentive to further work [3]. The
availability of high-pressure liquid chromatography
(HPLC) columns dedicated to fullerene separation has
enabled progress to be made.
The methylated fullerenes were prepared in our

previous works by different methods [1–4]: (1) reaction
of fullerene with lithium followed by MeI, (2) reduction
of fullerene with sodium n-propylthiolate followed by
quenching with MeI, (3) reduction of fullerene by Al-Ni
alloy and aqueous NaOH-dimethyl sulfoxide followed
by quenching with MeI, and (4) methylation by nucleo-
philic substitution of halogenated fullerene C60Cl6. The
resulting methylated fullerenes differ according to the
method used, indicating different addition pathways:
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Separation of methylated fullerenes was performed
with HPLC using a Cosmosil Buckyprep column with
either heptane, toluene, toluene/heptane, or cyclohex-
ane/toluene mixtures, with UV detection at 285 nm and
a flow rate of 4 mL/min.
Mass spectra were obtained using a VG Autospec

(Sussex University, UK) mass spectrometer using 70-eV
EI ionization. The samples were introduced into the
mass spectrometer using the direct insertion probe with
desorption CI (chemical ionization) tip operated at a
temperature between 50 and 500 °C. The samples were
coated on a surface and inserted directly inside an ion
source, as close to the ionization area as possible, by
means of an extended direct insertion probe. The �in-
beam� technique gives a better chance of observing
molecular ions in the mass spectra at the lower temper-
ature and small sample size [5].
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Figure 1. (a) EI mass spectra (70 eV, DCI probe) of C60Me2, (b) (70 eV, DCI probe) of C60Me4, (c) (70
eV, DCI probe) of C60Me5H, (d) (70 eV, DCI probe) of C60Me6, (e) (70 eV, DCI probe) of C60Me10, (f)
(70 eV, DCI probe) of C60Me5Cl.
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Figure 1. (continued)
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Although the fullerene cage itself has been repeat-
edly subjected to a plethora of ionization techniques
including EI, there have been comparatively few stud-
ies conducted to date that have studied the ionization of
derivatized fullerenes, and few of these have achieved
retention of exohedral functional groups, such as CH3,
in an ionization techniques as “hard” as EI. Previous
works have observed the additions of methyl radicals
and hydrogen atoms to C60 in a mass spectrometer ion
source because of the reactivity of fullerene in the
gas-phase [6–8].
Figure 1a–f shows mass spectra of C60Me2, C60Me4,

C60Me5H, C60Me6, C60Me10, and C60Me5Cl. The mass
spectra of the methylated fullerenes, C60Men, have the
molecular ion peak M�, indicating that the product is
stable under the mass spectrometry (EI) conditions.
Two intense peaks are observed at m/z 720 and 360
corresponding to stable fragments of fullerene monoca-
tion C60

� and fullerene dication C60
2�, respectively. The

weak peaks near m/z 360 correspond to successive loss
of methyl groups from molecular dication (M2� �
nCH3). The remaining peaks near m/z 720 correspond to
successive loss of methyl groups from molecular mono-
cation (M� � nCH3). Scheme 1 illustrates the fragmen-
tation mechanism.
Mass spectrum of C60Me6 is an illustrative example

as a typical for multimethylated fullerenes C60Men
(Figure 1d). The weak peaks atm/z 367.5, 375, 382.5, 390,
397.5, and 405 can only credibly be assigned to the
singly to hextuply methylated C60 dication. All of these
structures are seen in the singly charged fullerene
higher-mass peaks also at m/z 735, 750, 765, 780, 795,
and 810, respectively.
It is observed that the singly charged methylated

fragments bearing 1, 3, and 5 methyl groups are invari-
ably more prominent than methylated fragments bear-
ing 2, 4, and 6 methyls, whereas the reverse is true of the
doubly charged ions in the same spectra. This could be
interpreted in terms of open-shell versus closed-shell
structures. The most abundant and stable C60Men

� frag-
ments ions with odd n values are expected to be the
closed-shell electronic configuration, whereas the most
abundant and stable C60Men

2� fragments ions are ex-
pected to be the closed-shell electronic configuration
with even n values.
The prominent signal at m/z 840 in the spectrum of

C60Me10 (Figure 1e) could be misinterpreted. For ion
production by means of EI, it is difficult to distinguish
between the fullerene ions and the various fragments
ions with equal m/z, because all of these species are

produced efficiently at similar high EI energies [9]. The
m/z 840 peak could be C60Me8

� or C70
� or even a mixture

of the two. The distinction was achieved by observing
the signal of dication fullerene ions in the spectrum. The
appearance of dication [60] fullerene C60

2� at m/z 360 and
the absence of dication [70] fullerene C70

2� in the same
spectrum indicated that the m/z 840 is indeed C60Me8

�.
Previous experimental data on fullerene ionization

has established that multiple ionization of C60 is readily
achievable by EI or collision-induced ionization [9–12].
The doubly, triply, and quadruply charged hydroge-
nated fullerenes were efficiently detected [13]. This
ability to undergo multiple ionization under routine EI
conditions more closely resembles the features ob-
served for pure fullerenes [13, 14]. The formation of
dications has been established for fluorofullerenes [15],
while any efficient multiple ionization of organic ligand
bearing fullerenes has not been reported [13].
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