Therole of singlet oxygen in the photochemical formation of CgO

David I. Schuster,* Phil S. Baran, Russell K. Hatch, Ahsan U. Khan and Stephen R. Wilson
Department of Chemistry, New York University, New York, NY 10003, USA. E-mail: david.schuster @nyu.edu

Received (in Liverpool, UK) 20th August 1998, Accepted 6th October 1998

Ground state Cgy does not give CgO in the presence of
singlet oxygen generated thermally from endoperoxides;
evidence is presented that the photochemical formation of
Ce00 from Cg proceeds via reaction of singlet oxygen with
the lowest triplet excited state of Cgo.

Sinceits synthesisand characterization in 1992 by Smith et al.,*
several studies on Cgo0 1 have appeared, showing that oxide 1
can be generated through both thermal2 and photochemical®
pathways. Dimethyldioxirane22 ozonolysis,2-df MCPBA,2e
P450 cytochrome models,29 and a methyltrioxorhenium—H,0,
system?h al successfully convert Cgo to 1. Oxide 1 can aso be
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isolated from the byproducts of fullerene synthesis’2 and by
extended irradiation of Cggin an oxygen atmosphere.1 Although
much is known about the photophysical and chemical properties
of fullerenes, both the thermal and photochemical mechanisms
for the formation of fullerene oxides largely remain a mys-
tery.3

Foote and co-workers reported in 19914 that Cg is a very
efficient sensitizer for formation of singlet oxygen (@ = 0.96 +
0.02 at 532 nm), and that Cgp also quenches 10,, as shown by
the shortening of the decay time of 1O, luminescence at 1270
nm3 (kg = 5+ 2 x 105> m~—1 s71).4 However, no loss of Cgy Or
appearance of new products was observed in the presence of
oxygen following hundreds of laser pulses,304 suggesting that
10, does not add to ground state Cgp in solution. We have
confirmed that CgoO 1 is not formed upon reaction of Cgg in
toluenewith 1O, when the latter is generated via the thermolysis
of endoperoxides 2 and 3.6 Using an authentic sample of oxide
1, we verified by HPLC analysis’ that 1, if formed, could be
present in quantities no more than 0.01% of the total amount of
Ceo present in the solution. The presence of 1O, in this reaction
system was verified by monitoring its emission at 1270 nm,
which completely disappeared upon addition of -carotene.58
When cyclohexa-1,3-diene was added to toluene solutions of
Cso and endoperoxide 2, the conversion of the diene to its
corresponding 1,4-endoperoxide® was detected by HPLC,”
confirming that 1O, had indeed been generated under these
reaction conditions. We also showed that C;¢ as well as severa
functionalized derivatives of Cgo were also uneffected by 10,
generated thermally from endoperoxide 2, according to HPLC
analysis.” Juha et al. showed some time ago that Cgo in
fullerene—solvent clathrate microcrystallites was unreactive to a
stream of chemically generated 10,.10

The question then remains as to the role played by 10, in the
photochemical formation of 1. Could an electronically excited
state of Cgp lead to CeoO by reaction with 10,? This question
was addressed by photoexciting Cgo in the presence of
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endoperoxides 2 and 3 as external sources of 1O, . While
endoperoxide 2 releases 1O, readily at temperatures above 0 °C,
endoperoxide 3 does not release 10, at room temperature.a.b
Thus, no emission at 1270 nm was observed from a toluene
solution of 3 at room temperature. Thus, we were able to assess
the reactivity of photoexcited Cgo in the presence of two
endoperoxides with very different thermal stabilities. In these
reactions, 50 equiv. of endoperoxide were added to a 20 mm
solution of Cgp in benzene-ds. The solutions were thoroughly
degassed on avacuum line by several freeze-pump-thaw cycles,
and were then irradiated for 18 h.11

In the case of endoperoxide 2, HPLC analysis revealed the
formation of CgO 1 in 10% yield, higher than that (7%)
reported from irradiation of Cgg in an oxygen atmosphere under
analogous conditions. We also observed (HPLC) two addi-
tional minor products, presumably isomers of CeO,, aswell as
a brown precipitate, which were previously observed in the
direct photooxygenation reaction.® Theyield of 1 wasfar lower
(2%) using endoperoxide 3; furthermore, the higher oxidation
products were not observed by HPLC in this case.

Thus, not only does the initiad presence of 10, in the
photochemical reaction system increase the yield of fullerene
oxide 1, the absence of 10, significantly decreases the
efficiency of formation of 1. This clearly identifies 10, as the
key species in the mechanism for fullerene oxide formation
under photochemical reaction conditions, and suggests that
Ce00 resultsfrom reaction of 10, (lifetime 24 usin benzene, 25
usin toluene)12 with an excited state of Cgo. Such a mechanism
was previously suggestedl© but no supporting evidence was
presented. Given the very short lifetime of the S; state of Cgo
(ca. 1.2 ns),13 and thelong lifetime of the corresponding T, state
(variously reported as 40 to 133 us),414 the triplet excited state
is the obvious choice. If 1 were arising from reaction of Cgo
triplets directly with ground state endoperoxide, the yield of 1
should be similar using 2 and 3. Thelarge disparity intheyields
of 1 suggests that thisis at best a minor reaction pathway. We
therefore conclude that the dominant photochemical pathway to
Cs00 from Cg involvesthe reaction of Ceg triplet excited states
with singlet oxygen.
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