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The unique carbon cluster Cqy shows remarkable photophys-
ical properties.!-” Laser excitation generates the excited singlet
state, which undergoes very efficient intersystem crossing!®47 to
a long-lived triplet state. The lifetime of the singlet state was
reported initially as 33 ps,? but more recent measurements provide
values near 1 ns.*6 The triplet-state lifetime has been reported
variously as 40 us!® and 2280 us’ in solution and as ca. 300 us
inatoluene glass.’ Itisof interest to examine how these relatively
long excited-state lifetimes are affected in derivatives of Cgo, in
particular, in 1:1 complexes with transition metal centers.? In
this paper we report the first measurements on the formation and
lifetime of an electronic excited state of a metalated Cqpderivative.

The indenyliridium complex (7°-CsH7)Ir(CO)(n-Ceo),2¢ [Ir-
Ceo), forms air-stable green solutions in noncoordinating organic
solvents. The UV features of the electronic absorption spectrum
of [Ir—Cqo] are little changed from those of Cq itself; however,
the visible spectrum shows a well-defined new absorption band
at 436 nm.% The position of this band does not change with
solvent polarity (hexane, benzene, dichloromethane) or upon the
addition of an electron to the Cq ligand.? These characteristics
suggest that the 436-nm band is not due to an Ir-to-Cy charge-
transfer transition but rather arises from a transition largely
centered on the Cgoligand. One possibility is a relatively localized
x—r* type transition involving the coordinated double bond, a
transition derived from the HOMO-LUMO (h,—t,,) transitions
that are symmetry forbidden in free Cg. In this regard, it is
significant that a similar new band is seen in the recently reported
spectrum of CgQO.10

The transient absorption spectrum of [Ir—Cgo] shown in Figure
1 wasrecorded 50 ns after pulsed 388-nmirradiation of a nitrogen-
purged toluene solution.!! Three strong transient absorptions
are observed at 420, 490, and 720 nm, very similar to those
observed for Cgg itself.56'2 The same transient spectrum is
obtained for [Ir—Cqo] following excitation at 308 nm. The
transient absorptions formed by laser irradiation decay to >90%,
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Figure 1. Transient absorption of [Ir-Ce] in toluene purged with N,
(laser pump at 388 nm (20-ns width) with 50-ns delay; solution optical
density 2.1 at 388 nm).

but there is a small component that does not decay over 100 us.
Nevertheless, nochangein the absorption spectrum of the solution
is observed after multiple laser flashes.!?

The lifetime of excited [Ir—Cgo] in nitrogen-purged and oxygen-
saturated solutions was determined by monitoring the transient
absorption at 720 nm. The data in Figure 2 show a first-order
decay under both conditions, with lifetimes of 100 and 25 ns,
respectively. Similar results are obtained when the transient
absorption is monitored at 435 or 490 nm. Thus, these three
transient absorption features are assigned to the same state,
namely, “triplet” [Ir—Cq] (vide infra).

For comparison with the iridium complex, the triplet lifetime
of free Cqo was measured under our conditions.!! A solution of
Cgo in dry benzene was degassed and irradiated at 388 nm with
a 20-ns, 10-mJ pulse from a dye laser. The absorption spectrum
of triplet Cgg, recorded from 400 to 800 nm, was the same as that
reported by previous workers.>6.12 Lifetime measurements at
740 nm (3.2 mJ) showed apparent single-exponential decay,
yielding a triplet lifetime of 29 = 1.5 us. However, the observed
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Figure 2. Transient kinetics of [Ir—Cq¢p] in toluene solution (pump beam,
388 nm; probe beam, 720 nm): (a) purged with Ny; (b) purged with O,.

lifetime depended on the power of the laser pulse, and extrapolation
of the power dependence to zero gave a limiting experimental
lifetime of 56 & 3 us. A similar study in benzene-d; yielded the
same value (60 % 3 us) within experimental error.!* Thus, the
lifetime of triplet Cqg is ca. 500 times longer than that of triplet
{Ir—Cgo] under comparable circumstances.

Wehave attempted to determine the rate of formation of triplet
[Ir-Ceo) by picosecond time scale spectroscopic techniques.!’
Irradiation of a benzene solution of [Ir-Cgo] with an 18-ps laser
pulse at 355 nm leads to the apparently instantaneous formation
of the triplet state. For comparison, the rise time of triplet Cqo
measured under our conditions is 1.0 % 0.1 ns, a value which is
compatible with other recent measurements.** These findings
indicate that the rate of intersystem crossing for singlet excited
[Ir—Ceo] is at least 50 times greater than for Cq itself, an effect
attributable to enhanced spin—orbit coupling in the presence of
the metal atom.

The observed effect of oxygen on the lifetime of triplet [Ir—
Ceso] suggested the formation of singlet oxygen by energy
transfer.!:'¢ This has been probed directly by examining the
conversion of tetramethylethylene (TME) to its characteristic
allylic hydroperoxide under controlled conditions.!” Irradiation
of O,-saturated benzene solutions containing TME and either
[Ir-Ceo], Ceo, or tetraphenylporphyrin (TPP) as sensitizers gave
the expected hydroperoxide.!® Under identical conditions, Cgo!
and TPP' are equally effective sensitizers of singlet oxygen, but
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[Ir—Cqgo] produces only ca. 60% as much hydroperoxide, a value
consistent with the oxygen-quenching efficiency shown by laser
spectroscopy.20

We conclude that the transient species detected by laser
irradiation of [Ir—Cg] should be assigned as a triplet excited
state on the basis of its facile energy transfer to oxygen. This
property has been observed frequently for triplet MLCT excited
states of organometallic complexes;?! e.g., the excited-state lifetime
of W(CO);sL (L = 4-cyanopyridine) in hydrocarbon solution at
room temperature drops from 250 ns under argon to 40 ns under
oxygen.22 The orbital character of the [Ir—Cgo] excited state is
less clear, however. Theclosesimilarity of the transient absorption
features to those of C¢o suggest a state based on an intraligand
(IL) transition. However, the 500-fold diminution in excited-
state lifetime is more dramatic than might be expected; the lifetime
of the n—=* triplet state of 3-benzoylpyridine is reduced only
4-fold when N-bound to a rhenium center,?* and the lifetime of
the excited singlet state of rubrene is essentially unaffected in a
compound with four w-complexed Cp*Ru* centers.>* The
absorption features observed for triplet [Ir—Cg] are not incom-
patible with an Ir-to-C¢o MLCT state, and the measured lifetime
is comparable with lifetimes determined for triplet MLCT states
of third-row transition metal complexes of substituted pyridine
and related ligands,?! e.g., W(CO);L,22 Re(CO),CI(L-L),25 and
CpRe(CO),L.2¢ Finally, it is possible that two closely energetic
states may both contribute to observed photophysical and
photochemical behavior.21:27-2 Further work will be necessary
to answer these questions regarding electronically excited [Ir—
Ceol.
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