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Experimental Evidence for the Photoisomerization of Higher Fullerenes
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The emerging challenge posed by the bandwidth limitations of 50 — 50
electrc_mics h_as paved the way for the c_ievelopme_nt of optical 1| ..... # Isomers §.
materials which can be used for faster optical switching. Over the 40 ® exp.r R LR
past years, there has been an increasing interest in the study of relax ;@ 3
organic and inorganic materials that exhibit optical switching o ¥ ‘”E
behavior for optical gating. Such materials find use in the GE’ » % E
development of optical computing and optical communication 2 ] ..'. * E -%
systems. Ideal compounds for optical gating should exhibit a strong 3 10 K J10 %
excited-state absorption and a weak absorption in the ground state. 7 e °
Several systems such as phthalocyanimastaf or semiconductdr o] @ ------- ®---° ™Y 1o ©
nanoparticles, and the fullerefese interesting candidates for fast i . . : . . i
optical gating on the femtosecond time scale. Fullerenes, which 60 6 70 75 80 8 9
are colored due to weak absorption throughout the visible spectrum, # C atoms

are very promising candidates for this application. Over the past Figure 1. Correlation between the number of isomers (dotted line as a
years, a considerable amount of research has been devoted tgisual guide) for each fullerene and the time constant for the formation of
understanding the dynamics ofg®” Previous measurements reveal e lowest excited singlet state monitored at 550 nm (dots).

the presence of the excited singlet statea00 ps and the lowest  parmonic of an amplified fiber laser producing 130 fs pulses at
triplet state a1 ns delay timé,which clearly distinguishes faster 775 m (Clark-MXR CPA 2001). Pump energies of 100 nJ per
relaxation processes from triplet state formation. Transient absorp-pise were used. All fullerene solutions were excited with identical
tion measurements show that the time constant for the intersystemiser flux. To exclude nonlinear effects and prevent the destruction
crossing (ISC) of & is 1100+ 26 ps, which agrees well with  of the material, the power dependence of the transient absorptions
previously reported valuesThe broad transient absorption band a5 investigated. We found that for excitation densities below 5
of Cgo suggests the usefulness of fullerenes as optical limiters. On wdlpulse, there is a linear intensity dependence, and no bleaching
the other hand, for larger fullerenes wittv0 carbon atoms, only o the sample occurs during long-term exposure to the femtosecond
very little is known about their excited-state dynamics. In this |gger pulses.

communication, we focus the experiments toward the higher  por the larger fullerenes, the understanding of the electronic
fullerenes in the size range 0.f75:_C96 us.ing femtosecond time-  strycture is more complicated because the different isomers show
resolved spectroscopy in the time domain<df00 ps to reveal the gifferent symmetries and therefore different transitions. The number
initial formation of the lowest excited singlet state. The larger 4fisomers based on the isolated-pentagorfriokthe investigated
fullerenes are indeed an interesting challenge for the spectroscopicierenes increases as shown in the following brackets; [T,
investigator because the number of possible isomers and electronicc70 [1], Cr6 [2], Caa [24], Cas [19], and Gy [46]. The increase of

states increases rapidly with increasing Sizecordingly, more isomers versus number of carbon atoms is illustrated in Figure 1.
complex relaxation dynamics are anticipated for the larger fullerenes. The increase is not monotonicg4I19 isomers) has less isomers
As a reference compound, the highly symmetrig 6 used. than Gy [24]. This correlates well with the measured relaxation
The fullerenes &, Cro, Crs, Cea, Cas, and Gyo, investigated in - time of the initially excited state. lllustrated in Figure 2 are the
this study, are thermodynamically also the most stable biiée unusually broad transient singlet state absorption spectra.pf C

samples used were produced by a standard arc discharge methoqyhich are similarly observed for the other fullerenes. For all
followed by Soxhlet extraction using\,N-dimethylformamide  fyjierenes, a fast rise time withise < 100 fs is observed. This rise
(DMF, 99.9%, BDH) and HPLC separatiérMass spectroscopic  occurs over the whole visible range simultaneously, providing an
studies on the fullerenes showed their purity to be greater than 99%-optical gate on the femtosecond time scale. The kinetic traces
The femtosecond time-resolved experiments were carried out with aasured at 550 nm and shown in Figure 3 illustrate that the time
a pump-probe setup in which all reflective optics are used 10 needed to populate the lowest singlet statdepends on the number
minimize group velocity dispersion of the probe light, such that f existing isomers. This correlation was also observed in the NIR
the rise and decay of the broad transient absorption can be monitorec}ange up to 1200 nm.
free of distortion. The samples were excited at 388 nm, the second  Tne gpserved dynamics could be rate-limited by the nonradiative
* To whom correspondence should be addressed. E-mail: burda@po.cwru.edu.internal conversion (IC), S— S;. However, according to Fermi’s
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which confirms the WoodwardHofmann rules for photoinduced
reactions. The excited-state pathway might lead into a conical
intersection and repopulate, at least partially, the ground ¥tate.
Clearly, an in-depth computational study of this femtosecond
2000 fs relaxation dynamics is desirable.

400 The energy difference of the excited-state isomers is in the low
meV rangé, and back-isomerization to form the lowest excited state
is expected to occur in the picosecond time regime. This is in

0.05 16000 fs . ) ” o
agreement with the relaxation times shown in Figures 1 and 3.

151s In summary, the observed transient spectra of higher fullerenes

0,00 Lsmmar A M N are spectrally broad, which is also anticipated for fullerene isomers.
500 550 600 650 700 The ultrafast formation of the broad optical gate was monitored,
Wavelength (nm) practically free of dispersion. The small differences in optical

Figure 2. Dispersion-free measurement of the femtosecond transient fransition energies for the involved species might be resolved at
absorption spectra ofgzat different delay times revealing ultrafast optical  low temperatures. Femtosecond time-resolved spectroscopy enabled
gating over the whole visible range. us to monitor the formation dynamics of the lowest excited singlet
state and thereby provides experimental evidence of the predicted
photoisomerization of the higher fullerenes.
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