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First observation of the hyperfine structure of an excited quintet state in

liquid solutionT
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After pulsed photoexcitation of a new fullerene-linked bisnitr-
oxide, a well resolved transient EPR spectrum is detected which
is assigned to an excited quintet spin state generated by spin
coupling of the nitroxides and the fullerene excited triplet.

Photoinduced changes and switching of molecular magnetism in
organic systems is a quite important process for future applications
of molecular based magnetism.!

This phenomenon could be observed by time resolved electron
paramagnetic resonance (TR-EPR), which is a powerful tool for
investigating short lived paramagnetic intermediates, formed after
laser excitation of organic molecules.” With nitroxide and nitronyl
nitroxide spin labeled chromophores, like phenylanthracene,’
porphyrins,* metallo phthalocyanines® and fullerenes,® excited
states of high spin multiplicity as quartet (S = 3/2) and quintet
(S = 2) have been observed and characterized. They arise from the
coupling of the excited triplet spins of the chromophore with the
spins of the radical labels. The quintet state multiplicity was
determined unequivocally by the transient nutation frequency of
the TR-EPR spectrum recorded in rigid glass matrices.® Quartet
state species have been observed not only in rigid glass matrices
but also in liquid solutions,* because their —1/2 < 1/2 EPR
transition does not depend on the molecular orientation and it is
not modulated by the molecular rotational diffusion. The quartet
state nature was inferred by the values of the g factor and of the
YN hyperfine coupling constants.

In this paper we report on the first observation in liquid solution
of an excited quintet species with a completely resolved hyperfine
pattern. It was obtained by photo-exciting at room temperature
the doubly spin labeled methano-fullerene 1 (Scheme 1).”

The experimental TR-EPR spectrum® of 1 is shown in Fig. 1.

Fig. 2(A) shows the spectrum corresponding to a delay of 0.5 ps
after the laser pulse. The conventional EPR spectrum of 1
recorded in the dark is displayed in Fig. 2(B). For comparison
purposes the latter one is presented in the integrated form.

The spectrum recorded in the dark is typical of a nitroxide
biradical species with electron exchange interaction of the same
order as the "N hyperfine coupling.’ It is accounted for by the
spin Hamiltonian (1):

H = gpB S,1) + gfB S,(2) + an S/1)I(a) + )
an SA2)I(b) — 2J S(1)S(2)

+ Electronic supplementary information (ESI) available: details of EPR
spectra simulations of the fullerene-bisnitroxide 1. See http://www.rsc.org/
suppdata/cc/b4/b417056¢/
*carlo.corvaja@unipd.it

Scheme 1 The fullerene-bisnitroxide system.

where 1 and 2 refer to the unpaired electrons and a and b to the
two nitrogen nuclei, B is the magnetic field, ay is the hyperfine
coupling constant and J is the exchange integral. The other
symbols have their usual meaning.

The spectrum shows three narrow lines due to biradicals having
the two nitroxide N spins with the same z components
my(a) = my(b), and other broader lines due to biradicals with
my(a) # my(b). These lines are split by the presence of the exchange
interaction term in the Hamiltonian. The spectrum is well
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Fig. 1 TR-EPR spectrum of 1 recorded at 290 K in toluene solution.
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Fig. 2 (A) TR-EPR spectrum of 1 in toluene solution at 290 K, at 0.5 ps
after the laser pulse. (B) Integrated form of the conventional steady state
EPR spectrum of 1. Biradical transitions are marked in both spectra with
diamonds while quintet state transitions are marked with circles.

simulated by assuming an = 15.4 Gauss, g = 2.0062 and J/gff =
45 Gauss. The hyperfine coupling constant agrees with that of a
TEMPO nitroxide radical in the same solvent.

The TR-EPR spectrum is more complex and asymmetric. Fig. 3
shows the simulation of the spectrum obtained by the super-
position of the EPR lines of the biradical 1 in its ground state and
of an additional five lines, indicated in Fig. 2A by circles, with
intensity ratios 1 : 2:3:2: 1, centred at g = 2.0039 + 0.0005 and
separated by ¢ = 3.85 Gauss.

The lines corresponding to the ground state show anomalous
intensities and even occur in emission. The anomalous line
intensity of the ground state lines can be explained by a selective
spin population from the excited states.'® We assign the additional
lines in the TR-EPR spectrum to the hyperfine-resolved lines of the
excited quintet state, on the basis of the following arguments.

Derivative 1 in its electronic ground state could be in a triplet
(Tno) or in a singlet (Syo) spin configuration. Upon irradiation
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Fig. 3 Experimental TR-EPR spectrum of 1 (continuous line) and its
computer simulation (dashed line).

with a laser pulse, the fullerene chromophore undergoes a
transition to the first excited triplet state T; whose spins can be
coupled to the nitroxide spins, giving rise to a singlet (S), a quintet
(Q) and two triplet states (T and T'). One of the triplets, say T’,
corresponds to having the nitroxide spins in the singlet state Sno.
In liquid solution, it should give rise to a spectrum at a field
position corresponding to g ~ 2.0013, typical of excited triplets of
Cg mono-adducts'’ and consisting of a single line, since the
nitroxide *N hyperfine coupling vanishes.

The experimental g-factor and hyperfine coupling constant of
the spectrum are therefore compatible only with the quintet or
the second triplet (T) excited states: g = (2.0062 + 2.0013)/
2 = 20037 and a = 15.4/4 = 3.85 Gauss."”

Because of the small width of the EPR lines (AB = 1 Gauss) we
can exclude that the five line spectrum derives from the triplet state
T. In fact, for triplet and quintet states all EPR transitions depend
strongly on the molecular orientation in the magnetic field, and in
liquids the linewidth is determined by the rotational diffusion
correlation time (t) and the anisotropy of the EPR transition: AB
o 7 Dep” The latter is determined by the effective electron—
electron spin dipolar interaction parameter Dy, which for the
quintet state is smaller by a factor of 3 than that of the triplet."?

To the best of our knowledge this is the first observation of a
resolved hyperfine structure in a molecular excited quintet state in
liquid solution.

This work was supported by MIUR (COFIN nr. 2002032171
and nr. 2004035502, FIRB nr. RBNEOIP4JF). V.P.G., L.Sh.B,,
LLA.N. are grateful to RFBR for financial support (grants 02-03-
32900, 03-03-96248r Tatarstan).

Lorenzo Franco,” Martina Mazzoni,” Carlo Corvaja,*¢

Valentina P. Gubskaya,” Lucia Sh. Berezhnaya” and Ildus A. Nuretdinov”
“Department of Chemical Sciences, University of Padova, via Marzolo,
1 35131, Padova, Italy. E-mail: carlo.corvaja@unipd.it;

Fax: +39 49 8275239; Tel: +39 49 8275684

b Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific
Center of the Russian Academy of Sciences, Arbuzov Street, 8, 420088,
Kazan, Russian Federation. E-mail: in@iopc.knc.ru

Notes and references

1 (a)J.S. Miller and A. J. Epstein, Angew. Chem., Int. Ed. Engl., 1994, 33,
385; (b) S. Nakatsuji, Chem. Soc. Rev., 2004, 33, 348-353.

2 (a) K. M. Salikhov, Y. N. Molin, R. Z. Sagdeev and

A. L. Buchachenko, Spin Polarisation and Magnetic Effects in Radical

Reactions; Y. Molin, Ed.; Elsevier: Amsterdam, 1984; (b) S. Nagakura,

H. Hayashi and T. Azumi, Dynamic Spin Chemistry, Kodansha, Tokyo,

1998.

Y. Teki, S. Miyamoto, K. Imura, M. Nakatsuji and Y. Miura, J. Am.

Chem. Soc., 2000, 122, 984.

4 (a) K. Ishii, J. Fujisawa, Y. Ohba and S. Yamauchi, J. Am. Chem. Soc.,
1996, 118, 13079; (b) K. Ishii, J. Fujisawa, A. Adachi, S. Yamauchi and
N. Kobayashi, J. Am. Chem. Soc., 1998, 120, 3152; (c) J. Fujisawa,
Y. Iwasaki, Y. Ohba, S. Yamauchi, N. Koga, S. Karasawa, M. Fuhs,
K. Mbbius and S. Weber, Appl. Magn. Reson., 2001, 21, 483-493.

5 K. Ishii, T. Ishizaki and N. Kobayashi, J. Phys. Chem. A, 1999, 103,
6060.

6 (a) C. Corvaja, M. Maggini, M. Prato, G. Scorrano and M. Venzin,
J. Am. Chem. Soc., 1995, 117, 8857; (b) N. Mizouchi, Y. Ohba and
S. Yamauchi, J. Phys. Chem., 1997, 101, 5966; () N. Mizouchi, Y. Ohba
and S. Yamauchi, J. Phys. Chem., 1999, 103, 7749; (d) F. Conti,
C. Corvaja, A. Toffoletti, N. Mizuochi, Y. Ohba, S. Yamauchi and
M. Maggini, J. Phys. Chem. A, 2000, 104, 4962.

7 V. P. Gubskaya, L. Sh. Berezhnaya, V. V. Yanilkin, V. I. Morozov,
N. V. Nastapova, Yu. Ya. Efremov and 1. A. Nuretdinov, Russ. Chem.
Bull., 2005 (in press).

w

This journal is © The Royal Society of Chemistry 2005

Chem. Commun.,, 2005, 2128-2130 | 2129



8 Toluene solutions (2 x 10~* M) were sealed under vacuum (10> torr)
in 4 mm o.d. quartz tubes. TR-EPR spectra were recorded with a
Bruker ER200D spectrometer equipped with a LeCroyLT344
digital oscilloscope. Laser excitation was performed with the second
harmonic of a N:Yag pulsed laser (1 = 532 nm; © = S ns; £ = 5 mJ).
A data-set matrix was obtained. Rows give EPR spectra at
different time delays, while columns represent the EPR signal time
evolution.

9

10

11

12

G. R. Luckhurst, in Spin Labeling Theory and Applications, L. J.
Berliner, Ed.; Academic Press, New York, 1976.

C. Corvaja, L. Franco, M. Mazzoni, M. Maggini, G. Zordan, E. Menna
and G. Scorrano, Chem. Phys. Lett., 2000, 330, 287.

C. Corvaja, in Fullerenes: from Synthesis to Optoelectronic Properties,
D. M. Guldi, N. Martin, Eds.; Kluwer, Dordrecht, 2002.

A. Bencini and D. Gatteschi, Electron Paramagnetic Resonance of
Exchange Coupled Systems, Springer Verlag, Berlin, 1990.

2130 | Chem. Commun.,, 2005, 2128-2130

This journal is © The Royal Society of Chemistry 2005



