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Receied August 31, 1999 Figure 1. Typical TRESR spectra dfin an EPA rigid glass matrix. (a)
Revised Manuscript Receéd Naember 3, 1999 The observed spectrum at 18 after laser excitation at 30 K. The inset
shows the expanded spectrum in the- 2 region. In the inset Q and D
Intramolecular spin alignment throughconjugation in purely denote _the signals due to the excited quartet and doublet states,
organic spin systems is quite important in the field of molecule- re'spectlvely. The molecular structure I_Jfand the |ntramc_>lecular spin
based magnetistSuch studies are, however, almost limited to alignment expected based on meopologlcal rl_JIe of the spin cgrrelatlon
the ground states. The studies on the spin alignment between thd@"ows) are also shown. (b) The simulation of the excited quartet
stable radicals§ = 1/2) and the metastable excited triplet state spectrgm using the spin Hamiltonian parameters described in the text
(S= 1) will give very important information on the novel spin (line width 0.7 mT).
alignment, and this leads to a new strategy for the photoinduced/
switching magnetic spin systems. In this paper we report the
purely organic excited quarted & 3/2) and quintet$ = 2) states
originating from such spin alignment in theconjugated spin
systems. There are only a few examples of the direct observation
of such excited high spin (§ 3/2) states arising from a radical-
triplet pair so far reported in the solid phase. One is fullerene
linked to nitroxide radicdl® and the other is tetraphenylporphili-
natozinc(ll) (ZnTPP) coordinated kpypyridyl nitronyl nitroxide
(nitpy) and its homologuesin the fullerene systems the stable
nitroxide radicals couple with the fullerene moiety through
bonds. We report here the first quartet and quintet excited spin
states of the purely organic-conjugatedspin systems in which
strong exchange interaction is expected.
We have chosen phenylanthracene derivatives as the spin
coupler and iminonitroxide radical as the dangling stable radicals
as shown by 9-[4-(4,4,5,5-tetramethyl-1-yloxyimidazolin-2-yl)-
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phenyllanthracene 1J and 9,10-bis[4-(4,4,5,5-tetramethyl-1- bt L e ha o
yloxyimidazolin-2-yl)phenyllanthracene) (see Figures 1 and 250 300 350 400
2).5 As described later, the phenylanthracene moiety is a suitable Magnetic Field / mT

photocoupler which gives a ferromagnetic exchange interaction Figure 2. Typical TRESR spectra df in a 2MTHF rigid glass matrix.
with the dangling iminonitroxide radicals. This leads to the excited (a) The observed spectrum at 1§ after laser excitation at 30 K. The
quartet state foll and the excited quintet state far To clarify observed TRESR shows an absorption (A) and an emission (E) of the
this spin alignment, we have detected the excited high-spin stategnicrowave at the lower magnetic field and higher magnetic field sides
(A/E pattern). The inset shows the ordinary ESR spectrum before laser

lgtructure andfT'\rAanSf_Orlmsation, PR(EST(O (J:'ST'U o excitation. (b) The simulation of the excited quintet spectrum using the
epartment of Material Science, Osaka City University. ; itoni ; i i i
s Department of Applied Chemistry, Osaka City University. spin Hamiltonian parameters described in the text (line width 0.7 mT).
(1) The most recent overviews in this field: Kahn, O., Bdbl. Cryst. - ime. i i iqi
Lig. Cryst. 334/335; Proceedings of the 6th International Conference on by using “”.”e resolved electron spin resonance (TRESR) in a rigid
Molecule-based Magnets, Seignosse, Septembel721998. glass matrix. B
(2) (a) Corvaja, C.; Maggini, M.; Prato, M.; Sorrano, G.; Venzin, M. A conventional ESR spectrometer (JEOL TE300) was modified

JAmC-%lﬁmF;hsy‘;i‘ggggfllol; S857. (b) Mizouchi, N.; Ohba, .; Yamauchi, S. - for the TRESR experiments. The photoexcitation was carried out
(3) During the review period of this paper, the first excited quintet state of at 355 nm using a YAG laser. EPA and 2MTHF glass matrices

a fullerene nitoroxide derivative has been reported: Mizouchi, N.; Ohba, Y.; were used for the experiments.

Ya?l??g)h'lysﬁij-K%%E@;ﬁg“\??%ﬁf)’i Z{ug(émauchi 5Am. Chem. Soc A typical TRESR spectrum of observed at 1.@s after the

1996 118 13079. (b) Ishii, K.; Fujisawa, J.; Adachi, A.; Yamauchi, S.; laser excitation at 30 K is shown in Figure 1, together with

Kobayashi, N.J. Am. Chem. Sod 99§ 120, 3152. simulation. The simulation was carried out by the eigenfield/exact-
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. 1(25) éiom]%.13(*8129%%'“%3"{6??\"“’7fggtgﬁzs';'zs%bgbsiﬁéi Hé;gfdo;fc';lr' diagonalization hybrid methdif,taking electron spin polarization

CaoHaoN:OxH,0: C. 76.65; H, 6.75: N, 8j94.p,:ound: C.76.69: H, 6.63: N, (ESP) into account. Since the effective-exchange interaction
73.

between the triplet state and radical is undoubtedly much larger
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than the Zeeman and fine-structure interactions in the presentcorrelation in the ground state afconjugated high-spin systems,
m-conjugated systems, we used the ordinary spin Hamiltonian of as indicated by arrows in Figure 1a. Accordingly, this shows that

the pure spin state which is given by
H'spin= BH*9:S+ SD-S
=B H-g:S+ D[S — S+ 1)/3] + E(S’— sfg )
1

The spin Hamiltonian parameters determined by the spectra
simulation areS= 3/2,D = 0.0235 cm?, E = 0.0 cnT?, andg

= 2.0043. In this system the triplet state of the phenylanthracene

moiety couples weakly with the dangling stable radical. In this
weakly interacting case, thggand D values for the quartet (Q)
and doublet (D) states of the triptetloublet pair are given By

9(Q) = (2/3)9(T) + (1/3)}(R)
9(D) = (4/3)(T) — (1/3)(R)

and

(2)

D(Q) = (1/3)O(T) + D(RT)) 3)

From the equations, thgpvalue for the excited quartet state bf
can be estimated to li€Q) = 2.0043 using thg values of 2.007
and of 2.003 for the nitroxide radical and the triplet excited state
of free anthracene. The fine-structure parambtésr the excited
quartet state is also estimated to D)) = 0.0256 cm* using
D(T) = 0.0710 cm? for the triplet excited state of anthracene
and D(RT) = 0.0057 cm?' calculated by a point dipole ap-
proximation. In this estimation, we used tgeand D values of
anthracene since those of phenylanthracene are unkhdiva.
experimentally determined andD values ofl agree well with

the estimations. This shows that the observed excited quartet stat
arises from the triplet excited state of phenylanthracene and

dangling radical spin. The relative populations (polarization) of
eachMs sublevel in Q have been determined tofig = P_y»

= 0.5 andP3;>; = P_3;> = 0.0 with an increasing order of energy
in zero magnetic field from the spectral simulati@nthis ESP

can be well interpreted by assuming the selective intersystem

crossing (ISC) (—Q) which is generated by spirorbit coupling
(SOC) between the excited quartet and the excited doublet state
in a manner similar to the case of ZnTPP-nitpy.

The signal with emissive polarizatioiE) due to the excited

doublet spin state was very weakly detected (see the inset in
Figure 1a), indicating that the energy location of the quartet state
is lower than that of the excited doublet state and that the sign of

the exchange interaction would be positive (ferromagnetic)
between the excited triplet staté € 1) of the phenylanthracene
moiety and the doublet spirB(= 1/2) of the dangling radical.
The very weak intensity of the doublet state compared with that
of ZnTPP-nitpy can be accounted for in terms of the expected

the -topological rule of the spin polarization established for the
ground-state hydrocarbons also works well in the excited states.
A typical TRESR spectrum a2 observed at 1.@s after the
laser excitation at 30 K is shown in Figure 2, together with
simulation. The spin Hamiltonian parameters determinedSare
=2,D=0.0130 cm?, E= 0.0 cnT?, andg = 2.0043. According
(to the projection theorem of the angular momentdiie D value
for the quintet state (Qu) arising from the weakly interacting triplet
and two doublet spin states is given by

D(Qu)= (1/6)O(T) + D(RT) + D(R,T))  (4)

The D value for the excited quintet state is estimated to be
D(Qu) = 0.0137 cm* from eq 4 in the same manner as fot*

The experimentally determine@d value (0.0130 cm?) for the
excited quintet state &f agrees well with the estimation, showing
that the observed excited quintet staf={ 2) arises from the
triplet excited state of the diphenylanthracene moiety and two
dangling radical spins. The relative populations of eddk
sublevel have been determined toBg = 0.30,P_y = Py =
0.35, andP_» = P,» = 0.0 in the zero magnetic field. In the
same manner as for the quartet stateq,ahe ESP pattern can
be interpreted by a selective 1SC1{SQu) which is generated
through SOC between the eigenfunctions of the excited quintet
state and excited singlet states.

The direct detection of the quintet TRESR spectrum with well-
resolved fine-structure splitting shows that a strong ferromagnetic
(parallel) exchange interaction between the two dangling radicals
(S= 1/2) can be realized in the photoexcited state through the
triplet excited spin-coupler§= 1) of diphenylanthracene. On
the other hand, in the ground state two dangling radicals have
@lmost no exchange interaction; the ordinary ESR spectruin of
shows the typical fine-structure less spectral pattern (the inset of
Figure 2a)® There are two dominant mechanisms for the
intramolecular spin alignment. One is the spin polarization
mechanism and the other is the spin delocalization mechafism.
In the ground state of the closed shell spin coupler, the former
mechanism is dominant compared with the latter as estab-
lished!12Since2 is a symmetrical diradical, the spin poralization
dnechanism leads to the antiferromagnetic (antiparallel) spin
configuration between the dangling radicals in the ground state,
according to the topological rule of theelectron network!12
On the other hand, in the open-shell §tate of the anthracene
moiety the spin delocalization mechanism is dominant. This leads
to a large positive spin density with the same sign at the 9 and
10 positions of the anthracene moiety. The ferromagnetic (parallel)
spin configuration will therefore be realized through spin polariza-
tion by thesr-conjugation as shown by arrows in Figure 2a. These
results show that the sign of the exchange interaction can be
changed from antiferromagnetic to ferromagnetic by the photo-

large energy separation between the quartet and doublet state§XCitation.

due to the larger exchange interaction arising fronvittenjuga-

tion since the ESP of the excited doublet state arises from the
perturbed mixing between the quartet and doublet wave functions.
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