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Photocontrol of magnetic properties is an important and

intriguing subject, and several methods have been proposed to

this end*™3 The first is the utilization of light-induced spin
crossover in metallocomplexésln this case, the electronic states

of metallocomplexes vary between the low- and high-spin states

due to the change in the ligand field strength induced by
photoexcitation. The second is the adoption of photochemical
reactions, i.e., carberfe.In this system, synthesis of the para-

magnetic species via the photochemical reaction is employed to

control the magnetic properties. The third is an attempt to make
use of the photoinduced charge-transfer stateor example, it

was reported that the photoexcitation of the charge-transfer band

in the Fe-CN—Co complex increases the magnetization.

These phenomena are dependent on a change in the electroni
or chemical structures before and after photoexcitation. On the

other hand, it is difficult in general to control the magnetic

properties by photoexcitation without accompanying the change

in the electronic configuration. In this study, a new concept, i.e.,
photoexcitation control of magnetic interaction between para-

120,10551-10552 10551

£=2.0060
|

[ 1
O KM O2KpM2 O3Ky M3

Figure 1. Steady-state EPR spectrum (a)Jlofvith its simulation (b).
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magnetic species, is proposed using phthalocyaninatosilicon(IV) nycleus of TEMPO. These new signals are due to a spin-cor-

(SiPc) covalently linked to two 2,2,6,6-tetramethyl-1-piperidin-
yloxy (TEMPO) radicals, TEMPOSiPc-TEMPO (L in Scheme
1). The magnetic properties df after photoexcitation were

related radical pair constituted by two TEMPO radical3he
Hamiltonian of the spin-correlated radical pair is represented as
follows.

investigated by a time-resolved electron paramagnetic resonance

(TREPR) method. We report here the first study on the
photoinduced population transfer between the singlet groug)d (S
state and the triplet ground ()T state, where the electronic
configuration is the same as that in the singlet ground state.
Compoundl was synthesized as shown in Scheme 1. (Dihy-
droxy)SiPc (0.063 mmol) and 4-hydroxy-TEMPO (2.5 mmol)
were refluxed in toluene (65 mL) in the presence of calcium
chloride (2 g) for 2 days. After basic alumina and gel permeation
(Bio-Beads SX1, Bio-Rad) chromatography, it was isolated in
15% yield. UV—visible, FAB mass, and elemental analysis were
satisfactory® Spectral grade toluene was used for all measure-
ments. Samples were dearated by fregaemp—thaw cycles.

Hopin= 98BS, + GBS, + A1, + 1,8) — J(2S,S, + 1) (1)

A simulation spectrum calculated using eq 1 is shown in Figure
1b8 The observed spectrum was simulated well using—5.3
G.° This spectrum is conveniently divided into two groups. One
is ki, (n=1—3), which are the transitions whem; = my,, where
themy (i = 1, 2) is the magnetic quantum number of the nitrogen
nucleus. The eigenfunctions are representedTash) | Tool) |Sol)
and | To-Owithout the S-Ty mixing.!® The other iso, and n;,
which are the transitions whemy; = my,. The eigenfunctions
are|To:[) [To-J [¥10(= a|SolH- bl Tool), and|Wo0(= —b|SoT+
a| Tool) with the ST, mixing.1t

a Bruker ESP 300E spectrometeSamples were excited at 585
nm by a Lumonics HD 500 dye laser pumped with a Lumonics
EX 500 excimer laser. The TREPR signals from the EPR unit
were integrated using a LeCroy 9450A oscilloscope.

A steady-state EPR spectrum©fobserved at 293 K, is shown
in Figure 1a. New EPR signals were seen in addition to three
signals that are hyperfine coupling (hfc) due to the nitrogen
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in Figure 2a and 2c, respectively. By comparison with the steady-
state EPR spectrum, these signals are assigned to a spin-correlated
radical pair in the ground state. The TREPR spectrum au$.6
exhibits anEEE EEE EEBpolarization pattern. Here, tHeand

A denote an emission and an absorption of the microwaves,
respectively. On the other hand, the TREPR spectrum at4.8

(6) (a) Glarum, S. H.; Marshall, J. H. Chem. Physl967, 47, 1374. (b)
Nakajima, A.; Ohya-Nishiguchi, H.; Deguchi, Bull. Chem. Soc. Jpri972
45, 713.

(7) g1 andg, are theg factors of electrons 1 and 2, respectiveélyandS,
are the electron spin operators of electrons 1 and 2, respectivelydl, are
the nuclear spin operators of nitrogen nuclei 1 and 2, respectiiely;the
external static magnetic fielg, is the Bohr magnetorf is the hfc constant
of nitrogen nucleus; andJ2s the singlet-triplet splitting.

(8) The Gaussian line shape function was employed for a single transition.
The parameters used are as follogs:= g, = 2.0060 (-0.0002);Ay = 15.4
G; andJ = -5.3G.

(9) Since for most neutral radical pailss known to be negative, except
for several radical ion pairs, the sign of tlevalue was assumed to be
negative: Adrian, F. JRev. Chem. Intermedl979 3, 3.

T (1D0) 'Tﬂ"ﬁgz laal] [ToolZ= (JoB5-Ball/v/2; |SO= (joB0-|Bali/+/2; and
o=

(11)a = cos0; b = sin 6; and tan 2 = < So|Hsgpin| TooJ.
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0.6y g2.0060 106G Therefore, the initial polarization is due to the excesspin,
and the later polarization is interpreted by selective population
to three triplet sublevels in the ground state.

The origins of these polarizations are interpreted as follows.
When the excited triplet SiPc is formed, the excited single}, (S
triplet (T,), and quintet (@) states are generated by the interaction
among four spins. To investigate the polarization in the excited
states, TREPR measurements were carried out at 20K. As a
result, anE signal in the region of about 3298530 G was
observed. Since the obsenédgignal is obviously different from
that in the ground state, it is assigned evidently to the excited
state ofl. For the spin-allowed internal conversion, thea®d
T, states decay fast to the 8nd T, states, respectively. On the

a

\g other hand, the lifetime of the Qstate is long enough to be
To observed by TREPR, since the decays from théoQhe T, state
N £ 2 and from the @to the § state are spin-forbidden. Therefore,
NI the E signal is considered to be due to the Qate!> The E
e polarization in the excited state is interpreted by selective
\h intersystem crossing to the;@tate in analogy with the excited
Tor guartet stat&67 |t has been reported forse-TEMPO systems
\ Too that the origin of the polarization in the doublet ground state is
Coibori Y A So the polarization generated in the excited quartet statkccord-
G M oz G M e ingly, the excesst spin at 0.6us in the ground state is assigned
Figure 2. TREPR spectra ofl at 0.6 (a) and 1.8&s (c) after laser  t0 the polarization generated in the excited state.
excitation. Simulation spectrum (b) was calculated ush(Go+) = 0.5, The later polarization was interpreted by selective population

P(Too) = 0.25,P(So) = 0.25, andP(To-) = O to reproduce the TREPR g three triplet sublevels in the ground state. The decay from the
spectrum observed at Q8. Simulation spectrum (d) was calculated using Q: state to the Jstate should be faster than that to thesgte,
P(Tor) = 0.46,P(Tog) = 0.24,P(So) = 0, andP(To-) = 0.3 toreproduce o 0p o6 the change in the spin quantum number between the Q

the TREPR spectrum observed at A8 Zeeman energy levels, selective A
populations from the excited multiplet states, and polarizations were and To statesAS= 1, is smal!er than that_ between the @]d 3
states,AS = 2. Further, since there is the,;@tate in the

shown for the signals af, and#n (e and g) and signals & (f and h), e T ) . -
respectively. Boltzmann distribution after the spitlattice relaxation, nearly

equal population to three triplet sublevels in the ground state can
shows anEEA EEA EEApolarization pattern and is obviously — occur. Therefore, the lateE/A polarization is reasonably

different from that at 0.:s. The signals of, and#, at 1.8us interpreted by selective decay from the $ate in the Boltzmann
exhibit three pairs of/A polarizations. From these spectra the distribution to three triplet sublevels in the ground state.
populations are analyzed qualitatively as follows. Bpandz, It was found that the decay from the excited multiplet states

signals, theE polarizations at 0.6us are interpreted by the
relationshipsP(Tot+) > P(W1) ~ P(W,) > P(To-) (Figure 2e),
where P(I) denotes the population of the | stdfe.The E/A
polarizations at 1.&s resemble the electron spin polarization of

a spin-correlated radical pair generated from the triplet precursor - . )
observed for many kinds of photochemical reaction intermedi- the ground state generated via the excited multiplet states has

13 Th AL — more triplet character than that without photoexcitation, even at
gt(?;'b Ih;?qﬁ)sl?lgizgit:gnzlgs).geggr?ggdomr;f}gggzj, fel;)(;&)alz, room temperaturg. Further, it is different_in princip_le from the_
the E polarization is produced initially and decays without PréVious mec_:hanlsms, whe_re the magnetic properties are varied
generating new polarizations. Therefore, the polarizations at 0.6 Y changes in the electronic or chemical structures, to control
and 1.8us are explained by the relationshiTo:) > P(Toq) > the magnetic properties using photoinduced population transfer
P(To.) and P(To1) ~ P(Too) ~ P(To.), respectively (Figure 2f ~ between the Sstate and the (I state, where the electronic
and h). By considering the relationships described above, the configuration is the same as that in thesgate. To the best of
TREPR spectra at 0.6 and 1.8 should be reproduced using our knowledge, this kind of mechanism has not been proposed
P(Tot) > P(Too) ~ P(So) > P(To-) andP(Tos) ~ P(Tog) ~ P(To-) to date. Although the spin polarization decays to the Boltzmann
> P(So), respectively. distribution within several microseconds, this mechanism is not

To analyze the TREPR spectra quantitatively, spectral simula- only interesting in terms of the physical chemistry but is also
tions were carried ouf. The simulation spectrum calculated using useful for controlling the magnetic properties in the ground state
P(To+) = 0.5, P(Tog) = 0.25,P(Sy) = 0.25, andP(T,-) = 0 is by photoexcitation.
shown in Figure 28B4 The TREPR spectrum at 0/ is well
reproduced by this simulation spectrum. The spectrum calculated Acknowledgment. This work was supported by a Grant-in-Aid for

to the triplet ground state was selective. In general, it is very
difficult to change the difference in the population between the
S, and Tp states by varying the temperature, whed| ~103
cm%, as with our biradical. Accordingly, it is interesting that
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