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We report a visible light-induced reversible photomagnet-
ism in Cu';,[Mo'V(CN)g]-8H,0 (1). By the irradiation with a
480-nm laser light, the compound 1 showed a spontaneous
magnetization with a magnetic ordering temperature (T,) of 30
K. Conversely, the magnetization and T, values were reduced
by the irradiation with a 600-nm laser light. This photomagnet-
ism is due to the reversible photo-induced electron transfer
between paramagnetic 1 and its valence isomer exhibiting fer-
romagnetism.

One of the targets in the field of molecule-based magnetst is
to develop novel types of functionalized magnets. In particular,
the optical control of magnetic properties is the research that has
atracted considerable attention. We have first reported a photo-
induced magnetization in the system  of
K4C0'"3Ca""[F'(CN)4]-5H,0.2 Moreover, we have demon-
strated a photo-induced magnetic pole inversion in amixed ferro-
ferrimagnet (F&' Mn'';_), {[Cr'"'(CN)¢] -7.5H,0.3 In the present
work, to survey new magnetic substances exhibiting a photo-
induced magnetization, we have focused our attention on the
photochemistry of mixed-valence compounds.* To date, for
many class || mixed-valence compounds, the photo-induced
electron transfer reactions have been observed in their solution
states.56 Hence, we considered that solids of class Il mixed-
valence compounds are potential materials exhibiting a photo-
induced magnetization. From this point of view, we have stud-
ied the photomagnetism of Cu',[Mo'V(CN)g]-8H,0 (Cu'; 3d°,
S=1/2, Md"V; 4d?, S= 0) (1) and observed the photo-induced
magnetization effect.”® We here report a visible light-induced
reversibility of the photomagnetism in the compound 1.

The prepared compound 1 is a violet powder.® The CN
stretching frequency for 1 was observed at 2162 cm™ in the IR
spectra. The X-ray powder diffraction pattern spectra showed
complicated many peaks, indicating that the morphology of 1is
not amorphous but crystalline. The UV—vis spectrum showed
the intervalence transfer (IT) band between Mo'V—CN—Cu" and
MoY—CN—Cu' around 500 nm. This observed UV-vis spectrum
amost corresponded to the optical absorption spectra in the
solution of Cu'' / [Mo'V(CN)g]*+~.526 Magnetic measurements
showed that the compound 1 is paramagnetic in the temperature
region of 1.7 K < T < 350 K (Figure 1a, open circles).

The photomagnetic effect in the compound 1 was investi-
gated using various laser lights between 430 and 650 nm.1° By
the irradiation with the 480 nm laser light (0.25 mJ cm™?
pulse™®) at 5 K, the compound 1 showed the spontaneous mag-
netization with the Curie temperature (T,) of 30 K (Figure 1a,
closed circles). Thisinduced magnetization persisted for a peri-
od of two days at 5 K after turning off the light. In contrast,
when the irradiation light was switched to 600 nm (0.40 mJ
cm pulse™), the magnetization decreased and the T, value was
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Figure 1. (a) Visible light-induced reversible magnetization in the

compound 1 under the field of 10 G at 5 K; (O) before irradiation; (@) after
irradiation of 480 nm; (A ) after irradiation of 600 nm. (b) Magnetization vs
irradiated laser shots plots in the compound 1 under the field of 10 G at 5 K

using the laser lights of (@) 480 nm and (A) 600 nm.

reduced to 22 K after the irradiation of 6.5 x 106 shots (Figure
1a, closed triangles). In the present measurement, the photo-
reduced magnetization was not complete (Figure 1b). One of
the reasons of thisisasfollows: TheIT band of 1 isvery broad
(ca. 350650 nm) and hence the complex 1 slightly absorbs the
600 nm laser light, resulting that the equilibrium between
photo-reduced magnetization and photo-induced magnetization
is established. The present visible light reversibility of 1 could
be repeated at least for 10 times. From the result of the wave-
length of the laser light vs the change in the magnetization, the
magnetization of 1 is induced by the irradiation of the laser
light with 430 < A < 520 nm and, conversely, the magnetization
is reduced by the laser light with 520 < A < 650 nm. We have
thus observed the visible light-induced reversible change
between the paramagnetic and ferromagnetic states by the irra-
diation with different laser lights.

In the light of the photo-induced electron transfer reaction
in an aqueous solution of Cu'' / [Mo'VY(CN)g]*+,56 the present
reversible photomagnetism could be explained as follows. In

Copyright © 2001 The Chemical Society of Japan



Chemistry Letters 2001

state 11

state 11T

Cu'Cu"[Mo¥ (CN), 1 (1)
Cu", MIYCN) 1 (1)

state |

Nuclear coordinate

1'.|| .
| Eﬂﬁ '&;&": T i
1 o - -
Rl e T
- - L
I.*'I'“' w;l%

Figure 2.  (a) Potential energy diagrams in the solid state of the class II
mixed-valence compound 1. (b) Schematic illustration of possible magnetic
spin coupling in the solid state of 1 by the irradiation. Gray shadow shows
the route of the possible ferromagnetic spin alignment. The schematic
structure is represented based on the crystal structure of Mn",[Mo™(CN),]
*4H,0.% Large circle is Mo ion, middle circle is Cu ion, small black circle is
carbon atom, and small white circle is nitrogen atom.

general, the schematic potential diagram of class Il mixed-
valence compound 1 is represented as shown in Figure 2a. The
compound 1 in theinitia state (state 1) is paramagnetic. By the
irradiation with 480 nm laser light, compound 1 is excited to
the charge transfer state (state I1). The 1 in the state |1 immedi-
ately relaxes to the state | or forms the mixed valence isomer
(MoV-CN-CU') (state I11). In this valence isomer state, MoV
ion (4d?, S= 1/2) has an unpaired electron but Cu' ion (3d°, S=
0) has no unpaired electron. However, half of the copper ions
should remain as Cu'! ion due to the stoichiometric limitation in
the present compound. Therefore, the irradiated 1 will be
expressed as Cu'Cu"[MoY(CN)g]-8H,0 (1'). Because the mag-
netic coupling between unpaired electrons on Cu'' and MoV ions
in Cu"; ;[M0Y(CN)g]-3H,0 is ferromagnetic,” the unpaired
electrons on MoV (S=1/2) and Cu'' (S=1/2) ions of 1' are
expected to interact ferromagnetically. The possible routes of
the spin alignment are schematically shown in Figure 2b.
Conversely, when 1' isirradiated by the 600-nm laser light, the
back electron transfer occurs via the state 11, and hence 1'
returns to the paramagnetic original 1. Experimentaly, the
photon energy (E) for the photo-reduced magnetization process
(520 < A < 650 nm) was lower than that for the photo-induced
magnetization process (430 < A < 520 nm). This result is also
consistent with the relationship of E, < Ej,; in the schematic
potential diagram of the compound 1.

In summary, we could switch between the paramagnetic
and ferromagnetic states reversibly by the visible light-irradia-
tions in the Cu",[Mo'V(CN)g]-8H,0 solid, which is one of the
class Il mixed-valence compounds.® One of the reasons of this
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success is that the electronic structure of class I mixed-valence
compounds meets the conditions of the reversible photo-
induced electron transfer. In many class || mixed-valence com-
pounds, the photo-induced electron transfers have been already
observed in their solution state.*® Therefore, the class Il com-
pounds will be potential materials exhibiting the photo-
reversible magnetic effect. We believe that the present work
shows the promising route for preparing the photomagnetic
materials.

This work is partially supported by Mitsubishi science
foundation.
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