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This paper describes the crystal structure, magnetic properties, and photoreversible magnetic properties
of Co"3[WY(CN)gly(pyrimidine), * 6H,O. We found that complexes of this formula had two types of crystal
structures ([{Co"(pyrimidine),},{Co"(H,0),} {WY(CN)s},]-4H,0 (1) and [{Co"(pyrimidine)(H,0)}»-
{Co"™(H,0),} {WY(CN)g},](pyrimidine),+2H,0 (2)). These two structures had similar metal—organic
frameworks but differed in the coordination environment around Col, i.e., Col(NC)s(pyrimidine), in 1
and Col(NC),(pyrimidine)(H,0) in 2. In 1, a temperature-induced phase transition from the Co" (S =
3/2)-NC—W" (S = 1/2) [high-temperature (HT)] phase to the Co'" (S = 0)—NC—W' (§ = 0) [low-
temperature (LT)] phase was observed due to a charge-transfer-induced spin transition. However, 2 did
not exhibit such a phase transition. When the LT phase of 1 was irradiated by 840 nm light, ferromagnetism
with a Curie temperature of 40 K and magnetic coercive field of 12 kOe were observed. UV—vis reflectance
and infrared measurements suggested that the LT phase optically transited to the photoinduced (PI) phase,
which had a similar valence state as the HT phase, through the metal-to-metal charge-transfer (W'Y —
Co™) band. In contrast, when the back metal-to-metal charge transfer (Co™ — W) band of the PI phase
was excited by 532 nm light, the reverse phase transition from the PI phase to the LT phase occurred,

and the spontaneous magnetization decreased.

1. Introduction

In the field of molecule-based magnets, cyano-bridged
metal assemblies are aggressively studied to demonstrate
novel functionalities." Hexacyanometalate-based materials
show interesting functionalities such as high Curie temper-
atures,” temperature-induced phase transitions,> and external
stimuli-induced magnetism.*~'° Recently, octacyanometalate-
based magnets have drawn much attention.' ' Octacyano-
metalates [M(CN)s]™ (M = Mo, W, etc.) are a versatile class
of building blocks, which can adopt different spatial con-
figurations that depend on the chemical environment, e.g.,
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square antiprism (Day,), dodecahedron (D,,), and bicapped
trigonal prism (C,,). Metal assemblies based on [M(CN)s]"™
can take various coordination geometries in the crystal
structure, that is, zero-dimensional (O-D),]2 1-D,!>14 2D 1518
and 3-D structures.'*%° For example, 0-D structural clusters
of {Mng"[WY(CN)sJe*24C,HsOH} - 12C,HsOH'** and {Mno™-
[MoY(CN)sle*24CH;0H} - 5CH;0H - 2H,0,'?® 1-D linear
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chain compounds of [Cu(tetracthylenepentaamineH,)],-
[WY(CN)l,+5H,0,"* and  Sm"!(terpyridine)(dimethyl-
formamide),[W" (CN)g]+ 8H,0,"* 2-D grid layer compounds
of [Cu'(tetraazacyclodecane)],[Mo'Y(CN)g]-10.5H,0,"?
(tetraethylenepentaamineHs)o sCu'4[WY(CN)gl4+ 7.2H,0, '
and Cs[{Co"(3-cyanopyridine),} {WY(CN)s}]-H,0,'"® and
3-D structural compounds of Mn"¢(H,0)o{ WY(CN)g}4*
13H,0,"”® {WY(CN),}»{ (u-CN),Co" (H,0),}3+4H,0,"*® and
Cu';[WY(CN)glo(pyrimidine), - 8H,0"'" have been reported.
One attractive issue in the field of molecule-based magnets
is to develop magneto-optical functionalities, such as a
Faraday effect,>' a nonlinear magnetooptical effect,” and a
photomagnetic effect.*'®2** One possible method to achieve
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the photomagnetic effect, i.e., optical control of the spon-
taneous magnetization, is to change the electronic spin state
of a magnetic material. For example, when irradiating
changes the oxidation numbers of the transition metal ions
in a magnetic material, its magnetization is varied. Structural
flexibility is also important to maintain the valence isomer.
From these viewpoints, octacyanometalate-based compounds
are useful systems for preparing photomagnetic materials
because octacyanometalates can adopt various valence states,
e.g., Mo"™"V and W™V, and octacyanometalates can adopt
various spatial configurations.®* As an example of this
scenario, we have recently observed the photoinduced
magnetization on a cyano-bridged cobalt—tungstate bimetal-
lic assembly, C0H3[WV(CN)g]z(pyrimidine)4'6H20, and re-
ported the preliminary results of this phenomenon.?’° In the
present work, we found that a Co"s[WY(CN)glx(pyrim-
idine),*6H,O solid has two similar crystal structures
([{Co"(pyrimidine), }>{ Co"(H,0),} { WY (CN)s } ] -4H,0 (1)
and [{Co" (pyrimidine)(H,0) }»{ Co" (H,0),} {W"(CN)s}]
(pyrimidine),+2H,0 (2)). Compound 1 exhibits a charge-
transfer-induced spin transition and a photoreversible
magnetic effect upon irradiation with two different
wavelengths of light, although 2 does not exhibit such
phenomena. Herein, we complete the study by reporting
(i) the crystal structure, (ii) magnetic properties, (iii)
charge-transfer-induced phase transition, (iv) photorevers-
ible magnetization, and (v) the mechanism of the photo-
reversible magnetism.

2. Experimental Section

2.1. Synthesis. The powder-form compound 1 was prepared by
adding 2.5 mL of Cs';[WY(CN)g]+2H,0* (0.12 mol dm™*) aqueous
solution to 2.5 mL of a mixed aqueous solution of Co"'Cl,*6H,0
(0.19 mol dm>) and pyrimidine (0.25 mol dm ). The precipitated
powder was filtered, washed with water, and then dried in air.
Inductively coupled plasma mass spectrometry and standard mi-
croanalytical methods confirmed that the formula of 1 was
C0H3[WV(CN)g]z(pyrimidine)4-6HzO: Calculated: Co, 12.73; W,
26.46; C, 27.67; H, 2.03; N, 24.20%. Found: Co, 12.55; W, 26.44,
C, 27.75; H, 1.92; N, 24.48%. In the infrared (IR) spectra, CN
stretching peaks were observed at 2185, 2171, and 2160 cm™".
Furthermore, when 1 was kept in solution for a long time, 2
appeared (Scheme 1). 2 was filtered, washed with water, and
then dried in air. The formula of 2 was Co"3[WY(CN)s],-
(pyrimidine)s*6H,0, which was identical to that of 1: Calculated:
Co, 12.73; W, 26.46; C, 27.67; H, 2.03; N, 24.20%. Found: Co,
12.59; W, 26.48; C, 27.47; H, 2.03; N, 24.09%. In the IR spectra,
CN stretching peaks were observed at 2186, 2180, 2176, 2172,
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Scheme 1

3Co%" + 2[W(CN)s]* + 4pyrimidine —
H,0

Compound 1 —— Compound 2
H0

2167, 2162, and 2154 cm™'. As for 2, a single crystal was prepared
by a diffusion method in an H-shaped tube.

2.2. Physical Characterization. The morphologies of the
compounds were measured by a Hitachi S 4200 scanning electron
microscope (SEM) with a 10 kV accelerating voltage. The X-ray
powder diffraction (XRD) patterns were measured by a Rigaku
RINT2100 with Cu Ko radiation (A = 1.5406 A) at 293 K. Rietveld
analyses were performed by the RIETAN-FP program.?® Single-
crystal X-ray data were collected on a Rigaku R-AXIS RAPID
imaging plate area detector with graphite monochromated Mo Ka
radiation. The IR spectra were recorded on a Shimadzu FT-IR
8200PC spectrometer. The UV-vis reflectance spectra were mea-
sured by a Shimazu UV-3100 spectrometer. The magnetic suscep-
tibility and magnetization measurements were conducted using a
Quantum Design MPMS superconducting quantum interference
device (SQUID) magnetometer.

2.3. Light Irradiation Experiment. A light irradiation experi-
ment inside the SQUID was carried out using continuous wave
(CW) diode lasers with A = 840 and 532 nm as the light sources.
The powder-form sample spread on adhesive tape was placed on
the edge of an optical fiber in the SQUID. Light irradiation
measurements in IR spectroscopy were carried out using 840 and
532 nm diode laser lights. The powder-form sample was spread
on CaF, plate, and the sample temperature was controlled by an
Oxford Instruments cryostat.

3. Results and Discussion

3.1. Crystal Structure. Compound 1. SEM image showed
that 1 was composed of plate-type microcrystals with an
average size of 0.9 x 0.7 x 0.1 um (Figure Sla). Figure la
shows the XRD pattern of 1 in the powder form. Rietveld
analysis indicated that the sample has a monoclinic crystal
structure in the P2,/n space group (a = 7.5758(12) A, b =
13.875(2) A, ¢ = 22.230(4) A, B = 95.709(7)°, and Z = 2)
with refinements of Ry, = 9.96% and R, = 6.94% (Tables
1 and S1). It is noted that this analysis was based on the
analogous crystal structure of [{Co"/Cu"(pyrimidine),},{Co"/
Cu'(H,0),H{WY(CN)s}»]*4H,0 (Co™:Cu™ = 2:1), which
was obtained by mixing metal cations of Co" and Cu" in
the synthetic procedure (Figure S2 and Table S2). The
asymmetric unit consisted of a [W(CN)8]3_ anion, a
[Col(pyrimidine),]*>" cation, one-half of a [Co2(H,0),]*"
cation, and two zeolitic waters (Figure 1b). The coordination
geometries of the Co (Col and Co2) and W sites were
pseudo-octahedron (Dy;,) and bicapped trigonal prism (Cs,),
respectively. The four equatorial positions of Col were
occupied by cyanide nitrogen atoms of [W(CN)g], while the
apical positions were occupied by two nitrogen atoms of the
pyrimidine. Co2 was coordinated to two nitrogen atoms of
[W(CN)s], two oxygen atoms of the water ligands, and two
nitrogen atoms of the pyrimidines. The five CN groups of
[W(CN)s] were bridged to four Col and one Co2, and the
other three CN groups were free. Coordinated pyrimidine

(26) Izumi, F.; Momma, K. Solid. State Phenom. 2007, 130, 15.

Ohkoshi et al.

a
@
wn
£ 10+
8
)
=
z 57
7]
c
2
=
O™ 1 iininn min nimtman
I T T T Ll U 1 1
5 10 18 20 25 30 35 40 45 50
26/ deg.
(b)

Figure 1. (a) XRD pattern of the powder form of [{Co"(pyrimidine),},-
{Co"(H20),}{WY(CN)s}2]*4H,0 (1) and Rietveld analysis. Red dots, black
line, and blue line are the observed plots, calculated pattern, and their
difference, respectively. Green bars represent the calculated positions of
the Bragg reflections. (b) Schematic illustration of the coordination
environments around Co and W. (¢) View perpendicular to the grid layer.
Red, blue, dark gray, light gray, and light green balls represent Co, W, C,
N, and O, respectively.

molecules bridged Col and Co2 (Figure lc). The cyano-
bridged Col—W layers (Figure S3) along the ab plane were
linked by Co2.

Compound 2. Elemental analyses showed that the formula
of 2 was identical to that of 1, but the morphology differed
from 1. SEM image showed that 2 was composed of block-
type microcrystals with an average size of 3.8 x 1.5 x 1.5
um (Figure S1b). Rietveld analysis of the XRD pattern of 2
in the powder form showed that the cell parameters of the
unit cell differed slightly from those of 1, i.e., monoclinic
crystal structure in the P2,/n space group (a = 7.1756(10)
A, b =14.650(2) A, ¢ =23.159(3) A, B = 91.099(5)°, and
Z = 2) with refinements of R, = 10.14% and R, = 7.04%
(Figure S4).
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Table 1. Crystallographic Data of 1 by Rietveld Analysis of the
Powder XRD Pattern

Chem. Mater., Vol. 20, No. 9, 2008 3051

Table 2. Crystallographic Data of 2 by X-ray Single-Crystal
Analysis

empirical formula C3,H28C03N2406W2
M 1389.23
crystal system monoclinic
space group P2i/n

alA 7.5758(12)
blIA 13.875(2)

clA 22.230(4)
PBldeg 95.709(7)
VIA3 2325.1(18)
deaealg cm ™ 1.943

TIK 296

V4 2

Rup/R, 0.0996/0.0694

X-ray single-crystal analysis®* of 2 showed that this phase

belonged to the monoclinic structure of P2,/n space group
(a="7.179(1) A, b = 14.634(2) A, c = 23.134(7) A, p =
91.121(14)°, and Z = 2) (Figure 2). The structure was solved
by direct methods and refined on F? to RI(wR2) =
0.0976(0.2241) using 3267 reflections with 1 > 2.00 o(l)
(Table 2). The non-hydrogen atoms were anisotropically
refined. The hydrogen atoms of pyrimidine were refined
isotropically. The asymmetric unit consisted of a [W(CN)g]*~
anion, a [Col(pyrimidine)(H,O)]*" cation, one-half of a
[Co2(H,0),]*" cation, a zeolitic water, and a noncoordinated

@) %

Figure 2. X-ray single crystal structure of [{Co"(pyrimidine)(H,0)}-
{Co"(H,0),} {WY(CN)s},](pyrimidine), * 2H,0 (2). (a) Thermal ellipsoid
plots showing the coordination environments around Co and W. Displace-
ment ellipsoids are drawn at a 50% probability level. (b) View perpendicular
to the grid layer. Red, blue, gray, light gray, and light blue balls represent
Co, W, C, N, and O, respectively. H atoms are omitted for clarity.

empirical formula C32H28C03N2406W2
M 1389.23
crystal dimensions/mm? 0.15 x 0.10 x 0.02

crystal system monoclinic
space group P2i/n

alA 7.179(2)

bIA 14.634(5)
c/A 22.134(7)
pldeg 91.121(14)
VIA3 2324.9(13)
deatedlg cm 1.984

T/K 296

z 2

u(Mo Ka)/em™' 6.052
reflections collected 20545

unique 3267 (Rine = 0.103)
R/wR?2 (all data) 0.0976/0.2241
GOF on F? 0.987

pyrimidine (Figure 2a). The coordination geometries of the
Co (Col and Co2) and W sites were pseudo-octahedron (D4
n) and bicapped trigonal prism (C»,), respectively. The four
equatorial positions of Col were occupied by cyanide
nitrogen atoms of [W(CN)s], while the apical positions were
occupied by one nitrogen atom of the pyrimidine and
one oxygen atom of the water ligand. Co2 was coordinated
to two nitrogen atoms of [W(CN)g], two oxygen atoms of
the water ligands, and two nitrogen atoms of the pyrimidines.
The five CN groups of [W(CN)g] were bridged to four Col
and one Co2, and the other three CN groups were free. The
coordinated pyrimidine molecules bridged Col and Co2
(Figure 2b). The cyano-bridged Col—W layers along the ab
plane (Figure S5) were linked by Co2. The noncoordinated
pyrimidine molecule was penetrated in the interstitial site.
Compounds 1 and 2 have similar metal—organic frameworks
but differ in the coordination around Col, i.e., Col(NC);,-
(pyrimidine), in 1 and Col(NC)(pyrimidine)(H,0O) in 2.
3.2. Temperature Dependence of the Physical Proper-
ties. Compound 1. Figure 3 shows the product of the molar
magnetic susceptibility (ym) and temperature (7) vs T plots
of 1. The ymT value decreased at 208 K (= Ty) as the
sample was cooled at a rate of —1.0 K min~'. Conversely,
as the sample was warmed at a rate of +1.0 K min !, the
ymT value increased around 298 K (= Ty.t) and returned to
the initial value. The thermal hysteresis value (AT = Ty —
Tii) was surprisingly large, 90 K. The colors of the HT
phase at 300 K and the LT phase at 10 K were red and blue,
respectively. Figure 4 shows the temperature dependence of
Vw-cn in the IR spectrum. The weak peaks at vw.cny = 2185,
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Figure 3. Thermal phase transition in 1. ymM7—T plots at 5000 Oe.



3052 Chem. Mater., Vol. 20, No. 9, 2008

ABS /a.u.

T T T
2250 2200 2150 2100 2050
-1
Wavenumber / cm

Figure 4. Temperature dependence of the CN stretching peaks in IR spectra
of 1 with decreasing temperature.

2171, and 2160 cm™' of the HT phase at 300 K changed
into strong peaks at vw.cx = 2196, 2166, 2161, 2143, 2128,
and 2119 cm™' of the LT phase at 150 K. The observed
vw-cN peaks of the LT phase suggest that the oxidation state
of W is four (Figures S6 and S7). The results of ymT—T
plots and temperature dependence of the IR spectra indicate
that the observed temperature-induced phase transition from
the HT phase to the LT phase is due to the change in the
electronic state from Co(S = 3/2)-WY(S = 1/2) to
Co™ (S = 0)—W"Y(S = 0) where hs and Is are the high-
spin and low-spin states, respectively; i.e., a charge-transfer-
induced phase transition occurs. Because of stoichiometric
limitations, 1/3 of the cobalt ions should remain as Co's,
and thus, the LT phase is expressed as (Co"y)(Co™),-
[WY(CN)g]y(pyrimidine)y+ 6H,O. Figure 5 shows the UV-vis
reflectance spectra of the HT and LT phases. In the HT phase,
the absorption bands were observed around 500 nm. The
waveform separation of the HT phases indicates that the
absorption spectra can be fitted by the peaks of the LMCT
(CN-WY) band,?” the MMCT (Co",; — W") band, and the
d—d transition of Co" bands as shown in Table 3. In
contrast, the absorption bands in the LT phases were
observed at 770 nm. The valence state of LT phase is
assigned to be (Co"y)(Co™),[W" (CN)glx(pyrimidine),
6H,O from the results of charge balance, SQUID and IR
spectra, and then the absorption spectrum of LT phase
contains 1/3 of Co™, d—d transition compared to HT phase.
The absorption spectra of the LT phase can be fitted by the
bands of the d—d transition of Co™, band, the d—d transition
of W'V 27 the d—d transition of Co™, and the MMCT (W'
— Co'™}) band.

Compound 2. The ymT—T plots for 2 did not show a drop
with decreasing temperature at a rate of —1.0 K min™'
(Figure 6a). In 2, the charge-transfer phase transition was
not observed. When 2 was cooled to a very low temperature
under an external magnetic field of 10 Oe, it exhibited
spontaneous magnetization with a Curie temperature (7¢) of
32 K (Figure 6b). The magnetization as a function of the
external magnetic field at 2 K indicated that the saturated
magnetization (M) value was 8.0 up and the coercive field
(H.) value was 12 kOe (Figures 6¢ and S8). Considering
that the ground Kramers doublet of an octahedral Co" is

(27) Isci, H.; Mason, W. R. Inorg. Chim. Acta 2004, 357, 4065.
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Figure 5. UV-vis reflectance spectra (solid line) and their waveform
separations (dotted lines) of the HT (a) and LT (b) phases of 1.

Table 3. Analysis of UV-Vis Reflectance Spectra of 1

peak no. A/nm peak area” type of optical transition

HT phase 1 343 0.263 WY LMCT 2B, — 2A,, ’E
2 473 0.461 MMCT Co'' — wV
3 514 0.066 Cod—d  *Ty, — *Ty,
4 551 0.041 Cod—d Ty, — *Ang
5 1170 0.016 Cod—d Ty, — *Tp

LT phase 1 369 0.408 wWVd-d A, —'E
2 430 0.178 wWVd-d A —E
3 496 0.040 Co™d—d Ay, — Ty
4 514 0.023 Cod—d  *Ty, — Ty,
5 551 0.016 Cod—d Ty, — *An
6 608 0.153 Co™ d—d 1A1\§ — 7y
7 772 1 MMCT WY — o't
8 1170 0.006 Cod—d Ty, — *Tp

“ Peak area is standarized by the peak area of peak no.7 of LT phase.

populated, the sublattice magnetization of Co™ is 2.17 ug
(gcolco = 13/3 x 1/2), and the sublattice magnetization of
wY s 1 up assuming gw = 2. Hence, the theoretical
saturation magnetization for the ferromagnetic ordering is
8.5 up for the given formula. Therefore, the observed
magnetization value at 2 K suggests that the magnetic spins
on Co" and WV ferromagnetically interact (Figure S9).
3.3. Photomagnetic Effect of 1. Photoreversible Changes
in SQUID and IR Spectra. The photomagnetic effect of the
LT phase of 1 was investigated using a SQUID magnetom-
eter. Because the LT phase possesses an MMCT band of
Co™ — W' at the center of Am= 772 nm (Figure 5b), a
840 nm laser was used as the light source. Figure 7 shows
the field-cooled magnetization (FCM) curves before and after
irradiating at 5 K in an external magnetic field of 10 Oe.
The photoinduced (PI) phase exhibited a spontaneous
magnetization with a 7¢ of 40 K. The magnetization vs
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Figure 6. Magnetic properties of 2: (a) ymT—7T plots at 5000 Oe; (b) field-
cooled magnetization curve at 10 Oe; (c) saturation magnetization curve at
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Figure 7. Photoinduced magnetization for 1. FCM curves at 10 Oe: before
irradiating (OJ), after irradiating with Av1 (A = 840 nm, 50 mW/cm?, 160
min) (@), and after thermal treatment (A) up to 150 K.

external magnetic field plots after irradiating showed a
magnetic hysteresis loop with a H, of 12 kOe at 2 K (Figure
8). The saturation magnetization of the PI phase was 7.2 ug
at 5 T. Because the theoretical saturation magnetization for
the ferromagnetic ordering is 8.5 up for the formula, as
mentioned above, the magnetic spins on Co™ and WV are
suggested to ferromagnetically interact. The photoinduced
magnetization persisted for at least 1 day at 3 K after turning
off the light, but the photoinduced magnetization relaxed to
the initial value upon a thermal treatment up to 150 K,
indicating that irradiation can increase the magnetization, but
a thermal treatment can recover it. The photoreverse process
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Figure 9. Photoreversible magnetization for 1. (a) Magnetization vs
irradiation time plots at 10 K by alternating with 2v1 (A = 840 nm, 100
mW/cm?) and 4v2 (A = 532 nm, 50 mW/cm?) lights. (b) Magnetization vs
temperature plots before (O), after irradiating with hv1 (@), and after
irradiating with hv2 (O).

of this photoinduced magnetization was investigated. We
irradiated 532 nm laser light (50 mW c¢m™?) to the PI phase.
The magnetization values decreased as shown in Figure 9.
This photoreversibility of the magnetization was repeatedly
observed.

Figure 10 shows the IR spectra when alternately irradiating
with 840 and 532 nm laser lights at 3 K. Irradiating the LT
phase with 840 nm light caused the IR peak of
Co™M—NC-W" at 2163 cm ™! to decrease. In contrast, when
the PI phase was successively irradiated with 532 nm laser
light, the IR peak of Co™—NC-W"Y recovered, indicating
that PI phase has a similar electronic state as the HT phase
and that PI phase is converted to LT phase by the different
light.

Mechanism of Photoreversible Magnetism. The observed
reversible photomagnetic effect on 1 can be explained by
the scheme shown in Figure 11. The forward process is
caused by the optical phase transition from the LT phase to
the PI phase. That is, irradiating the MMCT (W'Y — Co'™
band induces a valence state change from the Comls(S =
0)—W™Y(S = 0) state to the Co" (S = 1/2)—WY(S = 1/2)
state through photoexcited state I, which subsequently
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Figure 10. Photoreversible change in IR spectra of 1 at 3 K. (a) Peak
intensity at 2163 cm™ ' vs irradiation time plots upon irradiation with /v1
(A = 840 nm, 100 mW/cm?) (®) and hv2 (A = 532 nm, 60 mW/cm?) (O)
lights. (b) IR spectra at 3 K before (dashed), after irradiation with v1 (solid),
and after irradiation with Av2 (dotted).
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Figure 11. Schematic illustration of the mechanism of the reversible
photomagnetic effect of 1.

changes the Co'; state to the Co"(S = 3/2) state and results
in a spontaneous magnetization due to ferromagnetic cou-
pling between the magnetic spins on Co"((S = 3/2) and

Ohkoshi et al.

WY(S = 1/2). In contrast, the reverse process is caused by
the photoinduced phase transition from the PI to the LT phase
through photoexcited state II. That is, irradiating the MMCT
(Co™ — WY) band induces a change from the Co'li(S =
3/2)—WY(S = 1/2) state to the Co™™ (S = =WV (S = 0)
state, and then the Co™(S = 1) shows a spin transition to
the Co™ (S = 0) state, resulting in a decreased spontaneous
magnetization.

4. Conclusion

In this work, we observed [{Co"(pyrimidine), }»{Co"(H,O),}-
{WY(CN)s},]+4H,0 exhibits a charge-transfer-induced spin
transition with a large thermal hysteresis loop of 90 K and a
photoreversible magnetic effect between the paramagnetic and
ferromagnetic states. The PI phase shows a high 7¢ of 40 K
and a large H. value of 12 kOe. These values are the highest
ones reported to date. This success is due to (i) the electronic
structure of class II mixed-valence compounds that meet the
conditions for reversible photoinduced electron transfer and (ii)
the magnetic coupling of magnetic spins is strong and coordina-
tion number is large in a 3-D octacyano-bridged bimetal
assemblies.
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