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A one-shot-laser-pulse (6 ns) irradiation converted the
electronic state of Na0:68Co1:20[Fe(CN)6]�3.7H2O from
FeII(S ¼ 0)-CN-CoIII(S ¼ 0) to FeIII(S ¼ 1=2)-CN-CoII(S ¼
3=2) at room temperature. This photochemical reaction was
observed only above the power density of 45 mJ pulse�1 cm�2,
and its quantum yield amounted to about 200%.

Photo-induced spin transition is one of the topics currently
under active investigation in the field of metal complex solids;
e.g., the light induced excited state trapping in [Fe(ptz)6](BF4)2,
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the photo-induced magnetization2;3 and the magnetic pole
inversion4 in metal polycyanides. This is because metal complex
solids have the advantage of the functionality design, compared to
bulk materials such as metal oxides. The photo-induced
magnetization was first observed in K0:2Co1:4[Fe(CN)6]�
6.9H2O.2a This photo effect is based on the charge-transfer
induced spin transition (CTIST) between the FeII(t2g
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0, S ¼ 0)-

CN-CoIII(t2g
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0, S ¼ 0) and the FeIII(t2g
5eg

0, S ¼ 1=2)-CN-
CoII(t2g
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2, S ¼ 3=2) states by the light irradiation. This change

was accompanied with a large change in bond length, i.e., the Co-
N bond length was longer by about 0.2 �A in FeIII-CN-CoII than in
FeII-CN-CoIII.2c However, the observation of this phenomenon
was limited at low temperature and the quantum yield was not so
high.5 Conversely, it is known that polydiacetylene undergoes a
photo-induced structural change with a huge quantum yield of
five hundred.6a This enhancement of efficiency is due to an
avalanche phenomenon in the thermal hysteresis.6 In this work,
our focus was to achieve photo-induced spin transition with a fast
response at room temperature. The key in our strategy was to
cause a cooperative phase transition between two bistable states
using a pulsed laser. For this attempt, we have chosen a Co-Fe
polycyanide containing sodium, because its thermal CTIST curve
contains a large hysteresis loop and its transition temperature can
be tuned by adjusting the atomic composition ratio.2e In this
paper, we show a phase transition accompanied by a spin
transition in the solid of Na0:68Co1:20[Fe(CN)6]�3.7H2O at room
temperature, induced by only a one-shot-laser-pulse irradiation.

The sample was prepared by mixing an aqueous solution of
CoCl2 (2 mM) and NaCl (5 M) to an aqueous solution of
Na3[Fe(CN)6] (2 mM) and NaCl (5 M), under stirring at 50 �C.
The formula of the obtained compound was determined from the
results of the induced couple plasma mass spectral (ICP-MS)
analysis and the common CHN analysis method, as the follows.
Anal. Calcd for Na0:68Co1:20[Fe(CN)6]�3.7H2O: Na, 3.73; Co,
20.05; Fe, 15.08; C, 19.46; N, 22.70; H, 2.13%. Found: Na, 3.62;
Co, 19.67; Fe 14.81; C, 19.26; N, 22.76; H, 2.19%. The infrared
(IR) spectra were measured with an FT-IR 8900 (JASCO).
Magnetic measurements were carried out using a superconduct-

ing quantum interference device (SQUID) magnetometer (Quan-
tum Design MPMS-5S). A powder sample was spread on a
transparent adhesive tape (sample thickness ¼ about 2�m) and
irradiated by a pulsed Nd3þ; YAG laser (wavelength:
� ¼ 532 nm; pulse width: 6 ns; power density: 0.5–178 mJ
pulse�1 cm�2). The spot size of the irradiated area was about
2 mm�.

The temperature dependence of the molar magnetic suscepti-
bility (�M) in the present compound is shown in Figure 1. In the
cooling process, the product values of the �M and temperature
abruptly dropped from 2.9 cm3 mol�1 K at 283 K to
1.0 cm3 mol�1 K at 265 K. The transition temperature from the
high-temperature (HT) phase to the low-temperature (LT) phase
was 275 K. Conversely, in the warming process, the �MT values
abruptly rose from 1.2 cm3 mol�1 K at 298 K to 3.0 cm3 mol�1 K
at 310 K. The transition temperature from the LT to the HT phase
was 305 K. The width of the observed thermal hysteresis loop was
30 K. The IR absorption spectra showed that the LT phase was
composed of only the FeII-CN-CoIII site, but the HT phase was
composed of the FeIII-CN-CoII, FeII-CN-CoIII and FeII-CN-CoII

sites.7 Taking into account the IR absorption intensities of the
FeII-CN-CoIII mode and the charge balance of NaI, CoII, CoIII,
FeII and FeIII, the electronic states of the HT and LT phases in this
compound were assigned to NaI0:68Co

III
0:39Co

II
0:81-

[FeIII(CN)6]0:53[FeII(CN)6]0:47�3.7H2O and
NaI0:68Co

III
0:92Co

II
0:28[FeII(CN)6]�3.7H2O, respectively.7

Figure 2(a) shows the change of the IR spectra before and
after the one-shot-laser-pulse irradiation at 295 K, which is the
temperature on the inside of the thermal hysteresis loop (see the
dot allow in Figure 1). A one-shot-laser-pulse irradiation above a
power density of 45 mJ pulse�1 cm�2 completely changed the IR
spectrum of the LT phase to that of the HT phase. Further
irradiation with the laser pulses did not change the IR spectra at

Figure 1. �MT vs T plots for Na0:68Co1:20-
[Fe(CN)6��3.7H2O at H ¼ 5000G, in the cooling
(l) and the warming (	) processes.
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all. These results indicate that the CTIST phenomenon was
completed by only a one-shot-laser-pulse irradiation. The IR
spectrum of this irradiated sample returned to that of the original
LT phase by a cooling treatment (295K ! 263K ! 295K), and
changed again to the IR spectrum of the HT phase by a warming
treatment (295K ! 323K ! 295K), suggesting that the pre-
sent sample was not damaged by the laser irradiation. Conversely,
when the laser power density was below 45 mJ pulse�1 cm�2, the
IR spectrum of the LT phase was maintained even after irradiation
by more than 10 shots. The conversion fraction of the IR spectrum
of the LT phase to that of the HT phase by a one-shot-laser-pulse
irradiation is shown as a function of the laser power density in
Figure 2(b). The existence of such a clear threshold in the laser
power density suggests that cooperative effects exist in the
present photo-induced spin transition. The absorbed photons
density under the irradiation with 45 mJ pulse�1 cm�2 corre-
sponds to about 50% of the transferred electrons from FeII to CoIII

on the sample by CTIST from LT to HT, meaning that the
threshold value of the laser power corresponds to a quantum yield
of about 200% for the present photochemical reaction.

Let us consider a possible mechanism of the observed one-
shot-laser-pulse-induced charge transfer accompanied by spin
transition.8 One of the important characteristics of this compound
is bistability of the LT and HT phases on the inside of the thermal
hysteresis loop. The analysis of the hysteresis loop in Figure 1
gives the free energies of this compound (G) as a function of the
HT phase fraction (x) at that temperature region.9 Figure 3
represents the obtained potential energy curve of this compound
at 295 K. The maximum energy appeared at x ¼ 0:45 (denoted as
xmax). We can explain the threshold behavior qualitatively by
using this potential energy curve as follows. Before irradiation,
the system is in the LT phase (x ¼ 0). With the laser irradiation,
CTIST occurs and the fraction x increases instantaneously. When
the fraction x is smaller than xmax (arrow (i) in Figure 3), the whole
system returns to the original state (arrow (iii)). When x exceeds

xmax (the arrow (ii)), however, the irradiated sample is completely
converted into the HT phase as indicated with arrow (iv).
Therefore, we conclude that bistability and strong cooperative
interaction in this compound play indispensable roles in the
present photo-induced spin transition.

This photo-induced phase transition differs from the one
previously reported for low temperature2 in regards to the
following points. First, the present reaction is caused above the
magnetic ordering temperature, and thus the irradiated sample
does not have spontaneous magnetization. Second, the present
reaction is a change from the metastable state to the ground state,
which is the inverse of the reaction at low temperature. Finally,
the quantum yield of the present reaction is much larger than that
at low temperature.5
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Figure 2. (a) Change of IR spectrum by a one-shot-laser-
pulse irradiation of 64.0 mJ pulse�1 cm�2. The spectra before
and after irradiation are shown as a broken line and a solid
line, respectively. (b) Conversion fraction induced by a one-
shot-laser-pulse irradiation with different power densities.

Figure 3. Free energy (G) as a function of the HT phase
fraction (x) at 295 K.
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