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One of the main challenges in molecular materials science is
the design of compounds exhibiting multiple physical properties.
Several examples of such compounds have recently been reported.
These include a molecular metal with ion-conducting chanfiels,
molecule-based layered compound with ferromagnetism and metal-
lic conductivitylp and so on. Furthermore, to apply these materials,
it is desirable to be able to control their physical properties by some
external stimuli. Prussian blue analogues are promising compounds
for such a purpose. It has been reported that their color can be
reversibly switched by electrochemical treatménfairthermore,
they have recently attracted attention as tunable molecular magnets
as well as highT, magnets$:* This means that their optical and 200 rf,f,' ™ 20 Tf,:'; 0
magnetic properties can be controlled by some external perturba-Figure 1. Temperature dependence of resistivity and magnetization for

tions. However, although many studies have been performed oncompound (left) and2 (right). Inset; Schematic crystallographic structure
their transport properti€sthere have been no reports as yet of of FeCo Prussian blue analogue. The vacancies at the [Fgl(€it¢) are

drastic changes in their conductivityHere, we describe electric- ~ omitted for clarity.
field-induced conductance transitions as well as thermally induced uF
conductivity switching observed in FeCo Prussian blue analogues. 15
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This finding shows that not only magnetic and optical properties n
but also conducting properties can be switched by external 2
perturbations in FeCo Prussian blue analogues. o
Three kinds of FeCo Prussian blue were prepared via a simple =18 hamrunraieil

[

solution-mixing method. These were NaCo'i{Fe" (CN)g: 16
4.8H,0, N&b_gstll_m[Fel”(CN)e]‘5.4|‘bO, and Rb_5Cd”Cd'o_25[Fé'-

(CN)g]-5.9H,0, which are hereafter designated as compouhds
2, and3, respectively. Their powder X-ray diffraction patterns were -] S ok

consistent with a face-centered cubic structure. The unit cell G i 0t 00 300 400

parame_ters forl, 2, and 3 were 10.27, 10.24, and 10.02 A, Figure 2. (Left) Temperature dependence of resistivity (red) and magne-
respectively. IR spectra measured at room temperature showed thaf, 4tion (blue) of compound. (Right) |-V curves of a circuit composed

CN stretching peaks were observed at ca. 2160, 2160, and 212Qf the FeCo Prussian blue analogue &d= 800 kQ in series. Inset:J vs
cm~® for 1, 2, and 3, respectively. This means that the main E curves, where) = I/SandE = (V=IR)/d (S cross sectional ared;
components ofl, 2, and3 at room temperature are the'fFéS— distance between the electrodes).

CN—Cd'"HS| Féll'"tS—CN—-C0'HS, and Fé-'S—CN-—-Cg""'S
moieties, respectively. The magnetic properties were measured
under a DC magnetic field of 5000 G. The products of molar
magnetic susceptibilityyg) and temperature for compountls 3

are shown as a function of temperature (Figures 1 and 2)y¥fe
values forl and?2 varied significantly, depending on temperature,
because of the phase transition between tHe-Fe-CN—Co'~HS
states and the EetS—CN—C0'" LS states. The phase-transition
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the ym T values for3 show almost no change (Figure 2), meaning
that it does not exhibit a phase transition in the temperature range
between 5 and 350 K. An investigation of photoeffects TpP,
and3 shows that they exhibit photoinduced magnetization effects.
These properties are consistent with those reported previbusly.
The three samples were subjected to pressed pellet conductivity
measurements. These measurements were carried out by a con-
ventional two-terminal method on samples with a typical thickness

tenrgg_er?tﬂrgigi}(mrcoolm? aTdTtht”l% mtocrzlnes ‘?Tf’zlr - 2h48r K in of 0.25 mm. The applied voltage was always much lower than 1
andfa! = » respectivelyfyzr IS the lemperature where, | V. The resistivity vs. temperature+T) curve for compoundl

the cooling mode, there is 50% of the high-temperature phase, and ; .
. . . - h brupt ch ductivity at the t t h
T2t is the temperature where, in the heating mode, there is 50%S OWS an abrupt change in concuctivity at e temperature where

of the low-temperature phase. The phase transition temperature the phase transition between'F&~CN-Co' *> and FE& -
£2 ar Twzl ~ 2plS Ku ndl?l' T—. 235 Kp ; i III n nl?r tu N-C0' S oceurs. Furthermore, the figure clearly shows that the
ot careluzs = andlug! = - respectively. incontrast, 1 curve exhibits a hysteresis loop. The activation energy of the
* Kanagawa Academy of Science and Technology. electrical conduction for the high-temperature qnd thg Ipw-
#Keio University. temperature phases are 0.34 and 0.56 eV, respectively. Similarly,
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the p—T curve for compoun@ shows a hysteresis loop at around 0.83 and 0.53 V, respectivelyThese voltages correspond to the
225 K. This means that not only magnetic properties but also differences between the formal potentials of the system’s two redox
conductivity can take two different values within the hysteresis loop, reactions. Hence, the conductance switching effects observed at
allowing the observation of thermally induced conductivity switch- high-electric field are phenomena different from those reported
ing over a given temperature range. It should be noted that the previously.

temperature where bistability is exhibited can be continuously  In summary, we have shown that FeCo Prussian blue can exhibit
controlled by varying the Co-to-Fe ratio in the FeCo Prussian®lue, conductivity switching by varying the temperature and by applying
meaning that the conductance-switching temperature can be tunedan electric field. This shows that FeCo Prussian blue is a
by slightly changing the composition, which is distinct from characteristic multifunctional material with conductivity-switching
conventional switching materials. properties as well as bistability in its magnetic and optical properties.

Additional interesting properties were found for compoud Acknowledgment. We thank Dr. T. Kawamoto for giving us
when the conductivity was measured un(_]ler. higher electric field. \51yable suggestions. This work was supported by a Grant-in-Aid
Thep—T curve of3 measured under electric fields lower than 1V or scientific Research on Priority Areas (417) from Ministry of

shows typical semiconducting properties with activation energy gqucation. Science Sport and Culture of Japan.
equal to 0.68 eV (Figure 2). However, the currembltage (—V)

plot shows a remarkable nonlinear effect when a higher electric
field was applied to it. Thé—V characteristics at high voltage were

measured for a circuit thgt included a pe!letBJia_ts the. resistive of Nep.4dC0'1sJFe" (CN)e]-5.2H,0, and other supplementary informa-
element and the load resistdr (= 800 k) in series (Figure 2). tion. This material is available free of charge via the Internet at http:/
The load resistor was used to avoid a sudden burst of current Whenpubs.acs.org

the resistance of the sample was changed. Figure 2 showsthe
characteristics measured®t= 290, 300, and 310 K. The current  References

Supporting Information Available: Temporal response of the
current switching, IR spectra 8fduring the application of the electric
field, temperature dependence of the resistivity and the magnetization
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To acquire a deeper understanding of the conductance-switching 19.5; Fe, 14.1; C, 18.2; N, 21.3; H, 2.8. Found: Na, 2.26; Co, 19.3; Fe,
phenomenon, a further systematic study is necessary. 14.0; C(,j 18.8; N, 21.&|3;tl_-|, 2.8f.CC(§€rg|r_J|oSB(dzNas sypéhe%zeddb%geét:(tllng
: : il a mixea aqueous solution o 7 mmol anT?) an
It should be noted that one might raise the possibility that the mol drm3) with a mixed aqueous solution ofs&e(CNJ; (2 mmol dnt3)

change in the resistance was induced by the electrochemical redox %rg)d EEilévCIC(l g:aogd'r:ﬂ3).lAznéall.CCallgdeo'\rI Rlbgsgoles[lzz%(CFN)a]-3.9%3:10 0
H H H F H H , 9.0, Co, 16.9; e, 1Z2.6; C, 10.0; N, 1Y9.5; R, Z.60. Founa: , 10.0]
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[FE'(CN)g] and CuFe Prussian bluk; 1Cu; 1{F€" (CN)g] are about JA046329S
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