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Characterization of relaxed photo-excited netizatiohn- — s of veis for th

: : iaL In this Proceeding, the results of XAFS analysis for the CoW
magnetlzed states in prussian blue cyanide are presented. The local structure of the LT and HT phases
analogous magnets were determined. Moreover, we observed x-ray induced phase trans-
formation at low temperature. Thus the results of the relaxed x-ray
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University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, where (Hashimotet al, 2000). CoK- and WLy ,-edge XAFS

Japan, "Research Center for Advanced Science and Technol- spectra were taken in the conventional transmission mode at the
ogy, The University of Tokyo, 4-6-1 Komaba, Meguro-ku, Beamline 12C of the Photon Factory (operation energy of 2.5 GeV
Tokyo 153-0041, Japan. and stored current of 400-200 mA). Si(111) double crystals were
E-mail: toshi@chem.s.u-tokyo.ac.jp employed as a monochromator. Higher-order harmonics were elimi-

Local structure of a photo- or x-ray-induced ferrimagnegsCs, s nated by using the Rh-coated focusing mirror and by detuning of the

[W(CN)g](3-cyanopyridine)42.1H,0 was investigated by means of double crystal. The intensities of the incident and transmitted x rays

CoK- and WL-edge XAFS spectroscopy. The Geedge XANES ~ Were recorded using ionization chambers filled wigh N
spectra provide quantitative information on the ratio of Co(ll) and _ 1 "€ sample was dispersed on a scofch tape and several sheets

Co(lll) by virtue of the factor analysis. It was found that the Co(ll) of the tapes were piled up to obtain sufficient edge jumps of ~0.3 for

ratios are 81.9% at 300 K and 32.7% at 150 K. When the sampl@om edges. The spectra of the HT and LT phases were recorded at

was irradiated by x rays at 30 K, a phase transformation occurred iffC0 and 150 K, respectively. At 150 K, even if the excitation to the
a similar manner to the visible-light irradiation and a relaxed excitedi9n-temperature phase by x-ray irradiation occurs during the meas-

state that exhibits ferrimagnetism was formed. The relaxed excited!"ements, the deexcitation rate back to the LT phase was found to be

state gives the Co(ll) ratio of 67.0%. Thel\-edge EXAFS spec- fast enough to record t_he s_,pectra. For the relaxed x-ray excited
tra determine the W-C, W-N and W-Co distances. The results of thé’hase’ the sample was irradiated by)f ra_ys (~7800 eV) at 30 K for
distances were obtained RBN-C)=2.16 A,R(W-N)=3.31 A, R(W- around two hours. At 30 K, the deexcitation rate was slow enough
Cd")=5.37 A andR(W-Cd")=5.19 A, irrespective of the three [© accumulate the relaxed state.
phases. The local structure of the relaxed excited state was found to .
be identical with that of the high-temperature (300 K) phase. The>:Analysis and results
phase transformation is concluded to be caused by the charge trarfsigure 1 shows C&-edge XANES spectra of the CoW cyanide at
fer and the spin flipping from the WS=0)-CN-Cd" (S=0)- con- 300 and 150 K, together with the sample irradiated by x rays at 30
figuration to -W(S=1/2)-CN-Cd (S=3/2)-. K. The spectrum at 300 K is clearly different from the one at 150 K;
the intense resonance at ~7719 eV for the 300-K spectrum shifts to
~7723 eV for the 150-K one. The two-hour x-ray irradiated one
closely resembles the 300-K one. Such spectral changes are similar
to the previous CoFe case where the Co ions turns from the high-
spin (HS) divalent state at 300 K to the low-spin (LS) trivalent one
Prussian blue analogs have recently attracted great interest becauselow temperature. We can here present the same conclusion. The
of their various characteristics as molecular and metal-complexXXANES spectra allow us to estimate the Co(l1)/Co(lll) composition
magnets. Satet al (1996) discovered the induction of a magnetic ratios quantitatively through the factor analysis (Fernandez-Garcia
phase transition in FeCo cyanides by optical stimuli; although theet al, 1995; Yokoyamat al, 1998) using lots of data sets recorded
Na and K salts of FeCo cyanides are paramagnetic down to 2 Kduring the x-ray irradiation. The results of the Co(ll) ratios are
they become a ferrimagnet upon visible-light irradiation. Up to 81.9% at 300 K, 32.7% at 150 K, and 67.0% for the x-ray irradia-
~100 K, the ferrimagnetic behavior is preserved. Moreover, upontion.
irradiation of near-infrared light, the phases turn back to the par- The EXAFS analysis was carried out also in a similar manner
amagnetic ones. Previously we performed Fe and Co K-edge XAF$o our previous papers (Yokoyanea al, 1998; Yokoyameet al,
analyses of these FeCo cyanide systems and determined locab99). The EXAFS oscillation functiori€x(k) were obtained by
structure of low-temperature (LT) and high-temperature (HT) means of standard analysis procedures using the analysis code
phases and of the relaxed photo-excited state (Yokoyetrad, EXAFSH (Yokoyamaet al, 1993): pre-edge baseline subtraction,
1998; Yokoyamaet al, 1999). post-edge background estimation using cubic spline functions and
Very recently, Hashimotcet al (2000) synthesized another the normalization with the atomic absorption coefficients. Figure 2
type of materials that show photo-induced magnetization. The mateshows the WL,;-edge EXAFS function&®x(k) and their Fourier
rial Cs gCo {W(CN)g](3-cyanopyridine)d2.1H,0 consists of  transforms for 300 and 150 K and the x-ray-irradiated sample, to-
W(CN); complex anions which are linked with each other via Co gether with the standard material of JB%CN)g. In the Fourier
ions. This shows the first-order transitionTat=205 K andT,; =150 transforms of the W,,-edge EXAFS, one can find three dominant
K with a large histeresis. Upon visible-light irradiation at low tem- contributions at ~1.8, ~3.0 and ~5 A, which are attributed to the W-
perature, however, the HT phase is obtained as a metastable state, W-N and W-Co shells, respectively. Because of a (nearly) linear
which exhibits ferrimagnetism. Since the sample is prepared only agonfiguration of the -W-C-N-Co- chain, the W-N and W-Co shells
a fine crystalline powder similar to other prussian-blue analoguesare noticeably enhanced due to the multiple-scattering focusing
structure analysis by means of XAFS spectroscopy is essentiallgffect. The features of the W-C and W-N shells among the four
important to understand the mechanism of the photo-induced magspectra do not differ so much from each other, this indicating little
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Figure 1

Co K-edge XANES spectra of the CoW cyanide (a) at 300 K, (b) at
150 K, and (c) after x-ray irradiation at 30 K for two hours. The results
of the factor analysis are also given. The Co(ll) composition ratio is
given numerically, and the estimated pure Co(ll) and Co(lll) spectra
are plotted as dashed and dot-dashed lines, respectively, where the
edge jumps correspond to the composition ratios.

structure change of the W(CNJnit irrespective of the charge dif-

ference. On the other hand, the W-Co shell exhibits clear differ-

ences. This indicates significant structural changes around Co.

In order to obtain the interatomic distance of each shell, the

curve-fitting analysis was performed knspace including the error
analysis. The statistical err@® for the transmission mode using
ionization chambers was estimated by using the formula
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wherely andl are respectively the intensity counts of incident and
transmitted x rays (the amplifier gaing andn,), E the x-ray en-
ergy, U the observed total absorption coefficient, agt the ex-
trapolated pre-edge baseline absorptfpandf, are the user defin-

W Ly -edge EXAFS oscillation functioni€(k) of the CoW cyanide: (b)

00 K, (c) at 150 K, and (d) after x-ray irradiation at 30kig(k) of the

standard sample @&(CN)g is also shown in (a).

while the error estimation is done using the criteria formula

2
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where Nyaa Npara @nd Niyg are the numbers of data points, fitting
parameters and independent data points, respectively. The error bar
of each fitting variable is determined so tRgt-x,*(opt) C1L.

For thebackscattering amplitudes and phase shifts, theoretical
EXAFS spectra were calculated using FEFF8 (Ankudiebal,
1998) for a W(CNJCos cubic cluster. For the W-CAR==1.3-2.1
A) and W-N @R-=2.3-3.4 A) shells, single-shell fitting was per-
formed in thek range of 4-15 A&. For the W-Co AR-r=4.5-5.3 A)
shell two-shell fitting is required because of the presence of in-
equivalent W-Co(ll) and W-Co(lll) shells. The coordination num-
bersN and the edge-energy shfE, were fixed, while the distance
R and the Debye-Waller fact@, were optimized for the fitting
range of 4-15 &. Higher-order cumulants were neglected. For the
W-C and W-N shells, the intrinsic loss fac®f and AE, were set
to the values obtained in the analysis of the standagV/(@N)g

2 _ N para Ndataﬁxobs(ki ) ~Xcaic(ki)
. Ndata(Nind _Npara) i=1 E I’:(ki)

ing constants to scale the error bar. In the present analysis, the sy&%’=1.0£0.1). For the W-Co shel? andAE, were set to those for

tematic errorg® are also added. This is assumed to be

1
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wheren is thek weight =2 was assumed) arigithe user defining
scaling parameter. The total ergois given as

e?=(eM)?+(¥)? . ©)

The optimized parameters are obtained by minimizing a standar
residual factoR; defined as
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the W-N results. The curve-fitting results of thelyy-edge EXAFS
are tabulated in Table 1.

The W-C and W-N distances are found to be unchanged
amongst all the phaseR{W-C)=2.16 A andR(W-N)=3.32 A. These
values are also identical to those of the standagV(@N)g. The
W-Co distances were determined R&V-C0o")=5.37 A andR(W-
Cd"=5.19 A, which are also independent of the phase. Note that
although the W-Cb distance at 300 K deviates significantly from
ahe one at 150 K, this originates from a large error bar due to a small
coordination number. It can be remarked that the present error
analysis worked well. Although details of the ®eedge EXAFS
analysis is reported elsewhere, the first-nearest neighdbN@
and C4'-N,O distances (O is derived from the coordination gbH
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Distance R (A) ous XANES measurements and the factor analysis. Experimental data are
Figure 3 given as a filled square and a solid line is the least-squared linear func-
Fourier transforms of Fig. 2. tion, which indicates a simple first-order kinetics.
Table 1
The results of the WI;-edge EXAFS analysis of the CoW cyanide. The  distances are almost equal to each other.
coordination numbeN was fixed. The observation of x-ray induced excitation to the HT phase is
Sample Shell N R sz , interesting. Core-hole creation and subsequent Auger deexcitation
Q) 102 A% consequently yields the charge transfer and high-spin phase. The
CsW(CN)s W-C ®) 2.163(7) 0.21(7) local structure of the relaxed x-ray excited state was found to be
30K - W-N (8) 3.319(9) 0.34(9) essentially the same as the HT one. This is also found in the FeCo
CoW cyanide W-C ®) 2163(7)  021(7) cyanide where the relaxed excited phase is obtainable with visible-
150K WN ® 3.315(14)  0.46(8) light irradiation (not x rays)
w-cd' (0.981)  5.37(5) 0.21(42) gntin - rays). . .
W-Co" (2.019)  5.19(4) 0.44(39) Finally, let us briefly discuss the phase transformation with x-
CoW cyanide W-C ® 2161(13)  0.34(14) ray irradiation at 30 K. Figure 4 shows time dependence of the
300 K W-N ®) 3.310(10)  0.45(10) Co(lll) ratio during the x-ray irradiation at 30 K. The logarithmic
W-Cd' (2.457) 5.37(4) 0.90(42) ratio of Co(lll) decreases almost linearly with time, this indicating a
W-Co" (0.543)  5.01(33) 1.23(339) simple first-order kinetics. Although the transition at ~200 K is
CoW cyanide W-C (8) 2.160(12)  0.01(11) clearly the first order, the formation of the relaxed excited state by
X ray W-N (8) 3.315(11)  0.34(11) x-ray irradiation does not seem abrupt but a continuous phase trans-
irradiation W-Cd' (2.000)  5.39(3) 0.33(20) formation should take place.
W-Cd" (1.000)  5.27(13) 0.71(120)
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