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Abstract: A CoFe Prussian blue analogue 1R80sFe(CN)]3313H,0 was synthesized, which presents an
important photomagnetic effect. The electronic structure and the local structure of the ground and of the excited
states have been investigated. X-ray absorption spectroscopy measurements at the Co.areti§esLand

cobalt K-edge (XANES and EXAFS) evidence the local electronic transfer and the spin change of the cobalt
ions induced by irradiation. We observed a 0.19 A increase of theNCbond length, associated with the
transformation of C# low spin to Cd high spin. The C&/C0d" ratio has been evaluated as a function of the
irradiation time and revealed as an important parameter to understanding the bulk magnetic properties. The
combined role of the diamagnetic 'FeCo'" pairs and hexacyanoferrate(lll) vacancies is locally evidenced.
This work is a new step in the understanding of the photoinduced electron transfer.

Introduction to observe the phenomenéiio go deeper in the understanding
) o ) of the photoinduced magnetization, we have characterized the

The photoinduced magnetization in a Prussian blue analogueg|ectronic and local structures of the ground and excited states
ewdt_anced by Hashimoto and co-workers m_l@g(ﬁmd further in RpsCoFe to get an understanding of the photoinduced
studied by the same group has been explained by the presenceagnetization. We present here X-ray absorption spectroscopy
of diamagnetic Fe-Co"' pairs in the compound and a photo-  easurements at the Co and at the ke édges to study the
induced electron transfer from e Cd" through the cyanide  glectronic structure and at the cobalt K-edge to study the local
bridge:->°In part 1, we correlated the number of diamagnetic girycture around the cobalt. Given the similarity of the crystal-
pairs to the intensity of .the photomduced magnetization effect. lographic structures of §Fe" (CN)s] and Kq[Fe'(CN)g],® the
To do that, we synthesized in particular the compound formu- jyony K-edge was not investigated. The characterization of the
lated Rh sCai[Fe(CN)]s 13H,0 (compoundin part 1, here  |ocal and the electronic structure of the photoexcited state allows

abbreviated RixCoFe), which presents an important photoin- - hrogress in the understanding of the photoinduced electron-
duced magnetizatiohWe demonstrated that the presence of tansfer mechanism.

diamagnetic pairs is a necessary but not a sufficient condition

—— - - Experimental Section
T UniversitePierre et Marie Curie.
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on a grid carved on a copper metal sheet. The spectra were recordedf the 3d transition ion. One then calculates the transitions between
by measuring the photocurrent emitted by the sample under a vacuumthe 2§3d" ground state toward the 2! excited states. The
of at least 10° mbar. The detection is a total yield detection mode, interelectronic repulsions are introduced through Slater intedfals,
hence the measure is surface sensitive (a few tens A) due to the escapand F4yq for the initial state andF%,s, Glpe, andG3,q for the final state
depth of the electrons. The sample has been cooled th 3. where F and G are used to obtain the Racah parameters by linear

X-ray Absorption Near Edge Spectroscopy (XANES) measurements combinations. The Slater integrals are calculated through an atomic
were performed at the cobalt K-edge using the energy dispersive Hartree-Fock model and they are scaled down by a reduction factor
absorption beamline of the DCI ring at LURE (Orsay), using a Si 111 « that depends on the electronic delocalization and on the covalence
curved polychromator, focusing 70 cm at the sample position. The edge of the chemical bond. The atomic spinrbit coupling parametergzq
energy of the cobalt at 7709 eV was fixed at the first inflection point and {z,, are calculated through the monoelectronic potential around
of the metallic foil. The recording temperature wias- 300 and about the ion. The octahedral surrounding of the metal ion is represented by
30 K. The X-ray absorption spectra were recorded by measuring the an octahedral crystal field potential, which strength is given by the
photocurrent emitted by the photodiodes. In this experimental geometry, crystal field parameter 10 Dg. At this point, the covalence is only present
thin samples are needed (4 mg of product disperseailocn? Millipore in the calculation through the reduction parametelt is not possible
membrane): in this way, we increase the percentage of transformedto take into account the charge transfer introduced by covalence. To
compound, by increasing the penetration depth of the visible light. In overcome that problem one performs the same calculation by choosing
this transmission mode detection, surface and bulk of the sample area ground state that is not built from a pure configuration but is a mixture
probed. The disadvantage of this recording mode is the reduced energyof two appropriate configurations. This is an extension of the Zaanen
range scanned (up to 8-Ain k), compared to a step by step Extended Sawatzky-Allen model®-*° The initial ground state is taken as a linear
X-ray Absorption Fine Structure (EXAFS) beamline (142} Then, combination of two configurationgpi0= a |d"0+ S|d"*1LL] where
we performed further EXAFS experiments on the classical absorption |d""'Lstands for an electronic configuration with an extra d-electron
XAS13 beamline equipped with a Si 111 double monochromator. We (d""*) coming from the ligands L and with the corresponding hole in
use the fluorescence detection mode in grazing incidence, where thethe ligand orbital (L¥° The charge-transfer energy is definedAas
depth of the sample observed is limited by the escape depth of the E(d""'L) — E(d"), whereE(d"*!L) and E(d") are the average energies
fluorescence photons. So, the fraction of irradiated compound probed of respectively &1L and d' configurations. In the same way the final
should be higher than in a classical transmission recording mode. Eachstate is|¢:C= o [d™ 1 [H ' |d""2L 1 It follows the relationE(2p°d™"2L)
EXAFS was recorded four times over a 1000 eV range, by 2 eV steps — E(2p°d™?) = A + Ugq — Ugp = A’, whereUqqg andUyq, are the average
and with an integration timefd® s per point. Coulomb interaction energies of the electron pairs dd an#f djhe

The experiments were equipped with an optical fiber (light source: strength of the covalency hybridization is represented in octahedral sym-
hv = white light, 450 or 750+ 50 nm;P = 60 mW cn1?). In any metry by Vi for the &g levels and byVeg for the g levels whereV is
case, preliminary tests were performed to determine the irradiation time the ligand-metal charge-transfer integral between thé Sete and
after which the compound does not evolve anymore. Forty-five minutes the charge-transfer"tfL state, V = [3d'H|3d""'L[] H being the
are necessary to obtain the saturation for the soft energy experimentsinteraction Hamiltoniai? The calculation parameters are the following:
For the experiments at high energy, where the signal is detected inA, A, Viag, andVeg Then, to take into account the resolution (intrinsic
transmission mode or in fluorescence yield, the compound has beenand instrumental), the calculated spectra are broadened by a Lorentzian
irradiated 12 h and the saturation has not been totally reached. function.

XAS Data ProcessingA baseline was subtracted to thezedges
below the l;-edge region and beyond the-kdge region to allow L, 3 Edges: Results and Discussion
comparison with the calculations. )

EXAFS data analyses were performed in the frame of single ~Model Compounds.X-ray absorption spectroscopy (XAS)
scattering approximation, using the “EXAFS pour le Mac” cétiEhe of an element is sensitive to its local environment (symmetry,
EXAFS signal was extracted from the data by subtracting a linear Nature of the ligands, metaligand distances, and bonding),
preedge background and a combination of polynomials and cubic splineand to its oxidation and spin states. To characterize the electronic
atomic absorption background and normalized by the Lengeler structure of the cobalt and the iron ions in the photoinduced
Eisenberger procedut@.The pseudoradial distribution functions are  magnetic pairs of RixCoFe, we recorded Jz edges of four
given by the Fouri_er transfprm calculated w(k)k® (k) wherew(k) is relevant model compounds: [€h@1,0)s](NOs), [high spin
a Ka!ser—BesseI window Wlthia smogthness parameter equa! to 3. The (HS), bgsegz], K3[Co" (CN)g] [low spin (LS), 'Ezgﬁego], K[Fe'-

k limits are equal to 212.5 A1 (Ak = 9.5 A) due to some Ni trace 6 i 5 .

) > (CN)g] [LS, toge”], and Kg[FE"(CN)g] [LS, togPey’], Which have
impurities in our sample. We use the FEFF7 code to calculate the the electronic configurations that can be encountered isRb
amplitude and phase functiomg(k.z) and ¢ij(k) from model com- . g :
poundstt CoFe. The experimental and calculated Gorspectra of [CB-

Ligand Field Multiplet Calculations. To extract quantitative  (H20)el(NO3)2 and Ks[Co''(CN)g] are reported in Figure 1.
information from L3 edges, we simulated the spectra. The calculations ~ The spectra of the two compounds are completely different:
were performed in the so-called Ligand Field Multiplet Theory the spectrum of [C(H2O)s](NO3). is characteristic of HS Clo
developed by Thole following Cowan and Buttér!* Thole’s approach ions in octahedral symmet#y29The spectrum of Cao" (CN)g]
takes into account all the electronic interactions and the-spibit is characteristic of a LS Cbin octahedral symmetrf. All the
couplln_g on any shell and treats th_e geometrl_cal enwronment of the features observed in§Ca" (CN)g] are shifted to higher energies
Sy S oM el feld gt Ihe st compared to those abserved n the HS/ Gpectrum. This i

ap g 9 due to the increase of the oxidation state and to the strong

(10) Michalowicz, A.EXAFS pour le Mac, Logiciel pour la Chimie  shortening of the Celigand distances in Gbcompared to Cb
Socigé Fran@ise de Chimie: Paris, 1991; p 102.

(11) Zabinsky, S. I.; Rehr, J. J.; Ankudinov, A.; Albers, R. C.; Eller, M. (16) van der Laan, G.; Zaanen, J.; Sawatzky, G. A.; Karnatak, R.; Esteva,
J. Phys. Re. B 1995 52, 2995-3000. J.-M. Phys. Re. B 1986 33, 4253-4263.

(12) Cowan, R. D.The Theory of Atomic Structure and Spegtra (17) Kotani, A.; Okada, KTechnical Report of ISSP992 Ser. A, No.
University of California Press: Berkeley, 1981. 2562.

(13) Butler, P. H.Point Group Symmetry, Applications, Methods and (18) Zaanen, J.; Westra, C.; Sawatzky, G.Fhys. Re. B 1986 33,
Tables Plenum: New York, 1991. 8060-8073.

(14) Cowan, R. DJ. Opt. Soc. Am1968§ 58, 808. (19) Sawatzky, G. ACore-Leel Spectroscopy in Condensed Systems

(15) (a) van der Laan, G.; Kirkman, I. WI. Phys: Condens. Matter Springer-Verlag: Kashikojima, 1987; 99.33.
1992 4, 4189-4204. (b) van der Laan, G.; Thole, B. Phys Re. Lett. (20) Arrio, M. A.; Sainctavit, Ph.; Cartier dit Moulin, Ch; Mallah, T.;
1988 60, 1997-2000. (c) van der Laan, Qhysica B1989 158 395— Verdaguer, M.; Pellegrin, E.; Chen, C. J. Am. Chem. Sod 996 118

401. (27), 6422-6427.
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Figure 1. Experimental and calculated Co iedges: (top) KCo"-
(CN)s and (bottom) [CH(H0)s](NO3)2.

The spectrum is less structured than that of H8,Cloe to the
lower number of multiplets expected for the2gfe,! config-
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Figure 2. Linear combinations of the calculated Ce édges for K-
[Co" (CN)e] and [Cd'(H20)e](NO3) varying the percentage of LS o
from 5 to 45% (step 5%).

770 790

10Dq has to be increased. Configuration interaction is needed
to take into account the metaligand charge transfer, due to
the existence of a large back-bonding with C-bonded CN
ligands. The expression of the initial state is then writigf]
= a|d"0+ B|d"1L0to model the Ce-CN bond by mixing
|3df0and [3cPL10]

The parameters of the calculations are the followirg=

uration. The very intense band at 783 eV is the signature of the 0.50, 10Dg= 3.0 eV,A = 3.0 eV, A’ = 2.0 eV, ViodVeg =

presence of the CIX* orbitals?! The high intensity of the &
peak compared to theslone is the signature of th&= 0 spin
state?? The technique is therefore a priori able to distinguish
clearly the two electronic structures expected iny KnFe.
Moreover, LS C6 and HS Céd' species would have different
signatureg?

The Ligand Field Multiplet calculation with one configuration
for the initial state and one configuration for the final state (i.e.

with no interaction configuration) reproduces the most intense

experimental features of the HS €spectrum. The spinorbit
parameters used at®, = 9.75 eV andizq = 0.022 eV. The
Slater integrals reduction factor & 0.8) is close to the one
used by Kotani et al. to calculate the spectra of @ihalides!’
This small reduction factor agrees with the weak covalent
character of the Co-O(H,0) bond. Thex factor is comparable
to the § = B/B, parameter used in optical spectroscopy for
ordering the nephelauxetic series, whBrendB, are the Racah
parameters for the complex and the free ion, respectifdtpr
the [Cd'(H20)e](NO3), complex,B = 780 cnt! andB, = 971

cm 1,23 the § = 0.8 value found is equal to the for our
calculation. The crystal field parameter is found as 16Bq
1.0 eV in fair agreement with optical spectroscopy (10Bq
0.9 eV)Z A similar calculation based on one configuration is
unable to reproduce the experimental spectrum giCK" -

—1.5,nest = 5.87 (st is the effective number of 3d electrons).
We used previously the same approach to calculate the,@r-L
edges in KCr'"(CN)s detailed elsewher®. The parameters

and 10Dq of the Cr and Coyls edge calculations are close,
which reflects the similarity of the MCN bonds and confirms
the validity of the parameters used. The effective number of d
electronsngs found to be 5.87 reflects a 0.13 electron transfer
to the cyanide orbitals througih back-bonding.

The calculations give the absolute intensity of the absorption
signal for the two cobalt configurations which can be present
in our samples. They can be used to extract from the experi-
mental spectra the fractions of HS 'Cand LS Cd' in the
material, by computing linear combinations of the calculated
spectra in which the percentage of the two configurations is
varied (Figure 2).

The intensity ratio of the well-resolved experimental peaks
at 777.6 (HS Cb) and 780 eV (LS CH) gives the percentage
of the two species present in the material, by comparison with
the calculated linear combinations.

The experimental Feds spectra for K[Fe'(CN)g] [LS,
toPe’] and Kg[FE'(CN)s] [LS, tx’e’] are reported in
Figure 3.

The first peak at 704.5 eV is observed in the'Faerivative
but not in the F& one. It corresponds to the excitation®2g

(CN)g]. « has to be decreased compared to the previous — 2pdt,£ absent in the LS Feconfiguration (i,° ground state).

calculation to take into account the strong covalence of the Co
CN bond, as can be expected from the nephelauxetic Séries.

This peak is the signature of the LS'Feonfiguratior?* The
other peaks between 707 and 715 eV correspond to multiplet

(21) Arrio, M. A.; Sainctavit, Ph.; Cartier dit Moulin, Ch.; Brouder, Ch.;
de Groot, F. M. F.; Mallah, T.; Verdaguer, M. Phys. Chem1996 100,
4679-4684.

(22) Thole, B. T.; Van der Laan, Qhys. Re. B 1988 38, 3158.

(23) Lever, A. B. P.Inorganic electronic spectroscopy2nd ed.;
Amsterdam: Elsevier: 1984; pp 115 and 483.

(24) Cartier dit Moulin, C.; Rudolf, P.; Flank, A.-M.; Chen, C. J.
Phys. Chem1992 96, 6196-6198.
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Figure 3. Experimental L Fe edges for {Fe'(CN)s] and Ks[Fe'' -
(CN)g]-

04 |

structures arising from transitions from 2p tpoebitals. Except 03

for the peak at 704.5 eV, the transitions of'Fand Fé' are
located in overlapping energy ranges and the electronic transfer
to evidence will appear less clearly than at the Co L edges. As .
for the cobalt model compounds, we performed the calculation o1 b
of the iron L3 edges. To date, we have not obtained a good
agreement between experimental and calculated spectra for both /
K4[F€'(CN)g] and Kg[Fe'" (CN)e] model compounds. This work . , ) ) , ) L .
is still underway. Nevertheless, given the overlap of the 700 710 720 730 740
transitions, the extraction of quantitative information will be E/eV
difficult at the iron edge. We qualitatively follow instead the Figure 4. (a) Co-Lsedges and (b) Fels edges for RgsCoFe: ()
Fe' — Fé' transformation looking at the intensity of the 704.5 at 300 K before irradiation and (- - -) at 20K after 15 min of irradiation
eV peak. time (w = 750+ 50 nm).

Rbgy sCoFe Metastable StateThe Co and Fe 43 edges for
Riy sCoFe recorded at room temperature and at 20 K after 45 we obtainedB(Cd') = 0.74, which indicates a high spin
min of irradiation are reported in Figure 4. Figure 4a shows configuration. After irradiation, we foung(Co') = 0.76, which
the Co edges. The ground state of the compound, at roomconfirms that the photocreated €imns are also high spin.
temperature is a mixture of qHS, tPe,] and Cd' [LS, The Fe lp 3 edges spectra are reported in Figure 4b. Before
toi%e,”] species. Measuring the relative intensities of the peaks irradiation, the presence of the 704.5 eV feature shows the
at 777.6 (HS Cb) and 780 eV (LS CH), the percentage of the  presence of LS & entities at the surface of the particles, in
LS Cd" species, expected to give rise to the photomagnetic line with the presence of Gand Cd' entities found at the Co
effect, can be estimated as 28%. This value is weak, comparedL, 3 edges. After irradiation, the intensity of the 704.5 eV peak
to that given by the chemical formula (82.5%). The difference increases as the LS Feroceeds to LS Hétransformation, in
is not unexpected since the detection mode probes the surfaceagreement with the Cojls edges changes.
of the particles, different from the bulk and richer in HS''Co The above data obtained by a local probe of the metallic d
sites (maybe adsorbed unreacted' @ms). orbitals are the first direct evidence of the light induced

The spectrum obtained after irradiation displays a decreaseelectronic transfer Fe&o'" — Fd''Co' with a LS — HS spin
of the signal of the LS Cb species and a simultaneous increase change of the Co ions, initially postulated to explain the changes
of the signal of the HS Cospecies. The light induces the in the macroscopic magnetic properties of the material.

02

Absorption/u.a

transformation of C8 in Co' ions accompanied by a spin To go further and to quantify the changes observed at the
change of the Co ions. Indeed, a LS"Gpecies would have a Co-L, 3z edges, Figure 5 shows the decrease of thié action
completely different signature not observed héfeMore computed from the Co4_edges during the irradiation.
precisely, the branching rati, defined a8 = 1.5/(l.2 + IL3) Very rapidly (in 10 min), an important portion of the LS (o
(I3 andl; are the integrated intensities of thednd L, edges),  jons is transformed into HS (foAfter 45 min of irradiation,
depends on the spin state of the metallic i#&tf:2> The 13% of the Co atoms are still LS ®oand remain unchanged
calculated values 0B are 0.78 for the HS Cbion (S= 3/2) for longer irradiation time. The light induces the transformation

and 0.66 for the LS Cbion (S = ')."*"In RbosCoFe, itis  of 54% of Cd" to Cd' ions (from 28 to 13%). The penetration
not possible to extract the branching ratio of'Cbecause of  depth of the visible light, larger than the escape depth of the
the presence of Cb Nevertheless, an estimation Bfcan be  glectrons, ensures that the atoms we look at all have been

provided byB(C0') ~ Ima(C0")La/(ImafC0")i2 + Imax CO")Ls)- irradiated. The conclusion is that 46% of the diamagnetic pairs,

In [Co" (H20)6](NO3)2, the approximate value B(Cd') = 0.76, 4t the surface of the grains, remains unchanged. We can then

close to the eXpeCted 0.78. For d%,ﬁOFe before |rrad|at|0n, d|st|ngu|sh between two types of diamagnetic pairs: ||ght
(25) Yokoyama, T.; Ohta, T.; Sato, O.; Hashimotoffiys. Re. B 1998 induced transformable pairs (54%) and inactive pairs (46%).

58, 8257-8266. Our hypothesis is that the inactive pairs are in an environment
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Figure 5. Evolution of the C# percentage with the irradiation duration
(hv = 750 + 50 nm).

comparable to those of CsCoFe(GN)e., an environment with

no or few Fe(CNy vacancies, for which no light-induced
electron transfer was observédnother important observation

is that no change in the spectra occurs several hours after the
end of the irradiation. That means that the magnetic pairs formed
are stable aT = 20 K, even at the surface of the grains.

In another material of the same family, Sato et al. observed
that irradiation with blue light decreases the magnetization
first created by red light.We did the same experiment on
Rhy sCoFe. First, we irradiated for 10 min with red light/(=
750+ 50 nm) to transform an important portion of diamagnetic
pairs but not all of them. Then, we irradiated the sample 10
min with blue light fw = 450 + 50 nm) and we observe,
contrary to the precedent observation, a further transformation 0 i 2 | 4 6
of the diamagnetic pairs. So, we exposed our compound to blue R/A
_rad'a_t'on_ with no previous red irradiation. After 15 min of Figure 7. Fourier transform moduli and imaginary parts of EXAFS
illumination, we also observed the transformation of 38% of gjgnals measured at the Co K edge fos BpFe: (—) at 300 K before
diamagnetic pairs into magnetic ones as with red light. The jrradiation and (- - -) at 30 K after 12 h of irradiation timev(= 750
transformation fraction is less important than the one obtained + 50 nm) (bold for moduli).
with red light (44%) but remains high. We verify also that
irradiation with white light induces also the electron transfer. oscillation at 7790 eV is due to the increase of the-Ggand
It results that there is not only one excited state with a well- distances, associated with the'Ce> Cd' transformation. The
defined energy: (i) the material contains different diamagnetic result confirms qualitatively those obtained at the Gg &dges.
pairs with various environments for the €@ns, giving excited The disadvantage of the dispersive recording mode is the
states with different energies, and (ii) for each kind of pairs, reduced energy range scanned, which makes impossible the
several excited FranekCondon states are present. The result quantitative analysis of the EXAFS part of the spectra. So, we
shows the complexity of the atomic local arrangement in the performed the same experiment on a beamline equipped with a

F(R)

material. classical step-by-step mode and a fluorescence detector to obtain
the EXAFS spectra on a larger energy range.
Cobalt K-Edge: Results and Discussion In Figure 7 are reported the Fourier transform moduli and

imaginary parts of the EXAFS signals recorded at the Co K-edge
before and after irradiatiorh¢ = 750 nm during 12 h, F 30

. K). In the ground state, the Fourier transform modulus presents
XANES spectra recorded at room temperature and after irradia three peaks attributed to the three first shells around the cobalt,

tion (hv = 750+ 50 nm during 12 hT = 30 K) are reported :
in Figure 6. The experimental geometry of the energy dispersive O an_d N C from the NC.: ligands, and Fe and R.b atoms. After
beamline where the spectra have been recorded increases t:;}gradlatlon, we observe important changes, which are difficult

percentage of irradiated compound, because of the small quanti 0 ‘?‘!‘a'Yze- Even if the I|near' geometry. of the-+al ]_CO.
of product needed~2 mg) compared to a classical X-ray entities introduces strong multiple scattering phenomena in the

absorption setupx20 mg). The irradiation induces a 1.5 eV EXAFS. signa}5~25 and impe_des a straightforwgrd imme_diate
low-energy shift of the absorption maximumcaa 1 eVshift analysis, the first peak and its changes (intensity and shift) can

for the preedge from 7711 to 7710 eV. These shifts evidence be analyzed in terms of single scattering. Nevertheless, the first
the decrease of the cobalt oxidation state from Ill to II, induced (26) Giorgietti, M.; Berrettoni, M.; Filipponi, A.; Kulesza, P. J.; Marassi,
by irradiation’ The low-energy shift of the first EXAFS  R.Chem. Phys. Lettl997 275 108-112.

The electronic transfer has also been followed using the
XANES part of the Co K-edge spectrum. The Co K-edge
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T found only 45% of Co atoms with short €& distances, i.e.,
124 100 % 55% (45/80x 100) of the C#' ions have been transformed
] into Cd'. The result shows that the photoinduced electron
transfer is associated with a local structural rearrangement of
the coordination sphere of the concerned cobalt ions. The 0.17
A bond lengthening, which is quite large, has to be absorbed
by the inorganic three-dimensional network, which should
induce strong network strains.

The electronic and the local structure of theé'FeCN—Cd'
magnetic pairs, either photoinduced or present in the ground
state of compounds such as {CoJFe(CN)]..»18.4H0, are
identical below the thermal relaxation temperature. Then, the
magnetic coupling constant values are the same, which
o5 oo os 10 15 20 25 30 a5 confirms that the increase of the Curie temperature expected in

R/A the photoinduced state is effectively due to the increase of the
Figure 8. Fourier transform moduli of the linear combinations of number of magnetic neighbofs:urthermore, as the compound

EXAFS signals calculated for the two reference cobalt sites catL  K01CO[Fe(CN)]2718.410 is ferrimagnetic below the Curie

2.08 and 1.91 A and various percentages of each contribution. The temperature, the irradiated compound;BboJ[Fe(CN)]ss

numbers refer to the short distance contribution percentage. 13H,0 should be ferrimagnetic as well. This is not surprising
with two ferromagnetic f—e;) and one antiferromagnetiegt

and second peaks are not resolved enough to be separatelfzg) €xchange path®.But this would not have been the case if

analyzed and it was not possible to fit the first shell with classical the photoinduced Coions were low spin. The low-spin Co

procedures. Peak 1 (Figure 7) corresponds to the sum of theions have not been evidenced by the XAS measurements.

mean cobalt atoms Cosl{L = N, O). This peak is not well .

separated from the second one, which corresponds to theConclusions

contributions of the carbon atoms second neighbors. Neverthe-  Qur study confirms experimentally the explanation of the

less, quantitative information on the coordination sphere of the photoinduced magnetization previously propose8iTo the best

cobalt atom can be extracted from peak 1. To do that, we of our knowledge this is the first experimental local and direct

calculate the EXAFS signals for cobalt octahedral environ- evidence on the two metallic sites of a photoinduced metal-to-

ments: 6 O/N neighbors at 2.08 A, typical distance for H8 Co  metal electron transfer in a three-dimensional compound:
ions28 and 6 O/N neighbors at 1.91 A, typical distance for LS

Co' ions?728These distances were also obtained by Hashimoto ~ F€' (LS)~CN—Ca" (LS) — Fe' (LS)~CN—Cd'(HS)

et al. for analogues compountiSEXAFS signals have been  The photoinduced magnetic domains are generated through the
calculated in the single scattering approximation with amplitude molecular excitation of diamagnetic pairs'Fe&CN—Cd".
and phase shift functions calculated by the FEFF7 code for an  Three-dimensional ferrimagnetic domains are created under
octahedral Coblcluster (Ce-N = 1.91 A)** Linear combina-  |ight but all the initial diamagnetic pairs are not transformed
tions of those signals have been performed varying the percent-into ferrimagnetic ones. At the surface, as well as in the bulk
ages of the two contributions. The Fourier transform moduli of of the material, about 50% of the diamagnetic pairs remain
the linear combinations are reported in Figure 8, from 100% of diamagnetic. We propose that their nature is the same as the
the short distance contribution (when all the Co ions are LS pgnexcitable diamagnetic pairs in4g€aFe(CN)]s.¢-12.9H0.
Cd") to 0% (when all the Co ions are HS Cans). The electron transfer is accompanied by a bond lengthening
First, from 100 to 45%, we observe a decrease of the intensity that has to be taken up by the inorganic network. In a perfect
accompanied by a shift to lower distance whereas the fraction strycture without vacancies, strains in the bulk are strong so
of long distances increases. The same shift is also observed onpat only diamagnetic pairs at the surface of the compound can
the experimental Fourier transform modulus of the compound pe transformed. The forces generated in the bulk by the bond
after irradiation (Figure 7), which indicates an increase of the lengthening tend to cancel each other since all cobalt atoms
Co-Ls long distance fraction. We can note that the imaginary are surrounded by irencobalt pairs. On the opposite side, in a
part (Figure 7) is shifted to higher distances, which directly strycture with vacancies, the steric strains are weaker, the
reflects the long distance fraction increase. Second, from 45 to network is more flexible, and the photoinduced metastable state
0%, an increase of the intensity and a shift to higher distance isjs gple to propagate in the bulk. In our interpretation, the
observed. Given the important difference between the two diamagnetic pairs close to iron vacancies would be photosensi-
distances, the change is clearly observed. Comparison betweeRye, The other pairs trapped in a more compact local structure
the calculated linear combinations and the experimental Fourier\youid be inert to photons. The efficiency of the photoinduced
transform moduli allows an accurate determination of the magnetization should then depend on a compromise between
fraction of each species present in the compound. In the groundihe number of diamagnetic pairs and vacancies in the structure.

state, the best agreement (position and intensity of the peak) isThjs point will be discussed in a following paper.
obtained for 80% oflc, | = 1.91 A distances and 20% déo_1

= 2.08 A. These values are in agreement with the chemical ~Acknowledgment. We thank A. Goujon and F. Varret for
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