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Pressure- and photoinduced transformation into a metastable phase in RbMn†Fe„CN…6‡
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Pressure and photoirradiation effects on the structural properties were investigated for a transition metal
cyanide, RbMn@Fe(CN)6#, with perovskitelike structure by means of high-angle resolved synchrotron-
radiation x-ray powder diffraction. We have found that~1! photoirradiation by a 532-nm pulse laser at 91 K and
~2! application of hydrostatic pressure to about 2 GPa at 300 K change the system from the tetragonal

low-temperature phase (I 4̄m2; Z52) to a metastable state with different crystal symmetry (P4̄n2; Z52). We
discuss the difference between the photoinduced and pressure-induced processes and suggest possible origin
for the photoinduced demagnetization.
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I. INTRODUCTION

Transition-metal cyanides~the so-called Prussian-blu
compounds!, A(I) M (II) @N(III)( CN)6# (A5Na, K, Rb, Cs;
N5Mn, Co, Cr; M5Fe, Cr!,1–9 have been attracting re
newed interest of materials scientists, because they sho
photoinduced magnetization/demagnetization. For exam
Sato et al.3 reported the enhancement of magnetization
K0.2Co1.4Fe(CN)66.9H2O by irradiation of a red light~660
nm! at 5 K and suppression of magnetization by irradiat
of a blue light~450 nm! at 5 K. This photoinduced magne
tism has been ascribed to the photoinduced structural ch
into somemetastable stateand the resultant variation of th
electronic configuration of the transition metals. Then, de
mination of the crystal structure, including atomic coord
nates, is indispensable for a deeper comprehension
the photoinduced phenomena as well as their pract
application.

The Prussian-blue compounds are well kno
from the earliest times. Nevertheless, except
Fe4@Fe(CN)6#315H2O,10 difficulty in crystal growth has pre-
vented detailed structural investigations of these compou
In addition, the compounds contain considerable non
ichiometric H2O molecules, which makes the precise stru
tural analysis difficult. Recently, Ohkoshiet al.11 synthesized
a Mn-Fe compound, RbMn@Fe(CN)6#, which does not con-
tain extra H2O molecules. Neutron powder-diffractio
experiment12 revealed that RbMn@Fe(CN)6# is ferromag-
netic belowTC512 K, where the local spin moments a
taken only by the high-spin~HS! Mn21 (S52) ions. Fur-
0163-1829/2003/68~14!/144106~7!/$20.00 68 1441
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thermore, Tokoroet al.13 observed suppression of magne
zation by irradiation of a visible pulse laser~532 nm! at 3 K.
Therefore, RbMn@Fe(CN)6# is one of the most suitable com
pounds for detailed structural investigation to reveal the o
gin for the photoinduced demagnetization.

At room temperature, RbMn@Fe(CN)6# is face-centered
cubic (F4̄3m: Z54).11,14 Reflecting the stability of the HS
Mn21 state, the valence state is HS Mn21 (d5;
S55/2) –low-spin~LS! Fe31 (d5; S51/2).11 With decrease
of temperature below 220 K, however, a structural transit
from the cubic phase to the body-centered tetragonal (I 4̄m2;
Z52) phase takes place, accompanying the Jahn-Teller
distortion of the MnN6 octahedra. Therefore, the cubic-to
tetragonal structural transition is considered to be driven
charge transfer14 from the Mn21 site to the Fe31 site. Con-
sistently, Osawaet al.15 proposed that the low-temperatu
valence state is HS Mn31 (d4; S52) –LS Fe21 (d6; S
50), based on their x-ray emission and absorption spec
Hereafter, we denote the high-temperature cubic ph
(F4̄3m; Z54) and the low-temperature tetragonal pha
(I 4̄m2; Z52) as HT and LT phases, respectively.

In this paper, we report the crystal structure of a therma
quenched metastable state of RbMn@Fe(CN)6# determined
by synchrotron-radiation x-ray powder diffraction~XRD!.
The metastable state belongs to the tetragonal space g
(P4̄n2; Z52), which is different from those of the HT
phase and the LT phase. In the metastable phase, the li
CN2 ions approach the Mn site accompanied by the tilting
the in-plane ions along thec direction. We further found tha
©2003 The American Physical Society06-1
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Y. MORITOMO et al. PHYSICAL REVIEW B 68, 144106 ~2003!
~1! photoirradiation by a 532-nm pulse laser at 91 K and~2!
application of hydrostatic pressure about 2 GPa at 300
change the system into the metastable state.

II. EXPERIMENT

A. Sample preparation

RbMn@Fe(CN)6# was prepared by reacting an aqueo
solution (0.1 mol dm23) of MnCl2 with a mixed aqueous
solution of RbCl3 (1 mol dm23) and K3@Fe(CN)6#
(0.1 mol dm23) to yield a light-brown precipitate.11 Elemen-
tal analysis by inductively coupled plasma-atomic emiss
spectroscopy revealed that the atomic mol ratio is nearly
ideal value: Rb:Mn:Fe50.98:1.01:1.

B. Synchrotron-radiation x-ray powder diffraction

To obtain x-ray powder data of good statistics with hi
angular resolution, XRD measurements were carried ou
SPring-8, BL02B2 beamline~temperature dependence a
photoirradiation effects!16 and BL10XU ~pressure depen
dence! beamline. The as-grown sample powders were fi
enough, and gave a homogeneous intensity distribution in
Debye-Scherrer powder ring. The homogeneity of the ring
a necessary condition for a reliable Rietveld analysis.

At the BL02B2 beamline, the sample powders we
sealed in a quartz capillary whose temperature was c
trolled using nitrogen gas in the range from 91 K to 340
The reflections were collected on an imaging plate insta
on a large Debye-Scherrer camera (r 5286.5 mm). The
wavelength of the incident x ray was about 0.82 Å~near
below theK edge of Rb!, and typical exposure time was 3
min. Actual wavelength was calibrated with use of a stand
CeO2 powder obtained from NIST. In the measurements
the ‘‘photoirradiated’’ pattern, glass powders were mixed
that the 532-nm pulse laser homogeneously excites the
spective sample powders. Note that the penetration dep
this photon energy is much shallower~about 1mm).

High-pressure XRD was performed at BL10XU beamli
at room temperature using a specially designed diamond
vil cell ~DAC!.17 The sample powders were sealed in a g
ket hole of the DAC, about 100mm in thickness and abou
200 mm in diameter, which was filled with Fluorinert~made
by Sumitomo 3M! as a pressure-transmitting medium. T
2u range used in the Rietveld analysis is 4° –25°. In orde
get Debye-Scherrer powder rings with homogeneous in
sity distribution, the DAC was rotated65° along thev axis.
Magnitude of the applied pressure was monitored by
wavelength of the luminescence lineR1 ~Ref. 18! from a
small piece of ruby placed in the gasket hole. The wa
length of the incident x ray was 0.4951 Å, and the expos
time was 10 min.

C. Rietveld analysis

The powder patterns obtained were analyzed by a
etveld structure refinement program@RIETAN2000 ~Ref. 19!#.
We show in Fig. 1~a! an example of the Rietveld refineme
of XRD pattern of RbMn@Fe(CN)6# at 300 K. The powder
14410
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pattern was analyzed with the cubic model (F4̄3m; Z54),
in which the Rb can locate either at 4c or at 4d sites. The
occupancyg @50.908(2)# at the 4c site was determined by
the Rietveld refinement, and is fixed in the analysis presen
in this paper. Based on the elemental analysis,g of the Mn
site was fixed at 1.01. We assume that C~N! atoms surround
Fe ~Mn! atom.

III. RESULTS

A. Structure of the metastable phase

Figure 1~b! shows the powder pattern of the metasta
state of RbMn@Fe(CN)6# at 91 K, which was obtained by
rapid cooling of the powder sample in a quartz capillary
cold N2 gas. The overall appearance of the powder patter
similar to that of the HT phase at 300 K@Fig. 1~a!#. Consis-
tently, Tokoroet al.20 investigated infrared absorption spe
tra of the thermally quenched sample, and found that
spectra are almost the same as that of the HT phase.
however, observed splittings and shoulder structures in s
eral Bragg reflections in the large-2u region, which can be
well reproduced by a tetragonal cell (A2a'c'a300 K). In
addition, we observed rather intense 210 and 212 reflect
in the tetragonal setting, which are forbidden inI 4̄m2 sym-
metry. We have investigated the subgroup ofI 4̄m2, i.e., I 4̄,
Imm2, F222, P4̄m2, andP4̄n2. ~The 210 and 212 reflec
tions are forbidden also inI 4̄, Imm2, andF222.! We finally

FIG. 1. X-ray-diffraction patterns of RbMn@Fe(CN)6#: ~a! at
300 K, and~b! of thermally quenched sample at 91 K. Solid curv
represent the results of the Rietveld refinement with~a! cubic

(F4̄3m; Z54) and ~b! two-phase model withP4̄n2 ~90%! and

I 4̄m2 ~10%!.
6-2
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PRESSURE- AND PHOTOINDUCED TRANSFORMATION . . . PHYSICAL REVIEW B68, 144106 ~2003!
found that theP4̄n2 model satisfactorily reproduces the i
tensity of the extra reflections~see the magnified segment
the powder pattern in Fig. 2!. In the Rietveld analysis, we
adopted a two-phase model withP4̄n2 and I 4̄m2 ~LT
phase!, as shown in Fig. 1~b!. The mass fractions of the
metastable phase (P4̄n2) is 0.90. We list in Table I the
atomic coordinates the of metastable phase.22 The reliability
factorsRwp andRI for the metastable phase are 10.32% a
2.98%, respectively.

In order to clarify the structural difference between the
phase and the metastable phase, we show in Fig. 3 ball-
stick models based on the experimentally determined ato
coordinates. In the metastable phase, the ligand CN2 ions
approach the Mn site accompanied by the tilting of the
plane CN2 ions ~C2-N2! along thec direction. In Table II,
we compare the in the Mn-N and Fe-C bond distances in
metastable structure with those in the LT phase. In
metastable phase~1! the average Mn-N distanc

@51.901(17) Å# is shorter, whiled̄Fe-C (52.250(23) Å) is
longer, than that in the LT phase, and~2! the Jahn-Teller type

FIG. 2. Magnified portion of the XRD patterns of the therma
quenched RbMn@Fe(CN)6# at 91 K. Solid curves represent Rietve

fit with a P4̄n2 andI 4̄m2 two-phase model, and crosses repres
experimental data. The star indicates diffraction from ice crys
formed out of the capillary.

TABLE I. Atomic coordinates, equivalent displacement para
eters U, and occupancy g for the metastable phase o

RbMn@Fe(CN)6# at 91 K. The space group isP4̄n2 (Z52). Lat-
tice constants area57.410 70(30) Å andc510.548 11(47) Å.U
for Mn is fixed at the value of Fe, while those for C2, N1, N2 a
fixed at the value of C1.U for Rb2 is fixed at the value o
Rb1. Rwp$[@S iwi(yi2yi ,calc)

2/S iwiyi
2#1/2% and RI([SKuI K,calc

2I Ku/SKI K,calc) are 10.32% and 2.98%, respectively.

Atom site g x y z U(Å2)

Fe 2a 1.01 0 0 0 0.0097~5!

Mn 2b 1 0 0 1/2 0.0097
Rb1 2c 0.908 0 1/2 1/4 0.0579~5!

Rb2 2d 0.072 0 1/2 3/4 0.0579
C1 4e 1 0 0 0.220~2! 0.0063~10!

C2 8i 1 0.178~3! 0.248~3! 0.014~2! 0.0063
N1 4e 1 0 0 0.328~2! 0.0063
N2 8i 1 0.296~2! 0.337~3! 20.016(2) 0.0063
14410
d

d-
ic

-

e
e

distortion of the MnN6 octahedra in the LT phase near
disappears. These structural features, as well as the infr
absorption spectra,20 of the metastable phase suggest that
valence state is Mn21 (d5) –Fe31 (d5).

B. Pressure-induced transformation into the metastable phase

We show in Fig. 4 pressure variation of the XRD patter
of RbMn@Fe(CN)6# at 300 K in the pressure-increasing ru
~The 2u range nearly corresponds to Fig. 2.! Here, let us
tentatively classify the powder patterns into three press
~P! regions, for the convenience of explanation:P
<0.3 GPa~region I!, 0.3 GPa<P<1.9 GPa~region II!, and
1.9 GPa<P ~region III!.

At P50.16 GPa~thick curve in Fig. 4, region I!, most of
the reflections can be indexed in the face-centered cubic
~HT phase!. We, however, observed several weak reflectio
~e.g., at 9.0° and 9.6°), which can be indexed in the bo
centered tetragonal setting~LT phase!. So, we analyzed the
powder pattern with HT-LT two-phase model. The mass fr
tion of the HT phase is 0.68. The reliability factorsRwp and
RI for the HT phase are 5.20% and 7.72%, respectiv
Here, we note that the HT-to-LT structural transition
RbMn@Fe(CN)6# shows large thermal hysteresis~220
K–300 K!.14 So, the system at 300 K and at 0.16 GPa can
present in the bistable region, and tends to become t
phase state.

t
ls

-

FIG. 3. Crystal structure:~a! low-temperature~LT! phase

(I 4̄m2: Z52) and~b! metastable phase (P4̄n2: Z52). Rb1 ions
are omitted.

TABLE II. The Mn-N and Fe-C bond distances for the met

stable (M :P4̄n2; Z52) and low-temperature~LT: I 4̄m2; Z52)
phases.

Phase M at 91 K Å LT at 100 K Å

Mn-N1 1.818~19! 2.283~17!

Mn-N2 1.943~16! 1.907~32!

Mn-N ~average! 1.901~17! 2.032~27!

Fe-C1 2.298~24! 1.855~22!

Fe-C2 2.226~22! 1.979~40!

Fe-C ~average! 2.250~23! 1.938~34!
6-3
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The powder patterns in region II are analogous to tha
the LT phase. We, however, failed to reproduce the pow
pattern by Rietveld refinement with LT single-phase mod
in particular, we can not reproduce the intensity of the 2
reflection observed at 9.6°.23 Here, note that the 210 and 21
reflections~indicated by open triangles! observed in region
III are due to P4̄n2 phase ~metastable phase!. So, we
adopted an LT-metastable phase two-phase model for
analysis of the powder patterns both in region II and reg
III. We list in Table III mass fractionss of the LT phase and
the metastable phase againstP together with reliability pa-
rametersRwp and RI . s of the metastable phase is near
constant ~0.2–0.3! below P51.10 GPa. With further in-
crease ofP beyond 1.43 GPa,s steeply increases and reach

FIG. 4. Pressure variation of the XRD patterns~crosses! at 300
K in the pressure-increasing run. Open triangles indicate 210

212 reflections, which are forbidden inI 4̄m2 symmetry.

TABLE III. Pressure variation of mass fractionss of the LT
phase and the metastable phase determined by LT-metastable
phase Rietveld analysis.Rwp and RI for the respective phases a
also listed. TheP50.33-GPa data were obtained after the pressu
increasing run.

Pressure~GPa! Rwp LT M
s RI s RI

0.41 4.29 0.77 5.20 0.23 5.56
0.58 4.55 0.75 4.86 0.25 5.05
0.78 4.44 0.74 4.78 0.26 4.93
1.10 4.42 0.70 5.03 0.30 5.05
1.43 4.14 0.59 5.29 0.41 6.06
1.76 4.54 0.44 5.76 0.56 5.98
2.26 4.03 0.19 4.76 0.81 5.54
2.95 3.72 0.08 3.74 0.92 4.12
3.58 3.15 1 2.36
0.33 4.11 0.72 5.89 0.28 5.93
14410
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about 0.8 atP52.26 GPa. Thus, the crossover pressure
the LT-to-metastable structural transition is at 1.4–1.8 GP
300 K.

In Fig. 5 we thus obtained~a! lattice constants and~b!
volume per chemical formula for RbMn@Fe(CN)6# at 300 K
againstP. With increase ofP, HT-to-LT phase transition
takes place at about 0.3 GPa in theP-increasing run. As
shown in the lower panel, the HT-to-LT phase transition a
companies about 10% reduction of volume. In the tetrago
phase (P>0.4 GPa), the lattice constants gradually decre
in an anisotropic manner: initial pressure coefficientP
<1 GPa) ofa ([21/ada/dP51.0%/GPa) is three times
larger than that ofc (50.3%/GPa). Reduction ofa becomes
steeper whenP exceeds about 1.4–GPa, and eventually
pseudocubic structure (aA2'c; metastable phase! appears
at about 2 GPa.

We further investigated the pressure dependence ofTC up
to '1 GPa with use of a piston-cylinder type clamp ce
The sample powders were sealed in the cylinder, about 3
in length and 2.0 mm in diameter, which was filled wi
Fluorinert ~made by Sumitomo 3M! as a pressure
transmitting medium. The applied pressureP was calibrated
by the superconducting transition temperature of Pb in
placed in the sample room. We found thatTC increases lin-
early with P asTC511.811.3P(GPa). The enhancedTC is
ascribed to the shortened bond distances between the Mn
and the Fe site, which enhance the exchange interaction

C. Photoinduced transformation into the metastable phase

In addition to pressure, a photoirradiation by a 532-n
pulse laser also transforms the LT phase to the metast

d

wo-

-

FIG. 5. ~a! Lattice constants and~b! volume per chemical for-
mula at 300 K against pressure. Gray, open, and filed symbols

resent the high-temperature (F4̄3m; Z54), low-temperature

(I 4̄m2; Z52), and metastable (P4̄n2; Z52) phases, respectively
The P50.33-GPa data were obtained after the pressure-increa
run.
6-4
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phase. Figure 6 shows the x-ray powder patterns
RbMn@Fe(CN)6# at 91 K after various thermal- and photo
hystereses. ‘‘Quenched’’ pattern~bottom! is obtained by
rapid cooling of the powders by cold N2 gas: the intense
reflection indicated by a downward arrow is due to the 1
and 200 reflections of the tetragonal metastable phase. ‘‘I
diated’’ pattern~middle! is obtained by irradiation of sampl
powders by a visible pulse laser~10 Hz, 10 mJ, 532 nm! for
10 min at 91 K. One may observe a new reflection~down-
ward arrow!, suggesting a photoinduced structural transf
mation. Actually, the irradiated powder pattern (12°<2u
<45°) is well reproduced by the Rietveld fitting with th
two tetragonal phases.

We show in Fig. 7 temperature dependence of lattice c
stantsa ~circles! and c ~squares!, and mass fraction~filled
triangles! of the two tetragonal phases after~a! thermal-
quenching and~b! photoirradiation. Lattice constants of th

FIG. 6. X-ray diffraction patterns at 91 K. Arrows indicate th
Bragg reflection due to the metastable phase. The ‘‘quenched’’
terns was obtained after rapid cooling of sample in a quartz ca
lary by cold N2 gas, and ‘‘irradiated’’ patterns was obtained aft
irradiation by a visible pulse laser~10 Hz, 10 mJ, 532 nm! for 10
min at 91 K.

FIG. 7. Temperature dependence of lattice constants,a ~circles!
and c ~squares!, and mass fraction~filled triangles! of the meta-
stable phase after~a! thermal quenching and~b! photoirradiation.
Open symbols represent the lattice constants of the LT phase.
14410
f
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phototransformed metastable phase@Fig. 7~a!# coincide with
those of the thermally quenched one@Fig. 7~b!# within ex-
perimental error, suggesting that both the crystal structu
are the same. Consistent with the above argument, both
metastable phases transform to the LT ground state at 12
via the thermal activation process~see the mass fraction in
dicated by filled triangles!.

IV. DISCUSSION

A. Comparison of the photoinduced process
with the pressure-induced process

We schematically depict in Fig. 8~a! the free energy curve
at ambient pressure (P50 GPa), where the horizontal axi
is the ligand coordinate.d is the charge transfer from th
Mn21 site to the Fe31 site: thed50 (d51) state corre-
sponds to the metastable~LT! phase. We expect a local min
mum atd50, since the state is stabilized by the moveme
of the ligand CN2 ions toward the Mn site. Magnitude of th
potential barrierD is of the order of 100 K, since the meta
stable phase relaxes to the ground state~LT phase! at 120 K
~see Fig. 7!.

The photoinduced process of the structural transition is
follows. The first process after the photoexcitation on the
phase (d51) is the charge transfer from the Fe21 site to the
Mn31 site without ligand displacement@Franck-Condon
state: see upward arrow in Fig. 8~a!#. Subsequently, the
charge transfer triggers the ligand displacement toward
other local minimum atd50 @broken curve of Fig. 8~a!#.
The d50 state would become more stable under strong

t-
il- FIG. 8. Schematic picture for the free energy of the system at~a!
P50 GPa and~b! P>2 GPa. d means magnitude of the charg
transfer from the Mn21 site to the Fe31 site. D is the potential
barrier between thed50 ~metastable state! and d51 ~LT state!
states. An upward arrow in~a! represents the photoinduced proce
via the Franck-Condon state.
6-5
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Y. MORITOMO et al. PHYSICAL REVIEW B 68, 144106 ~2003!
citation, since the charge-transferred Fe31-Mn21 pairs form
a cluster. This cluster may be analogous to the criti
nucleus,24 which governs the crystallization process. On
the clusters are created, the subsequent photoexcita
would selectively excite the Fe21-Mn31 pairs around the
cluster surface. Thus, the photoinduced structural trans
mation takes place. Here, we note that a similar photo
duced process was reported also in the Na-Co-Fe
system.21

The above-mentioned photoinduced process is qua
tively different from the pressure-induced process, in wh
the free-energy curve itself is deformed to stabilize thed
50 state@see Fig. 8~b!#. As a result, the system continuous
changes from thed51 state to thed50 state, as pressur
increases. Looking at Fig. 5~b!, one may notice that the ce
volume (5245 Å3) at 2.95 GPa is smaller than tha
('250 Å3: extrapolation of the cell volume of the LT phas
to 2.95 GPa! of the virtual LT phase (d51). This indicates
that thed50 state becomes more stable than thed51 state
under pressure.

B. Magnetism of the metastable structure

We have tried to get information on magnetic propert
of RbMn@Fe(CN)6# in the metastable phase. First, we tir
to determine the magnetic properties of the metastable p
by a superconducting quantum interference device magn
meter with rapid quenching down to 4 K. The obtained sta
however, contains considerable amount of the ferromagn
LT phase, which prevents us from investigating the magn
properties of the matestable phase. We further tried,
failed, to determine the magnetic structure
RbMn@Fe(CN)6# in the metastable phase by means of
neutron-diffraction experiments. Quite recently, Toko
et al.20 have found that Rb vacancy significantly stabiliz
the thermally quenched metastable structure, and have in
tigated temperature variation of the magnetic susceptib
of Rb0.7Mn1.15@Fe(CN)6#2H2O in the metastable phase
They found a kinklike structure at 13 K (5TN), which sug-
gests a antiferromagnetic spin ordering atTN . We believe
that RbMn@Fe(CN)6# in the metastable phase also shows
antiferromagnetic spin ordering.

Here, let us argue the possible spin structure of the m
stable phase. Since the valence state of the metastable s
Fe31 (d5) –Mn21 (d5), the possible local spin moments a
S55/2, S53/2, andS51/2. Then, one may expect a simp
NaCl-type antiferromagnetic spin structure mediated by
perexchange interaction between Fe31 and Mn21 if the spin
, J
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moments of Fe31 and Mn21 are the same. In this system
however, the Fe ions tend to take a lower spin configurati
actually, the valence state is HS Mn31 (d4; S52) –LS Fe21

(d6; S50) @HS Mn21 (d5; S55/2) –LS Fe31 (d5; S
51/2)] in the HT~LT! phase.

Alternative spin structure may be an anisotropic one,
flecting the tetragonal symmetry of the metastable struc
~see Fig. 3!. Anisotropic structure is observed in sever
perovskite-type doped manganitesR12xAxMnO3 (R and A
are rare-earth and alkaline-earth metals, respectively! with
a pseudocubic lattice structure. For example, a sheet-
antiferromagnetic spin structure is observed
Nd0.45Sr0.55MnO3,25 whereas a rod-type antiferromagnet
spin structure is observed in Nd0.35Sr0.65MnO3.25 These an-
isotropic spin structures have been ascribed to the su
competition between the~antiferromagentic! superexchange
and ~ferromagnetic! double-exchange26 interactions. Espe-
cially, in doped manganites, the ordering of the Mn 3deg
orbital causes the anisotropic transfer integral of theeg elec-
trons, which mediate the double-exchange interaction
tween the localt2g spins:dx22y2 (d3z22r 2) orbital-ordering
caused the sheet-type~rod-type! antiferromagnetic spin
structure. A similar scenario is applicable to the present s
tem, because there existst2g-orbital degree of freedom in the
LS Fe31 (d5).

V. SUMMARY

In summary, we have determined the metastable struc
of RbMn@Fe(CN)6#, which can be created by therma
quenching, photoirradiation, and application of pressure,
means of high-angle resolved XRD at SPring-8. The me
stable state belongs to the tetragonal space group (P4̄n2;
Z52), which is different from those of the high-temperatu
phase (F4̄3m: Z54) and the low-temperature phas
(I 4̄m2; Z52). We argued on the difference between t
photoinduced and pressure-induced processes, and pos
origin for the photoinduced demagnetization.
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