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Pressure and photoirradiation effects on the structural properties were investigated for a transition metal
cyanide, RbMpFe(CN)], with perovskitelike structure by means of high-angle resolved synchrotron-
radiation x-ray powder diffraction. We have found tliat 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 phasdaZmZ; Z=2) to a metastable state with different crystal symmeﬂgmz; Z=2). We
discuss the difference between the photoinduced and pressure-induced processes and suggest possible origin
for the photoinduced demagnetization.
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[. INTRODUCTION thermore, Tokorcet al® observed suppression of magneti-
zation by irradiation of a visible pulse las@32 nm at 3 K.
Transition-metal cyanidegthe so-called Prussian-blue Therefore, RoMpFe(CN)] is one of the most suitable com-
compounds A(DM (I [N(II)(CN)g] (A=Na, K, Rb, Cs; pounds for detailed structural investigation to reveal the ori-
N=Mn, Co, Cr; M=Fe, C»,*° have been attracting re- gin for the photoinduced demagnetization.
newed interest of materials scientists, because they show a At room temperature, RoMire(CN)] is face-centered
photoinduced magnetization/demagnetization. For exampleubic (F43m: Z=4).'1* Reflecting the stability of the HS
Sato et al3 reported the enhancement of magnetization inyn2+ state, the valence state is HS #n (d%
Ko.2C01 JFe(CN)6.9H,0 by irradiation of a red light660  s=5/2)—low-spin(LS) FE* (d° S=1/2).** With decrease
nm) at 5 K and suppression of magnetization by irradiationof temperature below 220 K, however, a structural transition
of a blue light(450 nm) at 5 K. This photoinduced magne- ¢,y the cubic phase to the body-centered tetragdmahg ;
tism has been ascribed to the photoinduced structural changiezz) phase takes place, accompanying the Jahn-Teller type
into somemetastable statand the resultant variation of the jiciotion of the MnN octahedra. Therefore, the cubic-to-

elgctz_onlc iotr;]flguratlgr: 0]; thet trans_ltlc;n dmetalf. Then, dectj‘.ar’[etragonal structural transition is considered to be driven by
mination ot the crystal structure, including atomic coordi- . arge transfel* from the Mr?™ site to the F&" site. Con-

nates, is _indispensable for a deeper Compre_hension_ %istently, Osawaet al*® proposed that the low-temperature
the photoinduced phenomena as well as their practlcq/alence state is HS M# (d4' S=2)-LS Fe+ (d6' S
application. =0), based on their x-ray emission and absorption spectra.

The Prussua_n—blue. compounds are  well ImownHereafter, we denote the high-temperature cubic phase
from the earliest times. Nevertheless, except for

Fe,[ Fe(CN)]515H,0,° difficulty in crystal growth has pre- (F_43m; Z=4) and the low-temperature tetragonal phase
vented detailed structural investigations of these compound§!4m2; Z=2) as HT and LT phases, respectively.

In addition, the compounds contain considerable nonsto- In this paper, we report the crystal structure of a thermally
ichiometric H,O molecules, which makes the precise struc-quenched metastable state of RijMa(CN)] determined
tural analysis difficult. Recently, Ohkoséi al! synthesized by synchrotron-radiation x-ray powder diffractiqixRD).

a Mn-Fe compound, RbMiFe(CN)], which does not con- Thg metastable state belongs to the tetragonal space group
tain extra HO molecules. Neutron powder-diffraction (P4n2; Z=2), which is different from those of the HT
experiment? revealed that RbMiFe(CN)] is ferromag- phase and the LT phase. In the metastable phase, the ligand
netic belowT=12 K, where the local spin moments are CN™ ions approach the Mn site accompanied by the tilting of
taken only by the high-spitHS) Mn?* (S=2) ions. Fur- the in-plane ions along thedirection. We further found that

0163-1829/2003/684)/1441067)/$20.00 68 144106-1 ©2003 The American Physical Society



Y. MORITOMO et al. PHYSICAL REVIEW B 68, 144106 (2003

(1) photoirradiation by a 532-nm pulse laser at 91 K &2d (@) 300 K
application of hydrostatic pressure about 2 GPa at 300 K
change the system into the metastable state.

RbMn[Fe(CN)g] F-43m
Ryp=4.17 %, Ry = 6.25 %
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Il. EXPERIMENT

A. Sample preparation

RbMn Fe(CN)] was prepared by reacting an agueous
solution (0.1 moldm?) of MnCl, with a mixed aqueous
solution of RbC} (1 moldm %) and Kg[Fe(CN)]

(=]
T

+ +

ol N
(Jl_

T AT TN
20 25 30 35 40 45

(0.1 mol dm ®) to yield a light-brown precipitat&: Elemen- 26(deg)
tal analysis by inductively coupled plasma-atomic emission
spectroscopy revealed that the atomic mol ratio is nearly the b) 91 K Quenched RbMn[Fe(CN)q] P-4n2

ideal value: Rb:Mn:Fe0.98:1.01:1. R, =10.32%,Ri=2.98 %
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B. Synchrotron-radiation x-ray powder diffraction

N

To obtain x-ray powder data of good statistics with high
angular resolution, XRD measurements were carried out at
SPring-8, BL02B2 beamlinétemperature dependence and
photoirradiation effecis® and BL10XU (pressure depen- ETHLET 1 O L0 0 N AR A P
dence beamline. The as-grown sample powders were fine PRI AN e A P/ B B R
enough, and gave a homogeneous intensity distribution in the 5 20 25 30 35 40 45
Debye-Scherrer powder ring. The homogeneity of the ring is 26(deg)

a necessary condition for a reliable Rietveld analysis. FIG. 1. X-ray-diffraction patterns of RbMAe(CN)]: (a) at

At th'e BLO2B2 beamline, the sample powders weregng K, and(b) of thermally quenched sample at 91 K. Solid curves
sealed in a quartz capillary whose temperature was CONepresent the results of the Rietveld refinement wiah cubic
trolled using nitrogen gas in the range from 91 K to 340 K.$F43m; Z=4) and (b) two-phase model witP4n2 (90% and

The reflections were collected on an imaging plate installe am2 (10%.

on a large Debye-Scherrer camere=@286.5 mm). The
wavelength of the incident x ray was about 0.82(dear ) ) —
below theK edge of Rb, and typical exposure time was 30 Pattern was analyzed with the cubic modBU@m; Z=4),

min. Actual wavelength was calibrated with use of a standard? Which the Rb can locate either at 4r at 4d sites. The
CeO, powder obtained from NIST. In the measurements ofoccupancyg [=0.908(2) at the & site was determined by
the “photoirradiated” pattern, glass powders were mixed SO_the R|etveld refinement, and is fixed in the aanyS|s presented
that the 532-nm pulse laser homogeneously excites the rd? this paper. Based on the elemental analygisf the Mn
spective sample powders. Note that the penetration depth gt Was fixed at 1.01. We assume thathg atoms surround

this photon energy is much shallow@bout 1 um). Fe (Mn) atom.
High-pressure XRD was performed at BL10XU beamline
at room temperature using a specially designed diamond an- . RESULTS
vil cell (DAC).Y The sample powders were sealed in a gas-
ket hole of the DAC, about 10@m in thickness and about A. Structure of the metastable phase
200 um in diameter, which was filled with Fluorinefnade Figure 1b) shows the powder pattern of the metastable

by Sumitomo 3M as a pressure-transmitting medium. Thestate of RobMfaFe(CN)] at 91 K, which was obtained by
26 range used in the Rietveld analysis is 4°—25°. In order taapid cooling of the powder sample in a quartz capillary by
get Debye-Scherrer powder rings with homogeneous intereold N, gas. The overall appearance of the powder pattern is
sity distribution, the DAC was rotatet 5° along thew axis.  similar to that of the HT phase at 300[Kig. 1(a)]. Consis-
Magnitude of the applied pressure was monitored by theently, Tokoroet al?® investigated infrared absorption spec-
wavelength of the luminescence lifg, (Ref. 18 from a  tra of the thermally quenched sample, and found that the
small piece of ruby placed in the gasket hole. The wavespectra are almost the same as that of the HT phase. We,
length of the incident x ray was 0.4951 A, and the exposurdiowever, observed splittings and shoulder structures in sev-
time was 10 min. eral Bragg reflections in the large#2egion, which can be
well reproduced by a tetragonal celllZa~c~azq ). In
addition, we observed rather intense 210 and 212 reflections

_ in the tetragonal setting, which are forbiddenl #m2 sym-
The powder patterns obtained were analyzed by a Ri- g g y

etveld structure refinement programiETAN2000 (Ref. 19],  Melry. We have investigated the subgroup 42, i.e.,14,
We show in Fig. 1a) an example of the Rietveld refinement Imm2, F222, P4m2, andP4n2. (The 210 and 212 reflec-
of XRD pattern of RoMpiFe(CN)] at 300 K. The powder tions are forbidden also i4, Imm2, andF222.) We finally

C. Rietveld analysis
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»Ran[FeiCN)G] 1=0.8210 A (a) LT phase (b) Metastable phase

at 91 K Quenched

4

Intensity (107 counts)
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FIG. 2. Magnified portion of the XRD patterns of the thermally
quenched RbMrFe(CN)] at 91 K. Solid curves represent Rietveld FIG. 3. Crystal structure:a) low-temperature(LT) phase
fit with a P4n2 andl4m2 two-phase model, and crosses represent(lzmz: Z=2) and(b) metastable phaseP@nZ: Z=2). Rb" ions
experimental data. The star indicates diffraction from ice crystalsare omitted.
formed out of the capillary.

found that theP4n2 model satisfactorily reproduces the in- distortion of the MnN octahedra in the LT phase nearly
tensity of the extra reflectionsee the magnified segment of disappears. These structural features, as well as the infrared
the powder pattern in Fig.)2In the Rietveld analysis, we absorption spectr® of the metastable phase suggest that the

— — H 5 + 5
adopted a two-phase model witB4n2 and 14m2 (LT valence state is Mit (d°)-F€’" (d°).
phase, as shown in Fig. (b). The mass fractiors of the

metastable phaseP@n2) is 0.90. We list in Table | the g pressure-induced transformation into the metastable phase
atomic coordinates the of metastable ph&sEhe reliability

factorsR,,, andR, for the metastable phase are 10.32% and /e show in Fig. 4 pressure variation of the XRD patterns
2.98%, respectively. of RoMnFe(CN)] at 300 K in the pressure-increasing run.
In order to clarify the structural difference between the LT (The 26 range nearly corresponds to Fig) Zere, let us
phase and the metastable phase, we show in Fig. 3 ba”_ange_ntatlvgly classify the powder patterns into three pressure
stick models based on the experimentally determined atomit”) regions, for the convenience of explanatio®
coordinates. In the metastable phase, the ligand @ws  =0-3 GPalregion ), 0.3 GPa=P<1.9 GParegion I)), and
approach the Mn site accompanied by the tilting of the in-1.9 GPa=P (region lII). s _
plane CN' ions (C2-N2) along thec direction. In Table 11, At P=0.16 GPa(thick curve in Fig. 4, region)| most of
we compare the in the Mn-N and Fe-C bond distances in ththe reflections can be indexed in the face-centered cublg cell
metastable structure with those in the LT phase. In théHT phasg. We, however, observed several weak reflections
metastable phase(l) the average Mn-N distance (€.9. at9.0° and 9.6°), which can be indexed in the body-
[=1.901(17) A is shorter WhileaFeC (=2.250(23) A) is centered tetragonal settifgT phase. So, we analyzed the

. A powder pattern with HT-LT two-phase model. The mass frac-
longer, than that in the LT phase, af@l the Jahn-Teller type tion of the HT phase is 0.68. The reliability factdg,, and

R, for the HT phase are 5.20% and 7.72%, respectively.
Here, we note that the HT-to-LT structural transition of
RbMn Fe(CN)] shows large thermal hysteresi€220
K—300 K).!* So, the system at 300 K and at 0.16 GPa can be
present in the bistable region, and tends to become two-
phase state.

TABLE |. Atomic coordinates, equivalent displacement param-
eters U, and occupancyg for the metastable phase of
RbMn Fe(CN)] at 91 K. The space group B4n2 (Z=2). Lat-
tice constants ara=7.410 70(30) A and=10.54811(47) A.U
for Mn is fixed at the value of Fe, while those for C2, N1, N2 are
fixed at the value of C1U for Rb2 is fixed at the value of
RbL. Ry =[ZWi(yi—¥icad 7ZiWiy1"3 and Ri(=Zgllk caic

—Ig|/Zklk caid are 10.32% and 2.98%, respectively. TABLE Il. The Mn-N and Fe-C bond distances for the meta-
stable M:P4n2; Z=2) and low-temperaturé.T: 14m2; Z=2)

Atom site g X y z UA?) phases.

Fe 2a 1.01 0 0 0 0.009(5)

Mn 2b 1 0 N o 0.0097 Phase Mat 91 K A LT at 100 K A

Rbl 2 0.908 0 1/2 1/4 0.0579) Mn-N1 1.81819) 2.28317)

Rb2 2d 0.072 0 1/2 3/4 0.0579 Mn-N2 1.94316) 1.90132)

C1 de 1 0 0 0.2202) 0.006310) Mn-N (average 1.901(17) 2.03227)

Cc2 8i 1 0.1783) 0.2483) 0.0142) 0.0063 Fe-C1 2.2984) 1.85522)

N1 4e 1 0 0 0.3282) 0.0063 Fe-C2 2.22622) 1.97940)

N2 8i 1 0.2962) 0.33713) —0.016(2) 0.0063 Fe-C (average 2.25023) 1.93834)
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RbMn[Fe(CN);] at 300K A =0.4951 A | (2) ROMn[Fe(CN)] Jpp—
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FIG. 4. Pressure variation of the XRD pattefasossesat 300

K in the pressure-increasing run. Open triangles indicate 210 and FiG. 5. (a) Lattice constants antb) volume per chemical for-
212 reflections, which are forbidden idm2 symmetry. mula at 300 K against pressure. Gray, open, and filed symbols rep-
resent the high-temperatureFI?;m; Z=4), low-temperature
The powder patterns in region Il are analogous to that ofl4m2; Z=2), and metastableP4n2; Z=2) phases, respectively.
the LT phase. We, however, failed to reproduce the powdefhe P=0.33-GPa data were obtained after the pressure-increasing
pattern by Rietveld refinement with LT single-phase model;un.

in particular, we can not reproduce the intensity of the 202

reflection observed at 9.6%.Here, note that the 210 and 212 athE_tI_O'S atP=2.§|6 GPa. Thtl’s’ the .cro.ssove1r4pris§ueri for
reflections(indicated by open trianglgbserved in region € LT-to-metastable structural transition is at 1.4-1. aat

— K.
[l are due to P4n2 phase(metastable phage So, we 300

[ll. We list in Table Il mass fractions of the LT phase and
the metastable phase agaifstogether with reliability pa-
rametersR,, and R,. s of the metastable phase is nearly
constant(0.2—-0.3 below P=1.10 GPa. With further in-
crease oP beyond 1.43 GPa steeply increases and reaches

takes place at about 0.3 GPa in tReincreasing run. As
shown in the lower panel, the HT-to-LT phase transition ac-
companies about 10% reduction of volume. In the tetragonal
phase P=0.4 GPa), the lattice constants gradually decrease
in an anisotropic manner: initial pressure coefficieft (
<1 GPa) ofa (=—1/ada/dP=1.0%/GPa) is three times
TABLE lIl. Pressure variation of mass fractiorssof the LT |arger than that o€ (=0.3%/GPa). Reduction af becomes
phase and the metastable phase determined by LT-metastable tWgmeper wherP exceeds about 1.4—GPa, and eventually a

phasc_e Rietveld analysi®,, andR, for the r(_aspective phases are pseudocubic structureag/iwc; metastable phas@ppears
also listed. Thé®=0.33-GPa data were obtained after the pressurez: about 2 GPa

increasing run. We further investigated the pressure dependendg-afp

to ~1 GPa with use of a piston-cylinder type clamp cell.
The sample powders were sealed in the cylinder, about 3 mm
in length and 2.0 mm in diameter, which was filled with

PressuréGPa Rwp LT M
s R s R

0.41 4.29 0.77 5.20 0.23 556 Fluorinert (made by Sumitomo 3M as a pressure-
0.58 4.55 0.75 4.86 0.25 5.05 transmitting medium. The applied pressiavas calibrated

0.78 4.44 0.74 4.78 0.26 4.93 by the superconducting transition temperature of Pb ingot
1.10 4.42 0.70 5.03 0.30 505 Pplaced in the sample room. We found that increases lin-

1.43 4.14 0.59 5.29 0.41 6.06 early withP asT,=11.8+1.3P(GPa). The enhancell; is

1.76 4.54 0.44 576 056 598 ascribed to the shortened bond distances between the Mn site
226 4.03 0.19 4.76 0.81 554 and the Fe site, which enhance the exchange interactions.
;g: gzg 0.08 3.74 %92 2222 C. Photoinduced transformation into the metastable phase

0.33 4.11 0.72 5.89 0.28 5.93 In addition to pressure, a photoirradiation by a 532-nm

pulse laser also transforms the LT phase to the metastable
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(a) P=0GPa s

RbMn[Fe(CN)¢] at 91 K
A=0.8209 A

112LT

200LT

Slow-cooling

=1
Irradiated (b) P >2 GPa

Intensity (arb.units)
-

Quenched

12 13
20 (degree)

=1

FIG. 6. X-ray diffraction patterns at 91 K. Arrows indicate the 5=0
Bragg reflection due to the metastable phase. The “quenched” pat-
terns was obtained after rapid cooling of sample in a quartz capil- FIG. 8. Schematic picture for the free energy of the systefa)at
lary by cold N, gas, and “irradiated” patterns was obtained after P=0 GPa andbb) P=2 GPa. § means magnitude of the charge
irradiation by a visible pulse las¢i0 Hz, 10 mJ, 532 njnfor 10 transfer from the MA" site to the F&" site. A is the potential
min at 91 K. barrier between the=0 (metastable stateand §=1 (LT state

states. An upward arrow ita) represents the photoinduced process

phase. Figure 6 shows the x-ray powder patterns o¥ia the Franck-Condon state.
RbMn Fe(CN)] at 91 K after various thermal- and photo-
hystereses. “Quenched” pattertbottom) is obtained by phototransformed metastable ph@Bay. 7(a)] coincide with
rapid cooling of the powders by cold,Ngas: the intense those of the thermally quenched offéig. 7(b)] within ex-
reflection indicated by a downward arrow is due to the 112perimental error, suggesting that both the crystal structures
and 200 reflections of the tetragonal metastable phase. “Irraare the same. Consistent with the above argument, both the
diated” pattern(middle) is obtained by irradiation of sample metastable phases transform to the LT ground state at 120 K
powders by a visible pulse las&t0 Hz, 10 mJ, 532 ninfor  via the thermal activation procegsee the mass fraction in-
10 min at 91 K. One may observe a new reflectidown-  dicated by filled triangles
ward arrow, suggesting a photoinduced structural transfor-
mation. Actually, the irradiated powder pattern (£26
=<45°) is well reproduced by the Rietveld fitting with the
two tetragonal phases. A. Comparison of the photoinduced process

We show in Fig. 7 temperature dependence of lattice con- with the pressure-induced process
stantsa (circles and c (squarey and mass fractioitfilled
triangles of the two tetragonal phases afté) thermal-
guenching andb) photoirradiation. Lattice constants of the

IV. DISCUSSION

We schematically depict in Fig(& the free energy curve
at ambient pressureP(=0 GPa), where the horizontal axis
is the ligand coordinates is the charge transfer from the
Mn?* site to the F&" site: the 5=0 (6=1) state corre-

§ H(a) Quenched < b) trradiated sponds to the metastalleT ) phase. We expect a local mini-
st B o I REouoch o mum ats=0, since the state is stabilized by the movement
510‘5 80 510‘5 o of the ligand CN ions toward the Mn site. Magnitude of the
g | axd2 3 L axJ2 potential barrierA is of the order of 100 K, since the meta-
S10.0Loocoo000 © 1 ﬁg 10.0[ooc00000 © = (stabIeF_phzf\Yse relaxes to the ground stafephase at 120 K
(444 1 £ I 1 £ see Fig. 7.
[ ] é aa § The photoinduced process of the structural transition is as
X W VA Y L A vsrverti 'Y follows. The first process after the photoexcitation on the LT
00 138" 1= 100150 2002 phase =1) is the charge transfer from the#esite to the
Temperature (K) Temperature (K)

Mn®* site without ligand displacemenitFranck-Condon
FIG. 7. Temperature dependence of lattice constantsircles ~ State: see upward arrow in Fig.(e8]. Subsequently, the
and ¢ (squares and mass fractiorfilled triangles of the meta-  charge transfer triggers the ligand displacement toward the

stable phase afteig) thermal quenching antb) photoirradiation.  other local minimum at5=0 [broken curve of Fig. &)].
Open symbols represent the lattice constants of the LT phase. The §=0 state would become more stable under strong ex-

144106-5



Y. MORITOMO et al. PHYSICAL REVIEW B 68, 144106 (2003

citation, since the charge-transferred FéMn?" pairs form  moments of F&" and Mrf* are the same. In this system,
a cluster. This cluster may be analogous to the criticahowever, the Fe ions tend to take a lower spin configuration:
nucleus’* which governs the crystallization process. Onceactually, the valence state is HS Rin(d*; S=2)-LS Fé*
the clusters are created, the subsequent photoexcitatidd®; S=0) [HS Mr** (d°% S=5/2)-LS Fé* (d° S
would selectively excite the B&-Mn®" pairs around the =1/2)] in the HT(LT) phase.
cluster surface. Thus, the photoinduced structural transfor- Alternative spin structure may be an anisotropic one, re-
mation takes place. Here, we note that a similar photoinflecting the tetragonal symmetry of the metastable structure
duced process was reported also in the Na-Co-Fe-CNgee F|g. 3. Anisotropic structure is observed in several
systen?? perovskite-type doped manganitBs_,AMnO; (R and A

The above-mentioned photoinduced process is qualitsd® rare-earth and alkaline-earth metals, respechivelth
tively different from the pressure-induced process, in which® PSeudocubic lattice structure. For example, a sheet-type
the free-energy curve itself is deformed to stabilize the antlferromagnetlgs spin  structure is  observed in
=0 statesee Fig. &)]. As a result, the system continuously Ndo.4s50.53VIn03,” whereas a rod-type anglgerromagnenc
changes from theé=1 state to thes=0 state, as pressure SPIN structure is observed in pgkSro ¢MnO;.~ These an-
increases. Looking at Fig(15), one may notice that the cell |sotrop|§:_sp|n structures he_lve been ascribed to the subtle
volume (=245 A% at 2.95 GPa is smaller than that competition betwgen théantlferromage.ntmsup.erexchange
(~250 A: extrapolation of the cell volume of the LT phase and (ferromagnetit double-exchand® interactions. Espe-

to 2.95 GPaof the virtual LT phase §=1). This indicates C/@ly, in doped manganites, the ordering of the Mdeg

that thes=0 state becomes more stable than #ivel state orbital causes the anisotropic transfer integral ofehelec-
under pressure. trons, which mediate the double-exchange interaction be-

tween the local,y spins:d,2_,2 (d3,2_,2) orbital-ordering

caused the sheet-typérod-type antiferromagnetic spin

structure. A similar scenario is applicable to the present sys-
We have tried to get information on magnetic propertiestem, because there existg-orbital degree of freedom in the

of RoMn Fe(CN)] in the metastable phase. First, we tired LS Fe* (d®).

to determine the magnetic properties of the metastable phase

by a superconducting quantum interference device magneto- V. SUMMARY

meter with rapid quenching down to 4 K. The obtained state,

however, contains considerable amount of the ferromagnetic In summary, we have determined the metastable structure

LT phase, which prevents us from investigating the magnetief RbMn Fe(CN)], which can be created by thermal

properties of the matestable phase. We further tried, bujuenching, photoirradiation, and application of pressure, by

failed, to determine the magnetic structure ofmeans of high-angle resolved XRD at SPring-8. The meta-

RbMnFe(CN)] in the metastable phase by means of thesiaple state belongs to the tetragonal space gr&#m2;

neutron-diffraction experiments. Quite recently, Tokorozzz), which is different from those of the high-temperature
et al?® have found that Rb vacancy significantly stabilizes hase E43m: Z=4) and the low-temperature phase
the thermally quenched metastable structure, and have invedl? ' P P

tigated temperature variation of the magnetic susceptibilitk!4m2; Z=2). We argued on the difference between the

of RbyMn; dFe(CN);]2H,0 in the metastable phase. Photoinduced and pressure-induced processes, and possible

They found a kinklike structure at 13 K<(T,), which sug-  ©rigin for the photoinduced demagnetization.

gests a antiferromagnetic spin orderingTaf. We believe

that RbMr Fe(CN)] in the metastable phase also shows the ACKNOWLEDGMENTS
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