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The ability of certain molecules and molecule-based materials 2 ¢ —— 270
to change the nature of their electronic ground state under the ol R enea | 60| P goMPa PgOMPa P g0 MPa
presence of an external perturbation is well-known. This leads to g, | S Plsames | @5 P‘:;%;AP;\ a2
functional materials in which a physical property (absorption of 5 % © o 1200MPa "g 0! O e
light, magnetic moment, electrical conductivity, etc.) can be tuned 5 %[ ™ = IEEL PestonPe & aterizeay
through the application of an external stimulus. Examples of §2°’ 1 =20 Pm%m
materials that undergo abrupt changes in magnetic moment under 1o S\ 10} after 21 days
thermal treatment, light irradiation, or mechanical compression are o ol

abundant in the literature on spin crossover compodridsss T(K) Cycle number

common is the observation of this behavior in magnetically ordered Figure 1. (a) Thermal dependence of the magnetizatioh @fpplied field
molecule-based materials. In this context, photoinduced and pres-= 0.1 T) at different pressures. (b) Reversibility plot: magnetization changes
sure-induced switching of bulk magnetization have been observednduced upon alternating pressure application 4nd release®).

in a cobalt-iron cyanideZ=> Also, electrochemical tuning of the 1 crystallizes in the cubiEm3m space group, and its structural
magnetic phase transition has been reported in a chromium cyanidqeatures are typical of a Prussian blue analoguee?* and CP*
thin film.® The three phenomena bear some features in COMMON: ¢ations sit, respectively, at the (0, 0, 0) and (1/2, 1/2, 1/2) special

the materials under study are all Prussian blue analogues, afam”ypositions of a face-centered cubic unit cell of 10.6720(2) A

of compounds that can combine higg-molecule-based magne-  narameter. Cyanide ligands bridge the metal ions in a linear

i 7'8 i i I i .. . . . . .
tism . with very rich electrophemlcal behavidindeed, the key . arrangement, giving rise to a three-dimensional perovskite-like
step in all these processes is always an electron-transfer reaCt'onstructure. Within this picture, the occupancy of the [Cr(gR)
Surprisingly, the possibility of tuning the magnetizatipn via fragment should be less than unity in order to account for the
structural rearrangements has not yet been explored despite the fagt .. stoichiometric ratio. The formula can be represented as

that cyanide is a nonsymmetric ligand and linkage isomerization Ko.dFes[Cr(CN)el». 401 » 16H,0, wherel represents the number of
can be operative in these_systems_, as evidenced by Miller et al [Cr(CN)g]®~ vacancies in the system. Water occupies these vacant
an iron—-manganese cyanidéAlso, iron(ll) hexacyanochromate- positions, and the mean Fecoordination sphere is NO1 g The

(Ill) Fej[Cr(CN)g] transforms on heatig **into the more stable  £o_jigand bond distances are characteristic of a high-spin (HS)
chromium(ll) hexacyanoferrate(ll) GJFe(CN)]s. This reaction is Fe* center, with FeN = 2.077(15) A. Zeolitic water mole-
nonreversible and can be also electrochemically induced in thin cules and potassium ions fill the cavities, the latter ensuring

N . g . _
films.14 We now report on the reversible pressure-induced linkage electroneutrality.

isomerization and magnetic properties of single crystals of The magnetic behavior of polycrystalline sample af ambient
Ko4Fe[Cr(CN)el2516H0 (1). pressure is similar to that previously observed in powdered samples

T Universitat de Valacia. and thin films!® 1 is a soft ferromagnet with critical temperature
gLTJQI"’Aem'ngi \gggutense de Madrid. Te = 19 K and coercive field (at 2 KH. = 0.06 T. Upon
(1) Gitlich, P.; Hauser, A.; Spiering, HAngew. Chem., Int. Ed. Engl994 application of external pressurg)(in the 0-1200 MPa range, the
33, 2024-2054. izati [ initiat turation at
(2) Sato, O.; lyoda, T.; Fujishima, A.; Hashimoto, 8ciencel996 272, 704~ magnetization decrea.ses conS|derany and . ates saturation a
705. lower temperatures (Figure 1a). At 1200 MHa,is 13 K and the
®) ggtgh(%:_ ngga, Y.; Fujishima, A.; Hashimoto, iKorg. Chem.1999 saturation value of the magnetization (30 emuThé&lG) is halved
(4) Bleuzen, A.; Lomenech, C.; Escax, V.; Villain, F.; Varret, F.; Cartier, C.: compared to that at ambient pressure. The phenomenon is revers-
5 \éerdag%uetr, Ma\J/. A{n. Cr?enll. S%QOgQ;ZZ 62{%3?55-. 8l A ible: releasing the pressure results in a thermal dependence of the
®) Eoond ?-O\yérdégu%\;,c N‘g‘h}?s"_ Re. B o003 68 024415, o P magnetization that matches that of the original sample (Figure 1b).
(6) glato, 0.; lyoda, T.; Fujishima, A.; Hashimoto, 8ciencel 996 271, 49— An additional and irreversible decrease of the magnetization and
(@) Fe.rlay, S.; Mallah, T.; OuakeR.; Veillet, P.; Verdaguer, MNature1995 Orde”ng temperatureTe =38 K) is observed after pmlonge_d )
© 378\I 701-703. | treatment (21 days) at 1200 MPa. Pressure-dependent magnetization
8) Entley, W. R.; Girolami, G. SSciencel995 268 397—-400. . . .
(9) Itaya, K. Uchida, I.; Neff, V. DAcc. Chem. Red.986 19, 162-168. hystereS|s loops are also ob.ser\./ed. App|lcatI.0I’l of pressure results
(10) Buschmann, W. E.; Ensling, J.;"@ch, P.; Miller, J. S.Chem. Eur. J. in a decrease of the magnetization at saturation from a value of 18
1999 5, 3019-3028. ;
(11) House. J. E.- Bailar, J. @org. Chem 1969 8, 672-673. ug at ambient pressure to 14} observed at 1200 MPa.
(12) Basset Brown, D.; Shriver, D. F.; Schwartz, L.IHorg. Chem.1968 7,
77—83. (15) Ludi, A.; Gidel, H. U. Struct. Bonding (Berlin973 14, 1-21.
(13) Reguera, E.; Bertra J. F.; NUez, L. Polyhedron1994 13, 1619-1624. (16) Ohkoshi, S.; Einaga, Y.; Fujishima, A.; Hashimoto JKElectroanal. Chem.
(14) Dostal, A.; Schirder, U.; Scholz, FInorg. Chem.1995 34, 1711-1717. 1999 473 245-249.
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L B Scheme 1. Pressure-Induced Control of the Exchange Coupling
in1

0 MPa

spin iron(ll) centers. With pressure increase, the relative abundance
of this signal increases. Measuremerit§ & andP = 2000 MPa
show that the high-spin components are magnetically ordered as
manifested by the complex hyperfine splitting. This phenomenon
— : : : : is not observed for the new signal, providing clear evidence for a
1900 2000 2100 2200 2300 2400 pressure-induced magnetic transition. Finally, at 2500 MPa, the
Wavenumbers (cm™) splitting disappears, suggestingla < 6 K. These data point to a
Figure 2. Raman spectra showing the evolution of the pressure-induced pressure-driven P& spin crossover. The combined Raman and
linkage isomerization of the cyanide ligandlinintensities are normalized Mdéssbauer analyses show that this spin change is not intrinsic but
with respect to the high-frequency band. subsequent to a pressure-induced linkage isomerization of the

) ) ) ) cyanide-metal bond from an initial state r-C=N—-F€' to
The magnetic properties point to the existence of a pressure- o _N=c—Fd!.

induced partial structural transformation that is accompanied by a ¢ g result, the electronic configuration of the iron(ll) cations
decrease of the magnetic moment. In principle, three transformationschanges from high-spin (HS = 2) to low-spin (LS,S= 0) upon

M

= 74% ] T +AP
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can be envisaged: (A) spin crossover of théFaations,Cr(lll) - mechanical compression (Scheme 1). The appearance of dia-
(;EN—F_e(II)HS_—> _Cr(lll) —CEN—Fe(II)Ls;_ (B) metal-cyanide magnetic F& centers results in a decrease of the magnetic moment
linkage isomerization (and subsequent spin change &f)Fer- and interrupts the connectivity of the magnetic lattice, leading to
(1) —C=N—Fe(ll)ys— Cr(lll) —N=C—Fe(ll).s; and (C) electron lower ordering temperatures.

transfer, Cr(lll) —C=N—Fe(ll)us — Cr(ll) —C=N—Fe(lll) us. It is interesting to compare the reversible piezomagnetic process

Cyanide stretching vibrations are very dependent on the oxidation it the previously reported thermally induced linkage isomeriza-
state of the bonded metal ions and they can pe used here as alocg|yn reaction FgCr(CN), — CrFe(CN)Js. The latter is ac-
probe. Process A, with no change in oxidation states, should be companied by a severe contraction of the cell parameter from 10.65
accompanied by a small frequency shift(6 cn™) to higher to 10.05 A. This contraction is clearly the driving force of the
values:Instead, for processes B and C, a significant shift (609m  niezomagnetic process: application of pressure results in stabiliza-
to lower frequencies (decreasedrbonding) should be observed.  {jon of the most compact structure and leads to isomerization.
The Raman spectrum dfat ambient pressure (Figure 2) shows an This chromium-iron compound joins a selected group of
intense band at 2164 crhthat can be ascribed to cyanide stretching bimetallic cyanides in which magnetic ordering can be tuned by

vibration in the C#—C=N—Fe! configuration. A small peak at gy emal stimuli. In the previously reported examples, the material
2108 cnt* indicates the presence of M-N=C—M" defects. On  nqergoes electron transfer when the external perturbation is
pressure treatment, the intensity of this band increases and a,njied. In the present case, pressure induces a more drastic but
concomitant decrease of the high-frequency band is observed. Theeyersible structural transformation in the s@fdt the local level,
process is completely reversible. According to the relative Raman e rotational movement of the cyanide anions can be considered
intensities, at around 1300 MPa botH'GrC=N—Fe! (initial) and 54 3 molecular switch of the magnetic interaction between nearest
MU —=N=C—M" (final) configurations are present in the solid in  hejghhors. The old family of Prussian blue still deserves attention

approximately equal amounts. The Raman study excludes angnq will probably afford more fascinating examples of structurally
“intrinsic” spin crossover (A), but reactions B and C are equally yriven switching magnets such as

possible. However, the significant decrease in magnetiZétanm

ordering temperatures clearly indicates a pressure-induced linkage Acknowledgment. We thank J. M. Marnez-Agudo for the
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small A and isomer shift values, indicating the presence of low-
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(17) Molna, G.; Niel, V.; Gaspar, A. B.; Real, J. A.; Zwick, A.; Bousseksou,
A.; McGarvey, J. JJ. Phys. Chem. BR002 106, 9701-9707. (19) Reversibility is possible because the Fe:Cr stoichiometry does not change
(18) Assuming a contribution of 4g per Fe(ll) center, the @g decrease in along the process. In the thermally induced reaction, however, the excess
magnetization suggests the presence of two (50%)) Eaions per formula iron is released as ferric oxyhydroxide; see ref 13.
in their low-spin configuration (Supporting Information). (20) Electron transfer might be involved in the mechanism of isomerisation.
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