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The hydrothermal reaction of Ks[Fe(CN)e], CuCl,, and 2,2'-bipyridine (bipy) resulted in the formation of a 2D cyanide-
bridged heterobimetallic Fe(Il)=Cu(l) complex, [Fe(bipy)2(CN)sCu,], 1. Working in the same conditions, but using
2,2'-bipyrimidine (bpym) instead of bipy and methanol as solvent, we obtained the homometallic Cu(l) complex
[Cu,(CN),(bpym)]2, 2. The structure of 1 consists of cyanide-bridged Fe(ll)-Cu(l) layers, constructed from alternately
fused 6 (Fe,Cus) and 10 (Fe,Cus) metal-membered centrosymmetric rings, in which copper(l) and iron(ll) ions
exhibit distorted trigonal planar and octahedral cooordination environments, respectively. The formation of 1 can be
explained by assuming that, under high pressure and temperature, iron(lll) and copper(ll) ions are reduced with
the simultaneous and/or subsequent substitution of four cyanide ligands by two bipy molecules in the ferricyanide
anions. It is interesting to note that 1 is the first cyanide-bridged heterobimetallic complex prepared by solvothermal
methods. The structure of 2 consists of neutral 2D honeycomb layers constructed from fused Cug(CN)4(bpym),
rings, in which copper(l) atoms exhibit distorted tetrahedral geometry. The isolation of 1 and 2, by using
Ks[Fe(CN)e] as starting material, demonstrates that hydrothermal chemistry can be used not only to prepare
homometallic materials but also to prepare cyanide-bridged bimetallic materials. The temperature dependence of
xmT and Mésshauer measurements for 1 reveal the existence of a high spin <= low spin equilibrium involving the
Fe(ll) ions.

Introduction and transition metal complex building blocks, have been
§hown to exhibit fascinating structures and interesting
magnetic, electrochemical, magnetooptical, and zeolitic
propertiess While a majority of synthetic procedures of these

In the past few years, there has been considerable interes
in the design and elaboration of multidimensional polyme-

tallic coordination polymer$.This is not only due to their . . . . .
systems still follow conventional solution routes, increasing

potential applications in electrical conductivity, molecule- ) .
based magnets, molecular absorption, ion-exchange heterontérest has been paid to the less conventional solvothermal

geneous catalysis, etc., but also because of their intriguing (1y robson, R.; Abraham, B. F.: Batten, S. R.; Gable, R. W.; Hoskins, B.
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techniques. In fact, Zubieta’s group has recently reported aTable 1. Crystallographic Data and Structural Refinement Details for
great variety of homometallic cyanide-bridged copper(l) C°ompounds

extended systems, which were constructed through hydro-

thermal techniques by using CuCN and aromatic imine
ligands as starting materizff8 The topological characteristics
of these systems strongly depend on the nature of both metal
and organic ligands. In this paper, we report that, under
hydrothermal conditions, reaction oflke(CN)], CuClk, and
2,2-bipyridine (bipy) results in the formation of a 2D
cyanide-bridged bimetallic Fe(H)Cu(l) complex, [Fe(bipy}
(CN)4sCuy), 1. As far as we know, this compound is the first
cyanide-bridged bimetallic complex prepared by solvother-
mal techniques. It is of interest that working in the same
conditions, but using bpym (2;Bipyrimidine) instead of
bipy and methanol as solvent, the homometallic Cu(l)
compound [Ce(CN),(bpym)], 2, was obtained.

Experimental Section

Preparation of the Complexes. [Fe(bipy)(CN),Cu;], 1. A
mixture of CuC} (0.172 g, 1.28 mmol), 2;zbipyridine (0.199 g,
1.28 mmol), k[Fe(CN)] (0.42 g, 1.28 mmol), and water (8 mL)

1 2
empirical formula GaH16ClFeNs C10HsCWNg
fw 599.38 337.29
cryst syst orthorhombic monoclinic
space group Pbca 21/c
a(h) 17.076(3) 8.6661(5)
b (A) 18.007(3) 8.7732(6)
c(A) 15.895(3) 8.8312(7)
S (deg) 90 114.924(3)
V (A3) 4887.5(15) 608.90(7)
z 8 2
T(K) 193(2) 173(2)

2 A) 0.71069 0.71073
o (gcmd) 1.629 1.840

u (mm™Y) 2.339 3.480
GOF 1.040 1.114
R22[l > 20(1)] 0.0540 0.0499
WR2 [I > 205(1)] 0.1193 0.0996

AR1= 3 ||Fo| — |Fcll/3|Fol. PWR2={ 3 [W(Fs? — FA?/ 3 [W(FH)?]} V2

bipyridine. Anal. Calcd for gH1gNgFeCy: C, 48.09; H, 2.69; N,
18.69. Found: C, 47.86; H, 2.87; N, 18.63. A Fe/Cu ratio of 0.51
was determined by SEM (scanning electron microscopy).

was added to a Teflon-lined stainless steal Parr acid digestion vessel [Cu(CN)x(bpym)], 2. Hydrothermal treatment of Cug(0.043

and heated at 170C for 3 days under autogenous pressure. After
slow cooling to room temperature, dark red crystalslofvere
recovered as a pure phase. The yield was 45% based 6n 2,2

(2) Yaghi, O. M; Li, G.; Li, H.Nature1995 378 703. Yaghi, O. M.; Li,
H.; Groy, T. L.J. Am. Chem. Sod996 118 9096. Yaghi, O. M.; Li,
H. J. Am. Chem. S0d995 117, 10401. Yaghi, O. M.; Li, HJ. Am.
Chem. Socl996 118 295. Li, H.; Eddaoudi, M.; O’Keefe, M.; Yaghi,
O. M. Nature1999 402, 276. Kondo, M.; Okubo, T.; Asami, A.; Noro,
S.; Yoshimoto, T.; Kitagawa, S.; Ishii, T.; Matsuzaka, H.; Seki, K.
Angew. Chem., Int. Ed1999 38, 140. Fujita, M.; Kwon, Y. J,;
Washizu, S.; Ogura, KI. Am. Chem. Sod 994 116, 1151. Kondo,
M.; Yoshimoti, T.; Seki, K.; Matsuzaka, H.; Kitagawa, 8ngew.
Chem., Int. Ed. Engll997, 36, 1725. Noro, S.; Kitagawa, S.; Kondo,
M.; Seki, K. Angew. Chem., Int. EQ00Q 39, 2082.Magnetism: A
Supramolecular FunctignKahn, O., Ed.; NATO ASI Series C484;
Kluwer Academic Publishers: Dordrecht, The Netherlands, 1996.
Molecular Magnetism: From the Molecular Assemblies to thei@ees
Coronado, E., DelhHae P., Gatteschi, G., Miller, J. S., Eds.; NATO
ASI| Series E321; Kluwer Academic Publishers: Dordrecht, The
Netherlands, 1996; pp 43 and 179. Coronado, E.; G#ascafs, J.
R.; Ganez-Garaa, C. J.; Laukhin, VNature 200Q 408 447.

(3) Dunbar, K. R.; Heintz, R. AProg. Inorg. Chem 1997, 45, 283.
Verdaguer, M.Sciencel996 272 698. Entley, W.; Girolami, G. S.
Sciencel995 268 397. Ferlay, S.; Mallah, T.; Ouahes, R.; Veillet,
P.; Verdaguer, MNature 1995 378 701. Verdaguer, M.; Bleuzen,
A.; Marvaud, V.; Vaissermann, J.; Seuleiman, M.; Desplanches, C.;
Scuiller, A.; Train, C.; Garde, R.; Gelly, G.; Lomenech, C.; Rosenman,
I.; Veillet, P.; Cartier, C.; Villain, FCoord. Chem. Re 1999 190
1023. Fehlhammer, W. P.; Fritz, lthem. Re. 1993 93, 1243. Ohba,
M.; Okawa, K.Coord. Chem. Re 2000 198 313. Marvilliers, A,;
Parsons, S.; Rivie, E.; Audiee, J. P.; Kurmoo, M.; Mallah, TEur.

J. Inorg. Chem?2001, 1287 and references therein. Parker, R. J.; Lu,
K. D.; Batten, S. R.; Moubaraki, B.; Murray, K. S.; Spiccia, L.;
Cashion, J. D.; Rae, A. D.; Willis, AJ. Chem. Soc., Dalton Trans
2002 3723 and references thereirel@, J.; Orendg, M.; Potoadiak,

I.; Chomig J.; Orendéova A.; Skorepa, J.; Feher, ACoord. Chem.
Rev. 2002 224, 51 and references therein. Kou, H.-Z.; Zhou, B. C;
Liao, D.-Z.; Wang, R.-J.; Li, Y.lnorg. Chem 2002 41, 25 and
references therein. Lescouzec, R.; Lloret, F.; Julve, M.; Vaisserman,
J.; Verdaguer, M.; Llusar, R.; Uriel, $norg. Chem2001, 40, 2065

and references therein. Figuerola, A.; Diaz, C.; El Fallah, M. S.; Ribas,
J.; Maestro, M.; Mahia, Chem. Commur001, 1204.

(4) Chesnut, D. J.; Plewak, D.; Zubieta,JJ.Chem. Soc., Dalton Trans.
2001, 2567.

(5) Chesnut, D. J.; Kusnetzow, A.; Birge, R.; ZubietaJ JChem. Soc.,
Dalton Trans.2001, 2581. Chesnut, D. J.; Kusnetzow, A.; Birge, R.;
Zubieta, JInorg. Chem1999 38, 5484. Chesnut, D. J.; Kusnetzow,
A.; Zubieta, JJ. Chem. Soc., Dalton Tran$998 4081. Chesnut, D.

J.; Zubieta, JChem. Commuri998 1707.
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g, 0.032 mmol), bipyrimidine (0.05, 0.32 mmol),ske(CN)]
(0.105 g, 0.32 mmol), and methanol (8 mL) over 4 days at°I80
gave, after slow cooling to room temperature, a brown powder and
dark-red crystals o2. The yield was 25% based on bipyrimidine.
Anal. Calcd for GgHgNgCu: C, 35.61; H,1.79; N, 24.92. Found:

C, 35.22; H, 1.71; N, 24.48. It should be noted that when the same
conditions as those employed fbrvere used, no crystals formed.

Physical Measurements Elemental analyses were carried out
at the Instrumentation Scientific Center of the University of Granada
on a Fisons-Carlo Erba analyzer model EA 1108. IR spectra were
recorded on a MIDAC progress-IR spectrometer using KBr pellets.
Magnetization and variable-temperature (13D0 K) magnetic
susceptibility measurements on polycrystalline samples were carried
out with a Quantum Design SQUID operating at different magnetic
fields. Experimental susceptibilities were corrected for diamagne-
tism and the magnetization of the sample holder.

X-ray Structure Determinations. Single-crystal data collection
for 1 was performed at-80 °C on a Rigaku AFC7S diffractometer
using graphite monochromatized Maokradiation and thev/26
scan mode (@max = 50.5’), while a crystal of2 was measured on
a Enraf Nonius KappaCCD diffactometer atL00 °C (20iax =
54.9). Totals of 4415 and 1365 unique reflections were collected
for 1 and 2, respectively. The structures were solved by direct
methods and refined oR? by the SHELXL97 prograrf.For 1,
careful refinements indicated that all cyanide groups are ordered.
For 2, the bridging cyanide group is disordered with respect to the
C and N termini, and refinement resulted in major occupancy of
0.781(12) for the C&+N1a connectivity and minor occupancy of
0.219(12) for the Ct+C1b connectivity. The disordered CN atom
positions of2 are labeled in Table 3 and Figure 3 with X1 and X2.
For both compounds, non-hydrogen atoms were refined with
anisotropic displacement parameters, and the hydrogen atoms were
treated as riding atoms using the SHELX97 default parameters.

The crystal data and details of refinement for the compounds
are summarized in Table 1. Bond lengths and angles for the
compounds are gathered in Tables 2 and 3.

(6) Sheldrick, G. M.SHELX97 University of Gdtingen: Gitingen,
Germany, 1997.



Cu and Fe Cyanide-Bridged Complexes

Table 2. Selected Bond Lengths (A) and Angles (deg) for It should be pointed out that, as far as we know, no
Fe-C1 1.892(6) CUEN4#2 1.919(5) cyanide-bridged bimetallic complexes have been prepared
Fe-C2 1.895(6) CuzN2 1.944(5) by the solvothermal technique. In view of this and the great
E?;Nfe i‘.ggg((i% 8‘;;—222 iigg% versatility of hydrothermal methods with regard to the almost
Fe-N17 1.97954; N+C1 1.158%7; limitless set of construction components that can be used,
Fe—N28 1.994(4 N2-C2 1.156(7 ; oo ; ;
Cul_N1 1.950(5) N3-C3 1128(7) we deuded to e>.<plore the possmlllty of preparing cyan_|de-
Cul-C3#1 1.875(5) N4C4 1.150(7) bridged bimetallic assemblies from cyanometalate anions,

Co—Fe N16 17383(19) N3C3-Cul#l  1715(5) metal cat!ons, gnd aromatic nltrogen-conta!nlng Ilgandg, thgse
N5—Fe—N16 80.95(17) C4N4—Cul#3 176.9(6) latter acting either as structure propagating or passivating
(’é‘i:gs:“g i;g'igﬁgg (’;‘i’ge“:gzlﬁ 155’5((25)) agents about a metal site. Thus, hydrothermal reaction of
N17—Fe—N28 80:90(18) C1Ee-N5 88..9(2) CuClb, blpy, and P@[Fe(CN)g] in water, USing a 1:1:1 molar
ggﬁ—g%—m iggg% gzz::ze_“% gg-gﬁ(?é)w) ratio, leads to the formation of the iron(gopper(l)
—Cul— . e— . ; i
Ca#1 Cul-Na#2  131.3(2) CoFe N17 88.1(2) heter_ometalhc_ _compognd [Fe(bipf&TN),Cu;], 1. Under Fhe
C4—Cu2-N2 131.9(2) C2Fe—N28 88.3(2) reaction conditions, high pressure and temperature, iron(lll)
N2—Cu2-N3 102.33(19)  N5-Fe—N28 97.57(18) ; ; ;
i 124502) Ao 80.90(18) and cgpper(ll) ions are reduced to iron(ll) and gopper(l) with
C1-N1-Cul 161.5(5) CtFe-N16 88.5(2) the simultaneous and/or subsequent substitution in the
N1-Cl-Fe 175.2(5) N17Fe-N16 97.93(18) i i i ide i i
o NP 1496(2) N28FoN1e 9130(18) ferricyanide anions (_)f four cyanlc_ie Ilg_an_ds by two bipy
N2—C2—Fe 175.7(5) molecules. Free cyanide from the dissociation of [Fe¢N)
C3-N3—-Cu2 164.0(5) probably functions as the main reducing agent yielding
a Symmetry transformations used to generate equivalent atoms=x¢1, ~ cyanogen (CN)as oxidation product.
TLoy+ Lz L#2, X oy + o, Z#3, X+ Moy — Mo, 2 When, in the same hydrothermal conditions, bpym is used
Table 3. Selected Bond Lengths (A) and Angles (deg) 2 instead of bipy, no crystals formgd. H_owever, the use of
e L 8995(16 methanol and a prolonged reaction time resulted in the
cﬂ—x1 1_'9321((14)) formation of crystals of [CH{CN)(bpym)] (2) instead of the
gu—mg#z 221127?62((112)) expected bimetallic complex. It should be noted that the use
u— . . 3— . .
X1—X2 1.152(2) of KCN m;tead of [Fe(CNJ*™ as source of cyanide anions
did not yield 2 but the complex [CxCN)x(bpym)]-H.O.
amo cu ﬁggi((gg X-ray powder diffraction studies have revealed that the
X2#1—Cu—N6#2 119.24(6) structure of this compound is different from that2fThis
m:gﬂ:mgig g;ggg result seems to indicate that the Fe(g&) anion plays a
X2—N1A-Cu 171.02(17) role in the formation of2. The IR spectrum ofL exhibits
X1-X2-Cu#3 173.44(16) v(CN) stretching bands at 2085, 2100, and 2121 tm
a Symmetry transformations used to generate equivalent atoms=x¢1, ~ Pointing out the existence of different types of cyanide
+1,y+ Y —z+ % #2, =%, —y, —z+ L #3,~x+ 1L,y — Mo, =2+ 3. bridges in the structure. The IR spectrunphowever, only
Results and Discussion exhibits onev(CN) stretching band at 2120 ¢y which

It is well-known that hydrothermal methods allow the adrees well with the presence of only one type of cyanide
preparation of a rich variety of systems exhibiting intriguing Pridge between copper(l) atoms.
architectures and new topologie®wing to the complexity X-ray Structures. The asymmetric unit of the structure
of the solvothermal reactions, in principle, the control and Of 1 together with the atomic labeling scheme is given in
prediction of Crysta| structures would not be possib|e_ Figure 1. The structure consists of 2D |ayerS, parallel to the
Nevertheless, it is clear from empirical observations that the @b plane, constructed from alternately fused 6 and 10 metal-
architecture of the final product directly depends on the subtle Membered centrosymmetric rings, in which metal centers are
interplay of the characteristics of metal ion (oxidation state, bridged by cyanide groups. The 6-metal rings »(Fe)
coordination preferences, p|asticity of the coordination exhibit a chair conformation and are defined by the sequence
sphere, available coordination positions, redox capability, (F€'=Cu—Cu—Fe'—Cu—Cu). Four adjacent rings of such
etc.) and ligand (type and number of donor groups, bridging kind form a larger 10 metal-membered ring {€&g) defined
capability, connectivity, steric constraints, etc.), as well as by the sequencé(Cu),—Fe'-(Cu)s—F€'}. Each 10-metal
on the reaction conditions (temperature, heating time, solvent,"ng shares 4 edges with 4 adjacent perpendicularly aligned
etc.). For instance, the hydrothermal chemistry of CuUCN with 10-metal rings and 6 edges with 4 neighboring 6-metal rings,
aromatic diimine ligands has been exploited to prepare aand each 6-metal ring shares all edges with 4 10-metal rings
variety of homometallic 1D to 3D cyanide-bridged copper- to form a unique 2D topology (Figure 2).
() materials, for which subtle changes in some of the already A similar 2D anionic structure has been recently reported
mentioned factors often result in the formation of quite for [Ni(phenkV4O14].2 Although this compound containgV
different structure4> and Vi, rings constructed from oxygen sharing Y€tra-
hedra, the orientation of these rings in the sheets is the same

(7) Chesnut, D. J.; Hagrman, D.; Zapf, P. J.; Hammond, R. P.; LaDuca,
R.; Haushalter, R. C.; Zubieta, Goord. Chem. Re 1999 190, 757
and references therein. Lu, J. Y.; Cabrera, B. R.; Wang, R.-J.; Li, J. (8) Liu, C.-M.; Hou, Y.-L.; Zhang, J.; Gao, 3norg. Chem.2002 41,
Inorg. Chem.1999 38, 4608 and references therein. 140.
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Figure 2. View down theb axis of a layer ofl (top) and the stacking of
two-dimensional sheets ifh (bottom, bipyridine atoms are omitted for

clarity).

bimetallic complexes, prepared from the [Fe(by0&N)]
building block? For instance, in the molecular squares,fFe
Clp(u-CN)a(bipy)s](PFs)a-2H,0-4CHCL* and [FeCox(u-
CN)4(bipy)s](PFs)s: 2CHCL-4CH;NO,,%° both containing low
spin [Fe(bipy}(CN),] units like those ofl, the Fe-C and
C—N distances involving the cyanide groups were found in
the ranges 1.878(A)1.893(7) and 1.151(8)1.161(8) A,
respectively. These distances, as it can be observed in Table
2, are very close to those found far Chiral F¢ atoms,

” which are related by centers of symmetry located at the
F]Eglure 1. Perspective views of the asymmetric unit and network structure barycenter of the 6- and 10-membered rings, display opposite
o absolute configuration, and then, the crystal as a whole is
as forl. As expected, the R€us rings are larger than the  racemic. There are two crystallographically independent Cu
FeCu, rings, with approximate dimensions of 269.5 A? atoms in the structure, Cul and Cu2. Both sites assume a
and 10.5x 6 A2, respectively. Within these rings, Fatoms,  distorted trigonal-planar geometry through coordination to
which exhibit a distorted octahedral environment, are coor- three cyanide groups, two bridging Gatoms and the third
dinated by four nitrogen atoms from two bidentate bipyridine one bridging F& and Cu atoms. It should be noted that,
ligands and two carbon atoms from two cyanide groups, theseaccording to calculations, none of the cyanide groups are
latter adopting ais orientation and bridging each 'Fatom disordered. The FeCul, Fe--Cu2, and Cu#-Cu2 distances
to two Cu atoms. Although these cyanide bridges can adopt gcross cyanide bridges are 4.916, 4.803, and 4.920 A,
two orientations, FeCN—Cu and Fe-NC—Cu, a compari-  respectively. A view down the axis shows that Fe(bipy)
son of the C- and N-atom thermal parameters and overall ynits are oriented in pairs above and below the mean plane
residual factors in structural refinements performed on both of the sheet, giving rise to a sinuosidal wave motif (Figure
orientations clearly points to the F€N—Cu connectivity ~ 2). The space filling is achieved by appropriate stacking of
in the compound. Additional supporting evidence of the-Fe  |ayers, interdigitating bipy ligands in such a fashion as to
CN—Cu orientation includes short F€ distances and Fe align the bipy groups above and below one sheet with the
C—N angles closer to linearity than €IN—C angles as a
consequence of the more covalent interaction with the Fe (9) (a) Oshio, H.; Onodera, H.; Tamada, O.; Mizutani, H.; Hikichi, T.;
centers. Bond distances and angles arourdafems are g(?{ogégf]ﬁﬁ?'|t§%ﬂfgﬂg,?;Zﬁ’ezﬁi-éﬂ)bgif]gbr';f’cﬁﬂafgaégo"
comparable with those found for other cyanide-bridged 38, 5686.
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Figure 3. Asymmetric unit of2 (top). Atoms from the disordered CN
bridging groups are labeled as X. A view parallel to the plan2 (@hiddle).

The stacking of networks il (bottom). Figure 4. Thermal variation ofgmT and Méssbauer spectra fdr.

cavities in neighboring networks (Figure 2). This ultimately 4_'948 A, respectively, whereas GtCu distances across the
ring range from 9.437 to 11.433 A. The plane of the bpym

leads to an ABAB repeat pattern of layers, with a distance |

between mean-square planes through the atoms of the layer’S ¢@nted at 73with respect to the layer plane. The bpym
A and B of 7.94 A. bridging ligands bonded to adjacent Cu atoms of the chain

. . ' are tilted in opposite directions with respect to the normal
Itis noteworthy thatlis the first example of a 2D layered to the network. The stacking of layers is in such a way that

cyano-bridged complex constructed of 6,10-net sheets and . s the sterically d dina b ; act
also the first example of a cyano-bridged bimetallic complex orients the sterically demanding bypm groups 10 projec
above and below the ring cavities of adjacent networks,

repared by hydrothermal methods. S .
prep y y giving rise to an ABAB repeat pattern of layers. The distance

The structure o2 is shown in Figure 3. A View down the between mean-square planes through the atoms of the sheets
c axis reveals that the crystal structure2afonsists of neutral Aand Bis 4.4 A

2D (6,3) honeycomb layers constructed from fuseg(CN),-
(bpym), rings. Alternatively, the structure may be described
as constructed from puckerd@u(CN)., chains running
along theb direction, linked by linear bis bidentate bridging
bpym ligands to generate the (6,3) net topology. In this ™™ : ) :
description, each Caite, in a distorted tetrahedral coordina- duinoxaline, and phenazirfen these materials, copper())
tion environment, is coordinated by two bridging cyano atoms exhibit a trigonal-planar geometry as the linear
groups of the chain and one bridging bis bidentate bpym Pridging ligands are all bidentate, whereas othe linear
ligand. The distortion of Cucoordination polyhedron is  ligand is bis bidentate and, consequently, copper(l) atoms
mainly due to the small bite angle of the bpym leading to are four coordinated, adopting a tetrahedral geometry.
bond angles in the range 77:5325.6F. The Cu--Cu Magnetic Properties. The temperature dependence of
distances across the bpym and cyanide ligands are 5.738 angiuT for 1 is given in Figure 4. TheuT value at 300 K of

It should be noted that the network structure 2fis
topologically identical to those described for a series of
systems prepared from hydrothermal chemistry of CuCN
with linear dipodal ligands such as tetramethylpyrazine,

Inorganic Chemistry, Vol. 42, No. 13, 2003 4213
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0.125 cni mol~* K (1 uB) represents only about 4% of the In conclusion, the isolation ofL and 2, by using
expected value for an isolated high spin iron(ll) i@~ 2, Ks[Fe(CN)] as starting material, demonstrates that hydro-
g = 2). As the temperature decreases, thel value thermal chemistry is a flexible and effective synthetic tool
decreases markedly until ca. 150 K and then very slowly to to prepare not only homometallic but also cyano-bridged
a value of 0.052 cfimol* K at 2 K. Even though thguT bimetallic materials. In view of this, solvothermal reactions
values are very small, such magnetic behavior is consistentinvolving different cyanometalate complexes and a wide
with that expected for a high spifr low spin equilibrium  variety of polydentate bridging ligands are currently under
involving the Fe(ll) atoms. The HS> LS equilibrium is  investigation with the aim of obtaining new cyanide-bridged
corroborated by*’Fe Massbauer spectral measurements materials exhibiting interesting structures and properties.
Figure 4).
( Ag\t room temperature, the spectrum bfshows features Acknowledgment. This work was supported by the
characteristic of both the high and low spin forms. Despite Spanish Ministerio de Ciencia y Tecnolaghrough Projects
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