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Cyano-Bridged Pentanuclear Fe ";M'; (M = Ni, Co, Fe) Clusters:

Synthesis, Structures, and Magnetic Properties

Zhi-Guo Gu, Qiao-Fang Yang, Wei Liu, You Song, Yi-Zhi Li, Jing-Lin Zuo,* and Xiao-Zeng You

Coordination Chemistry Institute and the State Key Laboratory of Coordination Chemistry, School
of Chemistry and Chemical Engineering, Nanjing kbrsity, Nanjing 210093, P. R. China

Received May 6, 2006

The reactions of [M"(Tpm"¢)(H,0)3]** (M = Ni, Co, Fe; TpmMe = tris(3,5-dimethyl-1-pyrazoyl)methane) with [BusN]-
[(Tp)Fe"(CN)s] (BusN* = tetrabutylammonium cation; Tp = tris(pyrazolyl)hydroborate) in MeCN—Et,0 afford three
pentanuclear cyano-bridged clusters, [(Tp)s(Tpm"€),Fe"sM'5(CN)g]ClO4:15H,0 (M = Ni, 1; M = Co, 2) and [(Tp)s-
(TpmMe),FellsFel,(CN)o]BF4-15H,0 (3). Single-crystal X-ray analyses reveal that they show the same trigonal
bipyramidal structure featuring a Ds;-Symmetry core, in which two opposing Tpm"e-ligated M" ions situated in the
two apical positions are linked through cyanide bridges to an equatorial triangle of three Tp-ligated Fe" (S = 1,)
centers. Magnetic studies for complex 1 show ferromagnetic coupling giving an S = 7/2 ground state and an
appreciable magnetic anisotropy with a negative Dy, value equal to —0.79 cm~%. Complex 2 shows zero-field
splitting parameters deducted from the magnetization data with D = —1.33 cm~* and g = 2.81. Antiferromagnetic

interaction was observed in complex 3.

Introduction

Molecules possessing a high-spin ground state with
negative axial zero-field splitting, commonly referred to as
single-molecule magnets (SMMs), are attracting a great deal =
of interest because of their unique physical properties and
possible applications in quantum computing and magnetic
refrigerationt The majority of SMMs reported by far are

transition metal-oxo cluster€.® Cyanide, as the efficient

linear bridge mediating the magnetic interaction between two
metal ions, is an alternative bridging ligand for preparing
high-spin cluster§.One of the approaches to synthesize
metal-cyanide clusters is the reaction of hexacyanomefalate
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favored for kinetic reasons in most cases. Recently, a newChart 1

synthetic strategy for achieving cyanide-bridged molecules -
with higher nuclearities was reported by usfag-LM(CN)3 Q ﬂ
as building blocks. The introduction of multidentate blocking AN y

NN
ligands can inhibit the growth of an extended solid and = HC
promote the construction of multinuclear clusters instead of @) /@)\
polymers?~ In our previous work, we have employed the

Me

tricyanometalate precursor, (BUW)[(Tp)Fe(CNY] (BusN*t = Tp Tpm
tetrabutylammonium cation; Tg= tris(pyrazolyl)hydrobo-
rate), to prepare a face-centered cubic cluster f(FaD)e- symmetry affords a significantly increased anisotropy bar-

Cu'cFd''g(CN),4)*" exhibiting SMM-type behaviot? Very rier. 22 To further stabilize high-nuclearity complexes, in this
recently, we used a tridentate blocking ligand JMden paper, we choose the complex [M(TPf(H-O)3]*" (M =
(N,N',N""-trimethyl-1,4,7-triazacyclononane) on the'Qen- Ni2t, Co?*, Fet; TpmMe = tris(3,5-dimethyl-1-pyrazoyl)-
ters in above system to generate a trigonal bipyramidal methane) as a “metal” (Chart 1), in which the three solvated
cluster, [Tp(Mestacn}CusFe(CN)g]*, in which the reduced =~ molecules are labile and the bulky ligand environment
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acetonitrile was added. The solution was filtered. Red block-shapedTable 1. Crystal and Refinement Data for Complexieand 3
crystals ofl were obtained by diffusing ether vapor into the filtrate.

aram 1 3
Yield: 80%. Anal. Calcd for GgH10B3CIFesN3gNi»Oq9: C, 38.44; ; pl ol O c
H, 4.93; Fe, 7.89; N, 25.71; Ni, 5.52. Found: C, 38.47; H, 4.91; " SostioBCIFaNsaiZO  CotoBaFuFeNsOs
Preparation of Complex [(Tp)s(TpmMe),CoFe;(CN)o]CIO 4 space group P3cl P3cl
15H,0 (2). An acetonitrile solution (2 mL) of Co(CI§,-6H,0 a(A) 17.862(7) 18.062(2)
h Lo b(A) 17.862(7) 18.062(2)
(36.6 mg, 0.10 mmol) was treated dropwise by an acetonitrile c(A) 45.776(5) 45.948(1)
solution (2 mL) of HC(3,5-Mgpz); (29 mg, 0.10 mmol). To this a (deg) 90.00 90.00
solution, (BuN)[(Tp)Fe(CN}] (88 mg, 0.15 mmol) in 3 mL of B (deg) 90.00 90.00
acetonitrile was added. The solution was filtered. Red block-shaped ; (deg) 4120-00 4120-00
cr_ystrflls of2 were obtained by diffusing ether vapor |r.1to the fl|tl‘6-lte. V(A3 12 649(2) 12 982(4)
Yield: 70%. Anal. Calcd for G8H104B3C|COZF€3N39019. C, 38.43; Deac (g Cm—s) 1.116 1.078
H, 4.93; Co, 5.55; Fe, 7.88; N, 25.71. Found: C, 38.45; H, 4.90; T(K) 173(2) 173(2)
Co, 5.86; Fe, 8.34; N, 25.73. IR (KBr, cy): 2122 and 21551cy). A (A) . 0.710 73 0.71073
Preparation of Complex [(Tp)s(TpmMe),Fes(CN)g]BF 4+ 15H,0 “ ((Ongg‘) ) %11123 %ggf
(3). Solid [Fe(TpnMe)(H20)3](BF4)2 (54 mg, 0.10 mmol) was a_dded 6 range (deg) 0.8926.00 1.66-26.00
to a solution of (BuN)[(Tp)Fe(CN}] (88 mg, 0.15 mmol) in 5 hkl range -19<h=<17 —21<h=<21
mL of acetonitrile. The solution was filtered. Black red block-shaped —-16=<k=<22 —-22<k=20
crystals of3 were obtained by diffusing ether vapor into the filtrate. —45<1<56 —56<1<55
Yield: 65%. Anal. Calcd for GaHioBsFsFeNaOss C, 38.78; H data colled 8305 8512
. e 10424748 55 T30S Ty 2005 T unique data 5355 5541
4.98; Fe, 13.26; N, 25.94. Found: C, 39.01; H, 4.95; Fe, 13.61;N, 1o ofparams 463 460
25.96. IR (KBr, cml): 2123 and 21501¢y). goodness of fit ~ 1.013 1.02
X-ray Structure Determination. The crystal structures were R (l > 20(1)) 0.0251 0.0586
WR2 (I > 20(l))  0.1258 0.1174

determined on a Siemens (Bruker) SMART CCD diffractometer

using monochromated Mo &radiation ¢ = 0.710 73 A)at173  1ape 2. Selected Bond Lengths (A) and Angles (deg) in Complekes
K. Cell parameters were retrieved using SMART software and and3

refined using SAINT® on all observed reflections. Data were

collected using a narrow-frame method with scan widths of 0.30 param ! 3
in @ and an exposure time of 10 s/frame. The highly redundant M1---Fel 5.090 5.152
. M2---Fel 5.131 5.191

data sets were reduced using SAfR@Nd corrected for Lorentz Fel-C10 1.891(3) 1.909(4)
and polarization effects. Absorption corrections were applied using Fel-C11 1.916(4) 1.944(3)
SADABS! supplied by Bruker. Structures were solved by direct Fel-C12 2.020(3) 1.881(3)
methods using the program SHELXL-%The positions of metal M1-N7 2.054(2) 2.115(3)
atoms and their first coordination spheres were located from direct- Mi:mo gcl)gég)) %%ggg;
methodsE-maps; other non-hydrogen atoms were found in alternat- M2—N12 2.128(2) 2.195(3)
ing difference Fourier syntheses and least-squares refinementcycles -, 5 7 174.8(2) 176.7(3)
and, during the final cycles, refined anisotropically. Hydrogen atoms Fel-C11-N8 177.3(3) 177.1(3)
were placed in calculated position and refined as riding atoms with Fel-C12-N9 177.3(3) 178.3(3)
a uniform value ofUis,. Final crystallographic data and values of M1-N7-C10 168.36(2) 168.4(3)
R; and wR are listed in Table 1. M?:uf:ﬁié i?gfgg; isg'gé?()l)

Magnetic Susceptibility MeasurementsMagnetic susceptibility N8—M2—N12 93_§7(9) 92.3'9(1)

measurements of polycrystalline samples were measured over the

temperature range 1800 K with @ Quantum Design MPMS-  lasma atomic emission spectrometer (ICP-AES): shhmuer
XL7 SQUID magnetometer and using an applied magnetic field eyperiments were carried out usin§’€o/Pd source in a constant-
from 100 to 2000 Oe. Field dependences of magnetization Were gcceleration transmission spectrometer. The spectra were recorded
measured using a flux magnetometer in the applied field up to 70 5; 20 K. The spectrometer was calibrated using a standdfe
kOe generated by a conventional pulsed technique. Data wereqj and the reported isomer shifts)(are relative to the center of
corrected for the diamagnetic contribution calculated from Pascal {he o-Fe spectrum. The MossWinn program was used to determine
constants® The ac measurements were performed at various the \esshauer parametetinfrared spectra were recorded on a
frequencies from 1 to 1500 Hz with the ac field amplitude of 5 Oe vector22 Bruker Spectrophotometer with KBr pellets in the400
and no dc field applied. 4000 cnt? region.

Other Physical Measurements.Elemental analyses for C, H,
and N were performed on a Perkin-Elmer 240C analyzer. The Results and Discussion
analyses of metal ions were carried out with an inductively coupled
Structural Description. Complexesl and3 are isostruc-
(16) SAINT-Plusversion 6.02; Bruker Analytical X-ray System: Madison, tural, and relevant structural parameters are given in Table

WI, 1999. R . =
(17) Sheldrick, G. M.SADABS: An empirical absorption correction 2'_ The clustgrs CryStalhze in the trlgoria:Bcl spa+ce group,

program Bruker Analytical X-ray Systems: Madison, WI, 1996. with a well-isolated [(TpYTpmMe),FesMo(CN)g]* cluster
(18) Sheldrick, G. MSHELXTL-97 Universita of Gottingen: Gitingen, bearing aC; axis (I\/I = Ni and Fe). As shown in Figures 1

Germany, 1997.

(19) Wertz, J. E.; Bolton, J. RElectron Spin Resonance: Elementary
Theory and Practical ApplicationgChapman and Hall: New York, (20) Lencsa Z. K.; Kuzmann, E.; Vetes, A.; Radioanal, Nucl. Chem.
1986. 1996 210, 105.
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Figure 2. Absorption versus isomeric shift Mebauer spectrum &:
experimental @); best fit (black line); calculated absorption for'Féns
(red line); calculated absorption for 'Feons (blue line).

bond length of 2.215 A, which is comparable to those of
high-spin-state iron(ll) complexes of [Fe(THfL](BF,).
(2.164 Aysband [Fe(Tprife)(H,0)s](BF ), (2.177 A)12 The
high-spin-state iron(ll) in3 is also corroborated by the
average Pe—-Ncy distance (2.122 A), which is in good
agreement with those reported cyanide-bridged iron(ll) spin-
crossover complexes, such gBe(3CNpy)}Ag(CN),]}-3/
2H,0 (Fé'—Ncy = 2.133 Ay5e and { Fe(pmd)[Ag(CN)2]»
(Fé'—Nen = 2.172 A)159 The key bridging pathways within
both clusters are the cis-diposedM=C—Fe-C=N—-M
linkages. The average intramoleculat'eM", Fé'--- F",
and M'---M"" separations are 5.111, 6.857, and 6.464 A for
1and 5.172, 6.953, and 6.521 A f8rrespectively, whereas
the shortest intermolecular 'Fe-M", Fe'--- Fe', and M'---
M'" distances are 8.313, 8.750, and 10.468 Alfand 8.352,

Figure 1. Top: Perspective drawing of the asymmetric unit of complex 8.806, and 10.582 A fo8.

: . asy! N .

;rgl‘)‘;‘gi'{i‘tg Itg\?e?st?g]o?tgrrg?esrltrr]gétz?:LT;:eel[l(l'leaz]qlpdns;’v‘%)rzngg\iZFCﬁ)g?f 50%  The crystal structure of complekcannot be refined well

cluster. The hydrogen atoms and solvents are omitted for clarity. because of the bad quality of the formed crystals. However,
it has the same unit cell parameters and the spectroscopic

and S1 (Supporting Information), both two clusters have the _data and elemental analysis r_esu_lts confirm that comzlex_
trigonal bipyramid geometry in which two octahedral 'S 2 pentanuclear cluster showing isomorphous structure with
[M(TpmMe)]2+ units situated in the apical positions are Ccomplexesl and3.

bridged through CN groups to three octahedral [(Tp)- Mt'sshauer Spectra.The Mossbauer spectrum &at T
Fe(CN)]~ units that occupy the equatorial plane. Each Fe = 20 K shows three absorption peaks with an isomer shift
ion is linked to M' centers through two of its three nearly ~Vvelocity of —0.628, 0.727, and 2.760 mnv's(Figure 2).
linear cyanide bridges and is capped by the tridentate Tp The experimental data can be fitted by two doublets. The
ligand. The F&—N(pyrazole) bond lengths ih (1.913(2)- first doublet possesses an isomer shift 0.174(5) mm st
1.953(3) A) and3 (1.968(3)-1.980(3) A) are very close to ~ and quadrupole spittingEq = 1.165(6) mm s, featuring
those found in complexes based on poly(pyrazolyl)borates characteristics of Feions in the low-spin state in octahedral
tricyanide building blockd! %4 Good agreement is observed geometry. The second doublet wigh= 1.038(7) mm s*
between the Fé—C(cyano) bond lengths (1.891¢32.020-  andAEq = 3.475(1) mm st refers to F& ions in the high-

(3) Ain 1 and 1.881(3)1.944(3) A in3) and those in low-  Spin state. The analysis of the band intensities leads to a
spin tricyanoiron(lIl) complex [PP][(Tp)Fe(CN}] (1.910- LsFe'/usFe! ratio of 1.52, which is in good agreement with
(6)—1.929(7) A)“aThe M' ions are coordinated to tridentate  the expected value of 1.50 for g€, in 3.

TpmMe as well as to the nitrogen ends of three cyanide Magnetic Properties. The susceptibility variation at
bridges. In complexi, the Ni'—N distances are between different temperatures of was measured at =800 K
2.128(2) and 2.155(2) A for the Ni-N(TpmMe) and between  (Figure 3). At room temperature, i T value is 3.23 emu
2.054(2) and 2.067(2) A for Ni-Ncn. The Fé&'—C—N bond K mol~?, which is close to the spin-only value of 3.13 emu
angles are close to linear (174.8(2)77.3(3}), whereas K mol~* expected for three low-spin EgS= 1/2) and two
Ni"—N-—C angles differ significantly from linearity (168.36- Ni'" (S= 1) ions in the absence of any exchange coupling.
(2)—169.34(2)). In complex3, the average Fe-N(TpmMe) With decreasing temperaturgyuT increases, reaching a
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Figure 4. Plot of magnetization vBI/T for 1 between 1.8 and 10 K. Solid
lines represent a least-squares simulation of the data.
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Figure 3. Temperature dependence of thgT product forl at 100 Oe.

Solid lines represent the best fitting of the data. The inset shows the
magnetization versus the applied magnetic field at 1.8 K; the lines represents
the Brillouin function that corresponds to noninteract®wg 2Sy" + 35" 6

(solid) andS = 3.5 (dotted) withg = 2.0.

OOQOCOOOOOOO
maximum of 10.07 emu K mot at approximately 5 K, 5r ooooooo
suggesting ferromagnetic coupling resulted from the or- _ MO , —
thogonal spir-orbitals of the F# and Ni' ions. The decrease S 4r 8 e oo 000
below 5 K (9.25 emu K mot? at 1.8 K) could be attributed £ N RS
to the presence of significant zero-field splitting in the ground g st § s O 522054305
state. The magnetization was measured in fields up to 70 ° of of
kOe, at a fixed temperature of 1.8 K, and the nearly saturated :E 2l : P
magnetization of 6.65/3 mol~* at 7 T supports th&= 7/2 PR ® Ree "
ground state forl (inset of Figure 3). The low-field o I T S
magnetization values are fitted well with the Brillouin curve 0 5 100 150 200 250 300 350
corresponding t& = 3.5 and higher than the Brillouin curve T/K

for noninteractings = 2S; + 3S. with g = 2.0, confirming Figure 5. Temperature dep_end_ence of theT produ_ct for2 at 100 Oe.

th Il f tic Ni-Fe" int ti The high The inset shows the magnetization versus the applied magnetic field at 1.8
) € overa (_—:‘rro_magne Ic T Interaction. 1he hig " K; the lines represents the Brillouin function that corresponds to noninter-
field magnetization values are lower than calculated, which actingS= 2S¢ + 35d" (solid) andS= 2.5 (dotted) withg = 2.0.

may be due to the zero-field splitting effect. According to

the structures, the exchange Hamiltonians lotan be relaxation. Further magnetic measurements at lower tem-

described a$l = —2J31(Sviz + Sni2)(Sre1 + Sre2 + Sred — perature should be performed to confirm its SMMs behavior.
2Jx(SreiSre2 + SresSrez T SresSren) — 2J3Swi1Sniz. Assuming For 2, theymT product appears to be dominated by spin
J, = J3 = 0, the best fitting results with a TIP correction orbit coupling effects exhibited by the cobalt(ll) centers
were obtained from 300 to 3 Kg = 2.27;J; = 4.84 cnm?; (Figure 5)19 At room temperature, theuT value of 5.44
TIP = —0.00545. emu K mof™ is slightly higher than the expected spin-only

value of 4.88 emu K mot for three low-spin Fé (S =

The magnetization variation fdt at different magnetic h ) ] ]
1/2) and two high-spin Co(S, = 3/2) ions without any

fields was recorded between 1.8 and 10 K (Figure 4). The :
nonsuperposition of the isofield lines indicates the presenceeXCh"’IT1ge coupling. The, T value decreases as the temper-
of significant zero-field splitting, the effect of which results ature |s_Iower_ed anc_i reaches 4.04 emu K thalt 26 K,

in the drop inyuT at very low temperature as mentioned after V!T'Ch poinyy T increases 1o a maximum of 4.34 emu
above. With the spin ground stat = 7/2, fits of the K mol™ at 6.0 K. Below 6 K,yuT drops to 3.92 emu K

magnetization data using ANISOFTor T < 10 K andH mol~! at 1.8 K. Besides the orbital contribution from'Fe
> 1 T affordD = —0.79 cn1? andg = 2 12_ As we know the decrease gfuT value (306-26 K) may come from the
magnetization studies give the magnitude of the anisotropy or.b|tal cqntnb ution from Cband/ or the depopulation of lO.W'
parameters; only detailed EPR studies may give accurateIylng gxcned states. Th.e cobaltions can be treated with an
values. The negativ® value for aS = 7/2 ground state effectlve splnS;0= 12 n the Iow—tempergture rangeAs
reminds us that complekmeets one of the requirements to displayed in Figure 5 (inset), the experimental values of
) T variable-field magnetization are somewhat higher than the
observe the blocking of the magnetization; i.e., it has perhaps

. . . . Brillouin curves corresponding to bo= 2.5 and nonin-
single-molecule magnet behavior and the spin reversal barrier

isU = (S — 1/4)D| = 9.5 cnT™. However, ac susceptibility (21) (a) Brechin, E. K.; Cador, O.; Caneschi, A.; Cadiou, C.; Harris, S.

studies carried out in the 1-80 K range m a 5 Oe Géglgazzt):usi, S.; Vonci, M.; Winpenny, R-SE.CFheCm. Corgmugzog;’i‘3
Hlati : ; 1860. Plater, M. J.; Foreman, M. R. S. J.; Coronado, Em
oscillating field at frequencies up to 1500 Hz fbshowed Garda, C. G.: Slawin, A. M. Z.J. Chem. Soc., Dalton Tran$999

no evidence for magnetic ordering or slow paramagnetic 42009.
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Figure 6. Plot of magnetization vBl/T for 2 between 1.8 and 10 K. Solid
lines represent a least-squares simulation of the data.

teractingS = 2S¢, + 3Se with g = 2.0, suggesting the
overall ferromagnetic coupling between'Cand Fé' ions.
The magnetization at saturation per'z€Qd', unit is 6.93
NS mol~tat 7 T (ca. INS mol~YFe" ion (See = 1/2 andgr.

= 2) and about NS mol~Y/Cd" ion (Sc, = 1/2 andgc, =

4)), also confirming the intracluster ferromagnetic coupling
existed in the cluster. However, unfortunately, the lack of

an appropriate model for investigating the magnetic proper-

ties of the bimetallic low-spin Peand high-spin Cbcenters
by now impedes the evaluation of the ferromagnétialue
in theory??

Temperature dependence data for the magnetizati@n of

Gu et al.

8
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Figure 7. Temperature dependence of thgT product for3 at 2000 Oe.
Solid lines represent the best fitting of the data. The inset shows the
magnetization versus the applied magnetic field at 1.8 K; the lines represents
the Brillouin function that corresponds to noninteract®wy 2S¢ + 35"

(solid) andS = 2.5 (dotted) withg = 2.0.

was fitted above 40 K foB giving g = 2.065(1) and); =
—0.74(4) cmL. Further evidence of antiferromagnetic cou-
pling between the metal ions comes from the field depen-
dence of magnetization measurements at 1.8 K, the values
of which are significantly lower than the Brillouin curve
corresponding to two noninteractifg' and threeS-" spins
(inset of Figure 7).

Complexes1—3 are isostructural clusters. Fdr, the

were collected at a variety of fields in the temperature range orthogonality of the magnetic orbital for Nand Fé' ions

of 1.8-10 K (Figure 6). With the effective spin of 1/2 for
Cd' in mind, we assume th& = 5/2 for complex2, and
fits of magnetization data using ANISOETor T < 10 K
andH > 1 T afford zero-field splitting parameters bf =
—1.33 cmt! andg = 2.81. On the basis of the observed
values ofSandD, the spin reversal barrier energy of complex
2 should beJ = (£ — 1/4)|D| = 8.0 cnTX. However, similar
to complexl, there is no evidence for magnetic ordering or
slow paramagnetic relaxation for complex from ac
susceptibility studies at frequencies up to 1500 Hz.
Complex3 shows magnetic properties different from those
of complexesl and 2 due to their different electronic

leads to ferromagnetic interaction and the low-symmetry
space group results in the overall negative molecular ani-
sotropy D = —0.79 cm!). We note that the location
exchange of Ni and Fé' ions, as in{[Ni(tmphen}]s[Fe-
(CN)e]2+14H,0,22 generate a positive anisotropy. After the
replacement of Nifor Co', the zero-field splitting parameter
D deducted from the magnetization data is increasedlt@3
cm 1 for 2, which is due to the larger single-ion anisotropy
for the cobalt ions. The introduction of high-spin'Fe 3
leads to antiferromagnetic coupling as expected from orbital
symmetry considerations.

As we know, the comparison of th2 values cannot be

structures. The temperature dependence of susceptibility inmade for clusters that have different topologies and different

the form of yyT vs T at 2 kOe is shown in Figure 7. At
room temperature, thguT value is 7.53 emu K mol,
somewhat above the spin-only value of 7.13 emu K thol
on the basis of three low-spin ¢S = 1/2) and two high-
spin Fd (S= 2) ions. Between 300 and 30 K, thaT values
gradually decrease from 7.53 to 6.93 emu K maind then
more abruptly below ca. 10 K, reaching a minimum value
of 4.27 emu K mot?! at 1.8 K indicating that the Feand
Fe' centers couple antiferromagnetically. Using an ap-
proximate isotropic model similar to that fay theymT value

(22) (a) Lescoimec, R.; Vaissermann, J.; RuiZiee, C.; Lloret, F;
Carrasco, R.; Julve, M.; Verdaguer, M.; Dromzee, Y.; Gatteschi, D.;
Wernsdorfer, WAngew. Chem., Int. ER003 42, 1483. (b) Toma,

L. M.; Lescoueec, R.; Lloret, F.; Julve, M.; Vaissermann, J.;
Verdaguer, M.Chem. Commun2003 1850. (c) Toma, L. M

Lescouezec, R.; Pasan, J.; Ruiz-Perez, C.; Vaissermann, J.; Cano, J.;

Carrasco, R.; Wernsdorfer, W.; Lloret, F.; Julve, 81.Am. Chem.
Soc.2006 124, 9336.
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spin states. However, it is of interest to note that the
molecular symmetries show significant effects on the mag-
netic properties of cyano-bridged 'E¢"y clusters. The
pentanuclear F&Ni", (1) has a negativ®7, value of—0.79
cm ! as discussed above, which is larger than the value of
D = —0.23 cn1! associated with th& = 6 ground state of
Fe'4Ni", cluster crystallized in thé4,/acd space groulf

but apparently smaller than the values 8.89 cn?
associated with th& = 3 ground state of F&Ni'", clusters
crystallized in theP2/n space group!d These results
demonstrate the significant impact that symmetry structural
distortion of the cluster core can have on magnetic anisot-
ropy, which may lead to the enhancement of the overall
anisotropy.

(23) Berlinguette, C. P.; GaleMascarfs, J. R.; Dunbar, K. Rnorg. Chem.
2003 42, 3416.
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In conclusion, the strategy using complexes partially 20531040 and 90501002), the Major State Basic Research
blocked by bulky organic ligand, such as [M(THfx Development Program (Grant No. 2006CB806104), the
(H20)3]*" (M = Ni, Fe, Co), we used here is perhaps one of Program for New Century Excellent Talents in the University
the alternative but effective approaches to prepare high-spinof China (Grant No. NCET-04-0469), and the Natural
C|USterS that may eXh|b|t SMM behaVior. We are Currently Science Foundation Of Jiangsu Province (Grant No.
investigating other M-Tpm"e (M = Mn, Cu) building blocks  BK2006512). We thank the reviewers for their valuable
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will try to introduce some other cyanometalates, such as
[M(CN)¢]™ (M = Fe, Cr, V, Mn), into the System in place Supporting Information Available: Additional figures and
of [BusNJ[(Tp)Fe(CN], to make new cyano-bridged com- X-ray crystallographic files in CIF format fdr and3. This material
pounds with interesting structures and magnetic propertles.is available free of charge via the Internet at http://pubs.acs.org.
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