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Using a predesigned Schiff-base tripodal ligand, a heptanuclear
Cu'-Gd" cluster with a spin ground state of S = 7/, has been
synthesized.

The design and synthesis of high-nuclearity clusters that

can behave as single-molecule magnets (SMMs) is an area

of high activity relevant to magnetochemistry and coordina-
tion chemistry: Since the discovery of the first SMM
Mn12te-9 several homd-? and heterometallfcclusters have
been described that display slow relaxation of the magnetiza-
tion, which is usually regarded as an indication of possible
SMM behavior. One way of combining the high-spin ground
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state and uniaxial anisotropy properties required for SMM
behavior is to synthesize heterometallic clusters, such-as 3d
4f aggregate® 9 This synthetic strategy has also led to the
discovery of many beautiful and interesting clusters that
although they do not display SMM properties provide a
valuable insight into promising future synthetic directions.

We present here a means of combining 3d and 4f centers
using bifunctional ligands. Recognizing that Schiff-base
ligandd are easy to tailor and that tripodal ligand groups
are a good way of connecting metal centers together, we
decided to combine both groups in the liganf[@-hydroxy-
3-methoxyphenyl)methylene]amip@-(hydroxymethyl)-1,3-
propanediol (HL; Scheme 1). This can be isolated in a
guantitative yield by mixing methanolic solutions of
vanillin and tris(hydroxymethyl)aminomethah&his type
of ligand has previously been used to prepare 3d homo-
nuclear cluster§’

Herein we report the synthesis and magnetic property of
a novel 3d-4f heteronuclear cluster [GQus(OH)4(Br),-
(H2L)2(H3L)2(N03)2(OH2)4](NO3)178(Br)022-7H20 (1), which
has a spin ground state 8f= 17/,.
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Figure 1. Molecular structure of the GGd» aggregate irl. The C-H
hydrogen atoms have been omitted for clarity.

Compoundl was synthesized by slow evaporation of a
methanolic solution of CuBtH,0, H,L, and Gd(NQ)3-5H,0
in the presence of tetrabutylammonium hydroxide (TBA).

The heptanuclear aggregate In(Figure 1) is centro-
symmetric, with Cu(1) situated on a crystal inversion cehter.

The metal centers are linked together by faurOH
ligands, each of which bridges between two Cu centers and
a Gd, with Cu-O = 1.959-1.995 A and G&-O = 2.459
and 2.467 A. Cu(l) has a 4 2 distorted octahedral

coordination sphere, Cu(2) and Cu(3) have square-pyramidal

geometries, while Gd(1) is nine-coordinate. There are two
us-Br ligands, which occupy axial sites on the Cu centers
and bridge between three Cu atoms with-@r = 2.826-
3.139 A. In addition to the strict inversion symmetry, the
{CusGdy(uz-OH)a(uus-Br)z} core also has a pseudo-mirror-

(7) (a) Rustagi, S. C.; Rao, G. Mdian J. Chem1975 13 (7), 702. (b)
Asgedom, G.; Sreedhara, A.; Rao, C Hdlyhedron1995 14, 1873.

(c) Dey, M.; Rao, C. P.; Saarenketo, P. K.; Rissanen, K.; Kolehmainen,
E. Eur. J. Inorg. Chem2002 8, 2207. (d) Dey, M.; Rao, C. P.;
Saarenketo, P. K.; Rissanen, Ikorg. Chem. Commur2002 5 (11),

924.

Synthesis of compountt Slow evaporation at room temperature of

a methanolic solution (15 mL) of CuBH>0 (0.112 g, 0.5 mmol),
HyL (0.128 g, 0.5 mmol), and Gd(N¢-5H,0 (0.069 g, 0.2 mmol)

in the presence of TBA (1.297 g, 0.5 mmol; 40% methanol solution)
gave green plates dfafter 1 week (0.09 g, 0.04 mmol, ca. 40% based
on CU). Anal. Calcd for CdezC48H90043,3J\16,733f2,22 (2325.22): C,
24.77; H, 3.44; N, 4.21. Found: C, 24.9; H, 3.6; N, 4.3.

Crystal structure of: CagHggBr2 2 CUsGthN7 76046.34 @ = 11.6809(10)

A, b =12.5918(10) Ac = 15.1061(13) A = 104.569(7), f =
99.987(7%, y = 112.359(6), V = 1896.7(3) &, triclinic, P1, Z = 1,

T = 150 K, F(000)= 1152,D; = 2.036 g cm?, u(Mo Ka) = 4.374
mm~L; green block 0.15¢< 0.12 x 0.09 mm; 13 592 data measured,
7133 uniqueRin: = 0.0429), 539 parameters refined to wR2.1450,
S=1.048 (all data), and R% 0.0535 [6278 with > 20(l)], largest
peak/hole in the final difference mapl.24/~3.16 e A3 [the hole is
near Gd(1)]. The counteranion was a disordered superposition of
bromide (11%) and nitrate (two orientations, 48 and 41%). Geometrical
restraints for the nitrates and similarity restraints for the thermal
parameters of the Br and N atoms allowed successful refinement.
Crystallographic data (excluding structure factors) for the structures
in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication no. CCDC 637154.
Copies of the data can be obtained, free of charge, upon application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, U.K.: http://
www.ccdc.cam.ac.uk/cgi-bin/catreg.cgi, e-mail data_request@
ccdc.cam.ac.uk, or fax44 1223 336033.
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Figure 2. Temperature dependence of $heproduct at 1000 Oe (witf
= M/H) and magnetization measurements at 1.8 K (left inset) and presented
as a reduced magnetization pld4 (s H/T, right inset) forl.
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plane containing Cu(l), the Gd atoms, and the bromide
ligands.

Each of the four outer coppers, Cu(2) and Cu(3) and
equivalents, are chelated by the deprotonated phenol O, the
imino N, and an ethanolic O of a Schiff-base ligand. In the
ligand chelating Cu(2), the latter oxygen [O(4)] still carries
its proton, with the phenoxo oxygen O(3) bridging to Gd(1),
whereas in the ligand chelating Cu(3), the ethanolic oxygen
0O(9) is deprotonated and bridges to Gd(1). The coordination
sphere of Gd(1) is completed by a chelating nitrate, an O
atom from the methoxy group of the;H(in its HsL version),
and two aqua ligands. Thus, the ligand provides differing
coordination sites attractive to the relatively soft"Gand
hard Gd' ions as well as bridging from phenol and alcohol
O atoms. There are no real pathways for intermolecular
magnetic exchange because any dangling O atoms from the
ligands form intramolecular H bonds or H bonds to coun-
terions apart from one intermolecular H bond from a dangling
O in one molecule to the next for which the magnetic
pathway would involve going through a total of two €N
bonds, six saturated-@0 or C—C single bonds, plus the H
bond.

Magnetic measurements were performed on a polycrys-
talline sample ofl.1° Between room temperature and 50 K,
the 4T product (Figure 2) is roughly constant at 17.8%m
K/mol. This value is in good agreement with the expected
value (17.625 crhik/mol) for the presence of two dd(S
=7/, with C = 7.875 cni-K/mol for g = 2)'* ions and five
Cu' ions (S = 1/, spin with C = 0.375 cni-K/mol). When
the temperature is decreased below 50 K,fhigroduct at
1000 Oe continuously increases to reach 29.&Kfmol at
1.8 K, indicating the presence of ferromagnetic interactions
in the complex.

(10) The magnetic susceptibility measurements were obtained with the use
of a Quantum Design SQUID magnetometer MPMS-XL. This
magnetometer works between 1.8 and 400 K for direct current applied
fields ranging from—7 to +7 T. Measurements were performed on a
polycrystalline sample of 8.5 mdd vs H measurements have been
performed at 100 K to check for the presence of ferromagnetic
impurities that have been found to be absent. The magnetic data were
corrected for the sample holder and the diamagnetic contribution.

(11) Benelli, C.; Gatteschi, DChem. Re. 2002 102, 2369-2387.
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The magnetization measurements at 1.85 K (left inset in
Figure 2) performed as a function of the field show a clear
saturation abo¥ 4 T indicative (i) of an absence of field-
induced population of the excited states bel@ T (i.e.,
excited states are relatively far away in energy above the
ground state) and also (ii) of a low magnetic anisotropy. This
latter conclusion is confirmed by thé vs H/T plot, where
the data can all be superposed on a single master curve, as S=7/2
expected for isotropic systems (right inset in Figure 2). The Figure 3. Gd:CusQOgBr core structure ofl highlighting the local spin
saturation ofM at 16.5us is lower than that expected (19 aangement of the ground state.

ue) for two Gd" (S=T/;) ions and fiveS =", CU' ions, 1644q to multiple solutions because of the featurejdses
which are uncoupled or completely ferromagnetically coupled. + 54 M vs H/T experimental data. It is worth noting that

This suggests that even if ferromagnetic interactions are the good simulations always gave larkig c, values on the
present, some of the centers are necessarily antiferromag—order 0f—100 K and smalle, o4 values close to-1 K. As
netically coupled in such a way that the applied magnetic o, 0 cted for isotropic systems, the magnetic properties of
field is not able to align all of the spins parallel to populate this compound reveal a complete absence of magnetization

the S = 19, excited state. Because the €Bd interaction g,y rejaxation, i.e., SMM behavior, as confirmed by the
th_rough dquble O bridges is nearly alyvays fe_rromagrfétlc, lack of an out-of-phase alternating current signal or hysteresis
this behavior suggests that the -©0u interaction through  tots on theM vs H data.

O/Br bridges is strongly antiferromagnetic, as has been
observed previousli# In order to have a configuration

In summary, a new heptanuclear'GtGd" complex has
i . o X been successfully synthesized using a predesigned Schiff-
compatible with the magnetization saturation at késswe base tripodal ligand. Magnetic measurements reveal that this
must assume that the £¢Cleenvar—C, central motif of1 complex has an isotropic spin ground stateSef 17/,. This
possesses an antiferromagnetic arrangement with the Cemraéynthetic method provides an entry to a systematic study
1) X o
Cu' S="/, spin in the opposite sense of the othef'Spins, | 5ing gifferent combinations of 3d and 4f metals. In addition
as shown in Figure 3. Therefore, considering the presence,, ihe introduction of anisotropy in this way, secondary

of Cu—Gd ferrom_agnetlc interactions, the res_ultlng Spin properties such as luminescence could be incorporated in
ground state qf th_ls system &= 7/,. The saturatl_on value i final materials.

of the magnetization should be thus close taug7in good
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