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A new heterobinuclear Gd(III)—Cu(II) complex [GdCu] =
GdCu(OTf)3(bdmapa)2(H2O) • THF (OTf = SO 3 CF3 ) has been prepared by
reaction of 1,3-bis(dimethylamino)-2-paropaanol (bdmapaΗ) with Cu(OCΗ3)2
and lanthanide tnflate salt Gd(OTf)3 in a 2 : 1: 1 ratio in THF. Its struc-
ture has been determined by single-crystal X-ray diffraction. [GdCu] crys-
tallizes on an orthorhombic lattice, space group P212121 with Z = 4 and
a = 11.023(3) Å, b = 17.555(15) Å, c = 20.212(7) Å, V = 3911(4) A3 . For
2194 independent reflections with I > 1σ(I), full-matrix least squares refine-
ment with anisotropic thermal parameters for Gd, Cu, S, and O converged
to unweighted and weighted R factors of 0.074 and 0.085, respectively. Gd is
coordinated by six O and two N. Cu is coordinated by two O and two N. Gd
and Cu are bridged by two alkoxo O atoms with separation of 3.311(4) A. The
magnetic susceptibilities were measured over the temperature range 1.7-20 K
at the freld range 0.01-0.5 T. The data of [GdCu] at 0.05 Τ have been an-
alyzed with the use of a Heisenberg spin Hamiltonian H = —2JSGd • Scu
giving g = 2.046(2), J = —0.039(3) cm -1 . This shows that Gd-Cu spins are
coupled very weakly in the antiferromagnetic manner, though the distance
between Gd(III) and Cu(II) ions is rather short.

PACS numbers: 36.40.+d, 61.66.Fn

1. Introduction

In the last decade, Several kinds of [GdCu y ] heteronuclear complexes were
structurally and magnetochemically characterized, for example compounds with
clusters: [Gd 2Cu2] [1], [GdCu2] [2, 3], [Gd2Cu4] [4], [GdCu3] [5], and two-dimension-
al layers [Gd2Cu3•Cu] [6, 7]. Up to now, the observed spin-spin coupling between
GJ(III) and Cu(II) is almost in the ferromagnetic manner with one'exception [8].
In this paper the first structurally characterized [GdCu] binuclear complex and its
magnetic properties are reported.

*On leave of absence from: Department of Chemistry, Peking University, Beijing 100871,
China.
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2. Experimental section
2.1. Synthesis

Reactions were carried out under argon atmosphere by using standard
Schlenk techniques. 1 mmol of Cu(OCH3 )2 (Aldrich Chemical Co.) was dissolved
in 30 m1 of dry THF, and 2 mmolof 1,3-bis(dimethylamino)-2-propanol (bdmapΗ,
Aldrich Chemical Co.) were added while stirring. After 2 hours, 1 mmol of
Gd(OΤf)3 (obtained from Gd2O3 and HOTf as described previously [9, 10]) was
added to the purple suspension. The mixture was stirred for 12 h at room temper-
ature to yield a blue solution. The solution was fultered by suction and the solvent
was evaporated to 5 ml. Blue crystals formed over a period of 5 d upon adding
hexane.

2.2. Magnetic susceptibility measurements

Magnetic susceptibility data were collected in the temperature range of
1.7-20 K at magnetic fields ranging from 0.01-0.5 Τ employing the MSPS-5S
SQUID magnetometer. The data were corrected for diamagnetic contributions us-
ing Pascal's constants.

2.3. X-ray structure determination

A single crystal of [GdCu] (0.15 x 0.20 x 0.33 mm 3) was used for crystal
data collection on an Enraf-Nonius CAD4 diffractometer using graphite-mono-
chromated Mo Kα radiation in the 20-scan mode (2θmax = 48°). Lattice pa-
rameters were determined by least squares refinement of the setting angles of
25 computer-centered reflections in the range of 0.01° < 20 -< 48.0°. The data
were empirically corrected for Lorentz polarization and absorption. The crystal
belongs to the orthorhombic system, the space group being Ρ212121 as indi-
cated by the systematic absences. The structure was solved using direct methods
(NTtCVAX)[11]. Hydrogen atoms were located in calculated positions (C-H =
1.08 Å). The final refinement (NRCVAX) converged to R = 0.074 and Rw = 0.085
by using 2194 independent reflections with I > 1σ(I). The maximum residual peak
in the last difference Fourier map is 0.94 eΑ -3 .

3. Results and discussion
3.1. Crystal and molecular structure

The molecular structure of [GdCu] is shown in Fig. 1. Selected bond lengths
and bond angles are given in Table. Gd is linked with Cu through two alkoxo
O atoms of bdmap with a Gd—Cu Separation of 3.311(4) 11 , which is the second
shortest Gd-Cu distance found in all reported [Gd,,Cu y ] complexes [5, 12, 13]. Gd
is eightfold coordinated in an irregular manner by two alkoxo O atoms, three O
atoms of OTf anions, one O atom of water, and two Ν atoms of two bdmap.
Cu is fourfold coordinated by two N and two O atoms of two bdmap, forming a
slightly D2d distorted square (distances to the plane: O1, 0.15(3); O2, -0.13(3);
ΝΙ, -0.13(3); Ν2, 0.22(4) Å). O12 and O33 of two ΟΤf anions look like two axial
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coordinated atoms towards Cu(II) with Cu-O distances 2.79(2) and 2.78(2)  Å,
respectively. The angle of O12-Cu-O33 is 164°. The atoms Gd, Cu, O1, O2 form
a perfect plane. O10 of THF is connected with O3 by a hydrogen bond, the distance
between O10 and O3 is 2.57 Å. Four binuclear units are packed in the unit cell
shown in Fig. 2. Between binuclear units, the minimum Separations for Gd—Gd,
Gd—Cu, and Cu-Cu are 9..598, 8.264, and 8.757 Å , respectively.

3.2. Magnetic properties

The magnetic susceptibility data (at 0.05 T) were fitted to the Curie-Weiss
law (Xm = C/(T - θ)). Good agreement was found with C = 8.63(1) cm3 K mol-1

and θ = —0.056(4) K. The small θ value indicates very weak antiferromagnetic
exchange coupling between the metal ions. The magnetic moment expected for
non-interacting [GdCu] units and g = 2 is 8.12 μB , while the observed effective
magnetic moment heft is in the range from 8.18 μB (1.7 IO to 8.23 μ (20 K) with
a maximum value of 8.30 μ at 8 K (see Fig. 3a).

The X-ray structure analysis has shown that all Separations between Gd—Gd,
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Gd-Cu, and Cu-Cu between [GdCu] units are longer than 8 Α. Thus, intermolec-
ular interactions can be neglected. The spin Hamiltonian H = —2JSGd • SCu has
been used to derive the susceptibility equation [14,15]:

The magnetic susceptibility data of [GdCu] at 0.05 Τ have been fitted using this
equation, the best fit was obtained with g = 2.046(2), J = -0.039(3) cm-1 (see
Fig. 3b). The very small negative value of J shows a very weak antiferromagnetic
coupling between Gd(III) and Cu(II) ions conSistent with the negative θ value. It is
worth noting that in the previously investigated [GdCu] complexes, the bridging
ligands contain a conjugated system. In the title compound [GdCu], however,
the bridging system has exclusively σ bonds. In spite of the rather short Gd-Cu
Separation, the magnitude of |J| for [GdCu] is the smallest one observed so far.
This indicates that the nature of bridging ligands is an important factor controlling
the magnitude of the spin-spin coupling, in addition to the distance between metal
ions and the angle in bridging network. Detailed magnetochemical investigations
into [GdCu] and isostructural [NdCu] with respect to the temperature and field
dependences of the susceptibility are in progress.
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