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A polymeric heterometallic compound, {[Gd,Zn;(C,H,4O5)s-
(H,0)¢]-12H,0},,, comprising zinc(II) and gadolinium(III)
cations bridged by carboxylate groups from oxydiacetate
ligands, is presented. The Gd"' cations lie at sites with
crystallographic 32 symmetry and display a tricapped trigonal-
prism arrangement, which is defined by six carboxyl and three
ether O atoms. The Zn'" cations lie at sites with imposed 2/m
symmetry and are octahedrally coordinated by four carboxyl
O atoms and two apical water ligands, which form strong
intramolecular hydrogen bonds. Comparison is made with the
previously reported isostructural homologous copper—gadoli-
nium complex.

Comment

The design of new compounds with specific architectures is a
rapidly developing field in modern inorganic chemistry. One
successful strategy is based on the use of both the building-
bonding approach and the hydrogen-bonding capability of the
ligands (Lehn, 1995). The oxydiacetate anion (oda) is a well
known and versatile ligand that is able to chelate and bridge
metal ions in a variety of ways, leading to the formation of
polynuclear and low-dimensional systems (Grirrane et al.,
2002). We have recently reported the study of a series
of oxydiacetate-bridged copper(Il)-lanthanide(III) three-
dimensional polymers, formulated as {[Cus;Ln,(oda)s-
(H,0)¢]-12H,0},, [Ln =Y, Gd, Eu, Nd and Pr (Baggio et al.,
2000); Ln = Dy, Ho, Er and Y (Rizzi et al., 2002)]. These
polymers crystallize in the hexagonal system, with space group
P6/mcc (No. 192). Replacement of copper by zinc ions to
obtain isostructural zinc-lanthanide compounds appears
possible, in principle, in spite of the lack of crystal-field
stabilization of the Zn" cation. Such compounds should be of
interest in the study of magnetic exchange interactions

between lanthanide ions, since Zn" has no unpaired electrons.
The first Zn-Gd compound bridged by carboxylate groups has
been reported for the propionate derivative [Zn,Gd,-
(O,CC,Hs)3(CoH7N),(NO3),(H,0),] (Cui et al., 2001). The
structure consists of two triply propionate-bridged dinuclear
Zn-Gd subunits, linked together by two tridentate propionate
groups bridging the neighboring Gd"" ions. We report here the
isolation and X-ray structure of the title compound, (I). The
crystallographic results reveal that the Zn-Gd complex is
isostructural with the other members of the copper—lantha-
nide series, in particular the Cu—Gd member, (II).
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The structure of (I) consists of two distinct types of building
block, viz. GdOg and ZnOg, as illustrated in Fig. 1. Two GdOy
and three ZnOg cores form the unit cell that generates an
extended, highly symmetric, three-dimensional structure. The
Gd atom lies at the intersection of a three- and a twofold axis
and is coordinated by the carboxylate O1 and O1’ atoms
(where the prime denotes the twofold-related part of the oda
ligand) and by the ether O3 atoms of three symmetry-related
oda ligands [Gd—Ogurboxy = 2.402 (2) A and Gd—Ogper =
2.475 (3) A; Table 1], leading to the usual tricapped trigonal-
prismatic geometry (TCTP; Albertsson, 1968). The gadoli-
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Figure 1

The molecular structure of (I), showing the way in which the three-
dimensional network forms. Intramolecular hydrogen bonds are repre-
sented by dashed lines. Displacement ellipsoids are shown at the 40%
probability level.
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Figure 2

Space-filling diagram of the structure of (I), viewed along the z axis. Note
the columnar voids where the disordered water molecules reside.
Projections of the hexagonal unit-cell nodes lie at the void centers.

nium coordination polyhedron is similar to that found in (II),
to the extent that a superposition of the two entities (XP in
SHELXTL; Bruker, 1999) matched within an average devia-
tion of less than 0.045 A.

Each Zn atom lies at the intersection of a twofold axis and a
mirror plane, and is coordinated by the outer carboxylate O2
and O2' atoms of four oda ligands [Zn— Oy, = 2.052 (2) A],
which define the equatorial plane. The apical sites are occu-
pied by two water molecules at a Zn—O distance of
2152 (1) A, similar to the basal bonds. The geometries of the
GdOy and ZnOg4 coordination polyhedra are unexceptional
and their average bonding distances are similar to those
obtained in a search for similarly coordinated cores in the
Cambridge Structural Database (CSD; Allen, 2002); mean
Gd—O and Zn—O distances in the CSD (49 and 125 struc-
tures, respectively): 2.45 (8) and 2.10 (7) A; measured for (I):
2.43 (4) and 2.09 (5) A.

The most noteworthy differences between (I) and (II) are
found in the vicinity of the octahedral site, where the nearly
isometric coordination of Zn in (I) contrasts with the strong
Jahn-Teller distortion around copper in (II) [Cu—
Obasar = 1.956 (4) A and  Cu—O,piea = 2.519 (2) A]. These
bond-length differences propagate through the connecting
chains, linking the three-dimensional structure in such a way
as to modify the cell constants by decreasing a by ~1.4% and
increasing ¢ by ~4.5% when replacing copper with zinc.
Therefore, the corresponding Zn- - -Zn and Gd- - -Gd separa-
tions have different values along different directions.
Distances taken along the two-dimensional structures, nearly
parallel to the apical O—Cu—O bonds ([100], [010] and
[110]), shrink, while distances taken normal to the two-
dimensional structures, almost along the diagonal of the basal
coordination plane ([001]), expand when replacing Cu by Zn.
The intramolecular Zn---Gd separation of 5.753 (1) A,
however, is very similar to the corresponding Cu---Gd
distance in (IT) [5.695 (1) A], because the interatomic vector is
nearly parallel to the almost invariant [111] direction.

All the outer carboxylate O atoms link to Zn atoms, so that
each Gd atom is surrounded by six Zn atoms as nearest

neighbors, while the Zn atoms have four Gd atoms in their
vicinity, as expected from the Zn/Gd molar relationship.
Through this connectivity pattern, the Gd polyhedra create a
two-dimensional planar honeycomb structure, parallel to
(001), at z heights of ~ and 2. Each pair of polyhedra at one
side of the hexagonal motif is connected to the homologous
pair one layer below (above) via a Zn atom bonded to four
outer carboxylate O atoms (two from above and two from
below). As a result of the translational symmetry along z, the
two-dimensional structure develops into a three-dimensional
honeycomb structure with columnar voids with a diameter of
almost 6 A (Fig. 2). These, in turn, are occupied by a number
of highly disordered water molecules. Their interaction with
the main structure could not be studied, since the H atoms of
the water molecules were not found. On the other hand, the
only independent water H atom in the zinc coordination
sphere binds strongly to atom O1 of the ligand, and this
H atom was clearly resolved in a difference Fourier map
(Table 2).

In spite of the differences in their octahedral sites, the whole
array in (I) is very similar to that found in (II), which suggests
that Zn" can replace the Cu'" ions in the octahedral CuQg sites
in the Cu-Ln system, leading to an isomorphous Zn-Ln series.
This could be useful in understanding the electronic and
magnetic properties of these extended solids.

Experimental

Chemicals for the synthesis of (I) were used as purchased (reagent
grade) without further purification. Zinc acetate dihydrate (0.35 g,
1.5 mmol) and gadolinium acetate hydrate (0.35g, 1 mmol) were
dissolved in an aqueous solution (25 ml) of oxydiacetic acid (0.60 g,
4.5 mmol) and stirred at room temperature for 4 h. After a few weeks,
colorless crystals of the compound suitable for X-ray diffraction were
filtered off and dried in air.

Crystal data

[Zn3Gd,(C4H405)6(H20)4]-12H,0
M, = 1627.33

Mo Ko radiation
Cell parameters from 15 357

Hexagonal, P6/mcc reflections
a=145104 (11) A 0 =1.6-28.0°

¢ =15.7725 (16) A =362 mm™
V =2876.0 (4) A’ T=2932)K

Z=2 Polyhedra, colorless
D, =1879Mgm™> 0.32 x 0.30 x 0.22 mm
Data collection

Bruker SMART CCD 1K area-
detector diffractometer

1180 independent reflections
962 reflections with I > 20(1)

w scans Rin = 0.091
Absorption correction: empirical Omax = 28.0°

(XPREP in SHELXTL; h=-18 - 15

Bruker, 1999) k=-17 — 18

Tnin = 0.35, Tpax = 0.47 [=-20—> 19
15 357 measured reflections
Table 1 .
Selected bond lengths (A).
Gd—o01 2402 (2) o1-Cl1 1.259 (4)
Gd—03 2475 (3) 02-Cl 1.246 (3)
Zn—02 2.052 (2) 03—C2 1.390 (4)
Zn—O1W 2.152 (3) Ccl—C2 1.488 (4)
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Table 2 .

Hydrogen-bonding geometry (A, °).

D-H--A D-H H-A D---A D-H--A
O1W—HIW. - -0l 0.88 (5) 1.90 (5) 2768 (3) 167 (4)

Symmetry code: (i) x,y, 1 —z.

Refinement

Refinement on F?
R[F? > 20(F*)] = 0.032
wR(F?) = 0.096
§=1.07

1180 reflections

74 parameters

H atoms treated by a mixture of
independent and constrained
refinement

w =1/[0c*(F2) + (0.0556P)* + 0.947P]
where P = (F2 + 2F2)/3

(A/”)max = 00070

APmax =078 A3

Apuin = —0.72 e A3

The structure of the homologous copper—gadolinium complex was
used as a starting model for refinement by least squares on F2, using
all data, with anisotropic displacement parameters for non-H atoms.
H atoms belonging to the coordinated water molecules were found in
the final AF synthesis and were fully refined with isotropic
displacement parameters. H atoms attached to C atoms were included
in calculated positions and allowed to ride. The water molecules
appeared to be very disordered in the columnar cavities of the
structure, and it was impossible to determine their overall number by
X-ray techniques alone. Thermogravimetric analysis of freshly
prepared samples showed a weight loss, Am, of 19.6% (expected for
18 water molecules: 19.8%), of which 6.6% corresponds to the six
water molecules and the rest (13.0%) corresponds to the remaining
water of crystallization This remainder amounts to 11.8 (~12) mol-
ecules per formula unit; only a fraction of these molecules (~75%)
were found in a difference Fourier map and they appeared to be
scattered into five independent positions, with a total O-atom occu-

pation of 8.9 (5). These molecules were refined with a common
isotropic displacement parameter without their H atoms.

Data collection: SMART-NT (Bruker, 1999); cell refinement:
SMART-NT, data reduction: SAINT-NT (Bruker, 1999); program(s)
used to solve structure: XS in SHELXTL (Bruker, 1999); program(s)
used to refine structure: XL in SHELXTL; molecular graphics: XP in
SHELXTL; software used to prepare material for publication: XP in
SHELXTL.
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