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The novel gadolinium(lll) complex of formula [Gda(mal)s(H20)e] (1)
(Hzmal = 1,3-propanedioic acid) has been prepared and character-
ized by X-ray diffraction analysis. Crystal data for 1: monoclinic,
space group 12/a, a = 11.1064(10) A, b = 12.2524(10) A, ¢ =
13.6098(2) A, B = 92.925(10)°, U = 1849.5(3) A% Z = 4.
Compound 1 is a three-dimensional network made up of malonate-
bridged gadolinium(lll) ions where the malonate exhibits two
bridging modes, #°-bidentate + unidentate and #%#n® + his-
(unidentate). The gadolinium atom is nine-coordinate with three
water molecules and six malonate oxygen atoms from three
malonate ligands forming a distorted monocapped square antiprism.
The shortest metal-metal separations are 4.2763(3) A [through
the oxo-carboxylate bridge] and 6.541(3) A [through the carboxylate
in the anti—syn coordination mode]. The value of the angle at the
oxo-carboxylate atom is 116.8(2)°. Variable-temperature magnetic
susceptibility measurements reveal the occurrence of a significant
ferromagnetic interaction through the oxo-carboxylate pathway
(J = +0.048(1) cmL H= _JSGd(l)'SGd(la))-

Coordination compounds with lanthanide cations have

(1) cations [Ln(ll1)] together with their anisotropy makes
these ions very appealing in the preparation of magnetic
materials. A great number of 48d or 4f-organic radical
systems have been described. Recent studies concerning the
use of malonate (dianion of 1,3-propanedioic acid,?mal

as a ligand toward 3&%°and 4#°?'cations have shown that

a great variety of polymeric structures can be obtained due
to the different coordination modes adopted by this lig&nd.
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because of their luminesceféand/or magnetic propertiést®
The rather large magnetic moment of most of the lanthanide-
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Figure 1. View of the three-dimensional structure of compoundiong
the b axis.

In the present work, we report the preparatidis-ray
structural analysi&’ and variable-temperature magnetic study
of the first example of a three-dimensional malonate-bridged
compound of Gd(IIl) which exhibits ferromagnetic coupling
between pairs of Gd(lll) ions. Figure 2. (a) Projection of the double chains down theaxis. (b)
The structure ol consists of a three-dimensional arrange- Projection of the single chains down tbexis. Water molecules, malonate
ment of triaquagadolinium(lif) units bridged by malonate gﬁ&gz yj élr;rﬁ’gr.t aand L2 in part b], and hydrogen atoms have been
groups (see Figure 1) which results from the cross-linking
of the single chains running parallel to teeaxis (Figure  oxygen [2.597(2) A] which is involved in the formation of
2a) and the doubleigzagchains which grow in thebplane ~ the oxo-bridge Gd(1)O(6)—Gd(1a) (see Figure 3); (iii) the
(Figure 2b). Extensive hydrogen bonds involving carboxylate Gd—O(w) bond lengths vary in the range 2.456¢2)509-
groups and water molecules [2.731(3) and 2.723(3) A for (2) A, values which are slightly longer than those of

O(1W)-+ O(2a) and O(2W)-O(4b), respectively] contribute ~ gadolinium to carboxylate oxygens [2.368.597 A].
to the stabilization of the crystal structure. There are two crystallographically independent malonate

The gadolinium atoms in [G{mal)(H-0)] are sur- units with different arrangements which are noted as L1 and

rounded by nine oxygen atoms: six oxygen atoms from threeL.2 in Chart 1. The L1 mode links two gadolinium atoms
malonate ligands and three coordinated water molecules buildacting simultaneously as bidentate chelate and monodentate.
a distorted monocapped square antiprism surrounding. Simi-The chelate ring of L1 has a boat conformation, and its
lar geometries are observed in other malonate-containingCarboxylate bridge adopts trnti—synconformation. The
lanthanide Comp|exe?§_—30 Three aspects concerning the malonate ligand of the L2 unit links four gadolinium atoms
Gd—O bond distances are to be outlined: (i) the average through two bidentate four-membered chelate rings and two
value of the Gd(1)>O(mal) bonds is 2.454(2) A; (ii) there ~monodentate interactions with tlaati—anti conformation.
exists a long bond between Gd(1) and the O(6) carboxylate- The average €0 bond distances and-C—0 bond angles

in L1 and L2 are 1.262(17) A and 121.8{4)espectively.

(23) The formation of this gadolinium malonate is accomplished by the These values are in agreement with the previous|y reported

[ﬁgf;'sci’lri‘cgg"é?” malonic acid and gadolinium nitrate in & sodium o5 ate_containing lanthanide complexes. The shortest

(24) Crystallographic analysis fdrfollows. Monoclinic, space grouf®/

a, a= 11.1064(10) Abp = 12.2524(10) Ac = 13.6098(10) AB = (27) (a) Hansson, EActa Chem. Scand 973 27, 2441. (b) Hansson, E.
92.925(10), U = 1849.5(3) R, Z= 4, = 7.201 mn?, R1=0.0200, Acta Chem. Scand 973 27, 2841.
wR2 = 0.0527 for 2389 observed reflections, 2637 of them with (28) Wein Mei, X.; Qiguang, W.; Lan, Y.; Rudong, Yolyhedron1992
20(1). 11, 2051.
(25) Wang, Z. M.; van de Burgt, L. J.; Choppin, G. Rorg. Chim. Acta (29) Marrot, F.; Trombe, J. (Rolyhedron1994 13 (12), 1931.
200Q 310, 248. (30) Benmerad, B.; Guehria-l@oudi, A.; Bernadinelli, G.; Balegroune,
(26) Hansson, EActa Chem. Scand 973 27, 2827. F. Acta Crystallogr 2000 C56, 321.
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Figure 3. Coordination geometry of the gadolinium catiorlirSymmetry
codes: @QF Yo — XYoo=y, o=z O)=1—X Yo+ Yy, Yo — 2

Chart 1
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metal-metal separations are 4.2763(3) A for Gd(4pd-
(1a) [through the O(6) oxo-carboxylate oxygen atom] and
6.541(3) A for Gd(1)--Gd(1b) [through the O(2)C(1)O(1)-
carboxylate group].

The temperature dependence of #hd product forl [yw
is the magnetic susceptibility per two Gd(lll) ions] is shown
in Figure 4. At room temperaturgy T is ca. 15.75 cihmol !
K, a value which is as expected for two magnetically isolated
S = 7/, local spins withg = 2.0. This value remains
practically constant when cooling to 60 K, and further, it
sharply increases to 18.6 émmol™* K at 2.0 K. This curve
is typical of a weak but significant ferromagnetic interaction
between two gadolinium(lll) ions. Although two exchange
pathways are possible (oxo-carboxylato and carboxylato
bridges), the shorter metaimetal separation through the oxo-
carboxylate bridge, together with its greater efficiency to

xyT / cm? nol”! K

100 150
T/K
Figure 4. Temperature dependence of th@T product of 1: (O)
experimental data—) best-fit curve (see text). The inset shows éO)
versusH plot & 2 K [the solid line () is the Brillouin function for two

magnetically isolated Gd(lll) ions witg = 2.0].

T
50 200

oxygen bridge (see S2 and references included) reveal the
occurrence of antiferromagnetic interactions varying in the
range—0.05 to—0.21 cnt®. Only in a very recent report
concerning the compound of formula [GgH,0),]. (HL =
salicylic acid) was a ferromagnetic coupling of the same
magnitude of that ofl observed, but the structure of this
compound remains unknowh.

At this stage, we can only suggest that the ferromagnetic
coupling observed id is most likely due to the accidental
orthogonality between the magnetic orbitals of the two
interacting Gd(lll) ions, the value of the angle at the oxo-
bridge, and the Gd-Gd separation through it, which plays
the major role. This situation remains that of thegueli-
hydroxodicopper(ll) family where the intradimer magnetic
coupling is ferro- or antiferromagnetic depending mainly on
the value of the angle at the hydroxo bridg&he occurrence
of more than one possible exchange pathway (oarboxy-
late and oxo) makes difficult the identification of crucial
factors governing the ferromagnetic coupling. Further work
is in progress (magneto-structural studies and DFT type
calculations) to design and characterize new examples of
ferromagnetically coupled oxo-bridged Gd(lll) compounds

in order to clarify the exchange mechanism in these systems.
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