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The tripodal ligand tris[4-(2-hydroxy-3-methoxyphenyl)-3- compound has been characterized by chemical analysis and
mass spectrometry (FAB+). Its magnetic properties have beenaza-3-buten]amine (H3vantren) offers two coordination sites,

an inner N4O3 one and an outer O6 one. Therefore, it can investigated and show that the (Fe,Gd) pair (2) exhibits a
ferromagnetic interaction of low intensity [J = 0.50(5) cm–1].successively encapsulate two different metal ions, a 3d(III)

ion in the N4O3 site, and a 4f(III) ion in the O6 site. This The resulting S = 12/2 ground state is, most probably, the
highest spin ground state that can be expected for ageneral route to homo- and heterodinuclear complexes has

been exploited for the preparation of the vantrenFeGd(NO3)3 dinuclear complex.
· 2 H2O complex (2), featuring a high-spin iron centre. This

Introduction a structural determination nor magnetic properties were re-
ported. [24]

Figure 1. Schematic representation of the H3vantren ligandIn recent years, there has been increasing interest in the
magnetic properties of dinuclear complexes composed of
either 4f and 3d ions or of identical 4f ions. [1] [2] [3] [4] [5] [6] [7]

This interest has been largely focused on the Cu2Gd
couple, but one of our aims is to extend this work to
other M2Gd couples (M being a 3d cation such as
Ni21, [8] Co21, [9] or VO21 [10]). As for the strategies used
to prepare these polynuclear complexes, tripodal ligands Results and Discussion
derived from tris(2-aminoethyl)amine have so far been
employed as hosts for 3d or 4f ions, leading to mono- The tripodal H3saltren ligand, obtained by reaction of

salicylaldehyde with tris(2-aminoethyl)amine (tren), and itsnuclear (3d or 4f) and homodinuclear (4f, 4f) com-
plexes. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 5-chloro- (H35-Clsaltren) and 3-methoxy-substituted

(H3vantren) analogues, react with 3d(III) ions and particu-Very recently, it has been shown that a mononuclear (4f)
complex prepared from a novel tripodal ligand can be de- larly with FeIII to yield neutral complexes formulated as

saltrenFe.[18] [19] [20] [24] The iron centre in 5-ClsaltrenFe[19]protonated to incorporate an Ni21 ion. [28] Also relevant to
the present paper is the use of 3d-block tripods in obtaining resides in an N3O3 environment, with the bridgehead nitro-

gen atom not being involved in coordination. A similarself-assembled triple-stranded heterodinuclear (3d, 4f) com-
plexes. [29] [30] The structural determination of an FeII2LaIII situation is found in vantrenMn.[20] [24]

H3vantren is a potentially decadentate tripodal ligandcomplex has been carried out. [30]

We have also demonstrated the effectiveness of the poten- with two different complexation sites: an inner N4O3 site
and an outer O6 site. These differ in their size and nature,tially decadentate tripodal Schiff base H3vantren[31] {tris[4-

(2-hydroxy-3-methoxyphenyl)-3-aza-3-buten]amine} in gen- thus making easier the stepwise complexation of different
metal ions. The marked preference of iron(III) for the innererating hetero- (4f, 4f9) as well as homo-dimetallic (4f, 4f)

species. A schematic representation of the ligand H3vantren site has been clearly demonstrated,[18] [19] but we have re-
cently shown that 4f metal ions can also be complexed inis given in Figure 1. The aim of the present contribution is

to demonstrate the ability of this tripodal ligand to succes- this deprotonated coordination site. [31] The bridgehead ni-
trogen atom that caps the structure is “tucked in”, with itssively incorporate 3d and 4f ions, thereby affording van-

trenFe (1) and vantrenFeGd(NO3)3 ·2 H2O (2), and to re- lone pair of electrons directed towards the Yb31 ion. [31] The
same disposition has been observed in mononuclear (Gd,port the magnetic properties of these complexes. At this

point we should mention an FeIII2La complex prepared Dy, or Yb) complexes of tripodal ligands.[12] [32] [33] How-
ever, in our case, the bonding interaction is expected to bewith a compartmental Schiff base ligand, for which neither
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weak, as indicated by the N(2)2Yb separation of 2.626(4) the experimental data may be fitted to the following ex-

pression:Å, which is significantly larger than the related distances
involving the imino nitrogen atoms [2.448(5) to 2.494(4)
Å]. [31] Furthermore, the difference in ionic radii between
3d(III) and 4f(III) centres induces a large difference in bond
lengths between the Fe2N(imine), Fe2O(phenolato) and
the Ln2N(imine), Ln2O(phenolato) bonds, respectively, In the 52300 K temperature range, a satisfactory fit [R 5
[Fe2N: 2.185(7) Å; Yb2N: 2.448(5)22.494(4) Å and Σ(χobs.T 2 χcalcd.T)2/Σ(χobs.T)2 5 2.4·1024] is obtained for
Fe2O: 1.953(6) Å; Yb2O: 2.259(3)22.329(3) Å]. This large the following set of parameters: gFe 5 1.96, gGd 5 2.00,
difference is not expected to be a stabilizing factor for the J 5 0.50(5) cm21. In order to account for the decrease of
desired 3d(III)24f(III) pairs. the product below 5 K, a θ parameter has been introduced

to gauge second-order effects. Then, the best fit over theInfrared spectra of vantrenFe (1) and
22300 K temperature range yields gFe 5 1.96, gGd 5 2.00,vantrenFeGd(NO3)3 ·2 H2O (2) mainly serve to reveal the
J 5 0.66(5) cm21 and θ 5 20.46 K, with R 5 1.0·1024.presence of water and nitrate ions in 2. Bands attributable

to bidentate nitrates are observed at 1462 and 1335 cm21. Figure 2. Thermal dependence of χMT for LFeGd(NO3)3 ·2 H2O 2
A splitting of the 1620 cm21 band for 1 into two bands at at 0.05 T; the solid line corresponds to the best data fit
1615 and 1641 cm21 for 2 is also observed.

In addition to the analytical results, important infor-
mation is provided by positive-ion FAB mass spectrometry.
The main peak appears at m/z 5 602 (100%) for the van-
trenFe compound. This value together with the isotopic fea-
ture is attributable to the [vantrenFe 1 1]1 ion. In the case
of vantrenFeGd(NO3)3 ·2 H2O, the signal corresponding to
[vantrenFeGd(NO3)2]1 is not observed. However, a signal
appears at m/z 5 821. This corresponds to the
[vantrenFeGd(NO3)]1 ion, suggesting a change in the oxi-
dation state of a metal centre (Fe or Gd). A similar obser-
vation has been made in previous reports. [1] [3] [8] [9] [10] The
existence of a species such as [vantrenFeGd-
(NO3)2]2 ·Gd(NO3)5 is ruled out by the analytical results
and the absence of a signal attributable to the [Gd(NO3)5]2

anion in the FAB2 spectrum.[31]
The sign of the magnetic interaction between the Fe31

and Gd31 ions is definitively supported by the field depen-The temperature dependence of the magnetic suscepti-
bility over the range 52300 K for vantrenFeGd(NO3)3 ·2 dence of the magnetization M at 5 K. In Figure 3, the ex-

perimental values of M have been fitted to the BrillouinH2O is shown in Figure 2 in the χMT vs.T form, the applied
magnetic field being equal to 0.05 T. At 300 K, χMT is function, yielding g 5 1.94 and S 5 5.6 with R 5 Σ[Mcalcd.

2 Mobsd.]2/Σ[Mobsd.]2 5 2.5·1023. The S value differs littleequal to 12.17 cm3 K mol21, which roughly corresponds to
the value expected for two uncoupled metal ions (12.25 cm3 from the value (S 5 12/2) expected for a ferromagnetic

ground state. Although the agreement cannot be consideredK mol21). On lowering the temperature, χMT remains prac-
tically constant until 80 K and then increases, reaching a as perfect, we can state that the experimental magnetization

is larger than that for isolated GdIII and FeIII metal ions.maximum of 16.55 cm3 K mol21 at 5 K. The behaviour
observed in the 30025 K range is indicative of a ferromag- In spite of the lack of a structural determination, the ferro-

magnetic behaviour confirms the existence of a genuinenetic interaction between the GdIII and FeIII ions. The
maximum value of 16.55 is lower than the value of 21 cm3 strictly dinuclear Fe2Gd complex.

Based on the structural determination ofK mol21 that would be expected for the spin state S 5 6
resulting from ferromagnetic coupling between GdIII (S 5 [vantrenYbLa(NO3)2]1, [31] a possible structure for 2 has

been obtained using CAChe molecular modelling software.7/2) and FeIII (S 5 5/2), both ions having g values of 2.0.
The decrease of χMT observed below 5 K is most likely It is shown in Figure 4. This view indicates that the bridge-

head nitrogen atom is not involved in coordination to theattributable to saturation effects or to zero-field splitting.
In this instance, the experimental results obtained between iron centre, in full agreement with structural determinations

of complexes of 3dIII elements with H3vantren[24] or simi-5 and 300 K can be analysed on the basis of a spin-only
Hamiltonian for isotropic exchange H 5 2JSFe·SGd. The lar ligands. [19] [20] [22]

Finally, the main purpose of this paper is to report thesix low-lying spin levels, E(6) 5 0, E(5) 5 6J, E(4) 5 11J,
E(3) 5 15J, E(2) 5 18J and E(1) 5 20J are characterized first example of a discrete heterodinuclear FeIII2GdIII com-

plex that displays ferromagnetic behaviour. In this respect,by different g values[34], g6 5 (7gGd 1 5gFe)/12, g5 5 (37gGd

1 23gFe)/60, g4 5 (27gGd 1 13gFe)/40, g3 5 (19gGd 1 5gFe)/ the Fe312Gd31 pair resembles the Cu212Gd31, [1] [3]

Ni212Gd31, [8] Co212Gd31, [9] and VO212Gd31 [10] pairs24, g2 5 (13gGd 2 gFe)/12, g1 5 (9gGd 2 5gFe)/4. Finally,
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tal analyses were carried out by the Service de Microanalyse duFigure 3. Field dependence of the magnetization; the solid line cor-

responds to the best data fit (cf. text) Laboratoire de Chimie de Coordination, Toulouse (C, H, N). Mag-
netic susceptibility data were collected from a powdered sample of
the compound using a SQUID-based sample magnetometer with
a QUANTUM Design Model MPMS instrument. All data were
corrected for diamagnetism of the ligand, as estimated from Pas-
cal9s constants[38] (2381·1026 emu mol21 for 2). Positive-ion FAB
mass spectra were recorded in DMF as solvent with 3-nitrobenzyl
alcohol as the matrix with a Nermag R10-10 spectrometer.

Tris[4-(2-hydroxy-3-methoxyphenyl)-3-aza-3-buten]amine: This
ligand was obtained as described previously. [37]

Tris[4-(2-hydroxy-3-methoxyphenyl)-3-aza-3-buten]aminato-
(32)iron(III) (1): To a mixture of H3vantren (0.55 g, 1 mmol) and
anhydrous FeCl3 (0.16 g, 1 mmol) in methanol (25 ml) was added
triethylamine (0.3 g, 3 mmol). The mixture was heated under stir-
ring for 20 min and, after cooling, the black precipitate produced
was filtered off and washed with methanol and diethyl ether. Yield:

Figure 4. Possible structure of 2 based on CAChe molecular model- 0.5 g (85%). 2 C30H33FeN4O6 (601.4): calcd. C 59.9, H 5.5, N 9.3;ling software; the H atoms are not shown
found C 59.6, H 5.3, N 9.1. 2 MS (FAB1, 3-nitrobenzyl alcohol
matrix): m/z 5 602 [LFe 1 1]1.

Tris[4-(2-hydroxy-3-methoxyphenyl)-3-aza-3-buten]aminato-
(32)iron(III)gadolinium(III) · 2 H2O (2): A mixture of vantrenFe
(0.5 g, 8.3·1024 mol) and Gd(NO3)3 · 6 H2O (0.37 g, 8.3·1024 mol)
in acetone (20 ml) was heated under stirring for 15 min. After cool-
ing, the resulting precipitate was filtered off and washed with ace-
tone and diethyl ether. Yield: 0.8 g (97%). 2 C30H37FeGdN7O17

(980.7): calcd. C 36.7, H 3.8, Fe 5.7, Gd 16.0, N 10.0; found C
36.4, H 3.6, Fe 5.6, Gd 15.2, N 9.7. 2 MS (FAB1, 3-nitrobenzyl
alcohol matrix): m/z 5 821 [LFeGd(NO3)]1.
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