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The dinuclear (Fe", Gd") complexes studied in this report derive from hexadentate Schiff base ligands abbreviated
HoL' (i = 1, 2, 3). H,L! = N,N'-bis(3-methoxysalicylidene)-1,3-diamino-2,2'-dimethyl-propane, H,L? = N,N'-bis(3-
methoxysalicylidene)-1,2-diamino-2-methylpropane, and H,L3 = N,N'-bis(3-methoxysalicylidene)-1,2-diaminoethane.
The crystal and molecular structures of three complexes have been determined at 160 K. Depending on the solvent
used in the preparation, L'Fe(CH30H)Gd(NO3)3(CH30H),, 1, or LFe((CH3),CO)Gd(NO3)s, 1', is obtained from H,L.
A similar complex, L2Fe((CH3),CO)Gd(NOs)s, 2, is obtained from H,L2 Complex 1 crystallizes in the orthorhombic
space group Pca2; (No. 29): a = 22.141(3) A, b = 9.4159(16) A, ¢ = 15.2075(17) A, V = 3170.4(7) A%, Z =
4. Complexes 1' and 2 crystallize in the monoclinic space group P2:/c (No. 14): 1', a = 9.6264(17) A, b =
19.662(3) A, ¢ = 16.039(3) A, B = 95.15(2)°, V = 3023.6(9) A%, Z = 4; 2, a = 9.7821(13) A, b = 18.7725(17)
A, ¢ =16.100(2) A, p = 96.497(16)°, V = 2937.5(6) A3, Z = 4. Complexes 1, 1', and 2 possess an Fe(Opnenoxo)2-
Gd core. The mononuclear LFe complex could be prepared from H,L® but not the related dinuclear (Fe, Gd)
species. Mdsshauer spectroscopy evidences that the iron center is in the +2 oxidation state for the six complexes.
The experimental magnetic susceptibility and magnetization data of complexes 1, 1', and 2 indicate the occurrence
of weak Fe''-Gd" ferromagnetic interactions. Single ion zero-field splitting of the iron(1l) must be taken into account
for satisfactorily fitting the data by exact calculation of the energy levels associated to the spin Hamiltonian through
diagonalization of the full matrix for axial symmetry (1, J =050cm™, D =206 cm% 1, J=041cm, D=
322cm™t2,J=008cm™t D =443 cm™?).

Introduction bimetallic (M, Gd) complexes in which M is different from

S | i imed luati h dCu" have been reported; they concern VANi'",,1° Cd',1*
everal studies aimed at evaluating the nature andcui 12 £di 13 gng Fé.24 Until recently, all (M, Gd) com-

magnitude of the magnetic interaction between a paramag-
netic lanthanide ion (Ln) and a second spin carrier (M) have
been performeéd.® However, they are doubly restricted

pounds that have an ™MGd interaction and for which a
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Trans.1996 2443.
(5) (a) Costes, J. P.; Dahan, F.; Dupuis, A.; Laurent, Jnég. Chem.
* To whom correspondence should be addressed. E-mail: costes@Icc- 1997, 36, 3429. (b) Costes, J. P.; Dahan, F.; Dupuis, A.; Laurent, J.
toulouse.fr. Phone: 33(0)561333152. Fax: 33(0)561553003. P. Inorg. Chem.200Q 39, 165.
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Dinuclear Complexes from Hexadentate Schiff Bases

detailed analysis of the magnetic properties was available
have been shown to exhibit a ferromagnetic interaction
between the two spin carriers. In the case of the (Cu, Gd)
pair, a theoretical approatthas attributed this behavior to

a mechanism involving simultaneously ground and excited
states of the bimetallic couple. Nevertheless, ferromagnetism
cannot be considered as an intrinsic property of the (M, Gd)
couple. Very recent papers point to the existence of a few
(M, Gd) complexes (M= Cu','5 VO" ° organic radicdf1)

with an antiferromagnetic ground state: it would thus be
important to develop a more sophisticated model of interac-
tion including simultaneously antiferromagnetic and ferro-
magnetic contributions. To increase the range of M centers
among the (M, Gd) dinuclear systems, we have considered
the case of the Feion. A first example of discrete (He
Gd") complexes has previously been published where the
two metal centers do not interact significantly because they
are far from each other and not directly linked by a material
bridge!3'8 The present contribution describes the structure
and magnetic properties of three bimetallic '(F&d")
complexes obtained from the mononucle#d! (i = 1, 2)
precursors. The #' ligands (Figure 1) have already been
employed to prepare various (M, Gd) compleX&s’The
mononuclear BFe complex is also described, but we have
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Figure 1. Ligands used in the present work.

within a glovebox (Vacuum Atmospheres H. E.43.2) equipped with
a dry-train (Jahan EVAC 7).

L1Fe(MeOH)(H0). A mixture of orthovanillin (1.0 g, 6.6x
1073 mol) and 1,3-diamino-2,2-dimethylpropane (0.34 g,8.30°2
mol) in methanol (10 mL) was stirred for 10 min. Then, Fe¢cH
COO):2H,0O (0.69 g, 3.3x 103 mol) was added as a solid,
yielding a reddish solution which was stirred for 15 h at room
temperature. A maroon precipitate was filtered off and washed with

not been able to isolate the related dinuclear (Fe, Gd) speciesa minimum amount of cold methanol. Yield: 1.25 g (82%). Anal.

Experimental Section

Materials and Methods. All starting materials were purchased
from Aldrich and used without further purification. Fe(gEDQ)-
2H,019 L1H,5 L2H,,5 and L3H,2 were obtained as previously
described. The preparation of complexes pertaining to the same
series (IFe' or FE'LIGd") being similar, the experimental proce-
dure will only be described for the first complex in each series.
All complexation reactions and sample preparations for physical
measurements were carried out in a purified nitrogen atmosphere
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Hopfgartner, GJ. Chem. Soc., Dalton Tran800Q 4587. (d) Ma, B.
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Trans.200Q 1003.
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Inorg. Chem.200Q 39, 5994.
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Chem., Int. Ed200Q 39, 246.

(18) (a) Piguet, C.; Rivara-Minten, E.; Hopfgartner, G:;rgli, J.-C. G.
Helv. Chim. Actal995 78, 1651. (b) Piguet, C.; Rivara-Minten, E.;
Bernardinelli, G.; Bazli, J.-C. G.; Hopfgartner, GJ. Chem. Soc.,
Dalton Trans.1997 421.

(19) Rhoda, N.; Fraioli, A. VInorg. Synth.1953 159 4.
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Inorg. Chim. Actal993 213 279.

Calcd for GoHzgFeNOg: C, 55.7; H, 6.4; N, 5.9. Found: C, 55.5;
H, 6.1; N, 5.8. Characteristic IR absorptions (KBr, ¢ 3423m
(vow), 1607s {c=n).

The experimental procedure is identical féFe and BFe, except
that these Schiff base ligands were isolated prior to complexation.
L2Fe(MeOH)(H.0). Yield: 0.74 g (60%). Anal. Calcd for
C,oHogFeNOg: C, 54.8; H, 6.1; N, 6.1. Found: C, 54.9; H, 6.2; N,

5.9. Characteristic IR absorptions (KBr, cht 3427m ¢on), 1603s
(VC=N)-

L3Fe(2H,0). Yield: 1.03 g (84%). Anal. Calcd for fgH,»-
FeNOgs: C, 51.7; H, 5.3; N, 6.7. Found: C, 51.5; H, 4.9; N, 6.9.
Characteristic IR absorptions (KBr, c): 3436m {op), 1601s
(VC=N)-

[L 'Fe(CH3OH)Gd(NO3)3] (1). An excess of Gd(Ng)z-6H,O
(0.65 g, 1.5x 1072 mol) was added to a suspension ofFe-
(MeOH)(H,0O) (0.50 g, 1.1x 102 mol) in methanol (7 mL).
Stirring induced a quick dissolution of the mononuclear complex.
The resulting green precipitate was filtered off 10 h later and washed
with methanol. Yield: 0.74 g (89%). Anal. Calcd for e
FeGdNO14 C, 33.0; H, 3.5; N, 8.8. Found: C, 33.0; H, 3.2; N,
8.7. Characteristic IR absorptions (KBr, ctht 3412m ¢op), 1615s
(ve=n), 1476s, 1301s, 1285%No3).

[L*Fe((CH3).,CO)Gd(NO3)3] (1'). Using acetone instead of
methanol yielded again a green powder analyzing ¥ (CH;-
COCH;)Gd(NG)3.Yield: 0.54 g (65%). Anal. Calcd for £Hzo-
FeGdNOy4 C, 34.9; H, 3.7; N, 8.5. Found: C, 34.7; H, 3.4; N,
8.4. Characteristic IR absorptions (KBr, cht 1675m §c—o),-
1610s ¢c=n), 1474s, 1302s, 1279%\o3).

[L2Fe((CH3).,CO)Gd(NOz3)3] (2). Red powder. Yield: 0.54 g
(69%). Anal. Calcd for gzH,gFeGdNO,4 C, 34.0; H, 3.5; N, 8.6.
Found: C, 33.7; H, 3.3; N, 8.4. Characteristic IR absorptions (KBr,
cmY): 1673m ¢c—o), 1608s {c—n), 1463s, 1313s, 12798N03).

Crystallographic Data Collection and Structure Determina-
tion for 1, 1', and 2. Crystals suitable for X-ray analyses were
obtained by slow evaporation of the corresponding solutions
(methanol forl or acetone fod' and?2) inside the glovebox. The
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Table 1. Crystallographic Data for ¥Fe(CHOH)Gd(NGs)3(CHsOH),
(1), L*Fe((CH;)2CO)Gd(NQ)s (1), and L2Fe(CHOH)GA(NGy)s (2)

Costes et al.

Table 2. Selected Bond Lengths (A), Distances (A), and Angles (deg)
for Complexesl, 1', and2

1 T 2 1 1T 2
formula Cz4H36FEGdN;OJ_6 C24H30F8GdN;Ol4 Cz3H23FeGdN;014 Ee_gg))zhenclam ggiggg; gggégg 1312%2;
fw 863.68 825.63 811.60 e— henolato . B .
space group Pca2; (No. 29) P2i/c (No. 14) P2i/c (No. 14) Fe-N(1) 2.069(4) 2.074(2) 2.009(2)
TN - N R R
¢ A 1'5.20755(1)7) 16'.039((3)) 16'.100(2() : Gg’ogl))ghe"‘)'a“’ 2'348E3; 2388?; 2362?;
GA—O2)nenolato 2.328(3 2.381(2 2.393(2
6’ ?;ég 3170.4(7) 93%21735 (62()9) %%'343 2((16?) GA-O@Bmatory 2.529(3) 2.561(2) 2.618(2)
7 A P 4 : GA—O(A)methony 2.534(4) 2.539(2) 2.623(2)
peacd - 1.809 1814 1.835 Gd—Onirato 2.464(4)-2.572(4) 2.464(2)2.547(2) 2.447(2)2.534(2)
gcnr Gd-O(1)-Fe  106.3(1) 105.19(7) 103.55(7)
AA 0.71073 0.71073 0.71073 Gd-O(2-Fe  107.3(1) 105.46(7) 103.49(7)
T.K 160 160 160 O(1)-Fe-0(2) 79.1(1) 78.0(6) 81.4(7)
u(Mo Kla) 26.12 27.30 28.08 0O(1)-Gd—0(2) 66.9(1) 64.8(5) 65.0(6)
cm
Robs alf ~ 0.0278, 0.0305 0.0193, 0.0213 0.0229, 0.0269 o 6.2(7) 23.6(1) 24.1(1)
Rubs,alf ~ 0.0687,0.0703 0.0445, 0.0452 0.0505, 0.0542 Gd-Fe 3.5057(5) 3.5169(4) 3.4152(4)

AR = ZIFol = IFcll/3|Fol. Ry = [X[W(Fol* = |Fcl)?/ 3 WIFo?7 Y2

selected crystals df (light green parallelepiped, 0.50 0.45 x
0.20 mnd), 1' (light-brown parallelepiped, 0.5 0.40 x 0.30
mm?), and 2 (dark-red plate, 0.45< 0.15 x 0.10 mn3) were

aDihedral angle between the-@d—0O and O-Fe—O planes of the
bridging network.

Physical MeasurementsElemental analyses were carried out
at the Laboratoire de Chimie de Coordination Microanalytical

mounted on a Stoe imaging plate diffractometer system (IPDS) Laboratory in Toulouse, France, for C, H, and N. IR spectra were

using a graphite monochromatot £ 0.71073 A) and equipped

recorded on a GX system 2000 Perkin-Elmer spectrophotometer.

with an Oxford Cryosystems cooler device. The data were collected Samples were run as KBr pellets.

at 160 K. The crystal-to-detector distance was 80 mm (méax 2
value 48.4). Data were collectéd with a ¢ rotation movement
for Landl' (¢ = 0.0°—229.5, Ap = 1.5° for L and¢p = 0.0°—
214.2, Ap = 1.& for 1') and with ag oscillation movement for

2 (p = 0.0—212.8, Ap = 1.4°). There were 22390 reflections
collected forl, of which 5008 were independerR{ = 0.0559),
20456 reflections fod', of which 4656 were independeri{ =
0.0311), and 19549 reflections fa2, of which 4552 were
independent R,y = 0.0334). Numerical absorption correctiéhs

Mossbauer measurements were obtained on a constant-accelera-
tion conventional spectrometer with a 50 mCi sourcé’Gb (Rh
matrix). Isomer shift values) throughout the paper are given with
respect to metallic iron at room temperature. The absorber was a
sample of 100 mg of microcrystalline powder enclosed in a 20 mm
diameter cylindrical plastic sample-folder, the size of which had
been determined to optimize the absorption. Variable-temperature
spectra were obtained in the-8200 K range, by using a MD 306
Oxford cryostat, the thermal scanning being monitored by an Oxford

were applied. Maximum and minimum transmission factors were |Tc4 servocontrol device40.1 K accuracy). A least-squares

0.6831 and 0.3150 fdt, 0.8210 and 0.5756 fd', and 0.6639 and
0.1942 for2, respectively. The structures were solved by direct
methods using SHELXS-97 and refined by full-matrix least-
squares orF,? with SHELXL-9724 In 2, the disordered C atoms
of the NC(CH),CH;N ring were refined with 0.5 occupancy factors.

All non-hydrogen atoms were refined anisotropically. H atoms were

introduced in calculations by using the riding model will, =

computer prografi was used to fit the Mesbauer parameters and
determine their standard deviations of statistical origin (given in
parentheses).

Magnetic data were obtained with a Quantum Design MPMS
SQUID susceptometer. All samples were 3 mm diameter pellets
molded in the glovebox from ground crystalline samples. Magnetic
susceptibility measurements were performed in the3@ K

1.1Uisf(atom of attachment). The atomic scattering factors and o nerature range in a 0.7 T applied magnetic field, and diamagnetic

anomalous dispersion terms were taken from the standard compila:

tion.25> The maximum and minimum peaks on the final difference
Fourier map were 0.940 ane0.479 e A3for 1, 0.804 and-0.508
e A3 for 1, and 1.049 and-0.827 e A3 for 2, respectively.
Drawings of the molecules were performed with the program

“corrections were applied by using Pascal’s const&risothermal

magnetization measurements as a function of the external magnetic
field were performed upot5 T at 2 K. Themagnetic susceptibility

has been computed by exact calculation of the energy levels
associated to the spin Hamiltonian through diagonalization of the

ZORTEP? Crystal data collection and refinement parameters are ¢ i matrix with a general program for axial symme#%and with
given in Table 1, and selected bond distances and angles ar&he MAGPACK program packagein the case of magnetization.

gathered in Table 2.

(21) STOE, IPDS Manual Version 2.93; Stoe and Cie:
Germany, 1997.

(22) Stoe, X-SHAPE. Crystal Optimisation for Numerical Absorption
Corrections Revision 1.01; Stoe and Cie: Darmstadt, Germany, 1996.

(23) Sheldrick, G. MSHELXS-97Program for Crystal Structure Solutipn
University of Gdtingen: Gdtingen, Germany, 1990.

(24) Sheldrick, G. MSHELXL-97 Program for the refinement of crystal
structures from diffraction dataniversity of Gadtingen: Gdtingen,
Germany, 1997.

(25) International Tables for CrystallographKluwer Academic Publish-
ers: Dordrecht, The Netherlands, 1992; Vol. C.

(26) Zsolnai, L.; Pritzkow, H.; Huttner, ZORTEPR Ortep for PC, Program
for Molecular Graphics University of Heidelberg: Heidelberg,
Germany, 1996.

Darmstadt,
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Least-squares fittings were accomplished with an adapted version
of the function-minimization program MINUI¥

(27) Varret, F. Proceedings of the International Conference osskiauer
Effect Applications; Jaipur, India, 1981; Indian National Science
Academy: New Delhi, 1982.

(28) Pascal, PAnn. Chim. Phys191Q 19, 5.

(29) (a) Garge, P.; Chikate, R.; Padhye, S.; Savariault, J.-M.; de Loth, P.;
Tuchagues, J.-Plnorg. Chem.199Q 29, 3315. (b) Aussoleil, J.;
Cassoux, P.; de Loth, P.; Tuchagues, Jlfdrg. Chem.1989 28,
3051.

(30) (a) Borfa-Almenar, J. J.; Clemente-Juan, J. M.; Coronado, E.;
Tsukerblat, B. SInorg. Chem.1999 38, 6081. (b) Borfa-Almenar,

J. J.; Clemente-Juan, J. M.; Coronado, E.; Tsukerblat, B. Somput.
Chem.2001, 22, 985-991.
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Results and Discussion

SynthesesThe synthetic pathway comprises two steps,
the first one leading to the mononuclear iron(ll) precursor
and the second one to the related dinuclear' (Fad")
complex. All complexes were prepared in a glovebox under
a purified nitrogen atmosphere. In agreement with previous
results’ the Fé ion enters into the inner XD, coordination
site of the ligand while the oxophilic Adion occupies the
O, outer site. The process is effective when the ligand is
H,L* or H,L2. Incidentally, it may be noted that the precise
structure of the final product depends on the solvent used
during the preparation and/or recrystallization. In the case
of H,L1, two complexes, tFe(CHOH)Gd(NQy)3, 1, and L-
Fe((CH;).CO)Gd(NQ)s, 1', have been isolated and structur-
ally characterized (see later). In the case gf+ithe second
step of the reaction failed to afford ,the expecte_d dinuclear Figure 2. Zortep view of complexi with ellipsoids drawn at the 50%
complex but led to a powder which, according to the propability level.
analytical and spectroscopic data, does not contain any
bimetallic (F&/, Gd") species. It shall be noted that thé L
Fe precursor was prepared without any problem and isolated
in high yield. All compounds were characterized by chemical
analyses, IR, anéfFe Massbauer spectroscopy.

Description of the Structures. Complexesl and 1'
deriving from the same polydentate ligand crystallize in
different crystallographic systems, orthorhombic (space group
Pca2;) and monoclinic P2;/c), respectively, while complex
2 crystallizes in the same space grouplasuggesting that
the crystallographic system depends on the volume of the
solvent molecule apically coordinated to the iron center. In
all three complexes, the unit cell contains four neutral
dinuclear species 'Ee(D)Gd(NQ)s; (D = CHsOH (1) or
(CH3)CO (1, 2); i = 1 (4, 1) and 2 @)). Additional
methanol molecules are present in the case of compilex
they are not coordinated but involved in intramolecular
hydrogen bonds.

The three [Fe(D)Gd(NQ); molecular units exhibit very
similar features. They are illustrated in Figures 2 and 3 for ande;) are calculated in order to describe an intermediate
ComplexeSl. and2, reSpeCtively. Relevant structural param- geometry_ The key Shape-determining angkejs equa| to
eters for the three structures are gathered in Table 2. The0° for an ideal square pyram|d and 53ftr an ideal trigona|
core of each molecular unit is built up from two metal ions, pipyramid. Thee; angle is equal to 1°Ifor the Fé site in
Fe' and Gd', doubly bridged by two phenolato oxygen 1 and2 and 3.3 for the Fé site in1', confirming that the
atoms of L, O(1) and O(2). The Fe, O(1), O(2), Gd core is coordination of F& is square pyramidal with a solvent
not planar: the dihedral angte between the [O(1)FeO(2)]  molecule at the apex. The basal®4 donors provided by
and [O(1)GdO(2)] planes shows that departure from planarity | i are almost coplanar. The larger deviations are equal to
of the Fe, O(1), O(2), Gd core is significantly largerih  0.033(2) A in1' and 0.010(3) A inl and2. The Fé ion is
(oc = 23.6(1)) and 2 (o. = 24.1(1)) compared tal (o = displaced from the mean 9, plane by 0.3434(9) A and
6.2(7f). Gd" is decacoordinated with four oxygen atoms (.3558(3) A toward the axial O(5) oxygen atom fband
from the phenolato groups and the methoxy sidearms of the1', respectively, while this displacement is larger an
L' ligand and six oxygen atoms from three bidentate nitrato (0.4935(3) A). The axial FeO(5) bond lengths are in the
anions. The distortion of the coordination polyhedron around 2 055(4)-2.123(2) A range, larger than their basal-Fe
Fe' can be quantified using the approach of Muetterties and O(1,2) counterparts (1.942(22.031(2) A). The FeN(1,2)
Guggenberge¥: In this method, the dihedral angles between distances are in the 2.008(22.082(3) A rangé? As usual,
adjacent faces (known as shape-determining angles, the Gd-O bond lengths®1%15depend on the nature of the
oxygen atom: in the three complexes, the shortest bond
distances correspond to the phenolato oxygens (average:

Figure 3. Zortep view of complex2 with ellipsoids drawn at the 50%
probability level.

(31) James, F.; Roos, M. MINUIT Program, a System for Function
Minimization and Analysis of the Parameters Errors and Correlations.
Comput. Phys. Commutt975 10, 345.

(32) Muetterties, E. L.; Guggenberger, L.JJ.Am. Chem. Sod.974 96, (33) Corazza, F.; Floriani, C.; Zehnder, Nl. Chem. Soc., Dalton Trans.
1748. 1987, 709.
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Table 3. Mossbauer Parameters for ComplexéséMeOH-H,0,
L2FeMeOH-H,0, L3Fe-2H,0, L'Fe(CHOH)Gd(NGy)s (1),
LFe((CHs).CO)Gd(NQ)s (1), and L?Fe(CHOH)Gd(NG); (2)

cmpd T(K) d(mmsH2 AEg(mms?) I/2 (mms?hP
LIFeMeOHH,0 80  1.099(1) 2.464(2) 0.120(2)
L2FeMeOHH,0 80  1.000(1) 2.410(2) 0.128(2)
L3Fe2H;0 80  1.045(1) 2.496(1) 0.135(1)
1 80  1.059(1) 2.609(2) 0.116(2)
1 90  1.055(2) 2.604 (4) 0.115(3)
1 100  1.044(3) 2.596 (6) 0.113(5)
1 140  1.033(2) 2.565 (4) 0.110(3)
1 160  1.019(2) 2.541 (4) 0.118(3)
1 180  1.014(1) 2.523(2) 0.113(2)
1 200  0.996(1) 2.487 (2) 0.110(1)
T 80 1.140(2)  3.368(4) 0.206(4)
2 80  0.922(2) 2.491(3) 0.170(2)

a |somer shift referenced to metallic iron at room temperattiré/idth
at half-height.
Figure 4. Thermal dependence gfsT for complex1'. The solid line

2.367 A) and the largest ones to the methoxy groups represents the best fit of the data with the model including sindleidre
(average: 2.515 A). The parameters gathered in Table 3 show/"> (€€ tex).

that, despite their overall similarity, the three complexes 1
display structural differences: basal-+@ and Fe-N bond
lengths are larger il and 1’ than in2; a similar trend is
observed for the intramolecular Ged-e separations and Gd
O(1,2)-Fe angles while the larger Gd(1,2) and axial Fe
O(5) bond lengths occur in complex.

The intermolecular metalmetal distances (7.610(%)
9.416(1) A) are much larger than the intramolecularFe
Gd ones (3.4152(4)3.5169(4) A), clearly indicating that
complexesl, 1', and 2 may be considered as genuine
examples of strictly dinuclear (EeGd") species.

at 80 K (3.368 mms!) is significantly larger than those
for 1 and2 (2.609 and 2.491 mms$, respectively), indicating
that the departure from cubic symmetry is essentially axial
in the case of compleX’ while the symmetry is lower than
axial for 1 and2. This is in agreement with the differences
in structural parameters characterizing th®©N+ O square
pyramidal ligand environment of Fen complexesl, 1',
and?2. The effects ord values are more subtle: because of
the change from the XD, to N,Os; donor set around Fe
centers, a decreasedris expected as observed on comparing

. R the ¢ values obtained at 80 K for the mononuclear (1.000
Mo ssbauer SpectroscopyMossbauer spectra of the three mms) and dinuclear (0.922 mm¥ complexes involving

L'Fe precursors and the related dinUCIGMD)Gd(.NQ)?’ the L? ligand. Comparison of thé values obtained at 80 K
complexes collected in the 8200 K range consist of a for LFe(MeOH)(HO) and1 shows also a slight decrease,

single quadrupole split doublet. They were least-squares fittedWhile a slight increase is observed on comparirie-
with Lorentzian lines, and the resulting isomer shif} &nd (MeOH)(H,0) and?’

quadrupole splittingAEq) parameters (Table 3) are consis- Mdssbauer parameters of the iron(ll) site of complex

tent Withi high-spin Fesites. At 80 K, the rfi\nge of vglues obtained at different temperatures are also collected in Table
for the L'Fe precursors (1.0601.099 mms?) is consistent 3. As expected, thed values are slightly temperature
with their similar octahedral coordination spheres including dependent becal’Jse of the second-order Doppler%Hifte

the eql_JatorlaI hO, donor set from the LSchiff base and AEq values are almost independent of temperature (2.609
two apical O donors from solvent molecules (MeOH and/or (80 K)—2.487 mmst (200 K)), indicating that the separation

. N
Hz0); the re_lr;]ge (.)fA.If:‘.Q value('js (.2'.‘:1%2.'496 mmfs ) is between the ground state and the higher orbital states is large
consistent with a significant and similar distortion of thgO)l enough to preclude thermal population of the later.

coordination octahedron in these related mononuclear precur- Magnetic Properties. The magnetic susceptibilityy of

So_ﬁ{ | ¢ lexisl’ and? evid complexesl, 1', and2 has been measured in the-200 K

h 'tzaécrysta _structures 0 ::Lorcn)p exesl, an %VII lgnced temperature range in a 0.7 T applied magnetic field, while
t at_ experiences .aN)Z i square pyramidal figan isothermal magnetization measurements as a function of the
en\{lronment n the dinuclear EE(P)G.d(NQ)3 species, at o iarnal magnetic field were performed up3 T at 2 K.
variance with |t_s ogtah_edral c_oordlnatpn in the mononuclear The data obtained for compleX are represented in Figure
precursors. This significant difference is clearly observed on 4. At 300 K, theyuT product is equal to 11.10 chmol-*
comparing the Meshauer parameters at 80 K. The change K, which is s,lightly larger than the expected 10.87%cnol*

i | i i 1 -
"R/l Fchoor(()jmatlgnélrzoli\j(())zHJr %"GOH + 8”20 % Fe K value for noninteractin@= 2 (Fe) andS= "/, (Gd) spins.
(MeOH)(H,0) and (LFe(MeOH)(HO)) to N;Oz + Oweon As the temperature is loweregyT gradually increases,

(1) and NO; + Oacetone (1' and 2) is accompanied by an indicatin o .

\ k g the presence of a ferromagnetic interaction; very
A rn—sl

increase iNAEg (from 2.464 to 2.6091) and 3.368 m similar data were obtained fdr. In the case of compleg,

(1')_and froncwi 2'4.1|Odt.0 2'4.?% ;”hmi(é)) n lagnfeement V\I”th the ymT product is constant from room temperature to 40 K
an increased axial distortion.The AEq value for complex iy aymT value equal to 11.28 chrmol~! K. When the

(34) Greenwood, N. N.; Gibb, T. QMossbauer SpectroscopZhapman sample IS further COOIedGMT Increases, up to a maximum
and Hall: London, 1971. arourd 6 K with ayuT value of~11.8 cn¥ mol™* K, and
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Figure 5. Field dependence of the magnetization for comfdeat 2 K.

The solid line represents the data computed with the sets of exchange an
ZFS parameters obtained from the best fit of gh@ curve shown in Figure

5 (see text).

the g values of the low-lying states being combinations of
greandgeq®® 1, J=0.50 cnT?l, D = 2.06 cnT?, gre = 2.182,
Ocd = 2.000;1', J=0.41cm?, D = 3.22 cm?, gee = 2.006,
gcd = 2.000;2, J = 0.08 cnT?, D = 4.43 cnT?, gre = 2.100,
Jed = 2.000.

The 2 K magnetization data were then satisfactorily
simulated with these sets of parameters (as illustrated in
Figure 5 for 1') confirming simultaneous operation of
ferromagnetic Fe Gd exchange interactions and singlé' Fe
ion ZFS: all energy levels corresponding to the sets of

£xchange and ZFS parameters obtained from the fits of the

susceptibility curves have been taken into account, and
diagonalization of the full matrix has been performed at each
value of the magnetic field for calculation of the theoretical

then slightly decreases. It shall be emphasized that thes%agnetization%‘.’a

smallymT variations originate exclusively from the insulated
dinuclear units constituting complexésl’, and2. Because
of the orbital degeneracy of high-spin iron(lIs & 2),
application of an isotropic spin Hamiltonian is not rigorous
for these complexes. The Kotani expressigrasppropriate

with isolated iron(ll) centers, are not suitable here because

of the Fe-Gd magnetic interaction. The exchange phenom-

enon in the presence of orbital degeneracy is an open problem0

for which no general solution is available. Also, as discussed
by one of us® the orbital contribution is significantly
quenched when the iron(ll) environment deviates from ideal
octahedral geometry. This is the case of compleke¥,
and2 where the iron(ll) centers are pentacoordinated with a
square pyramidal geometry; in such a case, the orbital

degeneracy can affect only weakly the temperature depen-

dence of theyuT product?’*8 Attempts to fit the data by
using the simplifiedH = —2JSSsq Hamiltonian failed,
indicating that zero field splitting (ZFS) of iron(ll) cannot
be neglected. The energy levels and magnetic properties o
spin systems including the anisotropic iron(ll) usually require
consideration of single ion ZFS terms. This ZFS term
includes the anisotropy originating from the orbital contribu-
tion. The simpler spin Hamiltonian that may be useHlis
—2JSSq + DreSPre + Yij 9ifH;S; in which the first term
gauged by the parametéraccounts for the spin exchange
interaction, the second one gaugeddaccounts for axial
single ion ZFS of iron(ll), and the third one accounts for
the Zeeman contributions wherre= Fe, Gd and = x, y, z.
The temperature dependence)@fT was fitted using the
described Hamiltonian. Analytical expressions for eigenval-

Consideration of Figures 4 and 5 shows that the model
deriving from the aforementioned Hamiltonian is appropriate
to account for the magnetic behavior of the'(F&d") pairs.
The occurrence of a ZFS term, the magnitief which is
similar or larger to that of the exchange parameleis
responsible for the atypical profiles of thaT versusT plots.
The M versusH experimental data can be correctly fitted
nly if the ZFS termD is taken into account (Figure 5).

In a previous work? it has been shown for (Cu, Gd) pairs
that the sign and magnitude of the exchange interaction are
dependent on the bending of the (GBd) core gauged by
the dihedral anglayx. Seemingly, this interpretation does not
hold in the present work. Indeed, th@alues for complexes
1 andl' are very similar in sign and magnitude while the
correspondingt values (Table 2) differ significantly. On the
contrary, almost identicat values are observed fdrand2
which display different] values. This situation may originate

tJ‘rom operation of two antagonist effects in the present

complexes, that is, ferromagnetic interaction and single Fe
ion ZFS. Considering that the exchange mechanism is also
affected by the increased number of active d electrons (from
one (CU) to four (Fé")), additional examples are needed to
substantiate this hypothesis.
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ues and susceptibility cannot be derived because of the ZFS

term. To calculate the energy levels and magnetic properties,

diagonalization of the full matrix has been carried $the
best fits for complexe4, 1', and?2 (as illustrated in Figure
4 for 1') were obtained for the following sets of parameters,
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