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Structural and Magnetic Study of a Trinuclear MnII–GdIII–MnII Complex

Jean-Pierre Costes,*[a,b] Javier Garcia-Tojal,[c] Jean-Pierre Tuchagues,[a,b] and
Laure Vendier[a,b]

Keywords: Manganese / Gadolinium / Structure elucidation / Magnetic properties

The synthesis, structural determination and magnetic study
of a trinuclear MnII–GdIII–MnII complex involving a Schiff
base ligand are described. The structural study demonstrates
that the complex presents a linear arrangement of the Mn
and Gd ions, with hexacoordinate Mn ions in slightly dis-
torted or distorted trigonal prism environments and nine-co-
ordinate gadolinium ions. The Mn and Gd ions are linked
by two phenoxido bridges for one Mn–Gd subunit and two
phenoxido plus one nitrato bridges for the other Mn–Gd sub-
unit. Ferromagnetic interactions operate in the complex. The

Introduction

Schiff base ligands have been largely used to assemble
3d and 4f ions and to yield di- or triheteronuclear 3d-4f
complexes.[1–3] These low nuclearity complexes help to
understand the magnetic behaviour of the 3d-4f complexes,
and interpretation of their magnetism involves a unique J
parameter. Moreover, an isotropic Hamiltonian may be
used when gadolinium, with its half-filled 4f orbitals and
its 8S7/2 ground state, is associated to copper[1–3] or vanadyl
ions.[4] Although analysis of the Ni–Gd,[5] Co–Gd[6] and
Fe–Gd[7] complexes is complicated by the orbital contri-
bution of the 3d ions, these heterodinuclear complexes do
exist and also allow such studies. However, an equivalent
MnII–Gd-Schiff base complex has never been synthesized.
Our first attempt in this direction yielded an ionic species
with two [MnIII–Schiff base] complex cations surrounding
a dianionic [Gd(NO3)5(MeOH)] entity without any direct
bonding interaction between the Mn and Gd centres.[8]

Since then, other ligands have been used to fill this gap.
Ligands possessing carboxylate functions, such as EDTA,[9]

glutaric[10] or chelidamic[11] acid have yielded 2D Ln2Mn3

or Ln2Mn polymers, whereas pyridine-2,6-dicarboxylic
acid[12] and oxodiacetic acid[13] have yielded 3D Ln2Mn3

structures. Clusters of variable nuclearities, Mn6Ln6,
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best fit takes into account two different J constants and D
and E zero-field splitting terms. A strict 3d-5d(Gd) orthogo-
nality is not possible in the present complex because all 3d
orbitals of the Mn ions are occupied, which does agree with
the weak value of the JMn,Gd parameter. Oxidation of this
complex does not yield the corresponding MnIII–GdIII–MnIII

entity.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Mn11Ln4, Mn3Ln2, were isolated with salicylhydroxamic
acid[14] or simple organic acids.[15,16] Except for the Mn3Ln2

cluster, the Mn ions are at different oxidation states, +3 and
+4 for Mn6Ln6 and +2 and +3 for Mn11Ln4. More recently,
complexes of lower nuclearities, Mn2Ln2 and Mn–Ln–Mn,
were prepared with a thiacalix[4]arene[17] and a phospho-
rus-supported trishydrazone ligand.[18] In these later two ex-
amples the MnII–GdIII entities were characterized. In the
present study, we introduce the synthesis of the first trinu-
clear MnII–Gd–MnII complex prepared from a tetradentate
Schiff base ligand, its structural determination and an in-
terpretation of its magnetic properties.

Results

Manganese–gadolinium complex 1 crystallizes in the mo-
noclinic space group P21/n with Z = 4. The crystallographic
data of complex 1 are collated in Table 1, whereas selected
bond lengths and angles are mentioned in the figure cap-
tion. The structural determination of complex 1 evidences
the existence of a trinuclear Mn–Gd–Mn complex molecule,
as shown in Figure 1. This molecule may be formulated as
[(NO3)Mn(L)(µ-NO3)Gd(L)Mn(NO3)]. Surprisingly, the ni-
trato anions are coordinated to the metal centres through
three different coordination modes. One nitrato bridges
gadolinium to Mn1 in a classical µ-η1-η1 mode, a second
one chelates Mn2, whereas the third one is coordinated to
Mn1 in a monodentate η1 fashion. The gadolinium centre
is nine-coordinate to the four phenoxido and the four meth-
oxy oxygen atoms of the two L ligands and to an oxygen
atom of the bridging nitrato. The manganese ions are six-
coordinate, both to the N2O2 coordination site of one L
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ligand and two oxygen atoms from NO3 anions: one O from
both the monodentate and the bridging NO3 for Mn1, and
two O from the chelating NO3 for Mn2. The LMn1 moiety
is not planar, but has an umbrella shape with both NO3

pointing above; in contrast, the ligand around Mn2 is much
less distorted. Mn1 and Mn2 are located 0.923(1) and
0.688(1) Å out of their mean N2O2 plane toward their coor-
dinated nitrato anion, respectively. The corresponding
Mn···Gd separations are equal to 3.516(1) and 3.709(1) Å,
respectively. The angle between the two OGdO planes con-
taining the bridging phenoxido oxygen atoms is equal to
73.7(1)° and the dihedral angles between the Mn1O1O2,
GdO1O2 and Mn2O3O4, GdO3O4 planes are equal to
49.8(1) and 3.3(1)°, respectively. Nevertheless, the Mn1, Gd
and Mn2 centres are practically aligned, with a
Mn···Gd···Mn angle of 176.6(1)° and a Mn···Mn distance
of 7.221(1) Å. Adjacent trinuclear units are well isolated
from each other, with intermolecular Mn···Mn and
Mn···Gd distances larger than 7.2 Å, and without any hy-
drogen-bonding interactions.

Figure 1. Molecular structure of the trinuclear complex [(NO3)-
Mn(L)(µ-NO3)Gd(L)Mn(NO3)] (1) with thermal ellipsoids drawn
at the 30% probability level. Hydrogen atoms are omitted for clar-
ity. Selected bond lengths [Å] and angles [°] for 1: N1–Mn1
2.232(5), N2–Mn1 2.256(5), N3–Mn2 2.178(5), N4–Mn2 2.168(5),
O1–Mn1 2.187(4), O1–Gd1 2.330(4), O2–Mn1 2.210(4), O2–Gd1
2.373(4), O3–Mn2 2.092(4), O3–Gd1 2.376(4), O4–Mn2 2.116(4),
O4–Gd1 2.398(4), O5–Gd1 2.574(4), O6–Gd1 2.535(4), O7–Gd1
2.593(4), O8–Gd1 2.590(4), O9–Mn1 2.206(5), O12–Mn1 2.175(5),
O13–Gd1 2.357(5), O15–Mn2 2.409(6), O16–Mn2 2.241(6), Mn1–
Gd1 3.5158(11); Mn1–O1–Gd1 102.17(15), Mn1–O2–Gd1
100.11(14), Mn2–O3–Gd1 112.07(17), Mn2–O4–Gd1 110.16(16),
O1–Mn1–O2 72.21(14), O3–Mn2–O4 73.78(15), O1–Gd1–O2
66.85(13), O3–Gd1–O4 63.84(13).

The larger deformation of the Mn1 coordination sphere
in comparison to that of Mn2 is corroborated by the Mn–
N and Mn–O bond lengths, which are larger for Mn1 than
for Mn2, 2.244 against 2.173 Å in average for Mn–N bonds
and 2.198 against 2.104 Å in average for Mn–O bonds.
Whereas the Gd–O bonds involving deprotonated phen-
oxido oxygen atoms [2.330(4) to 2.398(4) Å] are quite sim-
ilar to those in other 3d-Gd complexes, the Gd–O bonds
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involving neutral methoxy oxygen atoms [2.535(4) to
2.590(4) Å] are shorter than usual. The shorter Mn–O bond
[2.175(5) Å] involves the bridging nitrato, as compared to
the monodentate [2.206(5) Å] and the chelating [2.241(6)
and 2.409(6) Å] NO3 anions. The coordination geometry
around each Mn centre was analyzed with a continuous
shape measure carried out with the SHAPE program,[19]

confirming that Mn1 is closer to a regular trigonal prism
[S(D3h) = 1.4, S(Oh) = 10.7], whereas Mn2 presents a larger
deformation from a trigonal prism [S(D3h) = 4.1, S(Oh) =
13.1]. The S coefficient is the shape measure of the investi-
gated Mn structure relative to an ideal shape, here trigonal
prism or octahedron. It can vary from zero (ideal shape) to
100.

When a solution containing crystals 1 is taken out of
the glove box, we observe a darkening of the solution and
disappearance of the yellow crystals (Experimental Sec-
tion). Three days later new (dark) crystals of complex 2
have formed. Although their structural determination is of
low quality, it is sufficient to show that complex 2 is a mo-
nonuclear complex in which the Mn ion is equatorially che-
lated to the N2O2 coordination site of the ligand and axially
coordinated to two water molecules (Figure 2). Although
several MnIII complexes made with very similar Schiff bases
are known,[20,21] the present one has not been reported in
the literature. Oxidation of the manganese ion, confirmed
by the presence of a nitrate counteranion, is accompanied
by loss of the Gd ion, thus showing that MnIII–LnIII com-
plexes involving this tetradentate Schiff base cannot be pre-
pared through the reported synthetic pathway.

Figure 2. Molecular structure of the mononuclear cation
[(LMn(H2O)2]+ of 2, with thermal ellipsoids drawn at the 30%
probability level. Hydrogen atoms are omitted for clarity.

Magnetic Properties

The thermal variation of the χMT product for complex 1
is displayed in Figure 3; χM is the molar magnetic suscep-
tibility of the trinuclear species corrected for the diamagne-
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tism of the ligands. At 300 K, χMT is equal to
16.98 cm3 mol–1 K, which corresponds to the value expected
for uncoupled manganese (two) and gadolinium (one) ions
(16.62 cm3 mol–1 K for g = 2). Lowering the temperature re-
sults in a slow increase in χMT down to 50 K
(17.9 cm3 mol–1 K) and then in a more abrupt one, up to
23.0 cm3 mol–1 K at 2 K. This behaviour indicates that a fer-
romagnetic interaction between the MnII (S = 5/2) and
GdIII (S = 7/2) ions operates at low temperature. A quanti-
tative analysis has been performed on the basis of an ex-
pression derived from the effective spin Hamiltonian:[22]

Figure 3. Temperature dependence of the χMT product for 1. The
line corresponds to the final fit 8 (see text) including zfs terms.

The magnetic susceptibility was computed by exact cal-
culation of the energy levels associated with the spin Hamil-
tonian through diagonalization of the full energy-matrix. In
order to take into account the large difference between the
dihedral angles of the two MnOOGd cores, the possibility
of two different interaction parameters J1 and J2 was con-
sidered. From the SHAPE analysis reported above, the Mn2
centre is essentially rhombically distorted, whereas Mn1 is
essentially axially distorted. Consequently, the possibility of
different axial zfs terms for Mn1 and Mn2 and also of a
rhombic zfs contribution for Mn2 was also considered. Ac-
cording to literature data,[23–26] the possibility of zfs contri-
bution for Gd was also checked, with and without Mn zfs
terms. The following notation is used hereafter: JMn1,Gd =
J1, JMn2,Gd = J2 (when JMn1,Gd = JMn2,Gd is assumed, J1 =
J2, =J); JMn1,Mn2 = j [j = 0 was found at fit 1 (see below)
and then always assumed]; DMn1 = D1, DMn2 = D2 (when
DMn1 = DMn2 is assumed, D1 = D2, = D), DGd = D3; EMn1

= E1, EMn2 = E2, EGd = E3, gMn1 = gMn2 = gGd = g was
always assumed. In order to avoid overparametrization, we
considered the following parameters as variable in the
eleven successive fits summarized hereafter (those not men-
tioned were set to zero): fit 1 [J, j and g], fit 2 [J1, J2 and g],
fit 3 [J, D and g], fit 4 [J, D1, D2 and g], fit 5 [J1, J2, D and
g], fit 6 [J1, J2, D1, D2 and g], fit 7 [J1, J2, D1, D2, E and g],
fit 8 [J1, J2, D1, D2, E2 and g], fit 9 [J1, J2, D1, D2, D3 and
g], fit 10 [J1, J2, D, D3 and g], fit 11 [J1, J2, D3, E3 and

Eur. J. Inorg. Chem. 2009, 3801–3806 © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 3803

g]. The agreement factor R = Σ[(χMT)obsd. – (χMT)calcd.]2/
Σ[(χMT)obsd.]2 was better by one order of magnitude for fit 8
(2� 10–5) compared to fits 1–7 and 9–11 (1–5� 10–4 range).
The parameter values for fit 8 are: J1 = 0, J2 = 0.78 cm–1,
D1 = 0.14 cm–1, D2 = 0.59 cm–1, E2 = 0.1 cm–1, g = 2.02. As
seen in Figure 3, this final fit yielded an excellent agreement
between experimental and theoretical χMT values over the
whole temperature range.

Comparison of calculated and experimental magnetiza-
tion at 2 K confirms the assumptions made for fitting the
magnetic susceptibility data. The Brillouin functions com-
puted from the parameter values resulting from the fits re-
ported above clearly show that the function corresponding
to a unique J parameter (fit 1) does not fit at all the experi-
mental magnetization data (Figure 4, dashed line). Using
two different J values (fit 2) yields a better result (dotted
line); however, introduction of D1, D2 and E2 zfs terms
(fit 8) is needed to obtain a satisfactory agreement between
experimental and theoretical magnetization data (solid
line). Surprisingly, the data given by fits taking into account
gadolinium zfs terms (fits 9–11) are not able to reproduce
the experimental magnetization data.

Figure 4. Field dependent magnetization for complex 1 at 2 K. The
lines correspond to the Brillouin functions (see text) with a unique
J parameter (fit 1, dashed line), J1 and J2 (fit 2, dots) and J1, J2,
D1, D2 and E2 (fit 8, solid line).

Discussion

We successfully prepared and characterized the first
manganese–gadolinium–Schiff base complex by using a
strictly anaerobic atmosphere. The structural determination
confirms that two LMnII units auto-assemble around the
gadolinium ion to yield a heterotrinuclear Mn–Gd–Mn
complex. This behaviour seems to be contradictory to pre-
vious results suggesting that it was not possible to obtain
trinuclear 3d-4f-3d entities with nitrato anions.[27] Neverthe-
less, this apparent contradiction may be removed by taking
into account the role of solvents. Nitrato anions are good
chelating agents toward lanthanide ions, mainly in acetone
where Gd(NO3)3·5H2O is a nonelectrolyte; however, it be-
haves as a 2:1 electrolyte in methanol, implying that only
one NO3 is coordinated to Gd in methanol versus three in
acetone. Consequently, in methanol, the solvent used in the
present synthetic pathway, the chelating competition be-
tween the outer O2O2 coordination site of the LMnII unit
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and two nitrato ions turns to favour the LMnII complex
ligand, yielding the MnOOGdOOMn core. As a result, two
nitrato anions are available as ancillary ligands for the Mn
centres: one of them chelates Mn2, whereas the other one
coordinates Mn1 through O5. Eventually, each Mn ion has
two Mn–O(nitrato) bonds, originating either from the same
NO3 or from two different NO3 anions.

We had previously shown the impossibility to obtain a
Mn–Ln–Mn complex from a cationic LMnIII complex, the
only isolated product corresponding to an ionic species,
[(LMnIII)]+2[Gd(NO3)5]2–.[8] This may be readily explained:
indeed, it seems difficult to bring two cationic species in
close proximity. This is why we repeated the synthesis of the
trinuclear [(NO3)Mn(L)(µ-NO3)Gd(L)Mn(NO3)] complex
1 anaerobically. Once the yellow crystals appeared in the
mother solution, the sample was taken out of the glove box
in order to oxidize MnII to MnIII in the open atmosphere.
The yellow crystals disappeared and new dark crystals were
obtained. Their structural determination confirmed Mn
oxidation but the resulting product corresponds to the mo-
nometallic [LMn(H2O)2]NO3 complex. Mn ions do not be-
have as cobalt ions, from which CoII–Gd and CoIII–Gd
complexes were isolated.[6] This work thus demonstrates for
the first time that MnII–Gd–Schiff base complexes may be
prepared and characterized, but that the corresponding
MnIII–Gd entities cannot be isolated.

The magnetic study evidences a weak ferromagnetic
MnII–Gd interaction, in accordance with the few Mn–Gd
complexes prepared with ligands other than Schiff
bases.[13,18] A first observation related to this magnetic be-
haviour is that Mn–O bond lengths are larger (by ca. 0.1 Å)
than equivalent MII–O bonds (MII = Cu, Ni, Co, Fe).
Longer Mn–O bond lengths imply weaker Mn–Gd interac-
tions through the Mn···O···Gd bridges. A second explana-
tion originates from theoretical work on Cu–Gd interac-
tions.[28] It has been found that the presence of ferromagnet-
ism in a large majority of Cu–Gd complexes originates from
the interaction between the 3d orbitals and the partially
occupied 5d-type GdIII atomic orbitals. From quantum
chemical calculations within the C2v symmetry, the authors
show that the system adopts an orthogonal orbital ex-
change pathway, with the main interaction operating be-
tween b2[CuIIL] and a2[GdIII] orbitals. Consequently, if we
consider the MnII complexes it becomes clear that an or-
thogonal orbital exchange pathway will be automatically re-
duced because of the occupancy of the five 3d orbitals, at
variance with the Ni–Gd–Ni complexes, where only the 3d
eg orbitals are active. This is why we observe a weaker
JMn,Gd interaction: 0.78 cm–1 compared to the 4.8 cm–1

value for JNi,Gd.[29] In order to understand why two dif-
ferent JMn,Gd interactions may operate, we shall keep in
mind that we previously found a relationship between the J
values and the dihedral angles involving the CuOO and
GdOO planes of the bridging CuOOGd core in Cu–Gd
complexes.[30] The largest values, around 11 cm–1, were
found for planar cores corresponding to dihedral angles
around 0°.[30] These values decrease to less than 1 cm–1 for
dihedral angles increasing to about 45°.[31] This is why we
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think that the magnetic behaviour of complex 1, charac-
terized by very different dihedral angles [49.8(1) and 3.3(1)°]
and different Mn–O bond lengths must be analyzed by con-
sidering two J parameters. In addition, we may conclude
that the Mn2 centre with its rhombic distortion is the one
involved in the larger (if not unique) Mn–Gd interaction.

The experimental magnetization curve (Figure 4) does
imply the presence of small zero-field splitting terms, in
agreement with the small χMT decrease at low temperature
(Figure 3) and the existence of a signal at zero field in the
low-temperature X-band EPR spectrum of complex 1 (Fig-
ure S1, Supporting Information). From the entire set of
considered fits, the only one able to fit correctly the suscep-
tibility and magnetization data is fit 8, giving the following
values: J1 = 0, J2 = 0.78 cm–1, D1 = 0.14 cm–1, D2 =
0.59 cm–1, E2 = 0.1 cm–1, g = 2.02. Surprisingly, the data
given by fits taking into account gadolinium zfs terms
(fits 9–11) yield too large D values, so that the experimental
magnetization data cannot be reproduced in a correct way.
If the J parameters and particularly the use of two different
J values are not questionable, it is more difficult to confirm
that the retained solution is unique. Indeed, MnII and GdIII

ions are both S ions that cannot bring large zfs terms.
Furthermore, we must keep in mind that the low-tempera-
ture X-band EPR spectra are complicated by absorptions
originating from MnII. For this reason, even high-field EPR
spectroscopy may not be able to bring supporting infor-
mation. This is why we consider that, in the present case,
taking into account the rhombic distortion of the Mn2 co-
ordination sphere is more significant than considering a Gd
zfs term.

Conclusions

We have been able to synthesize a trinuclear complex,
[(NO3)Mn(L)(µ-NO3)Gd(L)Mn(NO3)], with a tetradentate
Schiff base ligand (L) under controlled atmosphere. The tri-
nuclear nature of this complex results from the use of meth-
anol as solvent. Indeed, the gadolinium nitrate reactant is
a 2:1 electrolyte in methanol, whereas it is a nonelectrolyte
in acetone. Owing to the coordination of a unique nitrato
to gadolinium in methanol, two LMn units behave as li-
gands with their O2O2 outer coordination sites chelating the
central Gd ion. This behaviour is favoured by the nitrate
affinity for MnII ions, each nitrato being coordinated to one
MnII ion by at least one Mn–O bond. The structural deter-
mination evidences that the Mn–Gd components of com-
plex 1 are nonsymmetric, the dihedral angles between the
MnOO and GdOO planes of the Mn1–O2–Gd and Mn2–
O2–Gd components of the core being equal to 49.8(1) and
3.3(1)°, respectively. The magnetic study confirms the pres-
ence of a weak Mn2–Gd ferromagnetic interaction and the
absence of measurable magnetic interaction in the Mn1–Gd
component of the trinuclear complex. In a previous work
describing trinuclear Ni–Gd–Ni entities, the involvement of
the 5d orbitals of Gd was put forward. Although the trinu-
clear Mn–Gd–Mn complex is structurally different from the
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Ni–Gd–Ni ones, this involvement does not allow a strict 3d-
5d orthogonality here, the five 3d orbitals being occupied in
the Mn ions, in agreement with the weaker ferromagnetic
JMn,Gd parameter than JNi,Gd. MnIII ions being involved in
a large number of single-molecule magnets (SMM), we tried
oxidizing the heteronuclear complex 1 in order to find a
new synthetic pathway toward MnIII–Ln entities. Unfortu-
nately, we have not reached this goal, oxidation of MnII to
MnIII being accompanied by release of the 4f ion.

Experimental Section
Materials: The metal salts Mn(CH3COO)2·4H2O and Gd(NO3)3·
5H2O (Aldrich) were used as purchased. High-grade solvents were
used for preparing the complexes. The H2L ligand, N,N�-2,2-di-
methylpropylenebis(3-methoxysalicylideneimine), was prepared as
described previously.[32]

Complexes: The reactions and preparation of the samples for physi-
cal measurements were carried out under a purified nitrogen atmo-
sphere within a glove box (Vacuum Atmospheres H.E.43.2)
equipped with a dry train (Jahan EVAC 7).

[(NO3)Mn(L)(µ-NO3)Gd(L)Mn(NO3)] (1): The ligand (0.37 g,
1 mmol) was diluted in dry methanol (20 mL) inside the glove box.
Then, manganese acetate (0.25 g, 1 mmol) was added, followed by
triethylamine (0.2 g, 2 mmol). An equimolar amount of gadolinium
nitrate (1 mmol, 0.45 g) was then added to the stirred mixture,
yielding a homogeneous yellow solution. The filtered solution was
left to sit for a few days until yellow crystals formed, which were
isolated by filtration and dried inside the glove box. Yield: 0.30 g
(50%). C42H48GdMn2N7O17 (1190): calcd. C 42.4, H 4.1, N 8.2;
found C 43.9, H 4.0, N 7.7. IR (KBr): ν̃ = 1627, 1617, 1559, 1465,
1439, 1406, 1313, 1292, 1218, 1060, 968, 849, 737, 637 cm–1.

[LMn(H2O)2](NO3)(H2O)2 (2): The experimental procedure de-
scribed above was repeated. The yellow mother solution was taken
out of the glove box when the yellow crystals appeared. This mix-
ture was then stirred in the open atmosphere, yielding a dark-
brown solution that was concentrated by slow solvent evaporation
to yield dark crystals isolated by filtration and dried. Yield: 0.25 g
(47%). C21H32MnN3O11 (557.44): calcd. C 45.2, H 5.6, N 7.5;
found C 44.8, H 5.7, N 7.2. IR (KBr): ν̃ = 3364, 2939, 1605, 1557,
1467, 1432, 1412, 1393, 1368, 1348, 1321, 1294, 1247, 1228, 1190,
1164, 1082, 1061, 972, 857, 730, 641 cm–1.

Physical Measurements: Elemental analyses were carried out at the
Laboratoire de Chimie de Coordination Microanalytical Labora-
tory in Toulouse, France, for C, H, and N. IR spectra were recorded
with a Spectrum 100 FTIR Perkin–Elmer spectrophotometer using
the ATR mode. Magnetic data were obtained with a Quantum De-
sign MPMS SQUID susceptometer. All samples were 3 mm dia-
meter pellets moulded from ground crystalline samples. Magnetic
susceptibility measurements were performed in the 2–300 K tem-
perature range in a 0.1 T applied magnetic field, and diamagnetic
corrections were applied by using Pascal’s constants.[33] Isothermal
magnetization measurements were performed up to 5 T at 2 K. The
magnetic susceptibilities were computed by exact calculations of
the energy levels associated to the spin Hamiltonian through diago-
nalization of the full-matrix with a general program for axial and
rhombic symmetries,[34] and the magnetizations with the
MAGPACK program package.[35] Least-squares fittings were ac-
complished with an adapted version of the function-minimization
program MINUIT.[36] Conductivity measurements were obtained
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with a CRISON 522 conductimeter on 10–3  solutions of
Gd(NO3)3·6H2O at 25 °C. The results for the molar conductivity
ΛM in acetone and methanol were 10.25 and 167.66 Ω–1 cm2 mol–1,
respectively, which corresponds to nonelectrolyte behaviour in ace-
tone and a 2:1 electrolyte in methanol.[37]

Crystallographic Data Collection and Structure Determination:
Crystals of 1 and 2 were kept in the mother liquor until they were
dipped into oil. The chosen crystals were mounted on a Mitegen
micromount and quickly cooled down to 180 K. The selected crys-
tals of 1 (yellow, 0.2�0.18�0.08 mm3) and 2 (dark,
0.25�0.1 �0.02 mm3) were mounted on an Xcalibur Oxford Dif-
fraction diffractometer using a graphite-monochromated Mo-Kα

radiation (λ = 0.71073 Å) and equipped with an Oxford Instrument
Cooler Device. Data were collected at low temperature (180 K).
The final unit cell parameters were obtained by means of a least-
squares refinement. The structures were solved by direct methods
using SIR92,[38] and refined by means of least-squares procedures
on a F2 with the program SHELXL97[39] included in the software
package WinGX version 1.63.[40] The atomic scattering factors
were taken from International Tables for X-ray Crystallography.[41]

All non-hydrogen atoms were anisotropically refined, and in the
last cycles of refinement a weighting scheme was used, where
weights are calculated from the following formula: w = 1/[σ2(Fo

2)
+ (aP)2 + bP], where P = (Fo

2 + 2Fc
2)/3. Drawings of molecules

are performed with the program ORTEP32 with 30% probability
displacement ellipsoids for non-hydrogen atoms.[42] The crystallo-
graphic data of complexes 1 and 2 are summarized in Table 1.

Table 1. Crystallographic data for complexes 1 and 2.

1 2

Formula C42H48GdMn2N7O17 C21H32MnN3O11

Fw 1190.0 557.4
Space group P21/a (N°14) C2/c
a [Å] 16.7761(10) 28.699(10)
b [Å] 11.4808(9) 7.618(5)
c [Å] 24.7443(8) 27.489(5)
α [°] 90 90
β [°] 94.481(6) 125.674(11)
γ [°] 90 90
V [Å–3] 4751.3(5) 4882(4)
Z 4 8
ρcalcd. [g cm3] 1.661 1.517
λ [Å] 0.71073 0.71073
T [K] 180(2) 180(2)
µ(Mo-Kα) [mm–1] 1.979 0.606
R[a] obsd., all 0.0458,0.0573 0.0978, 0.128
Rw[b]obsd., all 0.1062, 0.1133 0.251, 0.1772

[a] R = Σ||Fo| – |Fc||/Σ|Fo|. [b] wR2 = [Σw(|Fo
2| – |Fc

2|)2/Σw|Fo
2|2]1/2.

CCDC-730836 (for 1) and -730837 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Solid state X-band EPR spectrum of complex 1 at 100 K.
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