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Four 3d-5d-4f heterotrimetallic complexes have been assembled from {Cu?Ln"} building-blocks and the
Os(111) metalloligand, [Os(CN)g]* . Two of the coordination assemblies are octanuclear metallocycles, [{{Cu
(valdmpn))sLnz(H20)2 {Os(CN)s}2]- 3CH30H 4H20.CH1CN (Ln=Gd 1, Tb 2), while the two others, '..[{{Cu
(valdmpn));Ln(CH3;0H)}{Os(CN)s}]-5CH30H-H,0 (Ln = Gd 3, Tb 4), are one-dimensional (1D) coordination
polymers (Hzvaldmpn is the Schiff base resulted from the condensation of o-vanillin with 2,2-dimethyl-
propylenediamine). The final type of assembly (molecular 0D versus 1D) is clearly influenced by the nature
of the employed solvents. The magnetic properties of the four compounds have been investigated revealing
the expected ferromagnetic Cu"-Ln" magnetic interactions in the {(Cu(valdmpn)):Ln(CHsOH)} moiety
and weak Cu"-NC-0s" antiferromagnetic coupling (Jouos/ks =~ ~0.6 K) in the gadolinium based complexes
1 and 3.



1. Introduction

The combination of different paramagnetic metal ions within
the same molecular entity is of high interest in molecular mag-
netism, as the magnetic interaction between these spin carriers
can be easily controlled to obtain materials with desired properties
(3D molecule-based magnets, Single-Molecule Magnets and Sin-
gle-Chain Magnets) [1]. A vast majority of the heterometallic com-
plexes contain only two metal ions in various stoichiometry. In
contrast, heterotrimetallic complexes are more difficult to obtain
and represent a real challenge from the synthetic point of view.
The main problem faced by chemists is to avoid the scrambling
of the metal ions with the different ligands. In a rational way,
heterotrimetallic complexes can be assembled following different
strategies: (i) using the selective coordination of the three metal
ions by single ligand with three different coordination sites [2];
(ii) using metalloligands like an anionic heterobinuclear complex
with potentially bridging groups able to coordinate a third metal
ion [3], or (iii) an anionic mononuclear metalloligand able to
coordinate one or two metal ions from a heterometallic cationic

complex [4]. The preformed heterobimetallic modules, binuclear
or with higher nuclearities, are usually assembled using compart-
mental ligands with different sets of donor atoms. This last strat-
egy can be adapted in order to obtain either heterometallic
complexes or coordination polymers. Indeed, several
heterotrimetallic complexes showing exciting properties, were
obtained by one-pot reactions [5].

Our synthetic approach toward heterotrimetallic complexes
consists of self-assembly processes involving cationic oligonuclear
modules, {M"Ln"} and {M"Ln"'M"}, and various homo- and
heteroleptic cyanido metalloligands like [M(CN)s]>*~, [M(bipy)
(CN)4]~, [M(phen)(CN)4]~ (M = Fe, Cr), [M(CN)s]>~ (M = Mo, W) or
[W(bipy)(CN)e]~ [6]. The 3d-4f modules are formed systematically
using compartmental Schiff-base ligands derived from o-vanillin
(HpvalXn). The reaction between [M(valXn)] and lanthanide salts
affords binuclear complexes: [M(valXn)Ln]**. During the self-
assembly processes, a second [M(valXn)] unit can coordinate to
the lanthanide ion, resulting in trinuclear [M"Ln™M"] species. This
process is favored by poorly coordinating anions or by the pre-
established molar ratio [M'"(valXn)]: Ln"'=2: 1. Both binuclear
and trinuclear species can act as molecular modules in construct-
ing high nuclearity complexes and coordination polymers. Follow-
ing this route, we reported on several families of {M"Ln"Fe"'(Cr'!!)}



and {M"Ln"Mo"(W")} complexes (M = Cu, Ni) [6]. The nature of
the resulting systems is strongly influenced by the valXn?" ligands,
which can be finely modified by simply changing the diamine in
the condensation reaction with o-vanillin, leading to very different
heterotrimetallic complexes [6a,c]. In this work, we show that the
nature of the resulting complexes (oligonuclear species vs.
coordination polymers) is also strongly influenced by the
solvents chosen for the synthesis.

In comparison with 3d-based [M(CN)s]*~ modules, [Ru(CN)g]>~
and [0s(CN)g]>~ have been much less employed in designing
heterometallic systems [7]. Herein, we report on the first {Cu''Ln"!-
0s""} heterotrimetallic species, which are constructed using [Os
(CN)]>~ as a metalloligand. Four new heterotrimetallic complexes
have been obtained starting from [Cu(valdmpn)], Ln(NO3)s-5H,0
and (PPhy)s[Os(CN)g] precursors (Hpyvaldmpn results from o-vanil-
lin and 2,2-dimethyl-propylenediamine - Scheme 1). Their crystals
structures and magnetic properties are discussed.

2. Experimental
2.1. Materials and methods

Commercially available reagents were used without further
purification. The two precursors, [Cu(valdmpn)] and (PPhy)s[Os
(CN)g], were obtained following the synthetic procedures reported
in the literature [8,9], Hyvaldmpn is the Schiff base resulting from
the condensation of o-vanillin with 2,2-dimethyl-propylenedi-
amine. The four complexes have been synthesized using a similar
method: the trinuclear species are generated in situ by adding
the hydrated lanthanide nitrate into a methanolic solution contain-
ing [Cu(valdmpn)]. The subsequent addition of either acetonitrile
(1 and 2) or methanolic (3 and 4) solutions of the [Os(CN)g]>" met-
alloligand affords the four complexes described below.

2.2. Physical measurements

IR spectra (KBr pellets) were recorded on a Tensor 37 spec-
trophotometer in the 4000-400 cm™! region. The magnetic mea-
surements were carried out with the use of Quantum Design
MPMS-XL SQUID magnetometer. This instrument works between
1.8 and 400 K with applied dc fields ranging from —7 to 7 T. Mea-
surements were performed on a polycrystalline samples of 1, 2, 3
and 4 (9.57, 2.34, 8.24 and 10.54 mg) covered their frozen mother
liquor within a sealed straw to prevent desolvation of the solid.
Only experiments done with compounds maintained in frozen

(o] OH

mother liquor led to reproducible dc and ac magnetic data. No
evaporation of the mother liquor was observed during these mea-
surements. The mass of the sample was determined after the mea-
surements and subsequent mother liquor evaporation. Prior to the
experiments, the field-dependent magnetization was measured at
100K in order to confirm the absence of any bulk ferromagnetic
impurities. Ac susceptibility measurements were performed with
an oscillating field of 3 Oe with ac frequencies from 1 to
1500 Hz; but no out-of-phase ac signal could be detected above
1.8K in the available experimental temperature, ac frequency
and dc field windows. The magnetic data were corrected for the
sample holder, mother liquor and the intrinsic diamagnetic
contributions.

2.3. Syntheses

2.3.1. Synthesis of complexes 1 and 2

[{(Cu(valdmpn))4Ln,(H,0),}{0s(CN)g}>]-3CH30H-4H,0-CH3CN
(Ln=Gd 1, Tb 2) to a methanolic solution (10 mL) containing [Cu(-
valdmpn)] (10 mg, 0.02 mmol) and Gd(NOs)3-5H,0 (1)/Tb(NO3)s-
-5H,0 (2) (5mg, 0.01 mmol), a solution of (PPh4)s;[Os(CN)e]
(15 mg, 0.01 mmol) in acetonitrile (10 mL) was added. The resul-
tant green solutions were stirred overnight. After filtration, the fil-
trates were slowly evaporated at room temperature for five days to
afford green crystals, either of 1 and 2, suitable for X-Ray diffrac-
tion. IR data (KBr, cm™'): 2958w, 2087 m (Ven), 2026 m (Vey),
1628s, 1474s, 1392w, 1289s, 1229s, 1171w, 1067 m, 971w,
931w, 852w, 741 m, 646w (for 1); 2944w, 2086 m (Vcy), 2026w
(Ven), 1628s, 1474s, 1392w, 1289s, 1229s, 1171 m, 1067 m,
971w, 931w, 852w, 738 m, 646w (for 2).

2.3.2. Synthesis of complexes 3 and 4
1_[{(Cu(valdmpn)),Ln(CH30H)}{0s(CN)¢}]-5CH;0H-H,0

(Ln =Gd 3, Tb 4): to a methanolic solution (10 mL) containing [Cu
(valdmpn)] (10 mg, 0.02 mmol) and Gd(NO3)3-5H,0 (3)/Tb(NO3)s-
-5H,0 (4) (5mg, 0.01 mmol), a solution of (PPh4)3[Os(CN)g]
(15 mg, 0.01 mmol) in methanol (10 mL) was added. The resultant
green solutions were stirred for one hour. After filtration, the fil-
trates were slowly evaporated at room temperature for two days
to afford green crystals, either of 3 and 4, suitable for single-crystal
X-Ray diffraction. IR (KBr, cm™!): 2955w 2089 m (Vcy), 2029w
(Ven), 1627s, 1474s, 1392w, 12895, 12295, 1165w, 1065 m,
970w, 930w, 852w, 740 m (for 3); 2955w, 2083 m (Vcy), 2025w
(Ven), 16295, 14755, 1392w, 1287s, 1229s, 1168w, 1063 m,
972w, 931w, 853w, 739 m (for 4).

Scheme 1. Synthesis of the Hyvaldmpn ligand employed in the present study.



2.4. X-ray data collection and crystal structure refinement

The single-crystal X-ray diffraction measurements for com-
plexes 1 and 4 were performed at 173 K on a STOE IPDS II diffrac-
tometer operating with a Mogy (A=0.71073A) X-ray tube
equipped with a graphite monochromator. The structures were
solved by direct method (SHELXS-97) and refined by full-matrix
least squares techniques based on F°. A summary of the crystallo-
graphic data and the structure refinement for crystals 1 and 4
are given in Table 1. Unit cell parameters for compound 2:
a=13.523, b=13.880, c=17.897A; 0=99.60, f=99.24,
y=100.79°, V=3200 A3; Unit cell parameters for compound 3:
a=18.6188, b=25.3620, c=26.6534 A; o =90, f=90.276, y=90°,
V=12585.85 A3,

3. Results and discussion
3.1. Syntheses and general description

The four compounds, octanuclear complexes [{(Cu(valdmpn))s-
Ln,(H,0),}{0s(CN)g}2]-3CH30H-4H,0-CH3CN (Ln=Gd 1, Tb 2) and
1D coordination polymers, . [{(Cu(valdmpn)),Ln(CH;O0H)}{Os
(CN)g}]-5CH30H-H,0 (Ln=Gd 3, Tb 4) have been obtained from
the same modules but using different solvents during the synthe-
sis. Complexes 1 and 2 are obtained from a methanol:acetonitrile
(1:1) solution, while 3 and 4 are stabilized using only methanol.
Compounds 1 and 2 [ 3 and 4 are isostructural and the crystal
structures for 1 and 4 have been solved and described here in
detail, while the unit cell of 2 and 3 were enough to confirm their
respective isomorphism (see details in the experimental part). The
IR spectra reveal the formation of the Schiff-base ligand (with
bands in the 1600 cm™! region) and confirm the presence of the
cyanido groups with bands in the range 2000-2100 cm~': 2087
and 2026 cm™! for 1, 2086 and 2026cm~' for 2, 2089 and
2029 cm! for 3, and, respectively 2083 and 2025 cm ™! for 4.

3.2. Crystal structure of complex 1

The crystal structure of compound 1 consists of a centrosym-
metric octanuclear complex, composed of two {(Cu(valdmpn)),-
Gd}** modules connected by two {0s(CN)s}>*~ metalloligands
through two cis cyanido groups (Fig. 1). Two crystallographically

Table 1
Crystallographic data, details of data collection and structure refinement parameters
for compounds 1 and 4.

1 4
Empirical formula Ci06H132Cu4N»203,05,Gd,  Cs4H74CusN190150sTh
M (g mol™") 3173.37 1579.43
Temperature, (K) 173(2) 173(2)
Wavelength, (A) 0.71073 0.71073
Crystal system Triclinic Orthorombic

Space group P-1 (n°2) Pbca (n° 61)
a(A) 13.5607(3) 18.5173(6)
b (A) 13.8309(4) 25.4327(10)
c(A) 17.7822(5) 26.5352(12)
o(°) 98.853(6) 90

B°) 99.132(7) 90

7(°) 101.026(8) 90

V (A%) 3173.16(19) 12496.6(9)
z 1 8

D, (g cm™3) 1.661 1.679
u(mm™1) 3.759 3.887
F000) 1572 6296
Goodness-of-fit on F? 1.064 0.797

Final R, wRS [I>26(I)]

R}, wRS (all data)

Largest diff. peak and
hole (eA~3)

0.0637, 0.1858
0.0875, 0.2002
2.643, —2.500

0.0547, 0.1003
0.1442, 0.1232
1.545, —1.347

3

independent [Cu(valdmpn)] units are coordinated through their
outer 0,0, cavities to the Gd™ jon (two oxygen atoms arise from
the phenoxido groups and the two others from the methoxy ones)
thus forming an almost linear trimetallic moiety [170.37(4)°]. The
Gd(III) site is nine-coordinated in a distorted muffin-like geometry
(Cs symmetry estimated through SHAPE 2.1 program, see Fig. S1
and Table S1 in ESI) [10]. Its coordination sphere is constructed
by eight oxygen atoms from two [Cu(valdmpn)] units, and one
aqua ligand. The nine Gd - O distances vary between 2.603(9)
and 2.331(9) A. The copper ions display a square pyramidal geom-
etry, with the equatorial plane occupied by the oxygen and nitro-
gen atoms from the compartmental ligand, while the apical
positions are occupied by the nitrogen atoms arising from the cya-
nido bridges [Cul - 06 =1.944(9), Cul - 07 =2.004(8), Cul -
N7 =1.998(10), Cul- N8 =1.967(10); Cu2 - 01 =1.962(8), Cu2 -
0005 =1.957(9), Cu2 - N9=1.972(11), Cu2 - N10=1.981(10),
Cul - N1=2.228(12), and Cu2 - N5=2.313(12) A)]. The values
of the trigonality parameter [11] for the five-coordinate copper
(II) ions are: Tcy; =26.86 and, respectively, Tcyp =19.81%. The
intra-module Cu---Gd distances are 3.523 and 3.528 A, while the
distances between the copper and osmium atoms across the cya-
nido bridges are: Cul---Os1'=5.364(19) and Cu2.--Os1=5.186
(18) A ((=2—x, 1—y, 2—2). The 0s-CN-Cu fragments are bent
with CN-Cu angles being 141.46(11) and 163.64(11)°. It is worth
noting that an octanuclear complex, [Ni;Dy4Fe;], with a similar
topology was obtained recently by Kou et al. using the more com-
mon [Fe(CN)g]>~ module as a metalloligand [12]. Selected bond
distances and angles for compound 1 are collected in Table S2.

3.3. Crystal structure of complex 4

The crystal structure of 4 consists of a one-dimensional coordi-
nation polymer made of the same molecular modules as seen for
complex 1, with {(Cu(valdmpn)),Tb}*" nodes bridged by [Os
(CN)g]?~ spacers (Fig. 2). The asymmetric unit and the atom num-
bering scheme are presented in Fig. S2 in ESI. The metalloligand,
[0s(CN)g]3~, involves again two cis cyanido groups in the coordina-
tion to the {(Cu(valdmpn)),Tb}** units. The terbium ion is also
located into the 0,0’; large and open compartment of the organic
ligand being nine-coordinated in a distorted muffin or spherical
capped square antiprism-like geometry (Cs symmetry estimated
through SHAPE 2.1 program, see Fig. S3 and Table S1 in ESI) [10].
The coordination sphere contains nine oxygen atoms: eight atoms
arising from two 0,0, open compartments of the Schiff base
ligands, and one atom from one methanol molecule. The Tb - O
distances vary between 2.334(8) and 2.577(8) A. The copper ions,
hosted in the inner N,O, compartment, are pentacoordinated with
a square-pyramidal geometry. The apical positions are occupied by
cyanido nitrogen atoms, while the equatorial plane by the two oxy-
gen and two nitrogen atoms from the Schiff base ligand
[Cul - N6C=2.196(11), Cu2 - N1C=2.145(12), Cul - O1=1.949
(8), Cul - 02=1.975(9), Cul - N3=1.969(10), Cul - N4=1.977
(10), Cu2 - 03=1.965(8), Cu2 - 04=1.996(8), Cu2 - N1=1.994
(10), and Cu2 - N2 = 1.974(10) A]. In this case, the values of the trig-
onality parameter [11] for the five-coordinate copper(Il) ions are:
Tcu1 = 6.42 and, respectively, Tcyp = 19.05%. The values of the CN-
Cu angles are 150.98(11) and 151.20(10)°. The intrachain distances
between the metal centers are as follows: Cul---Tb1 =3.5366(15),
Tb1..-Cu2=3.5103(15), Cul.--Os1'=5.243; Cu2---Os1=5200A
((=05+x,0.5 —y, —z). Selected bond distances and angles for com-
pound 4 are gathered in Table S2.

3.4. Magnetic properties

The magnetic properties of the four complexes have been
investigated between 300 and 1.8 K. The present complexes are



Fig. 1. Pers_pective view of the octanuclear complex 1 with the atom numbering scheme (color code: green - copper; pink — gadolium; yellow — osmium; red - oxygen; blue -
nitrogen) (‘=2 — x, 1 —y, 2 — z). The hydrogen atoms and crystallization solvent molecules have been removed for clarity.

Fig. 2. View of the heterotrimetallic 1D coordination polymer in 4 (color code: green - copper; plum - terbium; yellow - osmium; red - oxygen; blue - nitrogen). The

hydrogen atoms and crystallization solvent molecules have been removed for clarity.

composed of the same magnetic modules, {Cu(valdmpn)),Ln}**
and [0s(CN)s]*~, forming octanuclear complexes for 1 and 2, and
one-dimensional (1D) coordination network for 3 and 4 (vide
supra), therefore, for a better comparison, the magnetic data
reported herein have been normalized for only one {Cu(-
valdmpn)),Ln}[Os(CN)s] formula unit. In Fig. 3, the temperature

dependence of the yT product for 1 and 3, the Gd analogues, is
shown and highlights the similarity of the two magnetic behaviors.
At high temperatures, the T product for both compounds (10.1
versus 9.5 cm® K mol~! respectively) is consistent with the pres-
ence of one S=7/2 Gd(Ill) center (with g=2) [13], one s=1/2 Os
(IT) (with gegr=1.85) [7ce] and two S=% Cu(ll) (with g=2.2)
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Fig. 3. Temperature dependence of the yT product at 0.1 T (xT is defined as
magnetic susceptibility equal to M/H per mole of [{(Cu(valdmpn)),Gd(H,0)}{Os
(CN)e}] unit) for 1 and 3. Inset: Field dependence of the magnetization below 8 K for
1 (scanning at 80 - 400 Oe.min ! for H< 1T and 500 - 2500 Oe.min "' for H>1T).
Solid lines are simulations discussed in the text.

[13] metal ions for which a Curie constant of 9.1 cm? K mol~! is
expected. By lowering the temperature, the ¥T product increases,
reaching a maximum of 13.3 and 12.9 cm®Kmol~! at 8.1 and
10.6 K respectively. Below this temperature, a marked decrease
of the xT value is observed down to 11.2 and 8.8 cm® Kmol~! at
1.85 K. The magnetization vs. field curves (inset to Fig. 3 and
Figs. S4-S5) below 8 K show a clear saturation at high dc fields
close to the expected 10 pg (10.7 and 10.4 pp respectively) at
1.85 K. Indeed, the magnetic properties of these two {Cu,GdOs}
compounds can be understood qualitatively taking into account
(i) that the Cu- - -Gd interaction within bi- and trinuclear complexes
with valXn ligands is almost always of ferromagnetic nature [4a,6a,
c,14], and (ii) that the apical Cu"-NC-0s" (d®, low spin) interaction
is generally weak with a sign (ferro- or antiferromagnetic) being
strongly influenced by the bridging Cu-NC angle. Considering the
spin topology from the crystal structure, the magnetic
susceptibility data for 1 have been fitted using the following
Heisenberg spin Hamiltonian that encompasses the whole
octanuclear cyclic complex (Fig. 1):

H = -2J¢, ca(Scu1Sca1 + ScaiScuz + ScuziScaii + ScariScuti)
— 2Jcy - 0s(Sos1Scuz + Sos1Scuti + SostiScut + Sos1iScuzi)

In order to avoid over parameterization, the two Cu.--Gd inter-
actions as well as the two Cu---Os interactions have been taken
identical and thus the obtained parameters should be considered
as average values. Moreover, the g factor for the Os" center [7c,
e] has been fixed to 1.85 in all the calculations done in the
following. The simultaneous refinement of the T vs. T and M vs
H data with PHI [15] leads to the following set of reliable parame-
ters: gga = 21(] ), gcu = 23(1 ), ]Cu»Gd/kB = 30(2) K, ]Cu»Os/kB =-0.60
(5) K, and zJ'[kg = —0.004(1) K (J’ being the average magnetic inter-
actions between octanuclear complexes treated in the mean-field
approximation [16] and z the number of next neighbor complexes)
and the theoretical curves shown in Figs. 3 and S4. This result indi-
cates that the octanuclear complex 1 possesses an St=8 ground
state and that these high spin complexes are in weak antiferromag-
netic interaction in the crystal packing. The modeling of the 1D
compound 3 is in theory more complicated as it requires to
consider the chain arrangement including an unprecedented spin
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Fig. 4. Temperature dependence of the xT product at 0.1 T (xT is defined as
magnetic susceptibility equal to M/H per mole of [{(Cu(valdmpn)),Tb(H,0)}{Os
(CN)e}] unit) for 2 and 4.

(1/2-7/2-1/2-1/2-...) and interaction (that can be simplified to J,-
J2-Ji-J1-... using the same approximation than for 1) topologies.
This kind of 1D systems are usually modeled considering spin
loops of increasing number of repeating units. In that sense, the
above Hamiltonian used to model 1 is indeed the first step and
thus the first approximation to describe the magnetic properties
of 3 considering a loop of two 1/2-7/2-1/2-1/2 units. Remarkably
this approach is sufficient to simultaneous fit [15] the ¥T vs. T
and M vs H data with the following set of parameters: ggq=2.0
(1), 8cu=2.3(1), Jeu-calks = 5.4(1) K, Jeu-os/ks = —0.63(5) K, and zJ'|
kg =—0.007(1) K. As expected from Fig. 3 and the similarity of
the magnetic properties, the obtained couplings are similar to
those obtained for 1 leading at low temperatures to St =4 {CuGd-
CuOs} units in effective ferromagnetic interaction along the chains,
which are themselves in weak antiferromagnetic interactions in
the crystal packing.

The magnetic properties of the compounds 2 and 4, the Tb ana-
logues, are shown in Fig. 4 and S6-S7 as ¥T vs. T and M vs H data
respectively. The yT product at high temperatures for both com-
pounds (13.8 versus 13.3cm®Kmol ™! respectively) is in good
agreement with the presence of one Tb(IIl) center (S=3, L=3,
"Fs, ¥T=11.8125 cm® Kmol~! with g=3/2) [13], one s=1/2 Os
(1) (with gegr=1.85) [7c,e] and two S=% Cu(ll) (with g=2.2)
[13] metal ions for which a T product of 12.6 cm®> Kmol™! is
expected. By lowering the temperature, the yT product increases
as a sign of the dominating Cu---Tb ferromagnetic interactions
[17] and reaches a maximum of 23.8 and 15.4 cm® Kmol™! at
1.85 and 13 K respectively. While no sign of additional antiferro-
magnetic interactions is observed for 2, a marked decrease of the
«T value is observed for 4 below 13K, to 10.7 cm® K mol™! at
1.85 K. As the magnetic properties of the {CuTbCu} module are
expected to be relatively robust between 2 and 4, these results sug-
gest that the Cu---Os magnetic interaction or the zJ' parameter are
strongly modified between a pair and a chain of {CuTbCuOs} units.
While the lack of magnetization saturation at high field is observed
for both {CuTbCuOs}-based complexes as expected in presence of
anisotropic Tb centers (Figs. S6-S7), the presence of additional anti-
ferromagnetic interactions in 4 is also seen on the magnetization
vs. field curves below 8 K. Accordingly, the magnetization at 7 T
and 1.85K is much lower for 4 than for 2 (7.9 versus 9.4 g
respectively).

4. Conclusions

The four compounds described herein enlarge the still small
family of heterotrimetallic complexes with new members, which



represent the first 3d-4f-5d systems constructed using [Os(CN)g]>~
as a metalloligand module. In addition, it is worth emphasizing
that compounds 1 and 2 are rare examples of high-spin octanu-
clear heterotrimetallic metallocycles but that unfortunately none
of these molecular species nor their one-dimensional analogues
display slow dynamics of their magnetization in our experimental
windows (as probed by ac susceptibility measurements above
1.8 K, between 0 and 1T dc field, and with ac-fields with 0.1 to
10000 Hz ac frequency). Further work on this topic, based on other
3d-4f modules, is in progress in our laboratories.
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