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Cu-Ln (Ln =Gd, Eu, Sm) Dinuclear Complexes Based on Schiff
Base o-van-en Ligand: Syntheses, Crystal Structures, and

Magnetic Properties

Andrea Kos¢ikova, ! Juraj Cernak,*[@! Larry R. Falvello,®! Milagros Tomas,[! Irene Ara,*(c!

Jan Titi§,[4 and Roman Botal®

Three new dinuclear complexes [CuCl(o-van-en)Ln(H,0);
Cl]CI-GHgO (Ln = Sm (1), Eu (2), Gd (3); H,(0-van-en) is the Schiff
base formed by 2/1 condensation of o-vanillin and ethylenedi-
amine) were prepared in a single crystal form by the method of
horizontal diffusion. The prepared complexes were characterized
by chemical analyses and IR spectroscopy. The three complexes
are isostructural and the Cu(ll) is situated in the smaller cavities

1. Introduction

In recent years, the demand for new magnetic materials that
can be used to store large amounts of data has been steadily
increasing." Single-molecule magnets (SMM) are molecules
that exhibit slow magnetic relaxation and single-ion magnets
(SIM) form part of this group. There are different parameters
that define the magnetic relaxation barrier of SMMs such as the
total spin (S) and the axial anisotropy (D). Lately there has been
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while the larger cavities accommodate larger Ln(lll) atoms. The
pentacoordination of the Cu(ll) atoms is completed by a chlo-
rido ligand in the apical position, while the octacoordination
of the Ln(lll) atoms is achieved by three additional aqua and
one chlorido coligands. AC susceptibility studies have shown
that complexes 2 and 3 exhibit field supported slow magnetic
relaxation while complex 1 does not display AC activity.

major interest in studying lanthanides mainly for their spin-orbit
coupling influence on the ground electronic state. Sandwich
like complexes were the first to exhibit interesting magnetic
properties.[?!

Transition metal-lanthanide bimetallic complexes (3d-4f
type) are also suitable candidates for such studies because
they combine magnetic properties of both central atoms.”®! The
influence of the chosen lanthanide, the volume, and properties
of the ligand and solvent are important considerations. Sta-
bility and lanthanide contraction play interesting roles in the
preparation of magnetically active complexes. The aqua ligands
combined with halide ligand create asymmetry, which is crucial
for slow magnetic relaxation. It should also be mentioned that
the major part of the studies conducted to date were made on
complexes containing the (NO;)~ ligand, as those are quite easy
to prepare.*!

Complexes containing [Cu(o-van-en)] with nitrato ligands
or nitrate counterions are those most represented in the
literature. As an example, is it possible to mention [Cu(o-
van-en)Sm(NOs),(H,0),]1(NOs).>! Two complexes have hexafluo-
roacetylacetonato ligand.'! Only one of the coordination com-
pounds contains chlorido ligand bonded to the lanthanide atom,
namely [CuCl(o-van-en)Tb(H,0);CI]Cl-CH;OH (SAXVOE).”!

Previously, it was shown that in [Ni(o-van-en)Gd(H,0)Cls] the
presence of diamagnetic Ni(ll) atoms and/or asymmetric coor-
dination of the three chloride ligands induced anisotropy in
the Gd(lll) atom and a field induced slow magnetic relaxation
was observed.®! It is interesting to note that recently it was
reported that such 3d-4f complexes can be prepared by using
an asymmetric bicompartmental ligand based on a combination
of ethylenediamine, o-vanillin, and salicylaldehyde.!! All these
findings inspired us to further investigate complexes of this type.

It is well known that the ground state of Eu(lll) (F) is dia-
magnetic but upon heating the thermally excited multiplets
become populated and the Eu center becomes magnetically
active. Despite this, in the complex Eu(Rad) (NOs)s;] (Rad is
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Scheme 1. The schematic structure of Schiff-base H,(o-van-en).

nitroxyl radical 4,4-dimethyl-2,2-bis(pyridin-2-yl)-1,3-oxazolidine-
3-oxyl) slow magnetic relaxation was observed below 20 K.
A search in the CSD™ reveals that only 5 Eu(lll) complexes
based on a heterobimetallic {Tr(o-van-en)Eu} structural unit (Tr
is any 3d metal including zinc)™®! were structurally character-
ized; these were mainly studied due to their catalytic activity
or luminescence.'>" The sole magnetically characterized com-
plex was [Zn,Eus(o-van-en);(Ns3)s(OH),], but this complex did not
display slow magnetic relaxation.!"

The same type of Sm(lll) complexes based on a {Tr(o-
van-en)Sm} structural unit were also scarcely studied. The
search in Cambridge Structural Database!™ returned only
6 such Sm(ll) complexes.*”21 Among these, 4 com-
plexes, namely [{(CH;0H)Cu(o-van-en)},Sm(NOs)]  [Ni(mnt),]
(mnt = maleonitriledithiolato)!™® [{Cu,(o-van-en), Sm(H,0)}
{W(CN)g}1,-3nH,0,®1  [Sm(NOs){Zn(o-van-en) (SCN)},11%°!  and
{[Cu(o-van-en)Sm(H,0)4] [Cr(CN)]-CH;OH-3H,0},?" were mag-
netically studied but AC components of these complexes were
silent. We note that in all these Eu(lll) and Sm(lll) complexes the
most popular coligands are nitrato ligands and in no case are
halogenido coligands found.

We primarily focused on replacing diamagnetic square coor-
dinated Ni(ll) with paramagnetic Cu(ll) and monitoring the
influence of this change on the crystal and supramolecular
structures. We have used the Schiff base H,L (H,L = H,(o-van-
en) = N,N'-ethylene-bis(3-methoxysalicylaldiminate)) (Scheme 1)
and by combination of chlorides of Eu(lll), Sm(lll), and Gd(lll)
we prepared, characterized, and conducted magnetic studies
on a family of isostructural dinuclear complexes: [CuCl(o-van
en)Ln(H,0);CIICI-EtOH (Ln = Sm (1), Eu (2), Gd (3)) - that is, with
the 4f element Gd and with the two elements preceding it in
the lanthanoid series. The previously mentioned Tb compound!”!
is essentially isostructural with compounds 1-3 with MeOH sub-
stituting EtOH; its AC susceptibility measurements did not show
slow relaxation of magnetization. Recently, analogous Cu/4f het-
erobimetallic complexes (Ln = Ce, Gd, Tb, Dy, Er, Yb), but with
NOs~ instead of CI~, were studied; these were based on a bicom-
partmental ligand formed by condensation of ethylenediamine
and 2,3-dihydroxybenzaldehyde; all of these nitrate complexes
displayed AC responses.!??]

2. Results and Discussion
2.1. Syntheses and Identification

The ligand H,(o-van-en) was prepared under mild conditions
without necessity of refluxing and, after its isolation was used for
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preparation of the metalloligand [Cu(o-van-en)]. The isostructural
dinuclear complexes [CuCl(o-van-en)Ln(H,0);CIICI-C;HgO (Ln =
Sm (1), Eu (2), Gd (3)) in single crystal form were prepared
by the horizontal diffusion technique!®! by reacting [Cu(o-van-
en)H,0] with SmCl;-6H,0, EuCl;-6H,0, and GdCl;-6H,0, respec-
tively. The prepared complexes are new but the analogous
complex [Cu(o-van-en)CITb(H,0);CIICI-CH;OH with a methanol
solvate molecule prepared by a different method was recently
reported.”? The isolated solid complexes were characterized
by CHN analyses and IR spectroscopy. The most characteristic
absorption band is due to stretching vibration of the imine bond:
this was found at 1637 cm™' (Figure S1).

Due to the presence of the solvate ethanol molecule the
thermal curves of 1 were taken (Figure S2). The complex 1 is sta-
ble up to 60 °C when desolvation starts. The weight loss up
to 95 °C is 11.5% which corresponds to the loss of the ethanol
solvate molecule and two aqua ligands from the formula unit
(calculated weight loss is 11.0%). Further heating leads to decom-
position of the organic part of the sample. The weight of the
final solid residue at 500 °C is 32.7% which indicates formation
of the expected mixture of CuO and SmOCI (calc. 31.9%). For
all three complexes the powder diffractograms of the bulk sam-
ples were taken (Figures S3-S5). Comparison with the simulated
ones corroborated their phase purity and phase identity with the
single-crystal structures (see below).

2.2. Crystal Structures

The three crystal structures 1-3 are isostructural so we will limit
our description and discussion to complex 1 with the corre-
sponding geometric parameters of 2 and 3 given in parentheses.
All three crystal structures were studied at 100 K (Table S1).

The ionic crystal structure of [CuCl(o-van-
en)SmCI(H,0);1CI-GHgO (1) consists of the dinuclear complex
cation [CuCl(o-van-en)SmCI(H,0);1*, a chloride counterion and
a solvate ethanol molecule (Figure 1). In the isostructural com-
plexes 2 and 3 the Sm(lll) atoms are replaced by Eu(lll) and
Gd(lll) atoms (Figure S6). The two central atoms, Cu(ll) and
Sm(lll), occupy the smaller and larger cavities in the bicom-
partmental Schiff base ligand, respectively. The two central
atoms are bridged by a pair of oxygen atoms from the Schiff
base which leads to their proximity, with a Cu--Sm distance of
3.4450(2) A (3.4335(4) A for Eu and 3.4367(5) A for Gd).

A search in CSD™ has revealed that up to now were struc-
turally characterized 16 analogous complexes based on the
structural unit {Cu(o-van-en)Ln}, these are gathered in Table S2
in the Supplementary file. In almost all these complexes the
coligands bound to the Ln(lll) atoms are O-donor ligands,
mainly nitrato ones. The sole exception is the [CuCl(o-van-
en)Tb(H,0);CIICI-CH;0H complex.l”). So the studied complexes
1-3 with CIO; donor set and with central atoms Sm(lll), Eu(lll),
and Gd(lll), resp., can be considered as new ones in the class of
Cu(ll)/Ln(lll) heterobimetallic complexes with a {Cu(o-van-en)Ln}
structural unit.

We note that the preference of Ln(lll) central atoms to be
coordinated by hard O-donor ligands is well-known and can be
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Table 1. Selected geometric parameters of 1 [A], [°].

Cul—N1 1.9180(16) N1—Cu1—N2 86.27(7)

Cu1—02 1.9243(13) N1—Cu1—02 94.51(6)

Cu1—03 1.9250(13) N1—Cu1—03 170.67(6)

Cul—Ch 2.7518(5) N1—Cu1—Ch 96.89(5)
Sm1—01 2.5625(13) N2—Cu1—02 169.04(6)

Sm1—02 2.3806(12) N2—Cu1—03 94.83(6)

Sm1—03 2.3590(12) N2—Cu1—Cl1 91.96(5)

Sm1—04 2.5646(13) 02—Cu1—03 82.67(5)

Sm1—05 2.4239(14) 02—Sm1—03 64.87(4)

Sm1—06 2.4175(14) 02—Cu1—Ch 98.79(4)

Sm1—07 2.4192(14) 03—Cu1—Ch 92.33(4)

Sm1—CI2 2.7024(5) 01—Sm1—02 61.85(4)

01—Sm1—03 126.52(4) 01—Sm1—05 94.73(5)

01—Sm1—06 87.89(5) 01—Sm1-07 84.04(5)

X 01-Sm1—Cl2 88.28(3) 01—-Sm1—04 171.44(4)

Cl2® 02—Sm1—05 75.35(5) 02—Sm1—06 132.35(5)

Figure 1. Molecular structure of [CuCl(o-van-en)SmCI(H,0)3]-CHgO (1). 02—Sm1—07 73.39(5) 03—Sm1—05 75.92(5)
03—5m1—06 127.04(5) 03—5m1—07 76.96(5)

cig 03—Sm1—CI2 135.733) 05—5m1—06 147.69(5)
/. 05—Sm1—07 145.07(5) 05—Sm1—Cl2 7457(3)
06—Sm1—07 67.26(5) 06—Sm1—Cl2 73.32(4)
07—Sm1—CI2 140.02(4) 03—Sm1—04 61.90(4)

Figure 2. Coordination polyhedra around the Sm(lll) (left) and Cu(ll) central
atoms (right) in 1.

documented by ratio 24697/346 where the numbers mean the
returned hits in CSD™ for queries formed by respective coordi-
nation polyhedra {LnOg} and {LnClO;} where Ln is any lanthanide
atom. It is expected that inclusion of the chlorido ligand in
the coordination sphere of the Ln(lll) atom may enhance the
anisotropy of its coordination sphere.

The distance of Sm1-CI2 is 2.7024(5) A, which is in line with the
corresponding value Sm1-Cl1 = 2.682(2) A reported for [Sm(3,5-
Bu',-2-0-CsH,CH = N-8-CoHgN) (CH3CsHa)CI(THF)I-THF24 The
distances of Sm(lll) to 05, 06, and O7 (aqua ligands) in 1 are in
the range 2.4175(14)- 2.4239(14) A. Similar Sm-O bond distances
of 2.503(3) and 2.466(3) A were found in the nitrato complex
[Cu(o-van-en)Sm(NO3),(H,0),1(NO;).%!

The coordination polyhedra of the Sm(lll) and Cu(ll) central
atoms are displayed on Figure 2. The polyhedra in analogous
complexes 2 and 3 are shown in the Supporting Information
file (Figures S7 and S8). As follows from the calculations using
the SHAPE program!®! the coordination polyhedron around
the Sm(lll) atom has an intermediate shape between triangular
dodecahedron and biaugmented trigonal prism (Table S2). The
coordination polyhedron around the Cu(ll) atom can be viewed
as spherical square pyramid (Table S2). The distances between
Cu(ll) and the plane formed by N1, N2, 02, and O3 atoms from
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Figure 3. Supramolecular structure of 1 with hydrogen bonds (red dashed
lines). Symmetry codes: i: —x+1/2, y+1/2, —z+3/2; ii: —x+1, —y+1, —z+1; iii:
x+1/2, —y+3/2, z—1/2.

the (o-van-en)*~ ligand are 0.1668(3) A in 1, (0.1722(3) A in 2,
and 0.1747(4) A in 3). Selected geometric parameters in 1 are
displayed in Table 1 while those for 2 and 3 are gathered in
Tables S4 and S5. A comparison of the respective Ln—O and
Ln—Cl distances is given in Table S6.

The supramolecular structure of 1 (as well as of 2 and 3)
is governed by hydrogen bonds of the O—H:--Cl and O—H--O
types (Figure 3, Figure S9, Table 2, and Figures S10 and S11;
Tables S7 and S8 for 2 and 3). O—H---Cl hydrogen bonds with par-
ticipation of the Cl1 chlorido ligand and the CI3 chloride anion
link the individual dinuclear molecules yielding a supramolec-
ular chain running along the c-axis; within these chains the
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Table 2. Possible hydrogen bonds in 1.

D—H---A D-H[A] H---A[A] D---A[A] D—H---A[]
08—H81---CI3 0.80(3) 2.33(3) 3.1288(16)  173(3)
05—H105---Clh 0.84(1) 2.22(1) 3.0591(15)  177(3)
05—H205- - -CI3! 0.83(1) 2.474(15) 32428(15)  154(2)
06—H106- - -CI3 0.84(1) 2.298(11) 3.1300(15) 173(3)
06—H206---ClTi 0.83(1) 2.351(16) 3.1211(15) 154(3)
07—H107---08 0.84(1) 1.828(11) 2.654(2) 168(3)
07—H207- - -CI3* 0.83(1) 2.344(11) 3.1645(15) 169(3)

Symmetry operations: it —x+1/2, y+1/2, —z+3/2; ii: —x+1, —y+1, —z+1; iii:
x+1/2, —y+3/2, z—1/2.

individual Sm(lll) atoms are at a distance of 8.8841(5) A (Sm1
and Sm1 jii: x+1/2, —y+3/2, z—1/2). These supramolecular chains
are interconnected along the b-axis by additional O—H--O and
O—H--Cl hydrogen bonds in which are involved the OH group of
the ethanol solvate molecule (08), the O7 aqua ligand and the
chloride anion CI3. As a result, a 2D supramolecular structure is
formed. The shortest distance between Sm(lll) atoms along the
b-axis is 11.1062(7) A (Sm1and Sm1¥ i: —x+1/2, y+1/2, —z+3/2).

2.3. DC Magnetic Data

DC magnetic susceptibility was taken between T = 1.9 — 300 K
at B = 0.1 T and magnetization datauptoB=7Tat T = 2.0 and
5.0 K (Figure 4).

The molar magnetic susceptibility for complex 1 increases
monotonically as the temperature decreases, up to approxi-
mately T = 5 K. Below this temperature, it increases more sharply
with a further decrease in temperature. The effective magnetic
moment takes a value of 250 g at T = 300 K and gradually
decreases to 1.85 ug at T = 25 K upon cooling. The room tempera-
ture U value corresponds to a single Sm(lll) ion (for the ground
term ®Hs;, e = 0.83 wg) interacting with a spin S = 1/2 system
(Uess = 1.73 ug for g = 2). With a further decrease in temperature,
Uesr drops sharply to 0.86 ug at T = 1.9 K probably owing to the
antiferromagnetic coupling between Cu(ll) and Sm(lll). The mag-
netization per formula unit, M; = M,,01/Napg, adopts a subnormal
value of M; = 0.41at T = 2.0 Kand B = 5.0 T, which is lower than
the expected value of M; =1 for S = 1/2, and deviates from the
predicted Brillouin function behaviour. For complex 2 pes = 3.93
up at T =300 K and gradually decreases with temperature up to
a value of 2,11 yg at T = 1.9 K. For the Eu(lll) ion, the ground elec-
tronic term ’F, is nonmagnetic. However, at higher temperatures,
thermal population of the first excited state, ’F;, occurs, leading
to an increase in the effective magnetic moment at room tem-
perature. The molar magnetization adopts a value of M; = 1.34
Naug at T = 2.0 K and B = 5.0 T indicating a saturation effect.
Complex 3 contains Gd(lll) ion for which the ground atomic term
is 8S;, (L = 0). At room temperature e = 8.11 ug. This value
remains constant during cooling up to T = 120 K, subsequently
it increases slightly, reaching the value 9.10 yg at T = 1.9 K. Thus,
a weak ferromagnetic interaction between the Gd(lll) and Cu(ll)
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Figure 4. DC susceptibility data for 1 - 3. Lines — calculated by a
simultaneous fitting the susceptibility and magnetization data.

spins can be assumed. The magnetization in this case reaches
full saturation (M; = 8.0 Naug) already at B=5.0T.

Experimental magnetic data of complexes 1 and 2 have been
fitted using the following model Hamiltonian

N L . R 5
H1 = (LLn : SLn) - Jex (SCu : sLn) + AaX (Lfn,z - ;7)

+ ugB (gL.LnELn + gs.1nSin + gS.Cu§Cu> m

where Ln = Sm for 1 and Eu for 2. The individual terms in
the above Hamiltonian describe: spin-orbit coupling, isotropic
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Table 3. Fitted parameters for complexes under study.

ALn) J(Ln—Cu) Aax R(x) R(M)
Complex [em™] /lem™] [cm™] gscu (%] [%]
7 [al 275 —13.4 12.0 221 7.6 9.0
21l 300 12 120 238 17 05
3 [ab] 82 233 12 05

@ giin =1, gsin = 2, fixed.
Blymm = —1.9 x 1072 m? mol~" (temperature independent magnetism).

0.22

0.18

0.16

e 0.14

e 0.12

Energy / cm’”

F=1 0.08

F— 0.06

F-1 0.04

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
Momentum / g

Figure 5. Magnetization blocking barrier for complex 1 (Sm(lll)—Zn(ll))
calculated using single_aniso module (CASSCF-NEVPT2). The side bar
represents values of the corresponding matrix elements of the transversal
magnetic moment.

exchange interaction, axial crystal field effect, and Zeeman inter-
action. In the case of complex 3, the Hamiltonian used was in the
following form

Hy = —Jex <§Cu '§Gd> + 1B (95,Gd§ed + gs.cU§Cu) @

The obtained optimal parameters are summarized in Table 3.
A weak antiferromagnetic exchange interaction was confirmed
in the case of complex 1. On the contrary, in complexes 2 and 3,
a ferromagnetic type interaction is observed.

A DFT calculation was performed for complex 3. Gd(lll) is
single reference system (4f” configuration), so DFT methods are
fully applicable in this case (unlike Sm(lll) and Eu(lll)). This calcu-
lation clearly confirmed the ferromagnetic interaction between
the Gd(Ill) and Cu(ll) ions (22 = +4.55 cm™). Ab initio calcu-
lations were performed for complex 1, which allowed a detailed
view of the mechanism of magnetic relaxation of the Sm(lll) ion
within the ground term ®Hs,. This term split into three Kramers
doublets (KDs) span an energy window of 332 cm~'. The main
components of the g-tensor of the ground KD have the val-
ues g = 0736, g,, = 0.470, and g, = 0.170. Wave function
analysis suggests that the ground KD has predominantly |+1/2)
character. The first excited KD |43/2) is located 109 cm~' above
the ground one. Magnetization blocking barrier calculated for
Sm(lI—Zn(ll) shows that in this system fast relaxation already
applies within the ground multiplet (Figure 5).
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2.4. AC Magnetic Data

AC magnetic susceptibility has been taken with the MPMS3 mag-
netometer (Quantum Design) in several regimes at Byc = 0.3
mT, using various Bpc field, frequency f = 0.1 - 1000 Hz, and
temperature T = 1.9 — 45 K. For complex 1, AC measurements
did not confirm slow magnetic relaxation, which corresponds
to the ab initio prediction. This observation is in line with the
review paper on heteronuclear Sm(lll)/3d metal complexes with
salen type ligands: several Sm(lll) complexes were magnetically
characterized but none displayed SMM behaviour.?®! To our
best knowledge, the first Sm(lll) complex ([SmL(DMF)Cl,ICI, L
= bis(diphenylphosphino)methane-dioxide) with slow magnetic
relaxation was reported only in 2020.1?"!

The AC susceptibility data for 3 are reviewed in Figures 6-8.
The first scan refers to the varied external field at T= 2.0 K for a
set of trial frequencies (Figure 6). It is seen that the out-of-phase
component passes through a maximum at ca Bpc ~ 0.3 T and
much larger amplitude show the low-frequency data (f = 1.1 Hz).
It is proven that the complex [Gd-Cu] exhibits a slow magnetic
relaxation that depends on the external DC magnetic field and
frequency of the AC field. A nonzero x” component at Bpc = 0
indicates that the complex is a nano magnet.

A dense mapping of the xac(f, T) functions at Bpc = 03 T
is presented in Figure 7. It is seen that the frequency depen-
dence of the out-of-phase component exhibits two peaks which
confirm two-mode relaxation processes. The low-frequency (LF)
mode dominates at low temperature and the peak value at
fmax = 0.4 Hz indicates the low-frequency relaxation time 7 =
/(27 fmax) = 0.4 s. The data fitting with the two-set Debye model
confirms this estimate (Table S9). On heating the LF mode is
attenuated in favour of the high-frequency (HF) mode.

The AC susceptibility data for 2 are reviewed in Figures 9-11.
The AC response is very weak, as the Cu(ll) centre contributes
with the spin s = 1/2 and the Eu(lll) centre has the ground
state nonmagnetic, ’F,. Also this system shows a field supported
slow magnetic relaxation with a single relaxation mode. The
relaxation time at Bpc = 03 Tand T =19 Kis t = 64 ms
(Table S10).

Magnetic studies on Eu(lll) complexes are rather scarce.[28-301
The Eu(lll)—Cu(ll) diad shows a field induced slow magnetic relax-
ation with two relaxation channels; the relaxation time is 7 (1.9
K, 0.4 T) = 25 ms for the low-frequency relaxation channel.'

3. Conclusion

Three new heterobimetallic complexes [CuCl(o-van-en)
LnCl(H,0)3]CI-GGHgO (Ln = Sm (1), Eu (2), Gd (3)) based on
Schiff base type bicompartmental ligand (o-van-en)*~ and with
chlorido coligand were prepared and characterized. Isostruc-
tural complexes 1, 2, and 3 exhibit ionic crystal structures with
dinuclear Cu/Ln complex cations. Within the cations, Cu(ll) and
Ln(lll) central atoms occupy the smaller and larger cavities in the
ligand, respectively, and they are linked by a pair of monoatomic
O-bridges. Ethanol solvate molecules complete the final compo-
sitions of 1-3. The Cu(ll) atoms in 1-3 exhibit square pyramidal
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coordination (r = 0.026 (1), 0.024 (2), and 0.025 (3)) with the chlo-
rido ligand placed in the apical position. The coordination num-
bers of the Ln(lll) atoms are eight with the chromophore {LnO,Cl}
and their shape is close to a triangular dodecahedron. The 2D
supramolecular structures of 1, 2, and 3 are built up of O—H---Cl
and O—H--O types of hydrogen bonds. The magnetic properties
reveal that the complexes 2 and 3 exhibit the field supported
slow magnetic relaxation; the relaxation time at T = 1.9 K and Bpc
=03Tis 7 =64 ms and 7. = 413 ms for 2 and 3, respectively.
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