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Structural, spectral and magnetic properties of
NiĲII), CoĲII) and CdĲII) compounds with imidazole
derivatives and silanethiolate ligands

D. Kowalkowska, A. Dołęga, N. Nedelko, Z. Hnatejko,
Ł. Ponikiewski, A. Matracka, A. Ślawska-Waniewska, A. Strągowska,
K. Słowy, M. Gazda and A. Pladzyk

A series of new metal heteroleptic complexes have been obtained in simple reactions of

1-(3-aminopropyl)-imidazole (api) and 1,4-bisĲimidazol-1-yl)-butane (bbi) ligands with metal silanethiolates

or acetylacetonates. The obtained complexes are the coordination polymers [Ni{SSiĲtBuO)3}2Ĳμ-api)]n 1,

[Co{SSiĲtBuO)3}2Ĳμ-api)]n 2, [Cd{SSiĲtBuO)3}2Ĳμ-api)·2CH3OH]n 3, [Cd{SSiĲtBuO)3}2Ĳμ-bbi)·CHCl3]n 4 and the

dimer [Co{SSiĲtBuO)3}2Ĳμ-bbi)·3CH3OH]2 5. Another coordination polymer with the formula [NiĲacac)2Ĳμ-

bbi)·9CHCl3]n 6 was obtained in the reaction of NiĲacac)2 with (tBuO)3SiSH (TBST) and bbi; however, the

silanethiolate residue didn't coordinate to the metallic center as intended. The molecular structures of 1–6

were determined by single-crystal X-ray diffraction. Compounds 1–5 were additionally characterized by

thermogravimetry (TGA) and powder X-ray diffraction. The emission spectra of the Cd complexes 3 and 4

were recorded in the solid state at ambient temperature, whereas 1, 2 and 5 were subjected to magnetic

studies. Variable-temperature magnetic measurements of the polycrystalline sample 1 suggest the pres-

ence of weak intra-chain magnetic interactions between the nickelĲII) ions. Magnetic studies of 2 and 5

show their paramagnetic behavior. For sample 1 as well as samples 2 and 5, a noticeable influence of

single-ion magnetic anisotropy on their magnetic behavior has been revealed.

Introduction

Imidazoles and thiolate residues have been shown to be
multifunctional agents with significant meaning to life and
science.1 They are present in many biological systems2,3 but
also exhibit important pharmaceutical properties.4–8 Further,
they find use as model compounds for the design and synthe-
sis of functional supramolecular constructs and are of interest
as synthetic biomimetic compounds used in model studies of
biological processes based on charge transfer mechanisms.9–19

Among the huge mass of compounds containing thiolates
and imidazoles as N,S-donor set heteroligands, there are only
some examples where metal ions are coordinated by RS− and

imidazoles as discrete ligands.20–22 Reactions of thiols with
metal ions often lead to non-defined polymers. Our previous
research has proven that the use of organoxysilanethiols with
bulky substituents on the silicon atom allows the bypassing
of this inconvenience. Among them tri-tert-butoxysilanethiol
(tBuO)3SiSH (TBST) turned out to be fairly stable under atmo-
spheric conditions.23 Another organoxysilanethiol relatively
resistant towards hydrolysis – trisĲ2,6-diisopropylphenoxy)-
silanethiol (TDST) – was obtained quite recently and its coor-
dination properties are still under examination.24 Both
silanethiols contain bulky alkoxy/aryloxy substituents on the
silicon atom which effectively inhibit the tendency of thiols
to form polymeric complexes and enable the obtainment
of numerous neutral and ionic mono- and polymetallic
complexes by coordination as an S-monodentate, an S,O-
bidentate and S-bridging ligands.25 Among the silanethio-
late complexes are those which contain metals additionally
coordinated by flexible aliphatic diamines,26 as well as
rigid pyridine27 and imidazole derivatives;28 some of the
obtained compounds exhibit interesting luminescence and
magnetic properties.

As a continuation of our studies carried out previously
and to fully explore the relations between the type of ligand
and properties of obtained metal silanethiolates, we decided
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to use spacers containing both flexible and rigid fragments
in their structures. For this purpose, we choose
1-(3-aminopropyl)-imidazole (api) and 1,4-bisĲimidazol-1-yl)-
butane (bbi), which additionally can act as either
N-monodentate and N,N-bidentate chelating or bridging
ligands (Fig. 1). Herein, we describe the syntheses, crystal
structures, and spectral and magnetic properties of six new
NiĲII), CoĲII) and CdĲII) coordination complexes with api, bbi,
acac and (tBuO)3SiS

− ligands and among them we describe
the first tetrahedral Ni silanethiolate (Fig. 2). So far, to the
best of the knowledge of the authors, no metal thiolates with
api and bbi ligands coordinated to the metallic center have
been reported.

Experimental
Materials and methods

Tri-tert-butoxysilanethiol (tBuO)3SiSH (TBST), [Co{SSi-
ĲtBuO)3}2ĲNH3)]2 and [Cd{SSiĲtBuO)3}2]2 were synthesized as
reported previously.23,29,30 1,4-bisĲimidazol-1-yl)-butane (bbi)
was synthesized according to a reported procedure31 with
some modifications (Fig. S1 and experimental part in the
ESI†). All other materials were obtained from commercial
sources without further purification.

The elemental analyses (C, H, S and N contents) were
performed using an Elemental Analyser EA 1108 (Carlo Erba
Instruments). Thermogravimetric analysis was performed by
using a Netzsch thermobalance TG 209 coupled with a Bruker
IFS66 FTIR spectrometer under an atmosphere of argon. The
volatiles evolving from the heated sample were transported to
the spectrometer chamber through a thermostated pipe in
the stream of argon.

The IR spectra were measured for crystalline compounds
in the range of 4000 to 400 cm−1 with a Nicolet iS50 FTIR
spectrometer equipped with the Specac Quest single-
reflection diamond attenuated total reflectance (ATR) acces-
sory. Spectral analysis was controlled by the OMNIC software
package. The electronic absorption spectra of the ligands api
and bbi and complexes 3 and 4 were recorded with a
Shimadzu UVPC 2001 spectrophotometer. Magnetic measure-
ments were carried out on polycrystalline samples using a
commercial Physical Property Measurement System (PPMS,
Quantum Design). The magnetization (M) was measured in
the temperature range 2–300 K upon heating under a dc mag-

netic field (H = 1 kOe) in both zero-field-cooling (ZFC) and
field-cooling (FC) regimes. The isothermal magnetization
curves were measured in the magnetic field range ±9 T at
selected temperatures in the 2–300 K range. The dynamic
properties were studied with an ac susceptometer in zero
external dc field at an exciting field of 3 Oe at selected fre-
quencies in the range 10 Hz–10 kHz. Data were corrected for
the sample-holder contribution and diamagnetism of the
sample using standard procedures.32,33 The single crystal
X-ray diffraction data of compounds 1–3 and 5 were collected
using a Stoe IPDS-2 T diffractometer with graphite-
monochromated Mo-Kα radiation; crystals were cooled using
a Cryostream 800 open flow nitrogen cryostat (Oxford
Cryosystems). Data collection and image processing was
performed with X-Area 1.75.34 Intensity data were scaled with
LANA (part of X-Area) in order to minimize differences of
intensities of symmetry-equivalent reflections (multi-scan
method). The diffraction data of 4 were collected using a dif-
fractometer equipped with a Bruker image plate detector sys-
tem IPDS using CuKα radiation with graphite mono-
chromatization (λ = 0.71073 Å). The experimental diffraction
data of 6 were collected using a KM4CCD kappa-geometry
diffractometer equipped with a Sapphire2 CCD detector. An
enhanced X-ray Mo Kα radiation source with a graphite
monochromator was used. The data were processed using
the CrysAlisPro (Oxford Diffraction) program package.35 Good
quality single-crystal specimens of 4 and 6 were selected for
the X-ray diffraction experiments at 293 K. The structures of
1–6 were solved by direct methods and all non-hydrogen
atoms were refined with anisotropic thermal parameters by a
full-matrix least squares procedure based on F2 using the
SHELX–2014 program package.36 The Wingx37 and Olex38

program suites were used to prepare the final versions of cif
files. Hydrogen atoms were usually refined using an isotropicFig. 1 Ligand structures.

Fig. 2 Obtained complexes 1–6.
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model with UisoĲH) values fixed to be 1.5 times Ueq of C atoms
for –CH3 or 1.2 times Ueq for –CH2 and –CH groups. Disor-
dered molecules of methanol present in the crystals of com-
pounds 1 and 2 were removed from the final solution using
the program PLATON, function SQUEEZE.39

The crystal parameters and refinement details are summa-
rized in Table 1. The crystallographic data (without structure
factors) for the structures reported in this paper have been
deposited with the Cambridge Crystallographic Data Centre
with reference number CCDC 1538062 (1), 1538061 (2),
1538063 (3), 1538067 (4), 1538068 (5) and 1538070 (6). Pow-
der X-ray diffraction patterns (XRD) were recorded by using
an X'Pert Pro diffractometer with Cu Kα radiation. The scans
were collected in the 2θ range of 5 to 50.

Synthesis

[Ni{SSiĲtBuO)3}2Ĳμ-api)]n 1. NiCl2·6H2O (0.119 g, 0.5 mmol)
was dissolved in 50 mL of distilled water, and 25% solution
of ammonia (0.149 mL, 2 mmol) was added followed by
1-(aminopropyl)-imidazole (0.239 mL, 2 mmol) and tri-tert-
butoxysilanethiol (0.303 mL, 1 mmol). The reaction flask was
closed with a rubber septum and vigorously shaken for ca. 1
hour. The obtained blue precipitate was filtered and
recrystallized from methanol. The mixture was left at room
temperature and after a week blue crystals were obtained.
Yield: 87%. The compound decomposes at 185–187 °C. Anal.
calc. for C30H65N3O6S2Si2Ni (742.85): C, 48.51; H, 8.82; N,
5.66; S, 8.63%. Found: C, 47.42; H, 8.66; N, 5.66; S, 8.22%. IR
(solid state) v [cm−1] = 3273 (w, br), 3162 (w), 3114 (w, br),
2971 (vs, sh), 2929 (s, sh), 2872 (m), 1590 (w, br), 1528 (w),
1471 (w), 1387 (m, sh) 1362 (s, sh), 1238 (s, sh), 1186 (s),
1116 (w, sh), 1098 (w, sh), 1040 (vs), 1018 (vs), 992 (vs), 908
(w), 822 (m, sh), 803 (m, sh), 755 (w), 687 (m), 647 (m), 545
(m, sh), 483 (w), 459 (w), 424 (w).

[Co{SSiĲtBuO)3}2Ĳμ-api)]n 2. [Co{SSiĲtBuO)3}2ĲNH3)]2 (0.0634
g, 0.5 × 10−4 mmol) was dissolved in 20 ml of methanol, and
1-(3-aminopropyl)-imidazole was added (0.024 mL, 2 × 10−4

mmol). Compound 2 crystallizes rapidly, producing small
blue crystals. Yield: 68%. Anal. calc. for C30H62N3O6S2Si2Co:
C, 48.22; H, 8.62; N, 5.44; S, 8.30%. Found: C, 48.02; H, 8.70;
N, 5.65; S, 8.10%. D.p. 198–199 °C. IR (solid state) v [cm−1] =
3332 (w), 3292 (w), 3244 (w), 3113 (m), 2929 (s), 2969 (m, sh),
1590 (w), 1523 (d, m), 1471 (m), 1386 (s, sh), 1362 (s, sh),
1237 (s, sh), 1182 (s, sh), 1113 (m, sh), 1097 (m), 1039 (vs),
1019 (vs), 987 (vs), 908 (w), 819 (d, s), 756 (m), 684 (s), 650
(vs), 546 (s), 479 (m), 459 (m), 422 (m).

[Cd{SSiĲtBuO)3}2Ĳμ-api)·2CH3OH]n 3. A portion of
1-(aminopropyl)-imidazole (0.024 mL, 0.2 mmol) was added to
[Cd{SSiĲtBuO)3}2]2 (0.134 g, 0.1 mmol) dissolved in methanol
(25 mL). The obtained mixture was left to stand at room tem-
perature. After several hours, colorless crystals of 3 were col-
lected. Yield: 66%. M.p. 177–178 °C. Anal. calc. for
C62H120N6O14S4Si4Cd2 (1639.07): C 45.43; H, 7.38; N, 5.13; S,
7.83%. Found: C 45.05; H, 8.27; N, 5.29; S, 7.55%. IR (solid
state) v [cm−1] = 3361 (w), 3299 (w), 3105 (w), 3092 (s, sh),

3028 (w), 2970 (vs, sh), 2927 (s, sh), 2867 (m), 1586 (w, br),
1514 (m), 1452 (m, br), 1385 (s), 1362 (s), 1244 (m, sh), 1185
(s, sh), 1180 (w), 1116 (w), 1097 (m), 1039 (vs, sh), 998 (vs),
957 (m), 937 (m), 909 (w), 823 (s), 818 (m), 800 (m), 774 (m),
688 (s), 651 (s), 545 (s), 510 (m), 495 (m), 479 (m), 420 (w).

[Cd{SSiĲtBuO)3}2Ĳμ-bbi)·CHCl3]n 4. [Cd{SSiĲtBuO)3}2]2 (0.134
g, 0.1 mmol) dissolved in chloroform (10 mL) was mixed with
1,4-bisĲimidazol-1-yl)-butane (0.076 g,0.4 mmol) dissolved in 5
mL of chloroform. The mixture was left at 4 °C for crystalliza-
tion and after one month colorless crystals of 4 were
obtained. Yield: 48%. D.p. 151–155 °C. Anal. calc. for
C35H69Cl3N4O6S2Si2Cd (981.02): C 42.85; H, 7.09; N, 5.71; S,
6.54%. Found: C 44.78; H, 7.48; N, 6.43; S, 6.68%. IR (solid
state) v [cm−1] = 3413 (w, br), 3168 (w, br), 3112 (w, sh), 2972
(vs, sh), 2927 (s), 2867 (w), 1515 (m), 1470 (w), 1387 (m), 1363
(s), 1236 (m), 1184 (s), 1109 (w), 1093 (m), 1039 (vs, sh), 1014
(vs), 935 (m), 819 (s), 802 (s), 750 (m), 682 (s), 643 (s), 542 (m,
sh), 500 (w), 475 (m), 419 (w).

[Co{SSiĲtBuO)3}2Ĳμ-bbi)·3CH3OH]2 5. [Co{SSiĲtBuO)3}2-
ĲNH3)]2 (0.13 g, 0.1 mmol) was dissolved in 10 mL of metha-
nol, and 1,4-bisĲimidazol-1-yl)-butane (0.038 g, 0.12 mmol)
dissolved in 5 mL methanol was added. Blue crystals of 5
were obtained after 24 h crystallization at room temperature.
Yield: 65%. Anal. calc. for C74H160N8O18S4Si4Co2 (1808.56): C,
49.14; H, 8.91; N, 6.19; S, 7.09%. Found: C, 49.77; H, 8.51; N,
6,17; S, 7.11%. D.p. 197–198.5 °C. IR (solid state) v [cm−1] =
3535 (s, br), 3115 (m), 2972 (vs), 2928 (m), 2869 (w), 2822 (w),
1574 (w), 1525 (s), 1468 (m), 1385 (s), 1365 (vs) 1287 (w), 1239
(s), 1188 (s), 1098 (m), 1011 (vs, br), 950 (m), 911 (w), 821 (m),
802 (m), 732 (w), 684 (s), 647 (s), 542 (s), 478 (w), 421 (w).

[NiĲacac)2Ĳμ-bbi)·9CHCl3]n 6. NiĲacac)2·2H2O (0.051 g, 0.2
mmol) dissolved in chloroform (10 mL) was mixed with 1,4-
bisĲimidazol-1-yl)-butane (0.076 g, 0.4 mmol) dissolved in 5
mL of chloroform. After one month, blue crystals of 6 were
obtained. D.p. 215 °C Anal. calc. for C40H56N8O8Ni2 (894.31):
C 53.72; H, 6.31; N, 12.53%. Found: C 53.69; H, 6.29; N,
12.51%. IR (solid state) v [cm−1] = 3124 (w), 2986 (m), 2913
(w), 1648 (w), 1585 (vs), 1513 (vs), 1455 (vs), 1405 (vs), 1260
(w), 1253 (m), 1229 (m), 1194 (m), 1089 (d, m), 1010 (m), 920
(m), 826 (w), 731 (s), 660 (s), 625 (w), 565 (w), 411 (w).

Results and discussion
Complex syntheses and structures

Compound [Ni{SSiĲtBuO)3}2Ĳμ-api)]n 1 was obtained in a sim-
ple reaction of a nickel ammine complex prepared in situ
from NiCl2 in aqueous ammonia with (tBuO)3SiSH and api
added in this order. The blue-violet precipitate was obtained
almost immediately after adding api; nevertheless, the reac-
tion mixture was further shaken for ca. 1 hour to allow all re-
agents to react completely. The obtained precipitate was fil-
tered and then recrystallized from methanol resulting in blue
crystals of 1. This recrystallization was quite difficult because
1 was practically insoluble in the majority of solvents, show-
ing a slight solubility in methanol which was finally used to
obtain X-ray quality crystals. The X-ray analysis shows that 1
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is polymeric with the formula [Ni{SSiĲtBuO)3}2Ĳμ-api)]n where
Ni atoms are coordinated by two sulfur atoms from two
terminal (tBuO)3SiS

− residues and two nitrogen atoms from
two api ligands which link the neighboring Ni atoms (Fig. 1
and 3). The compound crystallizes in the P21/c space group
of the monoclinic system and the asymmetric unit consists
of a NiĲII) ion, two terminal (tBuO)3SiS

− and one api ligand.
Bond angles around Ni fall in the range 99.2Ĳ1)–131.32Ĳ4)°
and point at a distorted tetrahedral geometry (τ4 = 0.83).40

The NiĲII) ion forms short Ni–N bonds (1.988(3) and 2.012(4)
Å), with the shorter one formed with the imidazole ring. Ni–S
bonds 2.290(1) and 2.265(1) Å are comparable with similar
bonds in other tetrahedral nickelĲII) silanethiolates (Table S1
in the ESI†).41 The spatial arrangement of ligands makes the
polymeric chain of 1 strongly folded, as shown in Fig. 3 and
S2 in the ESI.† A closer look into the crystal structure reveals
that there are intramolecular non-covalent interactions which
with no doubt influence the final arrangement of the poly-
meric strings of 1. The first type of hydrogen bonding interac-
tion observed is Napi–H⋯Osilanethiolate built by an ammine res-
idue from api and two O atoms from tert-butoxyl residues
and their length distances are almost identical (D⋯A
2.941(5) and 2.948(5) Å) (Table S3 in the ESI†). The second
type of recognized interaction is C–H⋯πimidazole of bifurcated
type formed between C–H of the carbonyl chain of api and
two imidazole rings from the adjacent molecules of api. The
C(30)–HĲ30)⋯π(centroid) distances are 3.564 Å within the
same api ligand and 3.749 Å to the adjacent api. As a result,
the closest Ni⋯Ni distance in the same chain is 7.504(1) Å
and 12.621(2) Å between the neighboring chains. Api used in
the reaction with [Co{SSiĲtBuO)3}2ĲNH3)]2 also gave the coordi-
nation polymer [Co{SSiĲtBuO)3}2Ĳμ-api)]n 2 which is iso-
structural with 1, and the overlay of the unit cells of 1 and 2
is shown in Fig. S3 (in the ESI†). The CoĲII) atom displays a
distorted tetrahedral coordination environment being coordi-
nated by two S atoms of (tBuO)3SiS

− residues and two N
atoms from two api molecules which link successive metallic
centres. Co-based angles differ from the ideal tetrahedral ge-

ometry and vary from 102.9(2) to 119.55Ĳ5)° with the widest
S–Co–S angle (τ4 = 0.96) but these distortions are smaller
than in 1 and they do not influence the Co–S and Co–N bond
distances which are comparable with those in other tetrahe-
dral CoĲII) silanethiolates (Table S1 in the ESI†).26,28,42 Intra-
molecular Napi–H⋯Osilanethiolate (D⋯A 2.962 and 2.963 Å) and
C–H⋯πimidazole (D⋯A 3.576 and 3.871 Å) interactions are also
present in the structure of 2 and they force the arrangement
of the chain which is strongly bent, just as in 1 (Fig. S4 in
the ESI†). As a consequence, Co atoms are located at dis-
tances of 7.470(2) Å in the chain similar to that observed in 1
and 12.757(3) Å between the neighboring chains of 2.

The coordination polymer [Cd{SSiĲtBuO)3}2Ĳμ-api)·2CH3-
OH]n 3 was also obtained in the reaction of api with cad-
mium silanethiolate [Cd{SSiĲtBuO)3}2]2 (Fig. 4). The com-
pound crystallizes in the Pn space group of the monoclinic
system and contains four-coordinated Cd atoms which adopt
a distorted tetrahedral geometry (τ4 = 0.85) with angles rang-
ing from 90.3(2) to 124.93Ĳ5)° and the narrowest N–Cd–N and
the widest S–Cd–S among them (Table S1 in the ESI†).

The chains of 3 are less bent than in the previous poly-
mers, and Cd atoms are separated by 9.229 Å within the same
chain.

A deeper investigation of the crystal structure of 3
highlighted that the molecules of methanol are crucial for
the crystal packing, because they are engaged in the forma-
tion of a net of diverse intermolecular hydrogen bond inter-
actions, i.e. as a donor of Omethanol–H⋯Ssilanethiolate (D⋯A
3.179 Å) and as an acceptor of Napi–H⋯Omethanol (D⋯A 2.954
Å) (Table S3 in the ESI†). Moreover, we think that weak Capi–

H⋯Cmethanol interactions are also important for the spatial
packing of 3 (D⋯A 3.569 Å) to a certain extent and together
with the former interactions should be taken into account as
these hold the whole structure together. Therefore, the spa-
tial structure of 3 can be described as a 2D sheet with Cd
atoms of the adjacent strings separated by 9.026 Å (Fig. 5).

The use of the bbi ligand in the syntheses gave diverse re-
sults. Only the reaction with [Cd{SSiĲtBuO)3}2]2 resulted in the

Fig. 3 Left – Molecular structure of 1 with the atom-labeling scheme. Right – The polymeric chain of 1 with weak hydrogen-bonding interactions
shown as dashed lines. The tBu groups are omitted for clarity. Thermal ellipsoids are drawn at 30% probability.
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1D coordination polymer [Cd{SSiĲtBuO)3}2Ĳμ-bbi)·2CHCl3]n 4,
whereas reaction with [Co{SSiĲtBuO)3}2ĲNH3)]2 allowed the ob-
tainment of dimeric [Co{SSiĲtBuO)3}2Ĳμ-bbi)2·3CH3OH]2 5.

As with previous complexes, the metallic centers in both
complexes 4 and 5 are also four coordinated resulting in
MN2S2 kernels. Both Cd and Co atoms adopt a tetrahedral ge-
ometry, but the distortions from the ideal geometry are stron-
ger in 4 (τ4 = 0.85) than in 5 (τ4 = 0.93). However, they do not
affect the M–N and M–S bond lengths and angle values on
Cd ions which are comparable with those present in other Cd
and Co silanethiolates.26–28,42

Compound 4 crystallizes in the P21/c space group of the
monoclinic system and the asymmetric unit consists of a
CdĲII) ion, two terminal (tBuO)3SiS

−, one bbi ligand and one
molecule of chloroform (Fig. 6).

The crystal packing of 4 shows that the molecule of sol-
vent forms only one weak C–H⋯Ssilanethiolate hydrogen bond-
ing interaction with one S atom of the silanethiolate residue
(D⋯A 3.655 Å). The second S atom is also engaged in the for-

mation of two even weaker C28–H28A⋯S2 and C34–
H34A⋯S2 interactions with the aliphatic part of the bbi li-
gand from the neighboring chain of 4 (D⋯A 3.869 and 3.894
Å, respectively). As a result, the interchain Cd⋯Cd distances
are 11.116 Å and the intrachain distances fall within the
range of 9.609–10.011 Å (Fig. 7 and S5 in the ESI†).

Compound 5 crystallizes in the P1̄ space group of the tri-
clinic system and the asymmetric unit consists of a CoĲII) ion,
two terminal (tBuO)3SiS

−, one bbi ligand and three molecules
of methanol (Fig. 8). The steric effects of ligands gave rise to
a dinuclear structure where cobalt ions are bridged by two
bbi ligands via the imidazole N atoms, and their coordina-
tion sphere is made up of two silanethiolate S atoms. The

Fig. 5 A view of the 2D structure of compound 3 with hydrogen
bonding interactions shown as dashed lines and tBuO groups omitted
for clarity.

Fig. 6 Molecular structure of 4 with the atom-labeling scheme and
the C–H⋯S hydrogen bonding interaction shown as a dashed line.
tBuO groups and H atoms not involved in the additional interactions
are omitted for clarity.

Fig. 7 The crystal packing of 4 with hydrogen bonding interactions
shown as dashed lines. tBuO groups are omitted for clarity. Atoms of
CHCl3 are presented as balls.

Fig. 4 A view of complex 3 showing all the supramolecular
interactions.
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inversion center, which is placed in the centre of the gap
formed by two bbi ligands, generates the second part of the
dimer. Further analysis shows that the molecules of metha-
nol form a net of hydrogen bonding interactions. One mole-
cule acts as a double donor of bifurcated O8–H8⋯O6 and
O8–H8⋯S2 with O and S atoms from the silanethiolate group
(D⋯A distances are 2.845 and 3.599 Å) and as an acceptor of
O9–H9⋯O8 and much weaker C32–H32⋯O8 interactions
with the second molecule of CH3OH and C–H from the
imidazole ring, respectively (D⋯A distances are 2.679 and
3.344 Å).

The third CH3OH molecule forms an O7–H7⋯S1 interac-
tion with the second (tBuO)3SiS

− residue (D⋯A distance is
3.245 Å) and additionally is engaged in weak C26–H26⋯O7
interaction formation with the neighboring dimer of com-
pound 5 (D⋯A distance is 3.295 Å). Moreover, the extended
structure of the compound involves two distinct secondary
C–H⋯π interactions between adjacent dimers which are
formed by one imidazole ring from one bbi and a C–H bond
from the aliphatic linker of the bbi ligand from the next
dimer (D⋯A distance is 2.808 Å) (Fig. 9 and S6 in the ESI†).
Unfortunately, the attempts to obtain a NiĲII) silanethiolate
complex with bbi were ultimately not successful. The reaction

of a nickel ammine complex with (tBuO)3SiSH and bbi
resulted in colorless crystals of tetra-tert-butoxy-1,3,2,4-
dithiadisiletan [(tBuO)3SiS]2. This compound was already
obtained by Wojnowski in the alcoholysis reaction of SiS2 by
t-butanol.43 Nevertheless, we are still trying to find out
whether the change of the initial conditions of reaction will
allow us to obtain a desirable NiĲII) silanethiolate with bbi.

Up till now the use of a variety of solvents and ratios of
the reactants has not resulted in any defined complexes;
therefore besides (tBuO)3SiSH and bbi we choose NiĲacac)2
·2H2O as a primary reagent. This procedure allowed us to ob-
tain small, blue crystals of a new compound [NiĲacac)2Ĳμ-bbi)
·9CHCl3]n 6 deprived, however, of silanethiolate ligands (Fig.
S7 and S9 in the ESI†). The compound crystallizes in the tri-
clinic space group P1̄, and its crystal structure consists of
NiĲacac)2 units bridged by a bbi molecule only. Thus, each
NiĲII) center is hexacoordinated and is located in an almost
regular octahedral environment surrounded by four oxygen
atoms from two acac ligands in the equatorial positions and
two nitrogen atoms from two bbi molecules in the axial posi-
tion, resulting in a NiN2O4 chromophore. Ni–O bond dis-
tances are slightly shorter (range 2.035Ĳ4)–2.059Ĳ4) Å), and
Ni–N are longer (range 2.101Ĳ5)–2.127Ĳ5) Å) in comparison
with the related complexes (Table S2 in the ESI†).44 The
empty spaces between the chains are large enough to accom-
modate nine molecules of chloroform solvent in the asym-
metric unit (Fig. S8 in the ESI†).

They are engaged in the formation of additional interac-
tions with the frameworks, i.e. C–H⋯Cl and Cl⋯Cl between
CHCl3 molecules and Cchloroform–H⋯Oacac with the chain of 6
and serve also as a connection between adjacent chains. Yet,
these molecules are very weakly bonded to the compound,
and they leave the crystals immediately after the removal of
the crystals from the solution so that the crystals lose their
shape and luster.

We have also studied crystalline and homogenous samples
of compounds 1–5 by powder XRD measurements. Compari-
son of the obtained powder patterns with the simulated ones
derived from the single crystal data with the use of the pro-
gram Mercury showed major differences (Fig. S10–S15 in the
ESI†). Being quite convinced about the structure of crystalline
samples confirmed by XRD, EA and microscopy observations,
we suppose that the observed discrepancies are due to the de-
cay caused by the milling of the samples before the measure-
ment. All the crystals contain solvent molecules loosely
bound in the lattices so powderization (milling) may lead to
their weathering.

IR spectroscopy

The IR spectra recorded for all the complexes in the solid
state are consistent with their crystal structures. The spectra
of complexes 1–6 contain strong intensity bands in the range
of 3120–2865 cm−1 attributed to symmetric and asymmetric
C–H stretching modes of the methylene units of ligands api
and bbi, and methyl groups from (tBuO)3SiS

− residues.45 The

Fig. 8 Molecular structure of 5 with the atom-labeling scheme and
hydrogen bonding interactions shown as dashed lines. tBuO groups
and H atoms not involved in the additional interactions are omitted for
clarity.

Fig. 9 The arrangement of compound 5 as a chain of dimers
connected through a net of hydrogen bonding (shown as blue dashed
lines)and C–H⋯π interactions between adjacent dimers (shown as grey
dashed lines). tBuO groups and H atoms from methanol molecules are
omitted for clarity.
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vibrations of the CC bonds of the imidazole ring can be ob-
served in the range of 1600–1520 cm−1 (1528, 1514, 1522,
1498, 1519 and 1509 cm−1, respectively). Another absorption
band characteristic of C–N stretching vibrations of the imid-
azole ring is usually located at about 1090 cm−1. The charac-
teristic bands of the silanethiolato complexes are observed at
1100–980 cm−1, which correspond to the Si–O–C bond of the
silanethiolate residue coordinating terminally to the metallic
center (Fig. S15 and S16 in the ESI†).24–30,41,42 The IR spectra
of 1–3 in the solid state contain several bands in the 3400–
3090 cm−1 range assigned to the api NH2 stretching vibra-
tions. The particular frequencies are slightly shifted, which is
caused by the presence of diverse hydrogen bond interactions
like intramolecular N–H⋯O in 1 and 2 as well as inter-
molecular N–H⋯O and O–H⋯S interactions in 3. The spec-
trum of 5 also contains a broad absorption in the frequency
range 3500–3100 cm−1 which corresponds to the O–H vibra-
tions of the uncoordinated methanol molecules involved in
the hydrogen bonding network in the crystals.

Magnetic properties

The variable-temperature molar magnetic susceptibility (χ =
M/H) data for polycrystalline sample 1 measured at the ap-
plied dc magnetic field H = 1 kOe are given in Fig. 10 in the
form of χT vs. T. The high temperature χT value is 1.4 cm3

K mol−1 which is slightly above the value expected for non-
interacting NiĲII) S = 1 ions (χT = 1.21 cm3 K mol−1 for g =
2.20). Upon cooling, χT(T) initially changes only weakly, but
below ∼100 K χT increases to reach a maximum value of 1.51
cm3 K mol−1 at ∼14 K, and then decreases rapidly attaining a
minimum value of 0.6 cm3 K mol−1 at 2 K. The magnetic sus-
ceptibility obeys the Curie–Weiss law above 30 K with a Curie
constant C = 1.38 cm3 K mol−1 and a positive Weiss constant
θ = 1.88 K (Fig. S17 in the ESI†).

Usually, the increase of χT with decreasing temperature is
interpreted as the signature of ferromagnetic (FM) coupling
between the magnetic centers, whereas the subsequent rapid
drop of χT are considered to be the influence of antiferro-

magnetic (AFM) interactions or/and the effect of zero-field
splitting (ZFS). In order to obtain further insight into the
magnetic behavior of 1, extended magnetic measurements
have been performed.

The isothermal magnetization curve collected at 2 K is
presented in Fig. 10 (inset). We observe a significant diver-
gence from the Brillouin behavior for S = 1 (dot-dashed line
in Fig. 10 (inset)). Additionally, the MĲH) curve at 2 K is not
reversible and shows a coercivity of Hc ≈ 43 Oe (Fig. 11, inset);
a small hysteresis, with Hc ≈ 17 Oe, is still observed at T =
2.5 K and disappears at T = 3 K (Fig. S19 in the ESI†). It
should be noted that the M vs. H plots measured at 100, 200
and 300 K show a perfect linear behavior, which discounts
the presence of any FM impurity in 1 (see MĲH) at 300 K in
Fig. S18 in the ESI†). Therefore, the hysteresis behavior of
MĲH) indicates the occurrence in 1 of some kind of long-
range ordering of spins at the lowest temperatures.

A further sign of spontaneous magnetization in 1 is pro-
vided by χZFC and χFC thermal dependences measured in ZFC
and FC regimes under various applied dc magnetic fields
(H = 100 Oe, 1 kOe and 5 kOe). χZFC(T) and χFC(T) in H = 100
Oe split up at ∼8 K (at T < ∼2.5 K a small kink was also ob-
served in χZFC(T)) (Fig. 11). With the increase of the applied
magnetic field, the ZFC–FC splitting temperature decreases
and for H = 5 kOe these dependences are superimposed over
the whole temperature interval measured (Fig. S20 in the
ESI†). The dynamic ac susceptibility measurements of 1 have
also been performed. The temperature dependences of the
in-phase (χ′) and out-of-phase (χ″) susceptibility components
reveal a weak frequency dependence of χ′ and the appearance
of a non-zero χ″ component at T < ∼7 K with the maximum
near 3 K (Fig. S21 in the ESI†). The values of χ″ are very small
compared with the values of χ′. Nevertheless, these results as
well as the non-zero coercivity at T < ∼3 K and χZFC(T) −
χFC(T) irreversibility can be related to the appearance in 1 of a
weak 2D/3D spontaneous magnetization at very low tempera-
ture. 1 consists of one-dimensional polymeric chains in
which metal ions are bridged by api (the intra-chain Ni–Ni
separation is 7.504 Å). And, in light of the structural data

Fig. 10 Plot of χT versus T for 1, measured at 1 kOe (symbols) and
fitted curves (solid and dashed lines). See text for details. Inset:
Magnetization curve measured at 2 K for 1 (in μB/Ni vs. H) (symbols)
and theoretical Brillouin curve for S = 1 (dot-dashed line).

Fig. 11 Temperature dependences of χZFC and χFC magnetic
susceptibility measured under an applied field of 100 Oe for 1. Inset:
Hysteresis loop recorded at 2 K for 1.
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reported above, this extended bridging ligand seems to be
the main superexchange pathway for the magnetic coupling
found in 1 (the shortest inter-chain interaction is ∼12.6 Å
and there is no binding between the neighbor chains). So,
the fit of magnetic data using the model of regular S = 1
chains has been performed. Unfortunately, this attempt did
not provide a satisfactory result. This can be explained by the
significant influence of the single-ion anisotropy of four-
coordinated tetrahedral NiĲII) ions (for NiĲII) in tetrahedral
geometry the observed D parameters adopt values between
−22 and +45 cm−1)46 and for this it is necessary to evaluate
the ZFS effect on the chain susceptibility.

Therefore, analysis of the experimental data of 1 was
carried out with de Neef's series expansion47 for a uniform
S = 1 Heisenberg chain with the contribution of ZFS, as de-
scribed by the Hamiltonian: ℋ = −2JPiŜiŜi+1 + D

P
iĲŜiz

2 – 2/3)
+ gμBH

P
iŜiz. The same approach was applied recently by

Palion-Gazda et al.48 The equations for the magnetic suscepti-
bility for this model were used in the form presented by de
Neef (see equations A1–A3 in the ESI†). The temperature-
independent van Vleck paramagnetism (χTIP) has been added
to the final expression. In this approach, the experimental
data can be very well reproduced in the temperature range
from ∼12 K to 300 K. However, we have also found that
values of the fitting parameters D and J are dependent on the
sign of the input value (this can be expected, as there is a cor-
relation between these two parameters in the mathematical
expression). So, here we present two sets of the best-fit pa-
rameters with D > 0 and D < 0 (solid and dashed lines in
Fig. 10, respectively): (1) D = 4.87 cm−1, J = 1.43 cm−1, g =
2.32, χTIP = 1.4 × 10−4 with the agreement factor R =

P
(χ −

χcalcd)
2/
P

χ2 = 1.8 × 10−6 and (2) D = −10.46 cm−1, J = −0.43
cm−1, g = 2.32, χTIP = 1.3 × 10−4 with R = 8 × 10−7. In both
cases, a disagreement of experimental and calculated data
appears at T < ∼10 K. This can be ascribed to the limited
usefulness of de Neef's expressions at very low temperatures
(only for kT > 2J)47 and/or the influence of an additional con-
tribution to the magnetic coupling at very low temperatures
(as was observed in the magnetic behavior, see above).

In the set of the best-fit parameters (1), a positive J value
indicates FM intra-chain coupling. However, D > 0 for NiĲII)
ions implies a non-magnetic singlet ground state (MS = 0). In
such a system, a sufficiently large ZFS contribution (com-
pared to magnetic exchange) prevents the magnetic ordering
as T → 0. According to de Neef, this occurs when D/J > 2 (for
J > 0).47 For D and J values from set (1), the ratio D/J ≈ 3.5,
which gives a noticeable discrepancy between the de Neef
prediction and low temperature magnetic results for 1.

In turn, set (2) gives a negative D value for single NiĲII)
ions (MS = ± 1 ground state) and relatively weak AFM NiĲII)–
NiĲII) interactions (J <0). The combination of negative ex-
change coupling and the observed rise of χT with decreasing
temperature (Fig. 10) may indicate the spin-canted structure
along the chain, which gives rise to a weak ferromagne-
tism.33,49 Such non-collinear spin–spin ordering can result
from the relatively large |D/J| ratio (for set (2) D/J ≈ 23.5)

and strongly folded polymeric chain of 1 (see structural
information).

Unfortunately, we could not compare the obtained values
of J with those of similar complexes consisting 3d ions
bounded with a 1-(3-aminopropyl)-imidazole group, as we did
not find any references in the literature on that. Furthermore,
we should also remember that D and J parameters are corre-
lated, and, therefore, these values might be over or underes-
timated. Thus, the unequivocal confirmation or exclusion of
one of the sets of the best-fit parameters is difficult. Never-
theless, analysis of the experimental data (in the 12–300 K
range) reveals the weak intra-chain magnetic interactions
which strongly interplay with the single-ion magnetic aniso-
tropy of NiĲII) ions. The magnetic behavior observed at T < 10
K is not clear at this stage. For this purpose, as well as for
the exact estimation of the D and J parameters, further exper-
imental and theoretical studies are needed.

In Fig. 12(a) the temperature dependence of molar mag-
netic susceptibility for polycrystalline sample 2 is presented
as χT vs. T. The χT value at room temperature (2.47 cm3

K mol−1) is in agreement with the presence of magnetically
isolated high-spin CoĲII) ions with an orbital contribution to
the magnetic moment (χT = 2.48 cm3 K mol−1 for g = 2.3).
χT(T) smoothly decreases with decreasing temperature in the

Fig. 12 Experimental (symbols) and calculated (solid line) values of χT
versus T (at 1 kOe) for 2 (a) and 5 (b). Insets show the magnetization
curves measured at 2 K presented as μB/Co vs. H for 2 (a) and as μB/
2Co vs. H for 5 (a). The theoretical Brillouin curve for S = 3/2 is
presented in the inset (a) (dot-dashed line).
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300–∼30 K range, then drops rapidly down to 2 K. The ther-
mal dependence of the reciprocal susceptibility shows linear-
ity (Fig. S17 in the ESI†) and fitting of the χ vs. T dependence
to the Curie–Weiss law gives the Curie constant C = 2.37 cm3

K mol−1 and Weiss constant θ = −1.47 K (T > 30 K). The χZFC
and χFC vs. T plots measured in H = 1 kOe are superimposed
in the whole temperature range measured (Fig. S22 in the
ESI†). The magnetization curve at 2 K reveals no hysteresis
(Fig. 12(a), inset); the near saturation magnetic moment
(measured in 9 T) is 2.46 μB per Co ion, which is be-
low the expected value of ∼3 μB for a Brillouin S = 3/2 model
(dot-dashed line in Fig. 12(a), inset).

The high temperature results of magnetic studies of 2 in-
dicate the dominant paramagnetic behavior of cobalt ions.
The observed decrease of χT values at low temperatures as
well as the reduced near saturation magnetic moment at 2 K
can be related to the significant ZFS effect and/or weak AFM
interactions. According to the structural information, the
CoĲII) ions in 2 reside in a distorted tetrahedral geometry. For
such a symmetry, CoĲII) ions represent a typical ZFS system as
the ground term is orbitally nondegenerated 4A2.

50,51 Hence,
the experimental χ(T) dependence of 2 can be analyzed within
a spin-Hamiltonian: ℋ = gμBŜ·H +DĳŜz

2 − S(S + 1)/3], where D
is the axial ZFS parameter. In the fitting procedure, the ex-
pressions for the susceptibility components χz and χxy of a
single-ion system with S = 3/2 reported by Boča51 have been
used (see equations B2 and B3 in the ESI†). The averaged
magnetic susceptibility can be expressed as χcalcd = (χz + 2χxy)/
3 + χTIP.

For the best fit exchange coupling of the nearest neigh-
bors (2zJ′) needs to be taken into consideration (these inter-
actions have been calculated in the usual molecular field ap-
proximation33,50 (equation B4 in the ESI†)). The best set of
the fitting parameters is: D = −11.73 cm −1, gz = 2.27, gxy =
2.20, 2zJ′ = −0.05 cm−1, χTIP = 5.5 × 10−4 and R = 1.3 × 10−6

(solid line in Fig. 12(a)). We are aware that the sign of the D
parameter is difficult to determine by a fit of magnetic data
for polycrystalline samples. However, the difference between
the fits with positive and negative D is significant and for D
> 0 the fitting agreement is evidently worse. So, here and in
the next case we present only the set of parameters that best
reproduce the experimental data. The obtained 2zJ′ value in-
dicates that in 2, CoĲII)–CoĲII) magnetic interactions are ex-
tremely small and shows the dominant influence of the ZFS
effect on the magnetic behavior of this compound.

In Fig. 12(b) the experimental molar susceptibility for the
dimeric compound 5 is shown as χT vs. T. The high tempera-
ture χT value (5.4 cm3 K mol−1) is close to the expected value
for two non-interacting CoĲII) ions (χT = 4.96 cm3 K mol−1

for g = 2.3). With decreasing temperature, χT is almost con-
stant until ∼50 K, then smoothly decreases and below ∼20
K it drops rapidly. 1/χ(T) dependence exhibits linearity and
the Curie–Weiss fit gives C = 5.38 cm3 K mol−1 and θ =
−0.72 K (Fig. S17 in the ESI†). χZFC(T) and χFC(T) depen-
dences measured in H = 1 kOe are superimposed in the 2–
300 K range (Fig. S22 in the ESI†). The magnetization curve

at 2 K demonstrates zero coercivity and a Brillouin-like
shape with a near saturation magnetic moment of 5.5 μB
per molecule (Fig. 12(b), inset), whereas MĲH) at 300 K is
perfectly linear (Fig. S18 in the ESI†). The above results indi-
cate the dominant paramagnetic behavior of 5 corresponding
to the presence of two magnetically isolated high-spin
CoĲII) ions per molecule. The cobaltĲII) ions in 5 are in a tetra-
hedral geometry, like in compound 2, and the experimental
χ vs. T data of 5 have been analyzed within the spin-
Hamiltonian model presented above. The obtained parame-
ters are: D = −11.5 cm −1, gz = 2.46, gxy = 2.33, χTIP = 4 × 10−4

and R = 3.8 × 10−6 (solid line in Fig. 12(b)). It should be
noted that the experimental data for 5 can be very well
reproduced without taking into account the exchange cou-
pling of the nearest neighbors.

Thus, analysis of the magnetic data of 2 and 5 shows the
paramagnetic behavior of cobaltĲII) ions which is noticeably
influenced by the ZFS effect at low temperatures. The obtained
values of the axial ZFS parameter D for these two compounds
are very similar, in agreement with the similarity of the coordi-
nation environments around the CoĲII) centers, and fall within
a wide range of values, from +15 cm−1 to −161 cm−1, observed
for high-spin CoĲII) in tetrahedral geometry.51,52

Luminescence

Previous studies have shown that coordination compounds
of CdĲII) ions may exhibit good luminescence properties.53

Therefore, we decided to investigate the luminescence prop-
erties of the newly obtained complexes of CdĲII) ions 3 and 4.
The emission spectra of the Cd complexes were recorded in
the solid state at ambient temperature and are depicted in
Fig. 13 and 14. The main chromosphere of the studied com-
pounds is the aromatic five-membered imidazole ring. The
main emission peaks of the free ligands api and bbi appear
at 417.6 and 440.8 nm (λex = 377 nm) for api and at 393.2 nm
(λex = 336 nm) for bbi. The emission bands of these free
ligands are probably attributable to the π*–π or π*–n transi-
tions.54 As shown in Fig. 13, the emission bands of

Fig. 13 The emission spectra of ligand api and complex 3; the insert
presents the excitation spectra of api and 3.
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compound 3 are observed at 418.4 and 447.8 nm (λex = 362
nm). The positions of the emission peaks are similar to those
of the ligand api. Hence, these emission peaks can be as-
cribed to intraligand transitions modified by metal coordina-
tion.55 The luminescence intensity of solid 3 is stronger than
that of the liquid api.

The enhancement of luminescence in compound 3 may
be attributed to the coordination effect of the ligand to CdĲII)
ions, which effectively increases the rigidity of the ligand and
reduces the loss of energy by radiationless decay.56 Under the
same experimental conditions, compound 4 produces an
emission spectrum with a maximum at 471.4 nm (λex = 362
nm, Fig. 14). Compared to the ligand bbi, a significant red
shift (78 nm) for this compound has been observed. The
emission of 4 may be assigned to ligand to metal charge
transfer (MLCT).57 Besides this, weak emission bands located
at about 579 nm in both compounds are also due to MLCT.

TG analysis

Thermal analysis (TG) was applied to investigate the thermal
stability and behavior of complexes 1–5. The results are
shown in Fig. S23 in the ESI.† The thermal decomposition
patterns of complexes 1–3 are comparable – they are stable at
room temperature, whereas further heating leads to melting
and degradation processes resulting in metal sulfides (for 1
calc. wt% = 12.22, found wt% = 12.54, 2 calc. wt% = 14.78,
found wt% = 12.29, 3 calc. wt% =8.81, found wt% = 7.01, 4
calc. wt% = 14.72, found wt% = 16.02, 5 calc. wt% = 10.06,
found wt% = 10.58).

Compounds 1 and 2 decompose in a one-step process at
about 209 °C and 232–247 °C, respectively, whereas complex
3 decomposes in a two-stage process in the range 170–256
°C. The first weight loss step in 3 is observed at about 170
°C, which corresponds to the loss of solvent molecules. In
the second weight loss step, complex 3 decomposes gradually
in the temperature range of 237–256 °C with the loss of
(tBuO)3SiS

− residues and the bridging N-donor ligands. The
curves of thermal decomposition of compounds 4 and 5 ex-

hibit three or four pronounced weight loss steps. The decom-
position of 4 starts at about 101 °C and corresponds to the
loss of a chloroform molecule (calc. 12.18%, found 11,85%).
The next degradation steps occur within the range 180–324
°C. Compound 5 starts to decompose at about 255 °C with al-
most 42% of weight loss and further decomposes progres-
sively up to about 525 °C.

The progress of decomposition was also monitored with
the FTIR spectrum of the selected complex 5 and our choice
relies on the fact that obtained silanethiolates are based on
the same types of ligands. The spectrum of the decomposi-
tion of compound 5 is similar to those described previ-
ously26 and shows the presence of gaseous products of the
decomposition of tri-tert-butoxysilyl substituents containing
both Si–OH (v(Si–O) = 1074 cm−1) and Si–O–tBu (v(C–O) = 1193
cm−1) fragments (Fig. S24 in the ESI†). The spectrum also
exhibits additional bands observed for symmetric and asym-
metric scissor-bending vibrations characteristic of tert-butyl
residues (1394, 1371, 1243 and 1193 cm−1) as well as of CH2

groups present in aliphatic carbon chains of N-donor ligands
(1477 cm−1).

Conclusions

In summary, we showed that the introduction of api and bbi
to different building units allows the synthesis of new CoĲII),
CdĲII) and NiĲII) compounds with diverse structure and topol-
ogy. It was found that the presence of additional hydrogen
bonding interactions in 3 results in the formation of a 2D
framework built from polymeric chains combined by a net of
H-bonding interactions and solvent molecules as bridges. In
addition, the luminescence properties of 3 and 4 cadmium
complexes were studied in the solid state at room tempera-
ture. The emissions were ascribed to intraligand transitions
in 3 and ligand to metal charge transfer in 4. Magnetic inves-
tigations of 1 reveal the presence of weak intra-chain mag-
netic coupling between nickelĲII) ions. Analysis of the
variable-temperature magnetic susceptibility data using a
model for a uniform S = 1 Heisenberg chain in combination
with the zero-field splitting effect suggests the interplay of
the magnetic interactions with the single-ion magnetic aniso-
tropy of NiĲII) ions. In turn, compounds 2 and 5 show para-
magnetic behavior. The experimental χ(T) dependences for
these compounds have been analyzed on the basis of a spin-
Hamiltonian for a mononuclear S = 3/2 system with the addi-
tion of zero-field splitting.

Our further studies are directed towards the synthesis of
higher dimensional networks based on silanethiolate deriva-
tives and N-donor organic linkers as well as the investigation
of their magnetic and photoactive properties.
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