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Reaction of cobalt(II) thiocyanate with 3-methylpyridine in water leads to the formation of the
new ligand-rich cobalt(II) thiocyanato coordination compounds [bis(thiocyanato-N)-tetrakis(3-meth-
ylpyridine-N)cobalt(II)] (1) and [bis(thiocyanato-N)-bis(3-methylpyridine-N)-diaqua-cobalt(II)] (2).
The crystal structures of 1 and 2 consist of discrete complexes in which the cobalt(II) cations are coor-
dinated by two terminally N-bonded thiocyanato anions and four or two terminally bonded coligands,
respectively, in a slightly distorted octahedral geometry. Investigations on the thermal degradation
behavior of 1 and 2 using simultaneous differential thermoanalysis and thermogravimetry as well as
X-ray powder diffraction and IR spectroscopy have proven that on heating a stepwise decomposi-
tion takes place, which leads to the formation of the new phase-pure ligand-deficient intermediate
[bis(thiocyanato-N)-bis(3-methylpyridine-N)cobalt(II)] (3). The crystal structure of 3 also consists
of discrete complexes, but the cobalt(II) cations are only tetrahedrally coordinated by two terminally
N-bonded thiocyanato anions and two terminally bonded coligands. The structures and the thermal
properties are discussed and compared with that of related transition metal thiocyanato coordination
compounds.
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Introduction

In the last decade, the development of strategies for
the rational design of low-dimensional solids which
show slow relaxation of the magnetization and a hys-
teresis of molecular origin, so called single molecule
magnets (SMMs) and single chain magnets (SCMs),
have gained increasing interest due to their high po-
tential for future applications as storage materials or in
molecular electronics [1 – 8]. Whereas the SMMs have
been well investigated since the beginning 1990s, the
first experimental evidence for a SCM was reported
in 2001 by Caneschi et al. [9], almost four decades
after the theoretical prediction of Glauber for ferro-
magnetically coupled Ising spin chains [10]. Since that
time, enormous efforts have been focused on the syn-
thesis of one-dimensional (1D) structures, but up to-
day there are just a few established examples [11 –
25]. Therefore, a rational route to 1D materials which
might show SCM behavior would be highly desir-
able. In this context, we reported on the directed syn-
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thesis of 1D and 2D cobalt(II) thiocyanato and se-
lenocyanato coordination polymers [26 – 32]. For the
preparation of chains, discrete complexes based on
monodentate coligands and terminally N-bonded an-
ions as ligand-rich precursor compounds (ligand-rich =
rich on neutral coligands) must be thermally decom-
posed. In this reaction the 1 : 4 (1 : 4 = ratio metal
salt : neutral coligand) complexes transform selectively
into ligand-deficient (ligand-deficient = lacking neu-
tral coligands) 1D cobalt(II) thiocyanato and seleno-
cyanato coordination polymers in which the formerly
terminally bonded anions bridge the magnetically ac-
tive metal centers into chains. Interestingly, for the
thio- and selenocyanato compounds with pyridine as
a coligand, single-chain magnetic behavior was ob-
served for the first time in this class of compounds
(Fig 1) [26, 27].

To further investigate if thermal decomposition re-
actions are a general, alternative synthetic strategy for
the selective formation of 1D coordination compounds,
we investigated analogous compounds based on the
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Fig. 1. Structural transformation of the
discrete 1 : 4 complex [Co(NCS)2(pyr-
idine)4] with terminally bonded anions
into the 1D ligand-deficient intermedi-
ate [Co(NCS)2(pyridine)2]n with µ-1,3
bridging anions.

monodentate coligand 3-methylpyridine. In this con-
text the question arises if in the course of the ther-
mal degradation reaction of the precursor any ligand-
deficient intermediates can be found, in which the
octahedral coordination geometry of the cobalt(II)
cations remains intact and therefore forces the for-
mation of 1D compounds. This is highly likely be-
cause a corresponding 1 : 2 1D compound based on
cadmium(II) thiocyanate is already known in the lit-
erature [33], and we have found that ligand-rich com-
pounds with cadmium thio- or selenocyanate show a
similar thermal reactivity. Their ligand-deficient inter-
mediates are frequently isotypic to their paramagnetic
counterparts [34 – 37].

Results and Discussion

Synthetic investigations

In order to obtain a ligand-rich 1 : 4 precursor com-
plex, different molar ratios of cobalt(II) thiocyanate
and 3-methylpyridine were reacted in water, and the
resulting precipitates were investigated by XRPD mea-
surements. These investigations have clearly proven
that always one crystalline phase is found from any

Fig. 2. Experimental powder pattern (A) together with the
powder pattern calculated from single-crystal data of com-
pound 1 (B).

ratio in the range from 1 : 10 to 1 : 1. To determine
the stoichiometry of this compound, elemental analy-
sis of the crystalline powder 1 was performed, yielding
a composition of [Co(NCS)2(3-methylpyridine)4] and
confirming the formation of a ligand-rich 1 : 4 com-
pound. Finally, single crystals were grown, and the
structure of the ligand-rich phase 1 was determined by
X-ray diffraction (see below). Comparison of the ex-
perimental and calculated XRPD patterns proves that
compound 1 was formed phase-pure (Fig. 2).

Crystal structure of the ligand-rich precursor 1

The 1 : 4 compound [Co(NCS)2(3-methylpyri-
dine)4] (1) crystallizes in the centrosymmetric or-
thorhombic space group Pbcn with four formula units
in the unit cell. The cobalt(II) cations are located on a
center of inversion and are coordinated by six nitrogen
atoms of two terminally N-bonded thiocyanato anions
and four 3-methylpyridine coligands, all of them

Fig. 3. Crystal structure of compound 1 with labeling and
displacement ellipsoids drawn at the 50 % probability level.
Symmetry transformation used to generate equivalent atoms:
A: −x+ 1, −y+ 1, −z+ 1. For clarity only one orientation
of the disordered methyl H atoms of atom C16 is shown.
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Table 1. Selected bond lengths (Å) and angles (deg) for 1.
Symmetry code: A: −x+1, −y+1, −z+1.
Co(1)–N(1) 2.0848(17) N(1)–Co(1)–N(11A) 91.42(6)
Co(1)–N(11) 2.2473(14) N(1)–Co(1)–N(21) 89.44(7)
Co(1)–N(21) 2.1860(16) N(1)–Co(1)–N(21A) 90.56(7)
N(1)–Co(1)–N(1A) 180 N(11)–Co(1)–N(21A) 91.18(5)
N(1)–Co(1)–N(11) 88.58(6) N(11)–Co(1)–N(21) 88.82(5)

located in general positions, within a slightly distorted
octahedral coordination geometry (Fig. 3). The CoII–N
distances lie between 2.0848(18) and 2.2477(15) Å,
while the angles around the cobalt(II) cations are
between 88.58(6) and 180.0◦ (Table 1).

Thermoanalytical investigations of 1

On heating compound 1 in a thermobalance
to 450 ◦C, a stepwise decomposition is observed. The
DTG curve shows that the first mass step is well re-
solved and accompanied by an endothermic event in
the DTA curve at 125 ◦C. The second mass step is not
well resolved, but also accompanied by an endothermic
event in the DTA curve at 161 ◦C (Fig. 4). The exper-
imental mass loss in the first step of 33.3 % is in good
agreement with that calculated for the removal of two
molecules of 3-methylpyridine (∆mcalcd. = −34.0 %)

Fig. 4. DTG, TG and DTA curves for compound 1. Heating
rate = 1 ◦C min−1; given are the mass changes (%) and the
peak temperatures TP (◦C).

(Fig. 4). Thus, it can be assumed that in the first
step a ligand-deficient 1 : 2 compound of composition
[Co(NCS)2(3-methylpyridine)2] is formed, and that in
the second mass step the remaining 3-methylpyridine
coligands are removed to give Co(NCS)2 which de-
composes on further heating (Fig. 4).

In order to verify the nature of the intermediate
formed, additional TG measurements were performed
and stopped after the first mass step. Elemental analy-
sis data of the residue obtained support that a ligand-
deficient 1 : 2 compound of composition [Co(NCS)2(3-
methylpyridine)2] is formed. Additional XRPD inves-
tigations of the residue have shown that it is not iso-
typic to the literature-known compound [Cd(NCS)2(3-
methylpyridine)2]n (Fig. 5), as it was found for several
other compounds based on Co(NCS)2 or Co(NCSe)2
and the monodentate coligand pyridine [26, 27, 37].

To determine the coordination mode of the thio-
cyanato anions, all compounds were additionally in-
vestigated by IR spectroscopy (Fig. 6, left and mid-
dle). In compounds with terminally N-bonded thio-
cyanato anions the asymmetric νas(CN) band is ex-
pected at about 2050 cm−1, whereas for µ-1,3-N,S
bridging anions νas(CN) values of about 2100 cm−1

are expected [38]. Surprisingly, for the ligand-rich pre-
cursor 1 (Fig. 6 left) and the ligand-deficient interme-
diate 3 (Fig. 6, middle) values for νas(CN) are found,
which are characteristic for terminally bonded thio-
cyanato anions. Unfortunately, single crystals could
not be prepared from solutions, but recrystallization
of the residue obtained in the thermal decomposition

Fig. 5. Experimental powder pattern of the residue obtained
in the thermal decomposition reaction of 1 (A) together with
a calculated powder pattern from single-crystal data of com-
pound [Cd(NCS)2(3-picoline)2]n (B).
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Fig. 6. Infrared spectra of compounds 1 (left) and 3 (middle) and the experimental powder pattern of the residue obtained in the
thermal decomposition reaction of 1 (A), together with a powder pattern calculated from single-crystal data of compound 3 (B)
(right).

reaction from acetonitrile resulted in the formation of
crystals that were suitable for single-crystal structure
analysis (see below). Comparison of the experimental
XRPD pattern of the residue with that calculated for
compound 3 clearly proves that 3 was formed phase-
pure after the first mass step in the thermal decompo-
sition reaction (Fig. 6, right).

Crystal structure of the ligand-deficient intermediate 3

The 1 : 2 compound [Co(NCS)2(3-methylpyri-
dine)2] (3) crystallizes in the centrosymmetric
orthorhombic space group Pnma with four formula
units in the unit cell. The cobalt(II) cations are
located on a mirror plane and are coordinated by
four nitrogen atoms of two terminally N-bonded
thiocyanato anions, also situated on a mirror plane,
and two symmetry-related 3-methylpyridine coli-
gands in a slightly distorted tetrahedral coordination
geometry (Fig. 7). The CoII–N distances range be-

Table 2. Selected bond lengths (Å) and angles (deg) for 3.
Symmetry code: A: x, −y+1/2, z.
Co(1)–N(1) 1.933(3) N(1)–Co(1)–N(2) 119.50(16)
Co(1)–N(2) 1.937(3) N(11)–Co(1)–N(11A) 107.94(11)
Co(1)–N(11) 2.0214(19) N(1)–Co(1)–N(11) 107.83(8)

N(2)–Co(1)–N(11) 106.63(8)

Fig. 7. Crystal structure of compound 3 with the atom la-
beling and with the displacement ellipsoids drawn at the
30 % probability level. Symmetry transformation used to
generate equivalent atoms: A: x, −y+1/2, z.

tween 1.933(3) and 2.0214(19) Å, while the angles
around the cobalt(II) cations are between 106.63(8)
and 119.50(16)◦ (Table 2).
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Targeted variation of the ligand-rich precursor 1

If the ligand-rich precursor complex [Co(NCS)2(3-
methylpyridine)4] (1) is thermally degraded, a trans-
formation of the octahedral into a tetrahedral coordina-
tion geometry is found, leading to a discrete complex
in which the thiocyanato anions are still terminally N-
bonded, and therefore no magnetic exchange interac-
tions can be expected. This is surprising because when
investigating several other pyridine derivatives we al-
ways observed that the octahedral coordination is re-
tained on thermal decomposition leading to the for-
mation of 1D structures. In order to check if a dif-
ferent reactivity is observed if the precursor is modi-
fied, we tried to synthesize a new ligand-rich precur-
sor with two different kinds of coligands, of which one
is more volatile, like e. g. water, and thus is emitted
in the first step on thermal decomposition. Therefore,
different molar ratios of the starting materials were re-
acted in water, and the resulting precipitates were in-
vestigated by XRPD. The results of these experiments
have proven that besides compound 1 another crys-
talline phase can be found if at least a twofold excess
of cobalt(II) thiocyanate is used. The results of a struc-
ture determination have confirmed that compound 2
was formed phase-pure (Fig. 8).

Fig. 8. Experimental powder pattern (A) together with a
powder pattern calculated from single-crystal data of com-
pound 2 (B).

Crystal structure of the ligand-rich precursor 2

The 1 : 2 : 2 compound [Co(NCS)2(3-methylpyr-
idine)2(H2O)2] crystallizes in the centrosymmetric
monoclinic space group P21/c with two formula units
in the unit cell and is isotypic to its Ni(II) compound

reported recently [39]. The cobalt(II) cations are lo-
cated on a center of inversion and coordinated by four
N atoms of two terminally N-bonded thiocyanato an-
ions and two 3-methylpyridine coligands, as well as
by two O atoms of two water molecules, all in mu-
tually trans orientation, within a slightly distorted oc-
tahedral coordination geometry (Fig. 9). The CoII–N
distances are between 2.0831(19) and 2.1723(17) Å,
while the angles around the cobalt(II) cations range
from 88.06(7) to 180 ◦ (Table 3).

These discrete complexes are further linked via
S· · ·H–O hydrogen bonds into layers, which are lo-
cated parallel to the crystallographic bc plane and are
stacked along the crystallographic a axis. The S· · ·H–
O distances range from 2.3987(5) to 2.4525(6) Å, and
the angles lie between 153.633(1) and 177.701(1)◦.
The CoII – CoII intralayer separations range be-
tween 7.6338(4) and 7.8271(4) Å, whereas the CoII –
CoII interlayer distances range between 9.1928(6)
and 12.8900(9) Å.

Table 3. Selected bond lengths (Å) and angles (deg) for 2.
Symmetry code: A: −x+1, −y+1, −z+1.
Co(1)–N(1) 2.0831(19) N(1)–Co(1)–O(1) 91.94(7)
Co(1)–O(1) 2.1053(15) N(1)–Co(1)–O(1A) 88.06(7)
Co(1)–N(11) 2.1723(17) N(1)–Co(1)–N(11) 89.39(7)
N(1)–Co(1)–N(1A) 180 N(1)–Co(1)–N(11A) 90.61(7)

Fig. 9. Crystal structure of compound 2 with labeling and
displacement ellipsoids drawn at the 50 % probability level.
Symmetry transformation used to generate equivalent atoms:
A: −x+1, −y+1, −z+1.

Thermoanalytical investigations of 2

On heating compound 2 in a thermobalance
to 400 ◦C, a stepwise decomposition is observed. The
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Fig. 10. DTG, TG and DTA curves for compound 2. Heating
rate = 4 ◦C min−1; given are the mass changes (%) and the
peak temperatures TP (◦C).

DTG curve for 2 shows that the first mass step is
very well resolved and accompanied by an endother-
mic event in the DTA curve at 81 ◦C (Fig. 10). The
mass loss in the second step is also accompanied by
an endothermic event in the DTA curve at 167 ◦C, but
this step is not well resolved (Fig. 10). The experi-
mental mass loss in the first step of 8.8 % is in per-
fect agreement with that calculated for the removal of
two molecules of water (∆mcalcd. = −8.8 %) (Fig. 10).
Thus, it can be assumed that in the first step a ligand-
deficient 1 : 2 compound of composition [Co(NCS)2(3-
methylpyridine)2] is formed, and that in the second
mass step the remaining 3-methylpyridine coligands
are removed, and residual Co(NCS)2 decomposes on
further heating (Fig. 10).

In order to verify the nature of the intermediate
formed, additional TG measurements were performed
and stopped after the first mass step. Comparison of
the experimental XRPD pattern of the residue formed
in thermal decomposition of 2 with that calculated for
compound 3 clearly proves that 3 was formed phase-
pure after the first mass step (Fig. 11).

To investigate the reversibility of the dehydration of
compound 2, the ligand-deficient intermediate 3 was
stored in a saturated water atmosphere in a desiccator.

Fig. 11. Experimental powder pattern of the residue obtained
in the thermal decomposition of 2 (A) together with a pow-
der pattern calculated from single-crystal data of compound
[Co(NCS)2(3-picoline)2] (3) (B).

Even after several weeks no rehydration was observed.
If compound 3 is stirred in water at r. t., rehydration
starts immediately and is complete within one day. De-
hydration of compound 2 can also be achieved if the
ligand-rich hydrate 2 is stored under vacuum in a de-
siccator.

Conclusion

In this contribution we describe the results of in-
vestigations of new coordination compounds based
on cobalt(II) thiocyanate and 3-methylpyridine as a
neutral N-donor coligand regarding their structures
and thermal degradation behavior. These investigations
were performed in order to check if 1D compounds
can be obtained on thermal decomposition as it was
recently reported for similar compounds with pyri-
dine as the coligand [26, 27]. Several experiments us-
ing different molar ratios of the starting materials re-
sulted in the formation of the new ligand-rich dis-
crete complexes [Co(NCS)2(3-methylpyridine)4] (1)
and [Co(NCS)2(3-methylpyridine)2(H2O)2] (2). On
heating compounds 1 and 2, a stepwise decompo-
sition is observed leading in the first mass step to
the ligand-deficient compound [Co(NCS)2(3-methyl-
pyridine)2] (3). In contrast to earlier investigations on
cobalt(II) thio- and selenocyanate with pyridine as the
neutral coligand, the octahedral coordination geome-
try is not retained in the ligand-deficient intermedi-
ate 3, and the thiocyanato anions are still terminally
N-bonded. This behavior is really surprising for sev-
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eral reasons. First of all, when investigating the cor-
responding compounds with 3-chloro- and 3-bromo-
pyridine as coligands, we always observed the forma-
tion of compounds featuring chains with octahedral
metal coordination as products of the thermal decom-
position. Secondly, when investigating several other
ligand-rich precursors based on diamagnetic cadmium
thio- and selenocyanate with different coligands, we
always found a similar thermal behavior. Moreover,
in most cases the cadmium thio- and selenocyanato
ligand-rich precursors as well as their ligand-deficient
intermediates are isotypic to their paramagnetic coun-
terparts. In this context it should be mentioned that
the structure of the known 1 : 2 compound of cad-
mium thiocyanate and 3-methylpyridine as a coligand
consists of chains with bridging thiocyanato anions.
Therefore, we really have no idea why a discrete tetra-
hedral complex was always obtained in the present
study. However, it must be pointed out that with pyri-
dine derivatives that are substituted in 2-position we
always obtained discrete tetrahedral complexes which
presumably can be traced back to the steric demand
of the substituents directly neighboring the coordinat-
ing N atom, but this argument is not valid for 3-meth-
ylpyridine. Therefore, it might be that electronic ef-
fects must be taken into account because, as men-
tioned above, with 3-chloro and 3-bromopyridine 1D
structures can be obtained. In this context the ques-
tion arises, if this is a general phenomenon for methyl-
substituted pyridine derivatives, or if a different re-
activity is observed if e. g. 4-methylpyridine is used
as the coligand. This will be the subject of future
investigations.

Experimental Section
Materials

All chemicals of reagent grade were commercially avail-
able and used without further purification.

Powder X-ray diffraction

The experiments were performed using 1) a Stoe Trans-
mission Powder Diffraction System (STADI P) with CuKα1
radiation (λ = 154.0598 pm) that is equipped with a linear
position-sensitive detector (δ − 2θ = 6.5 – 7◦ simultaneous;
scan range overall = 2 – 130◦) from Stoe & CIE and an im-
age plate detector (scan range overall = 0 – 127◦) and 2) a
PANalytical X’Pert Pro MPD Reflection Powder Diffraction
System with CuKα1 radiation (λ = 154.0598 pm) equipped
with a PIXcel semiconductor detector from PANalytical.

Differential thermal analysis and thermogravimetry

The DTA-TG measurements were performed in nitrogen
atmosphere (purity: 5.0) in Al2O3 crucibles using a STA-
409CD thermobalance from Netzsch. All measurements
were performed with a flow rate of 75 mL min−1 and were
corrected for buoyancy and current effects. The instrument
was calibrated using standard reference materials.

Elemental analysis

CHNS analysis was performed using an EURO EA ele-
mental analyzer, fabricated by Euro Vector Instruments and
Software.

Spectroscopy

IR spectra were recorded on an Alpha IR spectrometer
from Bruker equipped with a Platinum ATR QuickSnap

TM

sampling module between 4000 – 375 cm−1.

Synthesis of [Co(NCS)2(3-methylpyridine)4] (1)

174.8 mg Co(NCS)2 (1.00 mmol) and 0.58 mL 3-methyl-
pyridine (6.00 mmol) were stirred in 1.5 mL of water for 3 d.
Yield: 85 %. Single crystals suitable for X-ray diffrac-
tion were prepared by the reaction of 43.8 mg Co(NCS)2
(0.25 mmol) and 0.24 mL 3-methylpyridine (2.50 mmol)
in 1.0 mL of water at 130 ◦C in a closed glass tube. Af-
ter 3 d, light-pink well-shaped single crystals were ob-
tained. – C26H28CoN6S2 (547.59): calcd. C 57.0, H 5.1,
N 15.4, S 11.7; found C 56.7, H 5.1, N 15.4, S 11.7.

Synthesis of [Co(NCS)2(3-methylpyridine)2(H2O)2] (2)

1748.7 mg Co(NCS)2 (10.00 mmol) and 0.10 mL 3-
methylpyridine (1.00 mmol) were stirred in 3.0 mL of
water for 3 d. Yield: 68 %. Single crystals suitable
for X-ray diffraction were prepared by the reaction of
96.6 mg Co(NCS)2 (0.50 mmol) and 24.7 µL 3-meth-
ylpyridine (0.25 mmol) in 1.5 mL of water in a closed
3 mL snap cap vial. After 3 d, orange well-shaped single
crystals were obtained. – C14H18CoN4O2S2 (397.37): calcd.
C 42.3, H 4.6, N 14.1, S 16.1; found C 42.1, H 4.5, N 13.9,
S 15.8.

Single-crystal structure analysis

All investigations were performed with an imaging plate
diffraction system (IPDS-2) with MoKα radiation from Stoe
& CIE. The structure solution was performed with Direct
Methods using SHELXS-97 [40], and structure refinements
were performed against F2 using SHELXL-97 [40]. All non-
hydrogen atoms were refined with anisotropic displacement
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Table 4. Selected crystal data and details on the structure determinations for 1 – 3.
Compound 1 2 3
Formula C26H28CoN6S2 C14H18CoN4O2S2 C14H14CoN4S2
Mr , g mol−1 547.59 397.37 361.34
Crystal system orthorhombic monoclinic orthorhombic
Space group Pbcn P21/c Pnma
a, Å 17.4562(10) 9.1928(6) 8.1081(4)
b, Å 8.9635(5) 13.1086(8) 3.7354(5)
c, Å 17.279(7) 7.8271(4) 15.0179(5)
β , deg 90 98.142(7) 90
V , Å3 2703.6(11) 933.70(10) 1672.51(12)
T , K 220(2) 220(2) 293(2)
Z 4 2 4
Dcalcd, g cm−3 1.35 1.41 1.44
µ , mm−1 0.8 1.2 1.3
θmax, deg 27.00 27.00 27.54
Measured / unique refl. / Rint 12239 / 2882 / 0.0376 1948 / 1948 / 0.0336 21904 / 1984 / 0.0353
Refl. F0 ≥ 4σ(F0) 2208 1452 1809
Ref. parameters 162 109 107
R1

a [F0 ≥ 4σ(F0)] 0.0344 0.0281 0.0482
wR2

b (all data) 0.0916 0.0635 0.1181
GOFc 1.023 0.841 1.167
∆ρmax/min, e Å−3 0.60 / −0.30 0.26 / −0.41 0.50 / −0.40
a R1 = Σ‖Fo| − |Fc‖/Σ|Fo|; b wR2 = [Σw(Fo

2 −Fc
2)2/Σw(Fo

2)2]1/2, w = [σ2(Fo
2)+ (AP)2 +BP]−1, where P = (Max(Fo

2,0)+ 2Fc
2)/3;

c GoF = [Σw(Fo
2 −Fc

2)2/(nobs −nparam)]
1/2.

parameters. The hydrogen atoms were positioned with ideal-
ized geometry and were refined with fixed isotropic displace-
ment parameters [Uiso(H) = −1.2 Ueq(C)] and [Uiso(H) =
1.5 Ueq(O)] using a riding model. In 1 the methyl H atoms at
C16 are disordered and were refined with two different ori-
entations each of them rotated by 60◦. The crystal of com-
pound 2 was non-merohedrally twinned. Both individuals
were indexed separately, and the twin law was calculated.
Afterwards the refinement was performed using the HKLF5
option in SHELXL. Details of the structure determination are
given in Table 4.

CCDC 832183 (1), 832181 (2), and 832182 (3) contain
the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data request/cif.

Elemental analysis of the residue 3 obtained in the thermal
decomposition

The samples were isolated after the first heating
step (see thermoanalytical investigations) of compounds 1
and 2. Analysis of the ligand-deficient compound 3:
C14H14CoN4S2 (361.36): calcd. C 46.5, H 3.9, N 15.5,
S 17.7; found C 46.2, H 3.9, N 15.1, S 17.6.
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