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The reaction of transition metal thiocyanates with 3-acetylpyridine (3-Acpy) leads to the forma-
tion of compounds of compositions M(NCS)2(3-Acpy)4 (M1; M = Mn, Fe, Ni) and M(NCS)2(3-
Acpy)2(H2O)2 (M2; M = Mn, Fe, Ni). Thermogravimetric investigations show that in the first step
some of these compounds transform into the new coordination polymers M(NCS)2(3-Acpy)2 (M3
with M = Mn, Fe and Ni), that decompose into the new compounds M(NCS)2(3-Acpy) (M4 with M
= Mn and Ni) in the second step. Unfortunately, the powder patterns of compounds M3 and M4 can-
not be indexed, and there are strong indications that these compounds are contaminated with a small
amount of the precursor or unknown crystalline phases. IR spectroscopic investigations indicate that
in compounds M3 the metal cations are linked by µ-1,3-bridging thiocyanato anions into 1D or 2D
coordination polymers that are further linked by the 3-Acpy ligands in compounds M4.
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Introduction

Investigations on the synthesis, structures and prop-
erties of transition metal coordination polymers is still
an important field in inorganic chemistry [1 – 12]. One
interesting aspect of this class of compounds is that
their network dimensionality and their network topol-
ogy can be influenced to some extend based on some
basic knowledge on the coordination properties of the
metal cations, the anionic ligands and the neutral co-
ligands [1 – 8]. In most cases such compounds are pre-
pared in solution, in which different species might
exists in equillibria and therefore, on crystallization
mixtures of different compounds are sometimes ob-
tained [13]. In some cases, these problems can be
overcome if typical solid-state methods are used, and
some selected examples are given in the reference
list [14 – 19].

In this context we have reported on thermal de-
composition reactions for the preparation of new cop-

per(I) halide coordination polymers [20 – 22]. Later
on we became interested in the synthesis of magnetic
materials based on transition metal thiocyanates. For
such compounds interesting properties like, e. g., spin
crossover or cooperative magnetic phenomena have
been reported [23 – 41]. The latter are especially ob-
served in cases, where the metal cations are linked by
µ-1,3-bridging ligands. However, in contrast to com-
pounds in which the thiocyanato anions are only ter-
minally bonded, the corresponding species with bridg-
ing anionic ligands are less stable and thus, sometimes
more difficult to prepare. This is the reason why we
have developed an alternative approach that is based
on the thermal decomposition of precursors with termi-
nally bonded thio- and selenocyanato anions [42 – 45].
Within this project we have reported a number of com-
pounds that show different magnetic properties includ-
ing a slow relaxation of the magnetization [46 – 55].
Unfortunately, upon thermal decomposition usually
crystalline powders are obtained that hinder a struc-
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ture determination. First information on the coordina-
tion mode of the anionic ligands can be retrieved from
IR spectroscopy, but – because these values are based
on relatively old work – in some cases no definite deci-
sion can be made [56 – 58]. This is one of the reasons
why we are also interested in the spectroscopic proper-
ties of such compounds. However, structural informa-
tion can also be obtained by preparing the correspond-
ing cadmium compounds. In several cases they are iso-
typic to the paramagnetic compounds, which allows
the determination of their structures using Rietveld re-
finements [59 – 61].

In the course of our project we have also investi-
gated the influence of the neutral N-donor co-ligand
on the thermal, spectroscopic and magnetic properties
of such compounds, and in this contribution we report
on new coordination compounds based on Mn, Fe and
Ni thiocyanates with 3-acetylpyridine as a co-ligand.

Results and Discussion

Synthetic investigations

Different molar ratios of M(NCS)2 (M = Mn, Fe,
Ni) and 3-acetylpyridine (3-Acpy) were stirred in wa-
ter, ethanol, methanol, and acetonitrile, and the re-
sulting crystalline powders were investigated by pow-
der X-ray diffraction. These experiments indicated the
presence of three different crystalline phases, and el-
emental analyses revealed that the compositions of
these phases are M(NCS)2(3-Acpy)4 (M = Mn, Fe, Ni)
(M1) and M(NCS)2(3-Acpy)2(H2O)2 (M = Mn, Fe,
Ni) (M2). IR-spectroscopic measurements suggested
that the thiocyanato anions are terminally bonded. The
compounds Mn1 and Fe1 are isotypic, whereas Ni1
crystallizes in a different modification, and according
to PXRD investigations all compounds M2 are iso-
typic.

Crystallization experiments led to single crystals of
Mn1, Fe1, Mn2, Fe2, and Ni2, which were investi-
gated by single-crystal X-ray diffraction (see below).
Based on these results the powder X-ray patterns were
calculated and compared with the experimental pat-
terns (Figs. 1 and 2). The results confirmed that the
hydrates M2 (M = Mn, Fe, Ni) are isotypic, Mn1 and
Fe1 are also isotypic, whereas Ni1 crystallizes in a dif-
ferent modification and that all compounds were ob-
tained as pure phases (Figs. 1 and 2). The fact that the
structures of such coordination compounds with Mn

Fig. 1. Experimental powder X-ray patterns of Ni1 (A), Fe1
(B) and Mn1 (C) together with the powder patterns of Mn1
(D) and Ni1 (E) calculated from single-crystal data. Please
note that Mn1 and Fe1 are isotypic.

Fig. 2. Experimental powder X-ray patterns of Ni2 (A), Fe2
(B) and Mn2 (C) together with the powder pattern of Mn2
(D) as a representative calculated from single-crystal data.

and Fe are isotypic, whereas those with Ni are different
has also been found in related compounds with differ-
ent co-ligands [55].

Crystal structures of Fe1 and Ni1

Fe(NCS)2(3-acetylpyridine)4 (Fe1) and Mn(NCS)2
(3-acetylpyridine)4 (Mn1) crystallize in the triclinic
centrosymmetric space group P1 with two formula
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Fig. 3. View of one of the discrete complexes in the crystal
structure of Fe1 with atom labeling and displacement ellip-
soids drawn at the 50% probability level.

units in the unit cell. The asymmetric unit consists
of two crystallographically independent metal cations
which are located on centers of inversion and of two
thiocyanato anions and four 3-Acpy ligands the atoms
of which occupy general positions (Fig. 3).

Ni(NCS)2(3-acetylpyridine)4 (Ni1) crystallizes in
the monoclinic space group C2/c with 8 formula units
in the unit cell. The asymmetric unit consists of two
crystallographically independent nickel cations each of
them located on a twofold ration axis, as well as of
four thiocyanato anions and four 3-Acpy ligands with
atoms on general positions. In the crystal structures of
all compounds the metal cations are coordinated by
two terminal N-bonded thiocyanato anions and four 3-

Table 1. Selected bond lengths (Å) and angles (deg) for Fe1 and Ni1. Symmetry codes: A: −x, −y + 1, −z + 1, B: −x + 1,
−y, −z.

Fe1 Ni1 Fe1 Ni1
M(1)–N(1) 2.0849(14) 2.0452(17) N(1)–M(1)–N(21A) 89.44(5) 90.30(7)
M(2)–N(2) 2.0697(14) 2.042(2) N(2)–M(2)–N(31) 90.78(5) 90.08(8)
M(1)–N(11) 2.2372(14) 2.1292(16) N(11)–M(1)–N(21) 93.54(5) 90.33(6)
M(1)–N(21) 2.2578(12) 2.1317(16) N(11)–M(1)–N(21A) 86.46(5) 178.05(6)
M(2)–N(31) 2.2293(13) 2.1265(18) N(2)–M(2)–N(31B) 89.22(5) 89.98(8)
M(2)–N(41) 2.3019(13) 2.1438(17) N(2)–M(2)–N(41B) 91.18(5) 90.58(7)
N(1)–M(1)–N(11) 91.10(5) 91.52(7) N(2)–M(2)–N(41) 88.82(5) 89.35(7)
N(1)–M(1)–N(11A) 88.90(5) 89.48(7) N(31)–M(2)–N(41B) 87.31(5) 178.20(7)
N(1)–M(1)–N(21) 90.56(5) 88.69(7) N(31)–M(2)–N(41) 92.69(5) 90.75(7)

Fig. 4. Superposition of the two crystallographically indepen-
dent complexes in the crystal structure of Fe1.

Acpy ligands with a slightly distorted octahedral ge-
ometry.

Bond lengths and angles in the two independent
complexes of Fe1 are comparable but large differences
are found in the conformation of the 3-Acpy ligands
(Table 1, Fig. 4). As expected the M–N distances to the
thiocyanato anions are shorter than those to the neu-
tral co-ligands, and all these values are shorter for Ni1
compared to Mn1 (Table 1).

Crystal structures of Mn2, Fe2 and Ni2

The compounds M(NCS)2(3-acetylpyridine)2
(H2O)2 (M2; M = Mn, Fe, Ni) are isotypic and
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Table 2. Selected bond lengths (Å) and angles (deg) for Mn2,
Fe2 and Ni2. Symmetry code: A: −x, −y, −z.

Mn2 Fe2 Ni2
M(1)–N(1) 2.1753(15) 2.1222(13) 2.0456(14)
M(1)–N(11) 2.3135(14) 2.2403(13) 2.1293(15)
M(1)–O(1) 2.1922(13) 2.1217(11) 2.0845(12)
N(1)–M(1)–O(1) 92.11(6) 91.54(5) 90.91(6)
N(1)–M(1)–N(11) 91.46(6) 91.64(5) 91.05(6)
N(1)–M(1)–N(11A) 88.54(6) 88.36(5) 88.95(6)

Fig. 5. Molecular structure of Mn2 in the crystal with atom
labeling and displacement ellipsoids drawn at the 50% prob-
ability level. For symmetry operations see caption to Table 2.

crystallize in the triclinic space group P1 with one
formula unit in the unit cell. The asymmetric unit
consists of one metal cation, which is located on
a center of inversion and one thiocyanato anion, one
3-Acpy ligand and one water molecule in general
positions (Fig. 5). The metal cations are coordinated
by two terminally bonded thiocyanato anions, two
N-bonded 3-Acpy ligands and two water molecules
within a slightly distorted octahedral geometry (Ta-
ble 2). As expected, the M–N and M–O bond lengths
decrease with decreasing cation radii, and the M–N
bond lengths to the negatively charged 3-Acpy ligands
are significantly shorter than those to the neutral
3-Acpy ligands.

Fig. 6. Crystal structure of Mn2 as a representative as viewed
along the crystallographic b axis with intermolecular hydro-
gen bonding shown as dashed lines.

In the crystal structure the individual complexes are
linked by intermolecular O–H···O hydrogen bonds into
chains that elongate in the direction of the crystallo-
graphic c axis (Fig. 6). These chains are further linked
by intermolecular O–H···S hydrogen bonds into lay-
ers that are located in the a c plane (Fig. 6). The in-
termolecular O···O and O···S distances of 2.740 and
3.226 Å and the O–H···O and O–H···S angles of 172.4
and 167.4◦, respectively, indicate strong interactions.

Thermoanalytical investigations on compounds M1
and M2

To investigate if the 3-Acpy-rich compounds are
suitable precursors for the preparation of new com-
pounds with bridging thiocyanato anions the thermal
properties were investigated using simultaneous dif-
ferential thermoanalysis and thermogravimetry. Upon
heating compounds Mn1 and Fe1 show a continuous
mass loss up to 450 ◦C, which clearly proves that no
intermediate compounds can be obtained. By contrast,
Ni1 shows three distinct mass losses, indicating that
the 3-Acpy ligands are stepwise removed. The exper-
imental mass loss of ∆mexp = 36% in the first and
∆mexp = 35% in the second TG step is in rough agree-
ment with the loss of two 3-Acpy ligands in each step
(∆mcalcd. = 37%) (Fig. 7).
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Fig. 7. TG curves for compounds Mn1, Fe1 and Ni1 (top),
and for compounds Mn2, Fe2 and Ni2 (bottom).

Upon heating of compounds M2 all compounds
show three mass steps up to 450 ◦C, most of them are
well resolved. The experimental mass loss of the first
step is in good agreement with the one calculated for
the removal of two water molecules (Table 3). On fur-
ther heating compounds Mn2 and Ni2 show a second
mass loss of ∆mexp = 24% for Mn2 and ∆mexp = 26%
for Ni2, which are in reasonable agreement with the re-
moval of one 3-Acpy ligand (Table 3). For Fe2 the sec-
ond step is not well resolved. Finally, on further heat-

Table 3. Experimental and calculated mass losses for compounds M2.

First step: Mn2 Fe2 Ni2 Second step: Mn2 Ni2
Calculated (%) 8.0 8.0 8.0 27 27
Experimental (%) 7.0 7.3 8.0 24 26

ing the remaining 3-Acpy ligands are removed, and the
transition metal thiocyanates are formed.

To further characterize the intermediates formed
upon thermal decomposition additional TG measure-
ments were performed and stopped after the respective
mass loss. Afterwards the residues were investigated
by elemental analysis and powder X-ray diffraction.

Elemental analysis of the product formed in the first
TG step of Ni1 yields a composition of Ni(NCS)2(3-
Acpy)2 (Ni3), and PXRD investigations show a com-
pletely different pattern, in which a small amount of
the precursor seems to be present (Fig. 8 A). Simi-
lar investigations on Mn2, Fe2 and Ni2 always lead
to the formation of intermediates of the composition
[M(NCS)2(3-Acpy)2]n (M3) after the first TG step.
Comparison of their experimental XRPD patterns in-
dicates that Ni3 and Fe3 are isotypic but both of them
contain reflections of an unknown crystalline phase
(Fig. 8). Therefore, all attempts to index these powder
patterns failed.

If the experimental pattern of Mn3 is compared with
that calculated for the corresponding Cd compound
Cd(NCS)2(3-Acpy)2 reported recently, it becomes ob-
vious that these compounds are isotypic (Fig. 8) [62].
However, an additional peak of an unknown phase
proves that also this compound is not obtained as a pure
crystalline phase. We carried out several different TG
measurements using different heating rates and we also
tried to obtain pure samples by isothermal annealing
but all attempts remained unsuccessful. Therefore, the
magnetic properties of these compounds were not in-
vestigated.

Additional TG measurements of compounds Mn2
and Ni2 were also performed and stopped after the
second mass loss, in which compounds of the com-
position M(NCS)2(3-Acpy) (M = Mn and Ni) (M4)
were obtained. The XRPD patterns of Mn4 and Ni4
are completely different, which proves that compounds
with different structures are obtained (Fig. 9). Unfortu-
nately, none of these patterns could be indexed, indicat-
ing the obtained samples are not phase-pure. Surpris-
ingly, none of these PXRD patterns is similar to that of
[Cd(NCS)2(3-Acpy)]n reported recently [62].



1424 J. Werner et al. · Thiocyanato Coordination Compounds

Fig. 8. Experimental powder X-ray patterns of the residues
obtained after the first mass loss of Ni1 (A), Ni2 (B), Fe2
(C), and Mn2 (D) together with the powder pattern of
[Cd(NCS)2(3-Acpy)2]n (E) as calculated from single-crystal
data.

IR spectroscopic investigations

In order to get information on the coordination mode
in the 3-Acpy-deficient phases IR spectroscopic in-
vestigations were performed. For comparison the pre-
cursors M1 and M2 were also measured. For com-
pounds in which the thiocyanato anions are terminally
N-bonded the asymmetric CN stetching vibration is lo-
cated at about 2050 cm−1, whereas it is shifted to about
2100 cm−1 in compounds, in which they act as µ-1,3-
bridging ligands [56, 58].

For compounds M1 the CN stretching vibrations
are detected between 2041 and 2078 cm−1, which is
in agreement with terminally N-bonded anions already
found in the crystal structures (Table 4). In compounds
M2 this vibration is significantly shifted to values be-
tween 2067 and 2092 cm−1. This shows that the co-

Table 4. Values of the νas(CN) stretching vibration of the thiocyanato anion and of the νas(CO) stretching vibration of the
acetyl group of the 3-Acpy ligand for compounds M1, M2, M3, and M4 as well as for related Cd compounds taken from the
literature [62].

Compound νasCN νasCO Compound νasCN νasCO
Mn1 2041 1686 Mn2 2067 1678
Fe1 2044 1686 Fe2 2077 1678
Ni1 2078 1694 Ni2 2092 1678
Mn3 2086 1694 Mn4 2100/2082 1660
Fe3 2096 1694 Ni4 2142/2108 1688
Ni3 2114 1691 Cd(NCS)2(3-Acpy)4 2043 1684
Cd(NCS)2(3-Acpy)2 2092 1694 Cd(NCS)2(3-Acpy) 2096 1671

Fig. 9. Experimental powder X-ray patterns of the residues
obtained after the second mass loss of Ni2 (A) and Mn2 (B)
together with the powder pattern of [Cd(NCS)2(3-Acpy)]n
(C) as calculated from single-crystal data.

ordinating water molecules lead to a shift of the CN
vibration to higher values. However, in Mn3 the CN
stretching vibration is shifted above 2100 cm−1, which
clearly proves that the metal cations are linked by
µ-1,3-bridging thiocyanato anions. This has already
been found in Cd(NCS)2(3-Acpy)2, which is isotypic
to Mn3, and in which the metal cations are linked into
chains by pairs of thiocyanato anions [62]. Similar val-
ues are also found for Fe3 and Ni3 and thus, these com-
pounds should also contain bridging anionic ligands.
Moreover, the CO stretching vibration of the acetyl
O atom is similar to that in compounds M1 and M2,
which indicates that the 3-Acpy ligand is still termi-
nally bonded.

For compounds M4 the CN stretching vibrations are
observed at about 2100 cm−1 and above, which again
indicates the presence of µ-1,3-bridging thiocyanato
anions (Table 4). In Mn4 the CO stretching vibration is
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shifted to 1660 cm−1, suggesting that this ligand also
acts as a bridging ligand. This is supported by IR mea-
surement on the corresponding Cd compound, which
shows a similar value and in which the metal cations
are linked by both, the thiocyanato anions and the 3-
Acpy ligands (Table 4) [62].

The CO stretching vibration of Ni4 is is similar to
that in compounds M3 and M4.

This strongly indicates that in this compound chains
are present, in which µ-1,3(N,S) bridging thiocyanato
anions and µ-1,5(N,O) bridging Acpy ligands are
present as already observed in the crystal structure of
[Cd(NCS)2(pyridine)]n [63].

Conclusion

In the present study new coordination compounds
obtained from transition metal thiocyanates and 3-
acetylpyridine were prepared and investigated. In solu-
tion compounds with two different compositions were
obtained, in which the metal cations are only coordi-
nated by terminal N-bonded thiocyanato anions. Upon
heating these compounds are transformed into 3-Acpy-
deficient phases in the first step, in which the metal
cations are linked by the 3-Acpy ligands into 1D or
2D coordination polymers. On further heating addi-
tional 3-Acpy ligands are removed leading to com-
pounds with a more condensed coordination network.
Unfortunately, none of these new compounds could
be obtained in pure form and therefore, no magnetic
measurements were performed. This is not unusual for
this class of compounds, which upon thermal decom-
position frequently form compounds of different stoi-
chiometry including different polymorphic modifica-
tions.

Experimental Section

Materials

MnSO4·H2O, Ni(SO4)2 · 6H2O, KNCS and FeCl2 ·
4H2O were obtained from Merck, Ba(NCS)2·3H2O and 3-
acetylpyridine were obtained from Alfa Aesar. The chem-
icals were used without further purification. Mn(NCS)2
was prepared by the reaction of Ba(NCS)2 · 3H2O (17.9 g,
58.44 mmol) and MnSO4 ·6H2O (9.9 g, 58.44 mmol) in wa-
ter (400 mL). The colorless precipitate of BaSO4 was fil-
tered off, and the water was removed from the filtrate us-
ing a rotary evaporator. The homogeneity of the product was
proven by powder X-ray diffraction and elemental analysis.
Ni(NCS)2 was prepared by the reaction of Ba(NCS)2 ·3H2O

(17.5 g, 57 mmol) and NiSO4 · 6H2O (15.0 g, 57 mmol) in
water (400 mL). The colorless precipitate of BaSO4 was fil-
tered off, and the water was removed from the filtrate us-
ing a rotary evaporator. The homogeneity of the product was
proven by powder X-ray diffraction and elemental analysis

Synthesis of Mn(NCS)2(3-acetylpyridine)4 (Mn1)

A colorless crystalline powder was obtained by stir-
ring 60.8 mg of Mn(NCS)2 (0.25 mmol) in 436.5 µL
of 3-Acpy (4.00 mmol) for 3 days. – C30H28MnN6O4S2
(655.66 g mol−1): calcd. C 55.0, H 4.3, N 12.8, S 9.8; found
C 54.8, H 4.3, N 12.7, S 9.7. – IR (ATR): νmax = 3100 (w),
3073 (w), 3007 (w), 2918 (w), 2041 (s), 1686 (s), 1593 (m),
1474 (w), 1420 (m), 1358 (m), 1267 (s), 1194 (m), 1033 (m),
1014 (w), 958 (m), 808 (m), 697 (s), 591 (m) cm−1.

Synthesis of Fe(NCS)2(3-acetylpyridine)4 (Fe1)

A yellow crystalline powder was obtained by stirring
49.7 mg of FeCl2 · 4 H2O (0.25 mmol), 48.6 mg of KNCS
(0.50 mmol) and 272.8 µL of 3-Acpy (2.50 mmol) in 1.5 mL
of H2O. The precipitate was filtered off, and the volume of
the filtrate was reduced by slow evaporation. After a few
days single crystals suitable for X-ray diffraction were ob-
tained. – C30H28FeN6O4S2 (656.57 g mol−1): calcd. C 54.9,
H 4.3, N 12.8, S 9.8; found C 53.4, H 4.1, N 12.1, S 9.3. –
IR (ATR): νmax = 3103 (w), 3079 (w), 3007 (w), 2916 (w),
2044 (s), 1686 (s), 1593 (m), 1474 (w), 1419 (m), 1358 (m),
1267 (s), 1194 (m), 1034 (m), 1014 (m), 960 (m), 808 (m),
697 (s), 593 (m) cm−1.

Synthesis of Ni(NCS)2(3-acetylpyridine)4 (Ni1)

A violet crystalline powder was obtained by stirring
43.7 mg of Ni(NCS)2 (0.25 mmol) and 163.2 µL of 3-Acpy
(1.50 mmol) in 1.5 mL of H2O. The precipitate was fil-
tered off, and the volume of the filtrate was reduced by
slow evaporation. After three days single crystals suitable
for X-ray diffraction were obtained. – C30H28N6NiO4S2
(659.41 g mol−1): calcd. C 54.6, H 4.3, N 12.7, S 9.7; found
C 54.5, H 4.1, N 12.7, S 9.6. – IR (ATR): νmax = 3106 (w),
3081 (w), 3007 (w), 2997 (w), 2916 (w), 2078 (s), 1694 (s),
1599 (m), 1576 (m), 1480 (w), 1426 (m), 1362 (m), 1272 (s),
1195 (m), 1100 (m), 1043 (m), 958 (m), 817 (m), 700 (s),
645 (m), 595 (s) cm−1.

Synthesis of Mn(NCS)2(3-acetylpyridine)2(H2O)2 (Mn2)

A colorless crystalline powder was obtained by stir-
ring 60.8 mg of Mn(NCS)2 (0.25 mmol) and 54.6 µL of
3-Acpy (0.50 mmol) in 1.5 mL of H2O. Single crystals
suitable for single-crystal X-ray diffraction were prepared
by slow evaporation of the solvent from the filtrate. –
C16H18MnN4O4S2 (449.41 g mol−1): calcd. C 42.8, H 4.0,
N 12.5, S 14.3; found C 42.7, H 4.0, N 12.5, S 14.5. –
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Table 5. Selected crystal data and details on the structure determinations of Fe1, Ni1, Mn2, Fe2 and Ni2.

Compound Fe1 Ni1 Mn2 Fe2 Ni2
Empirical formula C30H28FeN6OS2 C30H28N6NiO4S2 C16H18MnN4O4S2 C16H18FeN4O4S2 C16H18N4NiO4S2

Mr, g mol−1 656.55 659.41 449.40 450.31 453.17
Crystal system triclinic monoclinic triclinic triclinic triclinic
Space group P1 C2/c P1 P1 P1
a, Å 11.0109(8) 21.4818(9) 7.6466(6) 7.5944(6) 7.5507(5)
b, Å 11.3131(8) 25.1683(8) 8.2453(8) 8.1934(7) 8.1531(6)
c, Å 13.7326(10) 15.9547(7) 9.4017(7) 9.2989(6) 9.2004(6)
α , deg 68.790(8) 90 113.242(6) 113.495(6) 114.090(5)
β , deg 74.836(8) 131.138(3) 99.586(6) 98.945(6) 97.654(5)
γ , deg 79.967(9) 90 102.884(7) 102.127(6) 101.367(5)
V , Å3 1533.20(19) 6496.5(4) 509.06(7) 499.99(7) 492.27(6)
T , K 200(2) 293(2) 293(2) 293(2) 293(2)
Z 2 8 1 1 1
Dcalcd., mg cm−3 1.42 1.35 1.47 1.50 1.53
µ , mm−1 0.7 0.8 0.9 1.0 1.2
θmax, deg 2.45 – 27.00 1.50 – 28.06 2.46 – 29.22 2.48 – 29.27 2.50 – 29.17
Measured refl. 17 362 39 880 7684 9521 9424
Unique refl./Rint 6513/0.0317 7779/0.0337 2734/0.0275 2679/0.0233 2646/0.0232
Min/max trans. 0.748, 0.933 0.713, 0.893 0.855, 0.979 0.761, 0.868 0.669, 0.825
Refl. [F0 > 4 σ(F0)] 5524 6374 2186 2294 2223
Ref. parameters 416 410 125 125 125
Ra

1 [F0 > 4 σ(F0)] 0.0336 0.0428 0.0334 0.0282 0.0316
wRb

2 (all data) 0.0928 0.0999 0.0817 0.0735 0.0719
GoFc 1.034 1.057 1.021 1.028 1.044
∆ρmax/min, e Å−3 0.40/−0.50 0.38/−0.47 0.30/−0.24 0.33/−0.33 0.33/−0.25

a R1 = Σ||Fo|− |Fc||/Σ|Fo|; b wR2 = [Σw(F2
o −F2

c )2/Σw(F2
o )2]1/2, w = [σ2(F2

o )+(AP)2BP]−1, where P = (Max(F2
o ,0)+2F2

c )/3; c GoF =
[Σw(F2

o −F2
c )2/(nobs−nparam)]1/2.

IR (ATR): νmax = 3313 (b), 3220 (b), 2857 (w), 2067 (s),
1678 (s), 1591 (s), 1557 (m), 1472 (m), 1425 (m), 1357 (m),
1277 (s), 1194 (m), 1128 (m), 1039 (m), 960 (m), 811 (s),
695 (s), 639 (s), 600 (s), 469 (s) cm−1.

Synthesis of Fe(NCS)2(3-acetylpyridine)2(H2O)2 (Fe2)

A yellow crystalline powder was obtained by stirring of
49.7 mg of FeCl2 · 4H2O (0.25 mmol), 48.6 mg of KNCS
(0.50 mmol) and 54.6 µL of 3-Acpy (0.50 mmol) in 1.5 mL
of H2O. Single crystals suitable for single-crystal X-ray
diffraction were prepared by slow evaporation of the sol-
vent from the filtrate. – C16H18FeN4O4S2 (450.32 g mol−1):
calcd. C 42.7, H 4.0, N 12.4, S 14.2; found C 42.7,
H 4.0, N 12.3, S 14.4. – IR (ATR): νmax = 3217 (b),
2861 (w), 2077 (s), 1678 (s), 1592 (s), 1473 (w), 1426 (m),
1357 (m), 1280 (s), 1194 (w), 1131 (w), 1097 (w), 1042 (m),
961 (m), 812 (s), 765 (m), 694 (s), 640 (s), 601 (m), 564 (m),
471 (m) cm−1.

Synthesis of Ni(NCS)2(3-acetylpyridine)2(H2O)2 (Ni2)

A light-blue crystalline powder was obtained by stir-
ring 43.7 mg of Ni(NCS)2 (0.25 mmol) and 54.6 µL of 3-
Acpy (0.50 mmol) in 1.5 mL of H2O. Single crystals suit-

able for single-crystal X-ray diffraction were prepared un-
der similar conditions without stirring. – C16H18N4NiO4S2
(453.17 g mol−1): calcd. C 42.4, H 4.0, N 12.4, S 14.2; found
C 42.0, H 3.8, N 12.2, S 14.0. – IR (ATR): νmax = 3295 (b),
3099 (w), 3062 (w), 2092 (s), 1678 (s), 1596 (s), 1474 (w),
1428 (m), 1357 (m), 1280 (s), 1197 (w), 1123 (w), 1046 (m),
960 (m), 815 (s), 774 (m), 696 (s), 645 (s), 601 (m), 553 (s),
471 (m) cm−1.

Powder X-ray diffraction

The experiments were performed using a Stoe Trans-
mission Powder Diffraction System (STADI P, Stoe &
Cie, Darmstadt, Germany) with CuKα radiation (λ =
154.0598 pm) equipped with a linear position-sensitive de-
tector (δ2θ = 6.5 – 7◦ simultaneous; scan range overall =
2 – 130◦).

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 (Netzsch, Selb, Germany). All mea-
surements were performed with a flow rate of 75 mL min−1
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and were corrected for buoyancy and current effects. The in-
strument was calibrated using standard reference materials.

Spectroscopy

IR spectra were recorded on a Bruker Alpha IR spectro-
meter equipped with a Platinum ATR QuickSnap™ sampling
module between 4000 – 375 cm−1.

Elemental analysis

CHNS analyses were performed using an EURO EA ele-
mental analyzer (Euro Vector Instruments).

Single-crystal structure analyses

Data collection was performed with an imaging plate
diffraction system (IPDS-2 for Ni1, Mn2 and Ni2; IPDS-1
for Fe1) from Stoe & Cie with MoKα radiation. The data
were corrected for absorption using X-RED and X-SHAPE

from Stoe [64, 65]. Structure solutions were performed with
Direct Methods using SHELXS-97, and structure refine-
ments were done against F2 using SHELXL-97 [66]. All

non-hydrogen atoms were refined with anisotropic displace-
ment parameters. The hydrogen atoms were positioned with
idealized geometry and were refined with fixed isotropic
displacement parameters with Uiso(H) = −1.2Ueq(C) (1.5
for methyl H atoms) using a riding model. The O–H H
atoms were located in the Fourier difference map, their
bond lengths were set to ideal values, and they were re-
fined isotropically with Ueq(H) = 1.5 ·Ueq(O) using a rid-
ing model. Details of the structure determination are given in
Table 5.

CCDC 1021212 (Fe-1), 1021215 (Ni1), 1021213 (Mn2),
1021211 (Fe2) and 1021214 (Ni2) contain the supplemen-
tary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/
cif.
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