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Abstract

Two co-crystals of trans-[Ni(NCS)2(H2O)2(isonicH)2] with isonicotinic acid and water molecules (isonicH = isonicotinic acid, i.e., pyr-
idine-4-carboxylic acid) were obtained by reaction of Ni(NO3)2�6H2O, isonicH and KSCN in 1:2:2 molar ratio in aqueous media. One co-
crystal [Ni(NCS)2(H2O)2(isonicH)2]2�4(isonicH)�3(H2O) (2), is obtained from reaction which has been performed at room temperature
while the other one, [Ni(NCS)2(H2O)2(isonicH)2]�(isonicH)�2(H2O) (1), was obtained by refluxing the reaction mixture for a few hours.
The complexes are characterized by IR-spectroscopy and thermal and X-ray crystallographic methods. The compounds crystallize in
monoclinic C2/c (1) and P21/c (2) space groups and in both complexes N4O2 nearly perfect octahedron around nickel is established.
In both compounds molecules are linked into three-dimensional framework by O–H� � �O, N–H� � �O and O–H� � �S hydrogen bonds.
The co-crystallized isonicotinic acid molecules are mutually linked forming C2

1(7)[R2
1(4)] (1) and in C(7) (2) hydrogen-bond motifs along

b axis. The IR and thermal data correlate with the structures of the complexes in the solid state.
� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Pronounced interest has been recently focused on the
crystal engineering of supramolecular architectures organ-
ised by coordinate covalent bonds or supramolecular
non-covalent contacts such as hydrogen bonding or p–p
stacking interactions. This approach requires a special
knowledge of interactions in crystals as well as structure–
property relationships in solids. The self-assembly of these
frameworks is highly influenced by many factors such as
solvent, template, pH, steric demands of counter ion. Using
a ‘‘building block” methodology a combination of transi-
tion metals and pyridine-carboxylate ligands bearing both
anionic and neutral donor atoms have been frequently
employed as a successful tactic in construction of hybrid
porous inorganic/organic materials. As a good bridging
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ligand (Scheme 1) in the construction of metal-organic
polymers, isonicotinic acid [1] is able to form various lattice
species [2–16]. Regarding nickel(II) complexes with isoni-
cotinic acid, Sekiya and coworkers [17–19] established that
self-assembly of small components such as isonicH, Ni2+

and SCN� in the presence of an aromatic guest gives a
two-dimensional (2D) grid-type coordination framework
(2D host layer) with relatively large rectangular cavities
defined by two isonicH dimers and SCN-bridges. In this
structure the isonicH dimers act as bridging ligands with
more than 12 Å in length. The authors employed anionic
ligand of SCN� in order to prevent an interpenetrating net-
work by shortening the width of the rectangular cavity and
to cancel the positive charge on metal centers. In contrast,
we have found that reaction product of isonicH, Ni2+ and
SCN� in the absence of any guest molecules and in aque-
ous solution is monomeric complex of formula trans-

[Ni(NCS)2(H2O)2(isonicH)2] co-crystallized with water
and uncoordinated isonicotinic acid molecules proving that
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Scheme 1. The coordination modes of isonicotinic acid.
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the prediction of crystal structure of a potential host is still
difficult (vide infra). Moreover, 3D supramolecular net-
work compound [Ni(isonic)2(H2O)4], was obtained by mix-
ing nickel(II) nitrate and isonicotinic acid in the presence of
sodium dicyanoamide [20] and also hydrothermally by
reacting of NiCl2�6H2O, CoCl2�6H2O, isonicH and NaOH
in 1:1:1:1 molar ratio [21]. To the best of our knowledge,
the only one nickel(II) compound crystallizes in a three-
dimensional framework consisting of three interpenetrating
diamond-like nets that is cis-bis(pyridine-4-carboxyl-
ate)nickel(II) [22] obtained by hydrothermal reaction of
NiCl2�6H2O, Eu2O3 and isonicH in 4:5:4 molar ratio. In
complex Ni(C20H32N8)(isonicotinate)2 isonicotinate anion,
once again, proved its excellent potential in obtaining
supramolecules which are constructed through its coordi-
nation to metal ion, but also by the p–p stacking interac-
tions [23].

Here, we report synthesis, spectroscopic and thermal
characterization of two new monomeric complexes of
trans-[Ni(NCS)2(H2O)2(isonicH)2] (isonicH = isonicotinic
acid) with co-crystallized water and isonicotinic acid mole-
cules, as well as their crystal structures determined by X-
ray diffraction.
2. Experimental

2.1. Materials and physical measurements

All reagents were supplied by Aldrich Chemical Co.
and were used as received without further purification.
The CHNS-microanalyses were performed by the Chem-
ical Analytical Service of the Ruder Bošković Institute,
Zagreb.

Infrared spectra were recorded as KBr pellets within the
range 4000–400 cm�1 on the Perkin-Elmer FTIR spectrom-
eter 1600 Series.

Thermal measurements were performed using a simulta-
neous TGA–DTA analyzer (Mettler-Toledo TGA/SDTA
850e). The TGA and DTA curves were obtained by placing
the samples (approximately 10 mg in mass) in small closed
alumina pans, with heating rate of 10 �C/min and oxygen
and nitrogen (purity above 99.996%) at flowing a rate of
20 ml/min. All samples were heated from the room temper-
ature up to 600 �C.

2.2. Preparation of compound 1

Warm aqueous solution of isonicotinic acid (0.25 g,
2 mmol in 30 mL) was added to an aqueous solution of
nickel nitrate hexahydrate (0.29 g, 1 mmol in 15 mL). The
resulting solution was then treated with an aqueous solu-
tion of potassium thiocyanate (0.18 g, 2 mmol in 15 mL)
and refluxed for 2 h. After few days blue crystals of 1, suit-
able for X-ray experiment, were obtained from mother
liquor. Yield: 0.32 g (78%). Anal. Calcd based on Ni for
C20H23NiN5O10S2 1: C, 38.98; H, 3.76; N, 11.37; S,
10.41. Found: C, 39.34; H, 3.94; N, 11.03; S, 10.26%. IR
data (cm�1, KBr pellets): 3455s, 3101m, 3070m, 2809w,
2490m, 2091vs, 1690s, 1658s, 1616s, 1560s, 1500m, 1447s,
1413s, 1384vs, 1332s, 1304s, 1229s, 1149m, 1065m,
1021m, 974m, 861s, 825s, 777s, 706m, 692m, 677s, 534m,
484w.
2.3. Preparation of compound 2

The compound 2 was prepared in similar way to 1; only
the reaction mixture is left to stand on quiet place for few
days. Blue crystals of 2 suitable for X-ray diffraction were
collected from the mother liquor. Yield: 0.26 g (72%).
Anal. Calcd based on Ni for C52H54Ni2N12O23S4 2: C,
42.76; H, 3.73; N, 11.51; S, 8.76. Found: C, 42.64; H,
3.94; N, 11.13; S, 8.76%. IR data (cm�1, KBr pellets):
3578s, 3444s, 3106m, 3070m, 2804m, 2506m–s, 2090vs,
1699s, 1662s, 1594s, 1561s, 1500s, 1447s, 1415s, 1387vs,
1332vs, 1302vs, 1229s, 1138m, 1065s, 1019m, 974s, 862s,
825s, 777vs, 706m, 692s, 675s, 531s.
2.4. X-ray structural analysis

The general and crystal data and summary of intensity
data collection and structure refinement for compounds 1

and 2 are collected in Table 1.



Table 1
Crystal data and structure refinement for complexes 1 and 2

Complex 1 2

Empirical formula C20H23NiN5O10S2 C52H54Ni2N12O23S4

Formula weight 616.26 1460.73
Temperature [K] 200 200
Wavelength [Å] 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group C2/c P21/c
a [Å] 24.900(1) 14.355(1)
b [Å] 7.4757(3) 7.4349(8)
c [Å] 14.4352(5) 14.355(1)
b [�] 108.579(4) 93.989(1)
Volume [Å3] 2547.0(2) 1528.3(3)
Z 4 1
qCalcd [g/cm3] 1.607 1.587
F(000) 1272 754
Crystal size [mm] 0.109 � 0.240 � 0.376 0.043 � 0.176 � 0.298
Reflections collected 10980 13563
Unique reflections 3698 3235
Parameters 196 234
R1, all data,

R1
a[I < 2r(I)]

0.0532; 0.0352 0.0924; 0.0588

wR2, all data,
wR2

b[I < 2r(I)]
0.0973; 0.0921 0.1743; 0.1612

g1, g2 in wc 0.0549, 0.000 0.1035, 0.1354
Sd on F2 1.061 1.029
Dmin/max [e Å�3]e �0.31/0.94 �0.35/1.07

a R ¼
P
jjF oj � jF cjj=

P
jF oj.

b wR ¼ ½
P
ðF 2

o � F 2
cÞ

2=
P

wðF 2
oÞ

2�1=2.
c w ¼ 1=½r2ðF 2

oÞ þ ðg1P Þ2 þ g2P � where P ¼ ðF 2
o þ 2F 2

cÞ=3.
d S ¼

P
½wðF 2

o � F 2
cÞ

2=ðN obs � NparamÞ�1=2.

Table 2
Selected bond distances (Å) and angles (�) for complexes 1 and 2

Complex 1 Complex 2

Ni(1)–O(1) 2.083(2) Ni(1)–O(1) 2.075(3)
Ni(1)–N(1) 2.043(2) Ni(1)–N(1) 2.063(3)
Ni(1)–N(2) 2.122(1) Ni(1)–N(2) 2.109(3)
S(1)–C(1) 1.635(2) S(1)–C(1) 1.642(4)
N(1)–C(1) 1.160(3) N(1)–C(1) 1.152(5)
O(2)–C(7) 1.307(3) O(2)–C(7) 1.317(5)
O(3)–C(7) 1.218(2) O(3)–C(7) 1.212(5)
O(4)–C(11) 1.241(2) O(4)–C(13) 1.229(5)

O(5)–C(13) 1.250(5)
O(1)–Ni(1)–N(1) 91.65(6) O(1)–Ni(1)–N(1) 92.1(1)
O(1)–Ni(1)–N(2) 90.56(6) O(1)–Ni(1)–N(2) 89.3(1)
N(1)–Ni(1)–N(2) 89.62(6) N(1)–Ni(1)–N(2) 90.4(1)
Ni(1)–N(1)–C(1) 164.5(2) Ni(1)–N(1)–C(1) 164.2(3)
S(1)–C(1)–N(1) 179.3(2) S(1)–C(1)–N(1) 178.7(4)
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Data were collected at 200 K on an Oxford Diffraction
Xcalibur four-circle kappa geometry single-crystal diffrac-
tometer with Sapphire-3 CCD detector, by applying Cry-
sAlisPro Software system [24]. A crystal-detector distance
was 60 mm for 1 and 50 mm for 2. Data reduction, includ-
ing absorption correction, was done by CrysAlice RED
application of the CrysAlicePro Software system [24].

The structures were solved by direct methods imple-
mented in the SHELXS-97 program [25]. The coordinates
and the anisotropic thermal parameters for all non-hydro-
gen atoms were refined by the least-squares methods based
on F2 using SHELXL-97 program [26].

The carboxylic acid hydrogen atoms and hydrogen
atoms belonging to water molecules of 1 were placed at
the positions indicated by difference electron-density map
and refined freely. Hydrogen atom of the co-crystallized
isonicotinic acid molecule was found to be attached on
pyridinic nitrogen from difference electron-density map
and refined semi-freely with Uiso(H) = 1.2Ueq(N). The car-
boxylic, water as well as co-crystallized isonicotinic acid
molecule hydrogens of 2 were all located in difference maps
and then treated as riding atoms in geometrically idealized
positions, with distances O–H = 0.84 Å and N–
H = 0.88 Å, and with Uiso(H) = 1.2Ueq of the parent
atoms. All other (aromatic) hydrogen atoms were placed
in geometrically idealized positions and constrained to ride
on their parent C atom at distances of 0.93 Å and with
Uiso(H) = 1.2Ueq(C). Graphical work has been performed
by the programs ORTEP-3 for Windows [27] and Mercury
1.4.1 [28]. The thermal ellipsoids are drawn at the 50%
probability level.

3. Results and discussion

3.1. Preparation of the complexes

Both crystals were grown by slow evaporation of the
reaction mixture under ambient condition in a period from
2 days to 1 week. They are light blue air-stable substances.

3.2. Structural description of 1

Selected bond distances and bond angles are listed in
Table 2, as well as hydrogen-bond geometry in Table 3.
The ORTEP-3 drawing of molecular structure of 1 along
with the atomic numbering scheme is given in Fig. 1(a).
The structure consists of mononuclear nickel complex mol-
ecules, [Ni(NCS)2(H2O)2(isonicH)2], and co-crystallized
one molecule of isonicotinic acid and two water molecules
per each complex molecule. The octahedrally coordinated
nickel(II) ion lies on crystallographic centre of inversion.
Nickel coordination environment consists of two isonicot-
inic acids-N, two isothiocyanate ligands and two water
molecules all in trans-positions. The coordination poly-
hedron is almost a perfect octahedron, with angular
deviations being less than 1.7�. Coordinated as well as
co-crystallized isonicotinic acids are found in protonated
form, but the co-crystallized isonicH is present in zwitter-
ionic form and thus protonated at pyridinic N-atom.

The Ni–Ow bond distance in 1 [Ni1–O1 = 2.083(2) Å]
are in agreement with those reported for [Ni(H2O)4(ison-
ic)2] [2.0669(11) and 2.0932(11) Å] [20,21]. The Ni–
N1(NCS) and Ni–N2(py) bond distances (2.043(2) and
2.122(1) Å, respectively) are also comparable with analo-
gous observed in octahedral nickel(II) thiocyanate com-
plexes with p-substituted pyridine ligands [17–19]. All



Table 3
Hydrogen bonds (Å and �) for compounds 1 and 2

D–H� � �A D–H H� � �A D� � �A <DHA Symmetry code

Compound 1

O(5)–H(15O)� � �S(1) 0.94(4) 2.37(4) 3.309(2) 179(5) x, �1 + y, z

N(3)–H(13N)� � �O(4) 0.89(4) 2.07 (3) 2.864(3) 148.0(5) 1�x, �1 + y, 3/2 � z

O(2)–H(12O)� � �O(4) 0.87(3) 1.79(3) 2.636(2) 163(3) ½ � x, �½ + y, ½ � z

N(3)–H(13N)� � �O(4) 0.89(4) 2.07(3) 2.864(3) 148.0(5) x, �1 + y, z

O(1)–H(11O)� � �O(3) 0.87(3) 1.98(3) 2.849(2) 172(2) ½ � x, �½ + y, ½ � z

O(1)–H(21O)� � �O(5) 0.81(3) 1.91(3) 2.717(2) 173(3) 1 � x, 3/2 � y, 1 � z

O(5)–H(25O)� � �O(3) 0.82(3) 2.09(3) 2.761(2) 138(3) ½ � x, ½ + y, ½ � z

C(2)–H(2)� � �O(3) 0.95 2.57 3.424(2) 151 x, �1 + y, z

C(8)–H(8)� � �S(1) 0.95 2.87 3.596(3) 134 –

Compound 2

O(1)–H(11O)� � �O(6) 0.84(3) 1.93(4) 2.761(6) 167(4) –
N(3)–H(13)� � �O(5) 0.88 1.72 2.597(6) 175 x, 1 + y, z

O(1)–H(21O)� � �O(3) 0.84(3) 1.97(3) 2.810(4) 173(4) 1 � x, �1/2 + y, 1/2 � z

O(6)–H(16O)� � �S(1) 0.85(14) 2.77(14) 3.430(6) 135(10) 1 � x, �1/2 + y, 1/2 � z

O(2)–H(2O)� � �O(4) 0.85(4) 1.82(4) 2.554(4) 143(6) x, 1/2 � y, �1/2 + z

O(6)–H(26O)� � �O(3) 0.86(8) 2.06(6) 2.716(6) 132(8) x, 1/2 � y, �1/2 + z

Fig. 1. (a) The ORTEP-3 drawing of the structural unit of complex 1 with the atomic numbering scheme of the asymmetric unit viewed down the b axis;
(b) crystal packing of complex 1 viewing down the b axis with hydrogen bonds indicated by dotted lines.
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other bond lengths and angles are of usual values [29]. In
comparison of Ni–N bond distances of 1 with those in
the aforementioned structures of [Ni(H2O)4(isonic)2]
[20,21] and [Ni(NCS)2(isonicH)2�xG]n (G = guest mole-
cules) [17–19], it is obvious that introducing the thiocya-
nate ligand into the coordination sphere of Ni atom
lengthen the Ni–N(py) bond length.

The monodentately bounded thiocyanate groups are
usually slightly bent and the search of the 830 entries in
CSD (Cambridge Structural Database, Version 5.28 of
2007) [30] for metal complexes with terminally bonded
thiocyanate shows that the \(N–C–S) bond angle spans
from 169 to 180�. In 1 the thiocyanate bond angle of
179.3(2)� approaches the upper value. The terminal Ni–
NCS linkage is bent with Ni–N–C angle of 164.5(2)� which
is in agreement with those found for Ni2+ having bent ter-
minally bonded NCS-anions (141–174�) [31].

Fig. 1(b) shows the crystal packing of 1, viewed down
the b axis. The crystal structure is characterized by
intermolecular hydrogen bonds. There are three types of
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strong hydrogen bonds (O–H� � �O, N–H� � �O and O–
H� � �S) and two of weak ones (C–H� � �O and C–H� � �S)
and their geometric parameters are displayed in Table 3.
Although N-coordination of isonicotinic acid is estab-
lished, the carboxylic acid dimers (CADs) were not found
in the crystal structure of 1 as in the analogous polymeric
structures [17–19]. The carboxylic oxygen atom O3 from
ligand molecule acts as trifurcated acceptor. It accepts
two hydrogens from two water molecules, the coordinated
and co-crystallized ones, O1–H13N� � �O3 and O5–
H25O� � �O3, and one aromatic hydrogen atom in weak
C2–H2� � �O3 hydrogen bond. The other carboxylic oxygen
atom O2, which is protonated, takes part in O2–H2� � �O3
hydrogen bonding as proton donor. As a consequence of
participation of carboxylic group in abovementioned H-
bond network, the carboxylic group is twisted from the
plane of the pyridine moiety forming the angle between
these two planes of 22.9(1)�. The co-crystallized isonicot-
inic acid is essentially planar with dihedral angle between
pyridine ring and carboxylic group plane being 2.4(1)�
and they are mutually connected into infinite chains in
[010] direction by double N–H� � �O hydrogen bonds
forming the C2

1(7)[R2
1(4)] hydrogen-bond motif [32,33].

The co-crystallized water molecule which participates in
aforementioned O5–H25O� � �O3 hydrogen bond, partici-
pates also in one much weaker, O5–H15O� � �S1, and con-
nects every second complex molecule in the direction of c

axis. Thus an extensive three-dimensional H-bond frame-
work is formed.
Fig. 2. (a) The ORTEP-3 drawing of the structural unit of complex 2 with the
(b) crystal packing of complex 2 viewing down the b axis with hydrogen bond
3.3. Structural description of 2

Fig. 2(a) displays the ORTEP-3 diagram of 2 which
crystallizes in P21/c space group with two molecules of
trans-[Ni(NCS)2(H2O)2(isonicH)2], four molecules of iso-
nicH and three H2O molecules per unit cell. Nickel ion sits
in crystallographic center of inversion, and isonicotinic
acid and thiocyanate coordinate to the metal ion via the
nitrogen atoms, while the water molecules occupy the fifth
and sixth coordination sites and complete an N4O2 nearly
perfect octahedron around nickel. The differences in bond
distances and bond angles in coordination environment
of nickel(II) ion between two complexes 1 and 2 are very
small and are all within 11r (Table 2.). The isothiocyanate
ligands approach the metal center in substantially non-lin-
ear manner with the Ni1–C1–N1 angle also being of the
same value (164.5(2) in 1 and 164.2(3)� in 2) and bond
angle, \(N–C–S) is also retained. The carboxylate group
of coordinated isonicotinic acid is slightly less twisted out
of pyridine plane and the dihedral angles between pyridine
and carboxylic group planes are 22.9(1)� and 19.1(2) in 1

and 2, respectively.
The crystal packing of 2 is presented in Fig. 2(b) and

the hydrogen-bond geometry is listed in Table 3. In the
crystal structure of 2 there are three types of H-bonds
are found: O–H� � �O, N–H� � �O and O–H� � �S. The carbox-
ylic oxygen atom O3 acts as trifurcated hydrogen-bond
acceptor in three O–H� � �O hydrogen bonds. It accepts
three hydrogen atoms of three water molecules: two from
atomic numbering scheme of the asymmetric unit viewed down the b axis;
s indicated by dotted lines.



M. Ðaković et al. / Journal of Molecular Structure 888 (2008) 394–400 399
ligated water molecules thus connecting two adjacent com-
plex molecules in the direction of b axis and forming an
infinitive zig-zag hydrogen-bond chains, and one from
co-crystallized water molecule. The other carboxylic
oxygen atom O2 participates together with co-crystallized
isonicH in an extensive three-dimensional H-bond frame-
work by O–H� � �O type of hydrogen bonding and there-
fore causes the twisting of carboxylic group out of
pyridine plane by 10.5(5)�. The molecules of uncoordi-
nated isonicH are present in zwitterionic and mutually
linked by single N–H� � �O hydrogen bonds in the infinite
C(7) chains in [010] direction. There are two short con-
tacts in the crystal structure of 2 which involve aromatic
p-system. The hydrogen atom belonging to co-crystallized
water molecule is directed toward the pyridine ring aro-
matic system of isonicH with the O6–H(16O)� � �Cg(N2,
C2–C6) angle of 128(1)� and contact distance H� � �Cg of
3.0(1) Å, while the thiocyanate sulfur atom is directed
toward the pyridine ring of the co-crystallized isonicH
molecule with the C1–S1� � �Cg(N3, C8–C12) and H� � �Cg
value of 160.6(2)� and 3.692(2) Å. The incorporation of
thiocyanate S atom into the hydrogen-bond network as
well as in the interactions with p-system reduces its ther-
mal motions. Therefore, the smaller values of its displace-
ment parameters are found as compared with 1. In
thiocyanate complexes where sulfur atom is not involved
in H-bonding frameworks large values of its displacement
parameters are established [34,35].

3.4. IR spectra

Complexes 1 and 2 exhibit very similar solid state infra-
red spectrum, what makes these compounds undistinguish-
able by this method.

Concerning the C–N stretching frequencies of thiocya-
nates in general, m(CN) are lower in N-bonded than in
S-bonded complexes, while for bridging complexes
(M–SCN–M) the CN stretching frequencies are found at
still higher wave numbers [36]. In Ni complexes with termi-
nally N-bound NCS� ligands, the m(CN) stretching fre-
quencies are usually found at �2100 cm�1 [37,38]. In the
spectra of both compounds a sharp absorption band at
2090 cm�1 suggests the N-coordination of SCN� group.
The absorption band corresponding to C�S stretching is
usually employed for differentiating S- from N-bonded ter-
minal thiocyanates. The m(CS) modes are in spectra of 1
and 2 overlapped by pyridine stretching and deformation
bands, making the assignment of the C–S stretches quite
uncertain.

Unfortunately, due to overlapping of maxima and
vibrational coupling, the observed shifts of absorption
bands sensitive to metal coordination relatively to those
of free ligands could not be unambiguously assigned in
the IR spectra of the title compounds. A broad band
observed in the range of 2300–3500 cm�1 for both com-
pounds indicates complex hydrogen-bond framework con-
firmed by X-ray structure analysis.
3.5. Thermal analysis

The TGA–DTA measurements of complexes 1 and 2

were performed in the temperature range of 25–600 �C
under flowing nitrogen and oxygen atmosphere. The ther-
mal gravimetric analyses were performed on the crystalline
samples. At common temperatures and pressure the crys-
tals possess good stability and do not show any hygro-
scopic effect.

The TG data in nitrogen atmosphere show the thermal
stability of 1 up to 70 �C. The compound decomposes in
four consecutive steps in temperature range between 70
and 520 �C but could not be unambiguously described
because several simultaneous processes could take place
but all of these steps associated with corresponding endo-
thermic peaks in DTA curve. Measured solid residue of
(47.61%) at 524 �C, is of heterogeneous consistency, i.e.,
it consists of green and black solid. Therefore, it can be
concluded that it is incompletely decomposed compound
of formula Ni(NCS)2(isonicotinic acid) in mixture with car-
bonized matter (calculated 48.35%). The compound 2 in
nitrogen is stable up to 110 �C. Decomposition processes
of complex 2 investigated in temperature range between
110 and 480 �C consists of five stages. To all of decompo-
sition steps corresponding broad endothermic DTA peaks
are observed. Similarly, we found that the residual solid
of 23.98% after 480 �C could be described as the mixture
of Ni(NCS)2 and undefined carbonized solid due to our
visual observation of sample and recorded IR (calculated
23.94%).

The thermal analysis of complexes 1 and 2 performed in
oxygen do not show better resolved decomposition peaks.
The decomposition process of 1 ended at 490 �C with
NiO as final product (found 14.34%; calculated 12.12%)
which is followed by strong and sharp exothermic peak
at 421 �C. The thermal decomposition of 2 ended at
477 �C with end product NiO (found 13.04%; calculated
10.23%) which correspond to the sharp, strong exothermic
peak at 396 �C.

4. Conclusion

Two monomeric nickel(II) isothiocyanate complexes
with isonicotinic acid have been prepared in situ,
[Ni(NCS)2(H2O)2(isonicH)2]�(isonicH)�2(H2O) (1) and
[Ni(NCS)2(H2O)2(isonicH)2]2�4(isonicH)�3(H2O) (2). The
complex obtained by mixing an aqueous solution of com-
ponents at room temperature 2 is more stable than complex
1 which have been obtained by refluxing the same reaction
mixture for 2 h. Infrared spectra indicated N-coordination
of thiocyanate ligands, while the coordination modes of
carboxylic acid could not be unambiguously determined.
The crystal structures were investigated by X-ray structure
analysis. In both complexes NiII ion is six-coordinated with
four nitrogen atoms, two from isonicotinic acid and two
from isothiocyanate ligand, and two oxygen atoms from
water molecules in almost perfect octahedral geometry.
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Very small differences are found in molecular structure of
two complexes, [Ni(NCS)2(H2O)2(isonicH)2], in contrast
to their crystal structures which differ significantly. In 1,

one molecule of isonicotinic acid and two water molecules
are co-crystallized per one complex molecule, while in 2

two molecules of isonicotinic acid and 1.5 water molecules
are co-crystallized per parent Ni complex. Although isoni-
cotinic acid ligand molecule coordinate to NiII via pyridine
N-atom, carboxylic acid dimers were not found in 1 and 2.
The co-crystallized isonicH molecules are mutually con-
nected by two strong hydrogen N–H� � �O bonds in 1 and
by one of the same type in 2 forming the infinite hydro-
gen-bond chains in [010] direction with C2

1(7)[R2
1(4)]

and C(7) hydrogen-bond motifs.

Supplementary material

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic Data
Centre, CCDC number 669793 for complex 1 and 669792
for complex 2. Copies of this information may be obtained
from the Director, CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (fax: +44 (0) 1223 336033; e-mail: depos-
it@ccdc.cam.ac.uk or website: http://www.ccdc.cam.ac.uk.
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