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Abstract

Three zinc(II) pyridinecarboxylate complexes, namely [Zn(nicot)2(H2O)4], [Zn(picol)2(H2O)2]·2H2O and [Zn(dipicolH)2]·3H2O, where
nicot = nicotinate, picol= picolinate and dipicolH= hydrogenpicolinate were prepared and characterised by the methods of the thermal
analysis (TG/DTG, DTA), infrared spectroscopy and elemental analysis. The structure of the complex [Zn(nicot)2(H2O)4] was studied by the
single crystal XRD. The correlation of the thermal and spectral properties of the complexes with their structures is discussed in the study.
The correlation of the spectral data with the structures leads to ambiguous results while the accord and coherence was found between thermal
properties and structures of the complexes for both steps of the thermal decomposition (dehydratation and pyrolysis of organic ligand).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Pyridinecarboxylic acids (nicotinic, picolinic or dipicol-
inic acid; seeScheme 1), are beneficial compounds for hu-
man organism and they are involved in several essential bio-
chemical processes. Nicotinic acid (pyridine 3-carboxylic
acid) is converted to nicotinamide adenine nucleotide (NAD)
which serves as intermediate in two-electron transfer in
organism[1]. Effect of insulin in the body is optimised by
glucose tolerance factor (GTF), formulated by two nicotinic
acid ligands coordinated to chromium(III) ion[2]. More-
over to these, nicotinic acid is used in clinical applications
as a lipid-altering agent preventing atherosclerosis and sig-
nificantly reducing cardiovascular risks[3,4]. Nicotinic acid
is also applied in the skin following topical applications
as vasodilator of the peripheral blood capillaries[5] or in
the treatment of ailment pellagra[6,7]. In this line, zinc pi-
colinate (zinc(II) pyridine 2-carboxylate) has healing effect
against Herpes Simplex virus[8] and recent investigations
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of the dipicolinic acid show, that this acid prevents the
oxidation of low density lipoprotein, the substance, which
oxidation is involved in the pathogenesis of arteriosclerosis
[9].

The pyridinecarboxylic acids can interact with a number
of metal ions when they are present in the body. One of the
ways to understand chemistry and properties of these acids
is to study the structures and physicochemical properties of
their metal complexes. In this frame we have described in our
previous works physico-chemical properties, crystal struc-
tures and biological activity zinc(II) complexes of aliphatic
carboxylic acids[10]. As a part of our ongoing research in
this area this paper deals with the Zn(II) complexes contain-
ing aromatic carboxylic ligands nicotinate (further denoted
as nicot), picolinate (further denoted as picol) and hydro-
gendipicolinate (further denoted as dipicolH).

2. Experimental

Nicotinic, picolinic, dipicolinic acid were obtained from
Aldrich and used without further purification. Zinc(II) ac-
etate dihydrate, which was used as reactant in the synthesis,
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Scheme 1.

was prepared from zinc(II) hydroxide and acetic acid pro-
duced in Lachema.

2.1. Synthesis

2.1.1. [Zn(nicot)2(H2O)4] (I)
Nicotinic acid (0.64 g; 5.2 mmol) was dissolved in 70 cm3

of hot water (80◦C) and then cooled to room temperature.
This solution was then added to the solution of zinc acetate
(0.45 g; 2.6 mmol). The mixture was stirred for a few min-
utes, filtered and stored at room temperature. White crystals
of (I) were formed after 2 days. The crystals were filtered
off and air dried. Anal. Calc. for C12H18N2O8Zn: C, 37.82;
H, 4.23; N, 7.34; Zn, 17.15%. Found: C, 38.50; H, 3.89; N,
6.91; Zn, 17.37%.

2.1.2. [Zn(picol)2(H2O)2]·2H2O (II)
The aqueous solution (50 ml) of picolinic acid (0.64 g;

5.2 mmol) was added to the solution of zinc acetate (0.45 g;
2.6 mmol). The mixture was stirred for a few minutes,
then filtered and filtrate as a clear solution was stored at
the room temperature. White crystals of (II) appeared af-
ter 4 days. The crystals were filtered off and air dried.
Anal. Calc. for C12H18N2O8Zn: C, 37.57; H, 4.73; N,
7.30; Zn, 17.04%. Found: C, 37.78; H, 4.21; N, 7.09; Zn
17.27%.

2.1.3. [Zn(dipicolH)2]·3H2O (III)
Dipicolinic acid (0.73 g; 4.4 mmol) was dissolved in

100 cm3 of hot water (90◦C). After cooling this solution
was added to the water solution of Zn(CH3COO)2 (0.38 g;
2.2 mmol). The mixture was stirred for a few minutes,
filtered and the filtrate was stored at the room tempera-
ture. After 2 days white crystals of (III) crystallised. The
crystals were filtered off and air dried. Anal. Calc. for
C14H16N2O11Zn: C, 37.07; H, 3.55; N, 6.18; Zn, 14.41%.
Found: C, 36.74; H, 2.77; N, 5.90; Zn, 15.32%.

2.2. Instrumentation

Elemental analyses (C, H, N) were carried out on a
Perkin-Elmer 2400 automatic analyser. Zinc content was de-
termined complexometrically. IR spectra of the complexes
were recorded on a Perkin-Elmer 781 spectrophotometer in
the region 4000–600 cm−1 as KBr discs. The thermal anal-
yses (TG/DTG and DTA) were carried out using a Derivato-

graph OD 102 in ceramic crucibles, static air atmosphere,
heating rate 10 K min−1 and sample mass 50 mg.

2.3. Crystal structure solution and refinement of the
complex (I)

Diffraction experiments were performed with a Non-
ius KappaCCD diffractometer (Mo K�radiation, λ =
0.7107 Å) equipped with a graphite monochromator. Data
were corrected for Lorentz and polarisation factors, the
absorption correction was carried on based on symmetry
related measurement[11]. The details of the data collection
and refinement are summarised inTable 1. The zinc atom

Table 1
Crystal data and structure refinement

Empirical formula C12H16N2O8Zn
Formula weight 381.64

Crystal parameters
Crystal shape Plate
Crystal colour Colourless
Crystal size (mm) 0.35× 0.3 × 0.2
Crystal system Monoclinic
Space group C2/m (no. 12)

Unit-cell dimensions
a (Å) 14.1670(5)
b (Å) 6.8240(2)
c (Å) 8.4630(3)
β (◦) 117.995(2)

Vc (A−3) 722.43(4)
Molecules per cell,Z 2
Dx (g cm−3) 1.754

Measurement of intensity data
Instrument Nonius KappaCCD
Temperature (K) 150
RadiationX (Å) 0.71070
Monochromator Graphite
Scan mode ö andù scans
θ range (◦) 2.73–27.47
Reflections measured 5210
Independent reflections;Rint 893; 0.0315
Reflections observed 884 (I ≥ 2a(I))
Linear absorption coefficient,µ

(mm−1)
1.754

Absorption correction Multiscans
Tmin; Tmax 0.732; 0.879
F(0 0 0) 392
Reflections for cell measurement 3201

Indices
h −17 to 18
k −8 to 8
l −9 to 10

Refinement
Refinement-method Full-matrix least-squares onF2

Parameters 77
Goodness-of-fit onF2 1.154
R1 0.0187 (observed); 0.0188 (all)
wR2 0.0501 (observed); 0.0502 (all)
Max./min. height in final

difference synthesis (e Å−3)
0.377/−0.348
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Table 2
Bond distances (Å) and angles (◦) in the complex [Zn(nicot)2(H2O)4]

Bond distances
Zn–O1 2.1186(9)
Zn–N1 2.147(2)
O2–C6 1.260(2)
O3–C6 1.256(2)
N1–C1 1.340(2)
N1–C5 1.350(2)
C1–C2 1.390(2)
C2–C3 1.392(2)
C2–C6 1.506(2)
C3–C4 1.389(3)
C4–C5 1.384(3)

Bond angles
O1–Zn–O1a 90.88(6)
O1–Zn–O1b 89.12(6)
O1–Zn–O1c 180.00
O1–Zn–N1b 88.74(4)
O1–Zn–N1 91.26(4)
N1–Zn–N1c 180.0
C1–N1–C5 117.6(2)
N1–C1–C2 123.4(2)
C1–C2–C3 118.6(2)
C1–C2–C6 119.2(2)
C3–C2–C6 122.3(2)
C4–C3–C2 118.5(2)
C3–C4–C5 119.3(2)
N1–C5–C4 122.7(2)
O2–C6–O3 125.2(2)
O2–C6–C2 116.5(2)
O3–C6–C2 118.4(2)

a x, −y, z.
b −x, y, −z.
c −x, −y, −z.

was located from Patterson synthesis using SHELXS97
program[12]. Fourier maps, calculated using SHELXL97
[13], enabled the location of all non-hydrogen atoms.
Full-matrix least-squares refinements onF2 were carried
out with anisotropic thermal parameters. After checking
their presence in difference map, the hydrogen atoms
bonded to carbon atoms were introduced to their calculated
positions and kept riding on parent atom with isotropic
thermal parametersUiso = 1.2Ueq of the parent atom[13].
The hydrogen atoms of water molecules were obtained
from difference Fourier synthesis and refined freely. The
final reliability values are summarised inTable 1 while
selected bond distances and angles are listed inTable 2.
The figures were made using DIAMOND software[14].
The rest of the crystallographic data has been submitted
as supplementary material to the Cambridge Crystallo-
graphic Data Centre, as the supplementary material No.
CCDC 225794. These data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html(or
from the CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: +44-1223-336033; e-mail:deposit@ccdc.cam.
ac.uk).

3. Results and discussion

3.1. Synthesis

In the present study the compounds [Zn(nicot)2(H2O)4],
[Zn(picol)2(H2O)2]·2H2O and [Zn(dipicolH)2]·3H2O were
prepared by reaction of water solution of zinc(II) acetate
with respective pyridinecarboxylic acid. The zinc(II) acetate
was used in order to investigate possibility of the preparation
of mixed-ligand zinc(II) complexes, containing both acetate
as well as pyridinecarboxylate ligands. We did not observe
the formation of mixed-ligand complexes from water solu-
tion at pH ∼6. However, the formation of such complex,
Zn(nicot)(ac)2, was observed from ethanolic solution[15].

The prepared complexes are insoluble in water at room
temperature and they crystallise after overreaching of their
solubility product. The formation of the complexes with the
same composition as described in our work was also ob-
served from aqueous solution using not zinc(II) acetate but
sulfate, nitrate, formate orbutyrate[16–20].

3.2. Description of the structure of the complex
[Zn(nicot)2(H2O)4]

A view of the structure of the complex [Zn(nicot)2(H2O)4]
is shown inFig. 1, selected bond distances and angles are in
Table 2. The complex crystallises in the monoclinic space
group C2/m with two formula units in the unit cell. Zinc
atom, which is octahedrally coordinated, lies in the special
position on crystallographic inversion centre. Nicotinate an-
ions occupy special positions on mirror plane. Four oxy-
gen atoms of the water molecules form equatorial plane of
the octahedron around zinc (distance Zn–O= 2.1186(9)Å,
4×), while two nitrogen atoms of nicotinate anions are in

Fig. 1. The structure of the complex [Zn(nicot)2(H2O)4].

http://www.ccdc.cam.ac.uk/conts/retrieving.html
mailto:deposit@ccdc.cam.ac.uk
mailto:deposit@ccdc.cam.ac.uk
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Fig. 2. Hydrogen bonding geometry in the complex [Zn(nicot)2(H2O)4].
Hydrogen bonds are displayed as dashed lines. (a) View alongb axis; (b)
view alongc axis. The possible formation of�–� stacking interactions
can be observed in both views.

the apical positions of this slightly tetragonally deformed
octahedron (Zn–N bond lengths are 2.147(2) Å, 2×). The
angles in the octahedron are near to ideal 90◦ values (see
Table 2). Due to regular delocalisation of electron density in
the carboxylate anion the C6–O2 and C6–O3 bond lengths
are the same within an experimental uncertainties (1.260(2)
and 1.256(2) Å, respectively).

Molecules of the complex [Zn(nicot)2(H2O)4] are held to-
gether by intermolecular hydrogen bonds, formed by oxygen
atoms of the carboxylate groups and hydrogen atoms of wa-
ter molecules (seeFig. 2). Considering these hydrogen bonds
the structure can be viewed as infinite three-dimensional
framework. The details of hydrogen bonding geometry are
in Table 3. Moreover, the distances between pyridine rings,
situated in neighbouring mirror planes of are 3.412 Å, which
may indicate weak spatial�–� stacking interactions in the
b direction (Fig. 2).

Table 3
Intermolecular hydrogen bonds in the complex (I)

D–H D–H
(Å)

H · · · A
(Å)

DHA
(◦)

D · · · A
(Å)

A

O1–H6 0.81(2) 1.92(2) 160(2) 2.693(2) O2 [x, y, −1+z]
O1–H7 0.78(2) 1.93(2) 177(2) 2.708(1) O3 [1/2− x,

1/2 − y, 1 −z]

Fig. 3. The molecular diagram of the complex (a) [Zn(picol)2(H2O)2]
·2H2O and (b) [Zn(dipicolH)2]·3H2O.

The same structural type was found, e.g. for cobalt nicoti-
nate, [Co(nicot)2(H2O)4] [21] prepared by hydrothermal
synthesis. On contrary hydrothermal conditions used in the
synthesis of zinc(II) complex lead to the anhydrous com-
plex [Zn(nicot)2]n. In this complex the oxygen atoms of
carboxylate groups are also involved in the coordination to
zinc which led to the formation of 2D polymeric sheets[22].

3.3. Description of the structures of
[Zn(picol)2(H2O)2]·2H2O (II) and [Zn(dipicolH)2]·3H2O
(III)

Only a brief description of the structures of these com-
plexes [23,24] as a reference point for the discussion of
the thermal decompositions and spectral data is given be-
low. The molecular diagrams of the complexes are shown
in Fig. 3. In zinc(II) picolinate terahydrate the picolinate
anion coordinates as chelate through nitrogen atom of pyri-
dine ring as well as one of the carboxylate oxygen of the
carboxylate group (seeFig. 3a)[23]. The second carboxy-
late oxygen remains uncoordinated. The octahedral geome-
try of zinc(II) atom is completed by two water molecules.
The additional two water molecules are uncoordinated and
involved in hydrogen bonding geometry.

In the complex [Zn(dipicolH)2]·3H2O one of the car-
boxylic groups of dipicolinic acid is deprotonated (–COO−),
whereas the second one remains acidic (–COOH). The dipi-
colinate anionsin this complex are tridentate, coordinated
through nitrogen atom of pyridine ring and oxygen atoms
of both carboxylate and carboxylic group (seeFig. 3b)[24].
The water molecules are uncoordinated and involved in hy-
drogen bonds.

3.4. IR spectra and structure correlation

The IR spectra confirmed the presence of water as well
as organic moieties in the complexes. The most important
spectral bands are listed inTable 4.

For the correlation of the infrared spectra with the struc-
tures of metal carboxylates the difference between the
asymmetric and symmetric carboxylate stretches (∆=
νas(COO−) − νs(COO−)) is often used. This value is ap-
proximately 170 cm−1 for ionic carboxylate group, i.e.
group which does not interact strongly with the metal ion
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Table 4
Characteristic absorption bands in the IR spectra of the prepared complexes

Assignment Compound

[Zn(nicot)2(H2O)4] [Zn(picol)2(H2O)2]·2H2O [Zn(dipicolH)2]·3H2O

ν(O–H)water 3300s, broad 3400s, broad 3400s, broad
ν(C=O) – – 1695m
δ(H2O) 1630s 1650s 1630s
νas(COO–) 1580s 1580s 1590s
ν(C=C), ν(C=N) 1600s, 1520m 1600s, 1490m –
νs(COO−) 1400s 1445m 1450m
δ(C–H)pyrid 1380s 1380s, 1300m 1390s

ν(C–O) – – 1280s
1200w 1245w –
1160w, 1060s 1060m, 1020m 1070m, 1030w

y(C–H)pyrid 850m 855w 750s
780m, 650m 765s, 690s 710m, 650m

w—weak, m—medium, s—strong.

[25]. In monodentate coordination the redistribution of
electron density takes place, which shifts the asymmet-
ric carboxylate stretchνas(COO−) to higher wavenumbers
in comparison to ionic group. Consequently the∆ value
for monodentate carboxylate coordination is higher. On
contrary, bidentate coordination shifts the position of the
asymmetric carboxylate stretch to lower wavenumbers in
comparison to ionic group and thus lowers the value of∆.
According the∆ values, the following order was proposed
for carboxylate complexes of divalent metal cations[26,27]:

∆ (monodentate) > ∆ (ionic) > ∆ (bridging bidentate)

> ∆ (chelating bidentate).

The application of this theory to the spectra of the studied
zinc(II) pyridinecarboxylates leads to the following results.
For the complex [Zn(nicot)2(H2O)4] the asymmetric and
symmetric stretchesνas(COO−) and νs(COO− were ob-
served at 1580 and 1400 cm−1, respectively and therefore
∆ = 180 cm−1. This value is only a slightly higher as
expected by described theory and as observed for ionic
carboxylate group in acetates (170 cm−1 [25]). The higher
value can be due to presence of strong hydrogen bonds,
formed by both carboxylate oxygens as well as electron
effect of pyridine ring to the carboxylate group. However,
in the case of the complexes [Zn(picol)2(H2O)2]·2H2O and
[Zn(dipicolH)2]·3H2O this theory does not match with the
experimental results. The presence of carboxylate group
in the complex [Zn(picol)2(H2O)2]·2H2O was reflected by
bands at the values 1580 and 1445 cm−1 and consequently
the observed∆ value for the complexes (II) (135 cm−1)
suggests bidentate coordination in contrast to the real struc-
ture of the complex. In the infrared spectrum of the complex
[Zn(dipicolH)2]·3H2O both carboxylic and carboxylate
groups were observed. The presence of carboxylate COO−
anion is reflected by IR spectra in absorption bands of
the asymmetric and symmetric stretches (νas(COO−) and
νs(COO−)) at 1590 and 1450 cm−1, respectively. The ab-

sorption band at 1695 cm−1 is due to carbonylν(C=O) vibra-
tion of –COOH group. Theν(C–O) vibration of this group is
at 1280 cm−1. The similar spectral results were obtained for
the compounds [Mg(dipicol)(H2O)], [Mg(dipicol)(H2O)3],
[Mg(dipicol)(H2O)4] and [Cu(dipicol)(H2O)5] [28]. The
observedA value for the complexes (III) is 140 cm−1 and
again suggests bidentate coordination of carboxylate group
in contrast to the real structure. Recently,Eq. (1)was pro-
posed for calculation of∆ values from structural data[27].
The equation was derived from molecular orbital calculation
and can be expressed as:

∆ = 1818.1δr + 16.47(θoco − 120) + 66.8 (1)

where δr is difference between the two CO bond lengths
(Å) andθoco is the OCO angle (◦) [27].

The∆ value calculated byEq. (1)from the structural data
of the complex (I) is 158 cm−1, the values for complexes (II)
and (III) calculated using structural data from refs.[23,24],
are 283 and 253 cm−1, respectively. Comparison of the cal-
culated results with observed values shows small difference
for the zinc(II) nicotinate, but the differences for picolinate
and dipicolinate complex are very remarkable. We suppose,
that this may be due to chelate coordination of the carboxy-
late ligands through nitrogen atoms of pyridine ring and one
of the carboxylate oxygens. For such types of coordination
probably modification ofEq. (1)will be required. The differ-
ences between observed A values and calculated byEq. (1)
were also reported for zinc(II) acetate dihydrate[29].

3.5. Thermal analysis

3.5.1. Phenomenological aspect

3.5.1.1. [Zn(nicot)2(H2O)4] (I). Thermal decomposition
of the complex [Zn(nicot)2(H2O)4] is shown inFig. 4. The
compound is thermally stable up to 80◦C. Above this tem-
perature four molecules of water are evolved in one step
in the range 80–125◦C (exp. weight loss 20.0%; calcd.
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Fig. 4. Thermoanalytical curves of [Zn(nicot)2(H2O)4].

18.8%). The release of crystalline water was accompanied
by endothermic effect on the DTA curve observed at 110◦C.
The dehydrated product Zn(nicot)2 is thermally stable up
to 390◦C. Thermal stability of this dehydrated product
is lower than stability of anhydrous zinc(II) nicotinate
(433◦C) prepared by hydrothermal synthesis[22]. How-
ever, this difference can be due to experimental conditions
of thermogravimetric analysis. As there is no information
concerning gas atmosphere in ref.[22] (inert or air) the
further discussion would not be appropriate. For compari-
son, the temperature of the decomposition of the analogous
cobalt complex in air is only slightly higher (415◦C) [21]
than the onset of the decomposition of the studied zinc(II)
nicotinate. In addition it should be pointed out that the
thermal analysis of the complex [Zn(nicot)2(H2O)4] was
already described[30]. Anyway, in the study two differ-
ent temperatures are reported for the decomposition of the
complex in the text and the table (140 and 210◦C, re-
spectively). In our opinion these values are not exact and
correspond to the decomposition of the not chemically pure
zinc(II) nicotinate, but mixture of the nicotinic acid and
zinc nicotinate. On the basis of our results the correct on-
set of the thermal decomposition of the zinc(II) nicotinate
is 390◦C.

In the temperature range 390–540◦C pyrolysis of two
molecules of organic ligand took place (exp. weight loss
60.0%; calcd. 64.2%). The decomposition in the range
390–440◦C the decomposition is very intense while in
the range 440–540◦C the mass loss is slowing down (see
Fig. 4). The decomposition of the organic moiety was re-
flected by an intense exothermic effect on DTA curve with
maximum at 490◦C, which reflects the oxidation of organic
part of the complex in air. The final product of the decom-

Fig. 5. Thermoanalytical curves of [Zn(picol)2(H2O)2]·2H2O.

position, ZnO, was determined by X-ray powder diffraction.
Scheme of the thermal decomposition of zinc(II) nicotinate
can be represented as:

(I) [Zn(nicot)2(H2O)4]
80–125◦C−−−−−→ [Zn(nicot)2] + 4H2O

390–540◦C−−−−−→ 2nicot+ ZnO

3.5.1.2. [Zn(picol)2(H2O)2]·2H2O. TG, DTG and DTA
curves for the complex [Zn(picol)2(H2O)2]·2H2O are
shown inFig. 5. The crystals are stable in air up to 70◦C.
Four molecules of water are released in the temperature
range 70–130◦C (exp. weight loss 19.0%; calcd. 18.8%)
accompanied on the DTA curve by endothermic effect at
110◦.

Further step of the thermal decomposition, which takes
place in the temperature range of 300–500◦C, is charac-
terised by release of two picolinate molecules. The mass
loss in the range 300–380◦C is very intense, whereas in the
range 380–500◦C the mass change is slowing down (see
Fig. 6). Pyrolysis of two organic moieties is again accom-
panied by exothermic process (maximum on the DTA curve
465◦C) corresponding oxidation of the ligands in air. The
final product of decomposition was ZnO and its presence in
the solid residue was confirmed by X-ray powder diffraction.
Scheme of the thermal decomposition of zinc(II) picolinate
can be represented as:

(II) [Zn(picol)2(H2O)2] · 2H2O
70–130◦C−−−−−→ [Zn(picol)2] + 4H2O

300–500◦C−−−−−→ 2picol+ ZnO
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Fig. 6. Thermoanalytical curves of [Zn(dipicolH)2]·3H2O.

3.5.1.3. [Zn(dipicolH)2]·3H2O. The thermoanalytical
curves of the complex [Zn(dipicolH)2]·3H2O during heating
in air are inFig. 6. The thermal stability of this compound,
as determined from TG curve, is up to 110◦C. The three
molecules of water are evolved in the temperature range
110–150◦C during the endothermic process with minimum
at 140◦C.

The thermal decomposition continues through two steps,
the first one in the temperature range of 200–265◦C
and the second one in the range 385–485◦C. We sup-
pose that the fracture of C–C bond in each of the dipi-
colinic ligands took place to form two free radicals
•C5H3NCOOH which were liberated and probably fur-
ther reacted to form 3,5′-dipyridyl-2′,6-dicarboxylic acid
HCOONH3C3–C5H3NCOOH (calcd. mass loss 55%, ob-
served 54%). Such formation of radicals was observed
also by Sun et al. in zinc phthalate[31]. The rest of the
dipicolinic moiety probably formed oxalate anion, which
decomposed in the final step forming carbon dioxide, car-
bon monoxide (exp. weight loss 18.0%; calcd. 15.9%) and
zinc oxide (exp. weight loss 16.0%; calcd. 18.0%). The
presence of zinc(II) oxide in final solid residue was detected
by powder XRD.

Two effects were observed on the DTA curve correspond-
ing to the decomposition of zinc(II) dipicolinate. An en-
dothermic effect at 240◦C (seeFig. 6) corresponds to the
described fracture of C–C and Zn–O bonds in the com-
plex and release of two•C5H3NCOOH fragments. The sec-
ond exothermic effect at 470◦C corresponds the oxidation
of formed zinc(II) oxalate in air. Similar two-step process
of the thermal decomposition was reported for copper and

magnesium complexes of dipicolinic acid[28]. Scheme of
the thermal decompositions can be represented as:

(III) [Zn(dipicH)2] · 3H2O
110–150◦C−−−−−→ [Zn(dipicH)2] + 3H2O

200–265◦C−−−−−→ ZnC2O4 + 2C5H3NCOOH

385–485◦C−−−−−→ CO2 + CO+ ZnO

3.5.2. Thermal stability and structure correlation
The careful study of the onset of the dehydration of the

complexes as well as thermal stability of the dehydrated
products showed that for both steps of the thermal decompo-
sition the correlation with the structures can be found. The
onset of the dehydration of the studied complexes increases
as follows:

[Zn(picol)2(H2O)2] · 2H2O
70◦C

< [Zn(nicot)2(H2O)4]
80◦C

< [Zn(dipicolH)2] · 3H2O
110◦C

This order well correlates with the structures of the com-
pounds. In the structure of the complex [Zn(picol)2(H2O)2]·
2H2O two water molecules are not coordinated to zinc(II)
atom (seeFig. 3a). These water molecules are hydrogen
bonded to other water molecules and oxygen atom of neigh-
bouring carboxylate group. For thermal stability of this com-
plex is crucial, that all uncoordinated water molecules in the
crystal are situated in the planes parallel with the (ab) plane
(seeFig. 7a). We suppose that these planes probably serve
as structural channels for dehydration of the complexes and
therefore the complex (II) dehydrates easily after heating to
70◦C.

In the complex [Zn(nicot)2(H2O)4] all water molecules
are coordinated to zinc and situated between mirror planes
occupied by nicotinate anions (seeFig. 2). The water
molecules are accumulated again in “planes” and due to this
structural characteristic the complex also dehydrates easily,
supposedly in the directions parallel to the (ac) plane. The
onset of the dehydration of the complex [Zn(nicot)2(H2O)4]
(80◦C) is a little higher in comparison to zinc(II) picolinate
what may be a result of different ways of the bonding of
the water in both complexes (coordinated or uncoordinated
to metal).

The complex [Zn(dipicolH)2]·3H2O contains similarly
to zinc(II) picolinate the water molecules not coordinated
to the zinc. However, in contrast to zinc(II) picolinate
these molecules are not accumulated in the “planes” but
are interlaced by the hydrogenpicolinate molecules (see
Fig. 7b). Consequently, there are no structural channels for
the dehydration present in the structure. This fact together
with the extended hydrogen bonding geometry of the water
molecules determines the highest onset of the dehydration
for this complex. Similar trends of dehydration were also
observed for copper dipicolinates[32].
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Fig. 7. Packing of the water molecules in the complex (a) [Zn(picol)2

(H2O)2]·2H2O and (b) [Zn(dipicolH)2]·3H2O drawn on the basis of ref-
erence data[23,24].

The dehydrated complexes posses different thermal sta-
bility, the zinc(II) nicotinate being the most stable. We sup-
pose that the non-coordinated carboxylate oxygens, which
were involved in hydrogen bonds with water molecules
in the native zinc(II) nicotinate tetrahydrate (seeFig. 2),
take part in formation of new bonds after dehydration.
The high thermal stability of the complex suggests, that
these atoms can coordinate zinc(II) ions, forming poly-
meric structure similar to those described for anhydrous
zinc(II) nicotinate prepared by hydrothermal synthesis[22].
On contrary, in the zinc(II) picolinate, probably molec-
ular structure of the complex, characterised coordination
of two picolinates as chelates through nitrogen atom of
pyridine ring and one carboxylate oxygen, remains intact
after dehydration. Consequently, the thermal stability of
this molecular structure is lower, in comparison to sup-
posed polymeric structure of the zinc(II) nicotinate. Finally,
the lowest thermal stability was observed for the zinc(II)
hydrogendipicolinate, due to splitting of the C–C bonds
in the hydrogenpicolinate anion and probably formation
of dipyridine derivative and oxalate as described in the
text.
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