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Abstract

Mixed complexes of the type: Zn(Han)2(Him)3, Zn(Han)2(Him)5, Zn(Han)2(4-MeHim)2 and Zn(Han)2(1,2-diMeim)2 (where Han: NH2C6H4

COO−, Him: imidazole, 4-MeHim: 4-methylimidazole, 1,2-diMeim-1,2-dimethylimidazole) have been synthesized. The complexes and the
corresponding sinters, obtained at temperatures determined on the basis of the thermogravimetric (TG) curves, have been analyzed by chem-
ical, X-ray, infrared (IR) spectroscopy and thermal methods. The compounds with Him and 4-MeHim decompose in two stages, and those
with 1,2-diMeim in three stages. Thermal decomposition pathways have been postulated for these complexes.
© 2004 Published by Elsevier B.V.
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1. Introduction

The investigation of the properties of the heteroligand
complexes and possibilities of their formation is very impor-
tant for many fields of chemistry, e.g. analytical chemistry,
materials engineering, biochemistry. These complexes are
the most probable compounds in the solution, they can sta-
bilize less stable oxidation forms of the center ions (Co3+,
Mn3+), they can inhibit reactions of the hydrolysis or poly-
merization, and they are transition products in a number of
the chemistry processes[1]. The metallic centers of the met-
alloproteins and metalloenzymes can be considered as the
mixed complexes and the conclusions from investigation of
the small molecules and metal ions are the starting point
for the interpretation of the structures of more complicated
molecules. The research of the new medicines able to treat
heavy metals poisoning (e.g. Cd ) is connected with investi-
gation of heteroligand complexes. The investigations of the
complexes in solution provide the important information on
properties of biologically active molecules and investiga-
tions in solid state are complemented.

In many biological important molecules, zinc(II) is
bounded to the pyridine nitrogen of imidazoles and to the
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carboxylate groups[2]. Therefore, complexes containing
such ligands are frequently researched by means of spec-
troscopic, structural and thermal investigation[3–5]. The
mixed zinc(II) complexes with imidazoles and aliphatic as
well as amino acids were published[3,4,6,7]. On the other
hand, the information—and therefore the knowledge—on
mixed complexes zinc(II) with imidazoles and aromatic
acids limited is very limited.

Aromatic acids of the H2L type (such as:o-hydroxybenzoic
acid, o-aminobenzoic acid ) and bivalent metals form ei-
ther di-complexes M(HL)2 or mono-complexes ML (where
M: metal ion, HL: OHC6H4COO, NH2C6H4COO, L:
OC6H4COO2−, NHC6H4COO2−) [8,9].

The mono-compounds may bind to the other mon-
odentate ligands[10,11] as well as to bidentate[12,13],
whereas the di-compounds—only to monodentate ones
[14].

Previously, the results of investigations of the zinc(II)[14]
and cadmium(II)[10] complexes witho-hydroxybenzoic
acid and imidazoles were published. Recently, we have pre-
pared new zinc complexes witho-aminobenzoic acid and
imidazole, 4-methylimidazole or 1,2-dimethylimidazole
of general formulae: Zn(Han)2(Him)3, Zn(Han)2(Him)5,
Zn(Han)2(4-MeHim)2, Zn(Han)2(1,2-diMeim)2. Structural
characteristic and thermal decomposition pathways of these
complexes are presented.
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2. Experimental

Analytically pure: ZnCl2, o-aminobenzoic acid, ether,
toluene (POCh—Gliwice), imidazole (Fluka Chemie AG),
4-methylimidazole, 1,2-dimethylimidazole (Sigma) were
used without additional purification.

2.1. Synthesis

Zinc di(o-aminobenzoate) was prepared by addition of
aqueous solutions of the zinc(II) chloride to a solution of
sodiumo-aminobenzoate. The precipitate was washed with
several portions of distilled water and ethanol and afterwards
dried at room temperature[15].

2.2. Heteroligand complexes

Zn(Han)2(Him)3 (a), Zn(Han)2(Him)5 (b), Zn(Han)2
(4-MeHim)2 (c) and Zn(Han)2(1,2-diMeim)2 (d) synthesis
was carried out in two-phase system consisting of solid zinc
di(o-aminobenzoate) and toluene solution of: imidazole,
4-methylimidazole, 1,2-dimethylimidazole. The mixture
was heated to 70◦C and stirred for 12 h. The oil was ob-
tained, when synthesis (a, b or c) was carried out. The oil
was treated five-fold with ether and then the precipitate was
obtained. Compound (d) was a white precipitate. It was
washed with toluene and dried in air. All the reactions (a–d)
were performed at different molar ratios of substrates: 1:2,
1:3 and 1:5. No complex was obtained when the molar ratio
of the reagents was kept at the level of 1:2 in the synthesis
(a) and one complex only was obtained when the different
molar ratios of the reagents were kept in the synthesis (c
and d).

2.3. Chemical analysis

The zinc(II) was detected by complexometric titration
with disodium ethylenediaminotetraacetate (EDTA)[16],
while carbon, hydrogen and nitrogen—by elemental anal-
ysis using Euro Vector, Euro EA analyzer. The results are
presented inTable 1.

Table 1
Results of chemical analysis

Compound Zn (%) C (%) H (%) N (%)

Calc. Found Calc. Found Calc. Found Calc. Found

Zn(Han)2(Him)3 12.07 12.8 50.95 50.6 4.43 4.5 20.67 20.6
Zn(Han)2(Him)5 9.65 10.0 51.34 51.0 4.72 4.8 24.79 24.4
Zn(Han)2(4-MeHim)2 13.03 12.6 52.36 53.6 4.78 5.1 16.75 17.2
Zn(Han)2(1,2-diMeim)2 12.35 12.8 54.37 54.3 5.29 5.4 15.20 15.9
Zn(im)2a 32.76 32.0 36.00 39.0 3.00 3.2 28.06 25.8
Zn(an)a 32.67 32.2 41.90 42.0 2.49 2.5 6.98 7.3

im : C3N2H3
−; an: NHC6H4COO2−.

a Sinters.

2.4. X-ray powder analysis (XRD)

The X-ray analysis was carried out by means of a Siemens
D 5000 powder diffractometer, using Cu K� radiation, 2Θ
range 2–80◦. The products of synthesis and the sinters,
formed as a result of thermal decomposition, were studied
using X-ray method.Fig. 1presents powder diffraction pat-
terns of the complexes. Diffraction patterns of the sinters
were compared with PDF ICDD36-1451 in order to identify
inorganic zinc compounds.

2.5. Infrared (IR) analysis

IR spectra were recorded using a Zeiss Specord M80 spec-
trophotometer over a range of 400–4000 cm−1. The samples
were prepared in the form of KBr pellets. The valency vi-
bration bandsνNH2 andνCOO− of o-aminobenzoate ion are
presented inTable 2.

2.6. Thermal studies

The thermoanalytical measurements were carried out us-
ing a Balzers thermogravimetric (TG)/DTA—SETSYS-16/
18 thermoanalyzer with a Balzers mass spectrometer. The
temperature range 293–1273 K; the heating rate 10 K/min,
in air atmosphere; the sample mass—a dozen or so mil-
ligrams, the platinum crucible. The sinters were obtained
at temperatures determined on the basis of the TG curves.
XRD and elemental analyses of the sinters were carried out
(Table 1). The gaseous decomposition products of complex
were also analyzed.Figs. 2 and 3present thermogravi-
metric, differential thermogravimetric (DTG) and differ-
ential thermal (DTA) curves of Zn(Han)2(4-MeHim)2 and
Zn(Han)2(1,2-diMeim)2 as an example, andTable 3presents
the temperature range, mass losses, and nature of the peaks
in each stage of the decomposition of the complexes.

3. Results and discussion

The heteroligand complexes: Zn(Han)2(Him)3, Zn(Han)2
(Him)5, Zn(Han)2(4-MeHim)2, Zn(Han)2(1,2-diMeim)2
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Fig. 1. X-ray diffraction patterns of complexes.

were obtained in the reaction of zinc salts with imida-
zole or its methyl derivatives. Depending on molar ratio
of the reagents, two different mixed complexes were ob-
tained only for imidazole. The XRD analysis showed
that three complexes have the crystalline structures, while
4-methylimidazole complex is amorphous (Fig. 1). IR spec-
troscopic investigation was conducted in order to define the
zinc atom surrounding in the complex. The positions of va-
lency vibration bands of COO−, NH2 and NH groups were
analyzed in the range of 1600–1300 and 3500–3100 cm−1,
respectively. The X-ray structure analysis showed that the
carboxylate groups in Zn(Han)2 are bidentate bridging
groups [17]. In the spectrum of this complex, the split-
ting �ν of the νas(COO−) andνs(COO−) bands is smaller
than that for the sodium salt in which COO− group is
monodentate (Table 2). The values of the splitting�ν

of the Zn(Han)2(4-MeHim)2 and Zn(Han)2(1,2-diMeim)2
are higher than for the sodium salt. Due to spectroscopic
criterion [18], the monodentate carboxylate groups exist
in the prepared complexes. In the mixed compounds of
imidazole, COO− groups are also monodentate and the
decrease of the splitting values from�νZn to �νNa is
connected with participation of these groups in hydrogen
bonding. The valency vibration bands of the NH2 groups
are also presented inTable 2. This group forms a bond in

Table 2
Valency vibration of COO− and NH2 groups (cm−1)

Complex νas COO− νs COO− �ν νas NH2 νs NH2

Na(Han) 1532 1392 140 3440, 3408 3328
Zn(Han)2 1536, 1546 1408 128, 138 3300, 3260 3140
Zn(Han)2(Him)3 1525 1382 142 3470 3340
Zn(Han)2(Him)5 1522 1375 147
Zn(Han)2(4-MeHim)2 1520, 1537 1372 148, 165 Very broad bands
Zn(Han)2(1,2-diMeim)2 1541 1354 187 3435, 3348 3308

Zn(Han)2 and, therefore, two asymmetricνas(NH2) bands
at 3300 cm−1 and 3260 cm−1 and one symmetricνs(NH2)
band at 3140 cm−1 appear in the spectrum[17]. The amine
group does not form a bond in sodium salt, theνas(NH2)
bands appear at 3440 and 3408 cm−1 and νs(NH2) band
at 3328 cm−1 [15]. The spectra of heteroligand complexes
are difficult to interpret in the range of 3500–3100 cm−1

because the valency vibration bands for NH2 group as NH
group are also observed here. Additionally, in the case
of Zn(Han)2(Him)3 and Zn(Han)2(Him)5 there are more
imidazole molecules than it would result from preference
coordination numbers of zinc complexes—four or six[19].
This suggests that not all molecules of Him are bound to
metal.

In the spectrum of the Zn(Han)2(1,2-diMeim)2 complex,
the bands at 3435 and 3348 cm−1 were attributed toνas(NH2)
and those at 3308 cm−1 to νs(NH2) vibrations. It indicates
that amine group is not bound analogously as for sodium salt
(Table 2). In the spectrum of Zn(Han)2(Him)3, two doublets
at 3470, 3440 and 3360, 3330 cm−1 are observed. First of
them was attributed to the valency vibrations of no bound
amine group, and the second one was attributed to zinc
bound to imine group of imidazole. The bands of the spectra
of Zn(Han)2(Him)5 and Zn(Han)2(4-MeHim)2 are broaden-
ing and difficult to interpret. However, the presence of the
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Fig. 2. Thermal curves of Zn(Han)2(4MeHim)2 complex.

bands at 3450 cm−1 suggests that amine group is also not
bound.

The thermal analysis indicates that the decomposi-
tion of the complexes proceeds in several stages. The
Zn(Han)2(Him)3 decomposes in two stage. The big mass
loss and broad peak are observed in the TG and DTG
curves, respectively. The course of the DTA curve showed
the endothermic peak at 523 K. Mass loss in the beginning
of the second stage is slow and becomes rapid as decom-
position proceeds. In DTG curve, the intense peak is ob-
served at 833 K, and in DTA two peaks are found: endo—at
733 K and exo—at 823 K. The mass loss, chemical, and
diffractometric analysis of sinters obtained at temperature
573 K and 853 K indicate the following decomposition
process:

Zn(Han)2(Him)3 → Zn(im)2 → ZnO (1)

The pyrolysis of the Zn(Han)2(Him)5 begins with the
phase transition (endothermic peak at 338 K). The fused
sample decomposes similarly to Zn(Han)2(Him)3 but
the mass loss is larger in the first stage. The chemi-
cal and diffractometric investigations of sinters obtained

Fig. 3. Thermal curves of Zn(Han)2(1,2-diMeim)2 complex.

at 593 and 834 K indicate the following reaction of
pyrolysis:

Zn(Han)2(Him)5 → fusion−−−→
process

→ Zn(im)2 → ZnO (2)

The reactions (1) and (2) suggest that molecules of imida-
zole may be bound in different ways: two of them with metal
ion, the remaining ones probably joined via intramolecular
hydrogen bonds. The molecules of imidazole joined via hy-
drogen bonds have lost Han− ions in the first stage as well.

In the case of complexes with 4-methylimidazole and
1,2-dimethylimidazole, both solid and gaseous products
of pyrolysis were analyzed. The decomposition of the
Zn(Han)2(4-MeHim)2, described by TG curve, occurs in
two stages (Fig. 2). The mass loss in the first stage proceeds
at different rates. The slow beginning is described by two
peaks in DTG and one endothermic peak in DTA curve, and
analysis of gaseous product shows the emission of fragment
ion CH3 (m/z 15). The continuation of mass loss to 60% is
quick and multicomponent. The chemical and XRD analy-
ses of sinter show that zinc mono(o-aminobenzoate) forms.
The mass loss of the second stage is described by two peaks
in the DTG and two exothermic peaks in DTA curves.
Thermal decomposition to zinc oxide proceeds through
zinc carbonate[20]. The analysis of gaseous products of
decomposition confirms the emission of the following frag-
ment ions: NH2 (m/z 16), CO (m/z 28), NO (m/z 30), CO2
(m/z 44, 46), C6H6 (m/z 50–52, 76–78), C6H5NH2 (m/z 93,
94) and the molecular ion C3N2H4 (m/z 68). Two stages of
decomposition are described by reaction (3):

Zn(Han)2(4 − MeHim)2 → Zn(an) → ZnO (3)

Table 3
Results of thermal analysis

Stage Temperature
(K)

Mass loss (%) Peak
nature

Temperature
(K)

Calc. Found

Zn(Han)2(Him)3

I 388–593 62.81 61.5 Endo 523

II 698–848 84.97 85.3 Endo 733
Exo 823

Zn(Han)2(Him)5 Fusion process Endo 338
I 393–598 70.55 69.0 Endo 503

II 703–843 87.99 88.0 Endo 708
Exo 813

Zn(Han)2(4-MeHim)2

I 353–623 60.05 60.7 Endo 538
Endo 608

II 693–823 83.70 86.6 Exo 753
Exo 788

Zn(Han)2(1,2-diMeim)2
I 448–483 – 7.2 Endo 463
II 508–633 62.14 62.3 Endo 543
III 633–843 87.65 94.9 Exo 728
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The decomposition of Zn(Han)2(1,2-Meim)2 complex
proceeds in three stages with mass loss of 7.2, 62.3 and
94.9%, respectively. The investigation of the gaseous prod-
ucts of the first stage shows partial decomposition of lig-
ands. The fragment ions of the destruction of benzene (m/z
50, 51, 52,) are found in the mass spectrum. A specified
formula has not been found for the product of this stage.
The total mass loss of the second stage is described by
several overlapping processes (Fig. 3, DTG curve) and the
endothermic peak. The mass loss and the analyses of sinter
(593 K) show that zinc mono(o-aminobenzoate) is formed.
The third stage is complicated and described by three peaks
in the DTG curve. Zinc is the final product and the big dif-
ference between the theoretical mass loss—87.65% and the
experimental one—94.9% is explained by evaporation of
the metallic zinc. The gaseous products of decomposition
include the following fragment ions: CH3 (m/z 15), NH2
(m/z 16), H2O (m/z 18), NO (m/z 30), CO2 (m/z 44.46),
C6H6 (m/z 78–76, 50–52), C6H5NH2 (m/z 94.93) and the
molecular ion C3N2H4 (m/z 68). The analysis of sinters
and gaseous products indicate the following decomposition
reaction (4):

Zn(Han)2(1, 2-diMeim)2 → ZnXY → Zn(an) → Zn (4)

where ZnXY is not a stechiometric compound.
The thermal decomposition indicates that, in the case of

imidazole complexes, the metal–ligand bonds are cleaved
at first. Zinc imidazolate is the intermediate product
of pyrolysis. The decomposition of the complexes with
4-methylimidazole and with 1,2-dimethylimidazole goes
through a different path. The bonds of the ligands cleave
at the beginning and zinc mono(o-aminobenzoate) is the
intermediate product.

The strength of the metal–ligand bond is one of the
several factors which have an influence on the pathway of
pyrolysis. In these compounds, zinc is always bound with
the same ion Han− and imidazole or 4-methylimidazole
or 1,2-dimethylimidazole. The strength of metal–neutral
ligand bond decreases in the following order: imidazole
> 4-methylimidazole > 1,2-dimethylimidazole[21]. This
decreasing strength of the metal–N(3) bond of the suc-
cessive imidazoles explains the formation of Zn(im)2
in the decomposition of Zn(Han)2(Him)x (x = 3, 5)
as well as the production of Zn(an) in the decomposi-
tion of Zn(Han)2(4-MeHim)2 and Zn(Han)2(1,2-diMeim)2
complexes. These conclusions confirm the thermal and
structure investigations of the similar zinc complexes of
o-hydroxybenzoic acid (H2sal) and imidazoles[14].

4. Conclusion

The composition of complexes of di(o-aminobenzoate)
zinc(II) with imidazole depends on molar ratio of the
reagents, however, that of complexes with derivatives

of imidazole does not. Compounds with imidazole and
1,2-dimethylimidazole have a crystalline structure, while
compound with 4-methylimidazole is amorphous.

Theo-aminobenzoate ion (NH2C6H4COO−) is tridentate
in homoligand complex Zn(Han)2, however, it is monoden-
tate in heteroligand one. In these complexes, zinc forms
bond with monodentate COO− group of o-aminobenzoate
ion and with nitrogen N(3) of imidazoles.

Thermal decomposition pathways of the investigated
compounds were determined. The metal–ligand bonds are
cleaved, at first, when pyrolysis of Zn(Han)2(Him)x (x = 3,
5) starts to proceed. The Zn(im)2 compound is the in-
termediate product. The bonds of ligands are cleaved at
the beginning of pyrolysis of Zn(Han)2(4-MeHim)2 and
Zn(Han)2(1,2-diMeim)2. The Zn(an) is the intermediate
product of decomposition.

The pyrolysis progresses through two stages in the case
of the complexes with imidazole and 4-methylimidazole,
and through three stages in the case of the complex of
1,2-dimethylimidazole. Thermal stability, described byTi,
is the lowest for Zn(Han)2(4-MeHim)2 (Ti = 353 K) and it
is the highest for Zn(Han)2(1,2-diMeim)2 (Ti = 448 K) (Ti:
the temperature at which the rate of the pyrolysis is visible,
kinetic characteristic of pyrolysis[22,23]).
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