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Abstract: The stability constants and related thermodynamic functions characteriz-
ing the formation of divalent Ni, Cu, Zn, Cd and Hg complexes with o- and p-amino-
benzoic acid hydrazide were determined potentiometrically at different tempera-
tures. The formations of the complexes are endothermic processes. The formed
bonds are mainly electrostatic. Conductometric titration was carried out to deter-
mine the stoichiometry and stability of the formed complexes. The structures of
complexes were characterized by their IR, 1H-NMR and 13C-NMR spectra, as well
as X-ray diffractograms. The coordination process takes place through the carbonyl
group and the terminal hydrazinic amino group. The thermal stability of the com-
plexes was followed in the temperature range 20–600 ºC.

Keywords: potentiometry, conductometry, stability constants, thermodynamic pa-
rameters, structure and thermal stability of complexes.

INTRODUCTION

As a result of their antimicrobial, antifungal and antibacterial properties,1–3

acid hydrazides are of great biological importance. The formation of metal com-
plexes plays an important role in the growth of their biological activity.4–8 Hydra-
zides successfully provide various active potential donor sites, namely C=O, N-H
and NH2. Therefore, many metal complexes of benzoic acid hydrazides have been
synthesized and characterized on the basis of spectral, magnetic and electrical
measurements.9–12 The coordination process takes place through the carbonyl ox-
ygen and the amino nitrogen atoms. 1:1 and 1:2 M:L molar ratios can be formed.

The present work considers the preparation and characterization of the com-
plexes of ortho- and para- aminobenzoic acid hydrazides (ABAH) with Ni(II),
Cu(II), Zn(II), Cd(II) and Hg(II) using potentiometric, conductometric, spectral
(IR, 1H-NMR and 13C-NMR), X-ray diffraction and thermal measurements.
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EXPERIMENTAL

All chemicals used were of the purest laboratory grade provided by Aldrich. The ligand solu-
tions were freshly prepared in 80 % (v/v) aqueous-ethanolic medium. The hydrazides provided have
the following structures:

(where R1 = NH2 and R2 = H or R1 = H and R2 = NH2)

The potentiometric measurements were carried out using a digital Microprocessor pH meter, HI
9321 fitted with a combined glass/calomel electrode. To determine the dissociation (log KH) and sta-
bility constants (log K1 and log K2) of ABAH and their complexes, the following series of solution (to-
tal volume 25.0 ml in each case) were titrated against 0.01 M KOH at 298, 308, 318 and 328 K; i) 2.5
ml HCl (0.01M), ii) 2.5 ml HCl + 2.5 ml hydrazide (0.01 M) and iii) 2.5 ml HCl + 2.5 ml hydrazide +
0.5 ml metal ion (0.01M). An appropriate quantity of KCl was added to maintain the ionic strength of
all the solutions at 0.1 M. The different stability constants were calculated according to the Irving and
Rossotti’s method.13,14 A 54 X IBM computer using the Excel program was employed.

The conductometric titration measurements were carried out using a digital conductometer,
Consort K 120. All measurements were done in aqueous solution adjusted thermostatically to 298 K
with constant stirring. The conductance value were measured during the titration of 0.001 M metal
ion solution (30.0 ml) against a 0.01 M hydrazide solution. The conductance values were recorded
after each addition and then corrected to avoid the effect of dilution during the titration by multiply-
ing the measured values by (v0 + v1)/v0), where v0 is the original volume of the titrand (metal ion so-
lution) and v1 is the volume of titrant (ligand solution).

The solid metal complexes were prepared by mixing a hot ethanolic solution 80 % (v/v) of the
ligand (0.02 M) with that containing the required amount of the appropriate metal chloride (0.01 M).
The reaction mixture was continuously refluxed on a water bath for 5.0 – 8.0 hours. In each case, a
fine solid product was obtained on cooling which was washed with the solvent and dried over anhy-
drous CaCl2. Brownish black powder of the copper complex, deep green crystals of the nickel com-
plex, white powder of the zinc complex, faint brown crystals of the cadmium complex and fine
white crystals of the mercury complex were prepared. All complexes melted above 573K and were
insoluble in common organic solvents.

The infrared spectra of the studied free hydrazides and their complexed molecules were re-
corded on a computerized Genesis- II-F- I spectrometer in the range 4000 – 400 cm-1. The KBr disc
technique was employed. The 1H-NMR and 13C-NMR spectra were measured after dissolution in
deuteriated DMSO using a JEOL EX 400 spectrometer at 400 and 100 MHz, respectively (Chemis-
try Department, Torino University, Italy).

X-Ray powder patterns were obtained using a Philips X-ray diffractometer Pw 1390 fitted with
an ionization detector. CuK� radiation was used at 40 kV and 20 mA.

A Shimadzu DTA-TGA, 50 H, thermal analyzer was used to collect thermogravimetric data in
the range 20–600 ºC, at a uniform heating rate of 10 ºC min-1. Nitrogen was used as a dynamic atmo-
sphere (flow rate 30 cm3 min-1).

RESULTS AND DISCUSSION

In order to clarify the stability and behaviour of the complexing process of
both ortho- and para- aminobenzoic acid hydrazide (ABAH) with divalent metal
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ions Ni, Cu, Zn, Cd and Hg, the method of Bjerrum-Calvin, modified by Irving and
Rossotti, was used at different temperatures.13,14 The titration curves were sepa-
rate from each other each taking on an almost S-shape. The end point for the titra-
tion of the three mixtures increased in the order: i > ii > iii. Also, the maximum
value of n (the average number of ligand molecules attached to a metal ion) did not
exceed two for all complexes, suggesting the formation of M:L and M:2L com-
plexes. The calculated data are presented in Table I. It is apparent that the values of
the stability constants of ortho- aminobenzoic acid hydrazide are greater than those
of the para- derivative. This may be attributed to the fact that the electron-donation
ability of the amino group in the ortho-position is greater than that in the para-po-
sition. On other hand, the dissociation and stability constant values increase with
increasing temperature, meaning that the complexation is an endothermic process.
The order of the overall stability constants are: Cu(II) > Cd(II) > Zn(II) > Ni(II) >
Hg(II), which is in good agreement with the order found by Irving and Williams.

TABLE I. Protonation constants of o- and p-ABAH and their stability constants with different metal
ions at different temperatures and 0.1 M ionic strength.

Compound
Temperature

298 K 308 K 318 K 328 K

o-ABAH log KH 10.01 10.15 10.20 10.30

1-Ni-Complex log K1
log K2

6.85
3.48

7.05
3.80

7.30
4.07

7.49
4.35

2-Cu-Complex log K1
log K2

7.80
5.67

8.23
6.00

8.65
6.20

8.97
6.44

3-Zn-Complex log K1
log K2

6.35
4.00

6.67
4.21

7.05
4.50

7.38
4.72

4-Cd-Complex log K1
log K2

6.65
4.30

6.83
4.50

7.10
4.85

7.31
5.08

5-Hg-Complex log K1
log K2

5.43
3.46

5.62
3.80

5.95
4.20

6.15
4.50

p-ABAH log KH 10.08 10.15 10.26 10.32

1-Ni-Complex log K1
log K2

6.40
3.38

6.69
3.75

7.00
4.07

7.24
4.40

2-Cu-complex log K1
log K2

7.83
5.18

8.05
5.70

8.40
6.00

8.65
6.45

3-Zn-Complex log K1
log K2

6.21
3.85

6.57
4.05

6.85
4.38

7.15
4.57

4-Cd-Complex log K1
log K2

6.40
4.21

6.71
4.42

7.00
4.65

7.26
4.79

5-Hg-Complex log K1
log K2

5.21
3.30

5.40
3.73

5.65
4.02

5.84
4.35
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The thermodynamic functions of the studied complexes were evaluated using
the relations:

�G° = – 2.303RTlogK = �H° – T �S°

�H = – 2.303R
T T

T T

1 2

2 1�

�

�
��

�

�
		 log (K1/K2)

TABLE II. Thermodynamic parameters of o- and p-ABAH complexes with different metal ions at 298 K.

Compound –�G° �H° �S° �G°non –�G°ele. �H°non �H°ele. �S°ele.

o-ABAH
1. Ni-complex 39.10

19.88
54.67
51.36

314.62
239.06

34.66
44.96

73.76
64.80

24.70
25.03

29.97
26.33

348.02
305.75

2. Cu-Complex 44.54
32.36

74.01
46.13

397.80
263.47

46.84
37.63

91.38
69.99

36.88
17.71

30.98
24.95

431.20
330.28

3. Zn-Complex 36.25
22.86

60.95
43.53

326.17
222.74

39.93
38.51

76.19
61.37

30.01
18.63

30.97
24.95

359.58
289.55

4. Cd-Complex 37.97
24.53

39.18
47.89

258.82
243.08

23.99
41.11

61.91
65.68

14.02
21.22

25.16
26.66

292.22
309.89

5. Hg-Complex
30.47
19.76

53.12
64.42

280.55
282.51

36.04
54.29

66.52
74.01

26.08
34.37

27.04
30.10

313.95
349.32

p-ABAH
1. Ni-Complex 36.54

19.30
52.24
60.07

297.88
266.31

33.66
51.32

70.20
70.58

23.73
31.40

28.51
28.67

331.28
333.12

2. Cu-Complex 44.71
29.55

49.65
71.41

316.55
338.81

29.47
56.39

74.18
85.94

19.51
36.46

30.14
34.91

349.95
405.62

3. Zn-Complex 35.46
21.98

55.72
46.13

305.95
228.60

36.46
40.60

71.92
62.58

26.50
20.72

29.22
25.45

339.36
295.41

4. Cd-Complex 36.54
24.03

52.24
40.23

297.88
215.62

33.66
35.83

70.20
59.86

23.73
15.91

28.51
24.32

331.28
282.43

5. Hg-Complex 29.76
18.84

42.15
62.71

241.20
273.60

28.46
53.29

58.19
72.12

18.50
33.40

23.65
29.30

274.64
341.62

�G° and �H° values in kJ mol-1 and �S° value in J mol-1 K-1

The computed results were collected in Table II. The negative values of �G°
show the high ability of the studied hydrazides to form stable metal complexes and
the process tends to proceed spontaneously. However, the obtained positive values of
�H° means that the complexation process is endothermic and that enthalpy is not the
driving force for the formation of the complexes. On other hand, the positive values
of �S° indicate that entropy is responsible for the complexing process. An analysis of
the thermodynamic data into electrostatic (ionic) and non-electrostatic (covalent)
components can give a good indication as to the nature of the formed bonds.15 The
evaluated data are reported in Table II. The large negative values of �G°el compared
to the positive values of �G°non means that the formed bonds are mainly electro-
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static. This is supported by the comparison of �H°non and �H°el. Finally, it is con-
firmed by the large positive values of �S°el. This is in a good agreement with the fact
that if a ligand is charged and multidentate the formation of complexes is mainly
entropically favored.16 Bond formation between the metal ion and the ligand donors
is possible only after the rupture of their bonds with water molecules and so it is not
surprising that a positive enthalpy change was observed.

The stoichiometry of the complexes existing in solution was estimated using
the conductometric titration technique.12 The general trend of the conductograms
is a steady decrease of the conductance values of the solution after each addition of
the ligand. The resulting conductograms are composed of straight lines intersect-
ing at the probable ratio of the formed complexes. Two significant intersections are
observed, indicating the formation of 1:1 and 1:2 (metal : ligand) species as was
suggested by the results of the potentiometric measurements.
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Fig. 1. A: Infrared spectra of o-ABAH
(a) and its copper complexes (b); B:
Infrared spectra of p-ABAH (a) and its
copper complexes (b).



This technique was also used to elucidate the stability constants of the com-
plexes with the help of the relation18:

Kx =
1

[ ]L x
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where 
exp., 
M+n, 
M+nLx are the conductance values of the solution, uncomplexed and
complexed metal ion, respectively. �L
 is the concentration of the hydrazide and x is its co-
ordination number. The calculated values at 298 K confirmed the values obtained
potentiometrically.

Different spectral techniques were used to identify the potential active sites of
the studied hydrazides, see Figs. 1–3. The characteristic IR absorption bands as-
signed to the stretching vibration of NH2 were found at 3443–3428 cm–1, while the
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Fig. 2. A: 1H-NMR spectra for
o-ABAH (a) and its zinc (b) and
cadmium complexes (c) in
�d6DMSO
. B: 1H-NMR spectra
for p-ABAH (a) and its zinc (b),
cadmium (c) and mercury (d)
complexes in �d6DMSO
.



band of the hydrazinic amino group was observed at 3180.5 cm–1. As expected, �
NH was found at 3325–3347 cm–1 and �(C=O) at 1620 cm–1. The observed
1H-NMR signals were one signal at � = 4.4 ppm due to the NH2 of the hydrazinic
group and an other signal at � = 6.3 ppm from the NH2 group attached to the ben-
zene ring. Four signals were found at � = 6.48, 6.70 and 7.1 ppm attributed to the

four protons attached to the benzene ring and one signal of NH at � = 9.46 ppm.

On complexation of the hydrazide derivatives, the characteristic band of the hy-
drazinic amino group was shifted to higher frequencies (3204–3300 cm–1) with a bro-
ading and shifting of its 1H-NMR signal to � = 9.46 ppm. On the other hand, the band

of the carbonyl group completely disappeared and a cyano group (enol-form) was

formed (� = 1587–1600 cm–1 and � = 170 ppm signals for IR and 13C-NMR, respec-
tively). The remaining characteristic bands and signals of free hydrazides were not af-
fected by the complexing process suggesting that the ligands were bonded to the metal
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Fig. 3. A: 13C-NMR spectra for
o-ABAH (a) and its zinc (b) and
cadmium (c) complexes in
�d6DMSO
. B: 13C-NMR spectra
for p-ABAH (a) and its zinc (b),
cadmium (c) and mercury (d) com-
plexes in �d6DMSO
.



ions via the hydrazinic amino group and the oxygen atom of the carbonyl group. This
is in a good agreement with the belief that ligands containing different donor atoms of
the O–N type form more stable complexes than either O–O or N–N type.19

To obtain further evidence about the structure of the complexes X-ray diffrac-
tion was perfonned. Representative diffractograms of o-ABAH and its complexes
with copper and cadmium are shown in Fig. 4. It can be easily seen that the pattern
of the free hydrazide differs from those of its complexes, which may be attributed
to the formation of a not-well-defined distorted crystalline structure. Probably, this
behaviour is due to the incorporation of water molecules into the coordination
sphere. The four strongest lines are summarized in Table III. The first and second
lines may be ascribed to the interaction of crystalline and coordinated water mole-
cules with the investigated hydrazide, respectively. The change in intensity and the
shift in d-spacing observed in the third and fourth lines may be attributed to the for-
mation of M–N and M–O bonds.20

TABLE III. The X-ray data of o-ABAH and its copper and zinc complex.

Observation
Ligand Copper complex Cadmium complex

d/Å I/I0 d/Å I/I0 d/Å I/I0

1st strong line
11.620
5.824

0.98
1.00

12.98
5.467

1.00
0.70

7.890
5.401

0.85
0.37

2nd strong line 4.267 0.37 4.329 0.65 4.548
3.966

0.47
1.00

3rd strong line 3.831 0.97 3.349 0.35 3.451 0.50

4th strong line 2.892 0.95 2.635 0.35 2.864
2.665

0.52
0.50
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Fig. 4. XRD patterns of o-ABAH (a)
and its copper (b) and cadmium (c)
complexes.



Thermal analysis plays an important role in studying the properties of metal com-
plexes.21 The thermal studies of the nickel and copper complexes with o-ABAH as
representative examples are illustrated in Fig. 5. It is quite clear that the decomposition
of the nickel complex takes place in three steps while that of the copper complex oc-
curs in four steps. The first and second stages at 90.5 ºC and 160–200 ºC indicate the
complete removal of crystalline and coordinated water molecules with a decrease in
weight of 23.7 %. The third stage at 341–390 ºC shows a loss in weight of 29 % due to
the elimination of only one ligand molecule. Finally, the fourth stage at 410–480 ºC
represents complete oxidation of the remaining organic molecule with the formation of
a stable metal oxide as the final product, the weight-loss is 26 %. The thermal decom-
position process was followed by employing the relation:

Y = (wt – w�)/(w0 –w�)

where w0 is the initial weight of the sample, wt is the weight at temperature, t, and w� is the
weight at the end of the thermal decomposition.22 Assuming that the thermal decomposi-
tion of the complexes is kinetically a first order reaction, then a plot of 1/Y against 1000/T
should yield a straight line, and the activation energy of the process should be R times the
slope of the obtained line. The calculated values of the activation energy are 29.9 and 24.7
kJ mol–1 for the nickel and copper complex, respectively.
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Fig. 5. A: Thermal analysis of Ni-o-ABAH complex. B: Thermal analysis of Cu-o-ABAH complex.



IZVOD

FIZI^KOHEMIJSKA PROU^AVAWA NEKIH KOMPLEKSA HIDRAZIDA

AMINOBENZOEVE KISELINE

M. G. ABD EL WAHED*, S. ABD EL WANEES. M. EL GAMEL i S. ABD EL HALEEM

Faculty of Science. Zagazig University, Zagazig, Egypt (e-mail: abdelwahed49@hotmail.com)

Potenciometrijski na raznim temperaturama odre|ene su konstante stabilnosti
i odgovaraju}e termodinamicke funkcije stvarawa kompleksa dvovalentnih Ni, Cu, Zn,
Cd i Hg, jona sa hidrazidima o- i p- aminobenzoeve kiseline. Stvarawa ovih kompleksa
su endotermski procesi. Ostvarene veze su uglavnom elektrostati~ke. Konduktometrij-
skom titracijom odre|ivana je stehiometrija i stabilnost stvorenih kompleksa. Stru-
ktura ovih kompleksa izvedena je na osnovu IR, 1H-NMR i 13C-NMR spektara i rendgen-
ske difrakcije. Proces koordinacije ostvaruje se preko karbonilne grupe i termi-
nalne hidrazinske amino grupe. Termi~ka stabilnost pra}ena je u temperaturnom
opsegu 20 – 600 °C.

(Primqeno 2. septembra, revidirano 19. novembra 2003)
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