
INTRODUCTION

Study of the coordination of transition
metal ions with different types of ligands has been
amplified by the recent developments in the field of
bioinorganic chemistry and medicines1. Metal
Complexes of N,O-donor ligands in particular, have
played a prominent role in this area because many
of these complexes may serve as model for
biologically important species such as
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ABSTRACT

Complexes of Ni(II) (1), Cu(II) (2) and Cd(II) (3) with a novel Schiff base N-(2-2-[1-(3-
aminophenyl) ethylidene] hydrazino-2-oxoethyl) benzamide (LH) have been prepared and
characterized by elemental analysis, TG-DTA, magnetic, electronic, molar conductivity
measurements, IR, SEM, NMR, ESR and mass studies. It is observed that all the complexes
having 1:1 metal-ligand stoichiometry are tetracoordinated. The result shows that LH binds to Cu
and Cd ions through the hydrazidic carbonyl oxygen, azomethine nitrogen and amine nitrogen as
a tridentate ligand while with Ni ion, it coordinates as a bidentate species through the hydrazidic
carbonyl oxygen and azomethine nitrogen. The ligand exhibits keto-enol tautomerism in 2 in which
it acts as a uninegative ligand. Complexes 1 and 3 behave as 1:1 electrolytes in DMF solution while
complex 2, as a nonelectrolyte. Complex 2 is diamagnetic and ESR inactive which suggest that
copper ion is present in its cuprous form. SEM images are used to observe external morphology
of the compounds.

Key words : Schiff base; Tautomerism; Spectral studies; SEM images.

metalloenzymes2 and also have a variety of
applications in biological, clinical, analytical and
industrial fields in addition to their important roles
in catalysis and organic synthesis3-8. It is believed
that ligands containing different donor atoms like
O-N type form more stable complexes than those
containing either O-O or N-N types9. Amino acids
and their derivatives are extensively studied as
typical N,O-donor ligands. In the N-protected amino
acids, the introduction of a substituent such as
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acetyl, benzoyl or benzylo carbonyl group directly
on the amino group, could reduce the ligand field of
the in-plane donor thus diminishing the affinity of
the amino group for the metal ion and permitting a
variety of co-ordinating type. These aroyl
hydrazones, moreover, not only possess many
potential donor sites but there is also possibility of
keto-enol toutomerism which may lead to varied
bonding and stereochemical behavior in the
complexes in which they act as neutral or
mononegative or even as dianionic ligands
depending on the aroyl substituents and the
reaction conditions10,11. Their chemistry has also
been intensely investigated owing to their
cooperative capability12,13, pharmacological
activity14-18 and use in analytical chemistry as metal
extracting agents19.

Considering the above facts and in
continuation to our work20-28, we have synthesized
a novel Schiff base, N-(2-2-[1-(3-aminophenyl)
ethylidene] hydrazino-2-oxoethyl) benzamide (LH,
Fig. 1) and studied its ligational behavior towards
Ni(II), Cu(II) and Cd(II) ions.

MATERIALS AND METHODS

N-benzoyl glycine, hydrazine hydrate, 3-
aminoacetophenone and metal salts, MCl2.nH2O (M
= Cu, Ni and Cd) were purchased from E-Merck
and used as such. All the other chemicals and
solvents used in the study were of AnalaR grade.
The ligand N-(2-2-[1-(3-aminophenyl) ethylidene]
hydrazino-2-oxoethyl)benzamide, LH was prepared
by the condensation of N-benzoyl glycine with 3-
aminoacetophenone as reported24.

The metal contents and chlorine were
estimated gravimetrically using standard literature
procedures29. Hydrazine was determined
volumetrically29 by KIO3 method after subjecting the
ligand/complexes to acid hydrolysis with 6 N HCl
for about 4 h.

Molar conductance of the 10-3 M solution
of complexes in 10-3 M DMSO were measured using
a Systronic Conductivitymeter 306 while C, H and
N were microanalyzed on a Perkin-Elmer model
240C Analyzer. Magnetic susceptibility
measurements of the complexes were carried out

on a Magnetic Susceptibility Balance, Sherwood
Scientific Cambridge, UK. Electronic spectra of the
complexes were taken on a Shimadzu 2450 UV-
Vis Spectrophotometer. IR spectra of the ligand and
the complexes were obtained using a Shimadzu
Fourier Transform Infrared Spectrophotometer
8400S in KBr medium. 1H NMR spectra were
recorded in DMSO-d6 on a Jeol AL 300 FT NMR
Spectrometer. Mass spectra were obtained on a Jeol
Sx102/Da-6000 Mass Spectrometer.
Thermoanalytical (TG/DTA) measurements were
carried out with Perkin Elmer Simultaneous Thermal
analyzer STA 6000. SEM and EDAX images of the
complexes were obtained using a Quanta 250
scanning electron microscope (SEM) fitted with an
Ametek Energy Dispersive X-ray Analysis (EDAX)
system.

Preparation of Ni (1), Cu (2) and Cd (3) complexes
Ethanolic solution of ligand (1 mmol, 1 g in

20 mL ethanol) was refluxed with ethanolic solutions
of the metal chloride (MCl2.nH2O) (2 mmol, 1.5 g in
10 mL ethanol) for 4 h and cooled. Complex 2 was
obtained on keeping the reaction mixture overnight.
However, in case of complexes 1 and 3, the reaction
mixtures were refluxed for ~ 20 h and the solid
complexes could be isolated only after vigorous
stirring the concentrated reaction solution with ~20
mL of acetonitrile and THF. The precipitate obtained
were filtered, washed with ethanol/solution mixture
of acetonitrile and THF and dried in desicator (yield:
60-70%).

RESULTS AND DISCUSSION

The ligand, LH reacts with Ni+2, Cu+2 and
Cd+2 ions in ethanolic medium to form complexes
having 1:1 metal - ligand stoichiometry. All the
complexes are stable. They are insoluble in water
and common organic solvents but soluble in
coordinating solvents such as DMF and DMSO. The
complexes are characterized by C, H, N, Cl and
hydrazine analysis. The observed and calculated
data are in good agreement and support one ligand
to a metal ion. The composition of the isolated
complexes is independent of the relative ratio of
the starting materials taken for their synthesis. The
analytical data along with the molar conductance
values of the complexes are summarized in Table
1. The conductance value (Table 1) in 0.001 M DMF
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Table 1:  Physical and analytical data of the ligand and the complexes

Compound/Complex Color m.pt                            Found (Calcd) (%) Molar
Molecular wt (°C) Cond

M Cl C H N N2H4 ucta
nce

LH White 215 - - -  5.89  17.87  10.40 -
(5.80) (18.06) (10.32

[Ni(LH)(H2O)Cl]Cl Green 220  12.90  14.95  44.01  4.22  12. 18  6.89 65
(1) 458.69 (12.80) (15.48) (44.47) (4.36) (12.21) (6.98)
[Cu(L)(H2O)]H2O (2) Light >250  15.80 - 51.87 4.60 13.78 - -
391.54 Grey (16.23) (52.10) (4.86) (14.32)
[Cd(LH)Cl]Cl (3) Cream 250 22.71  14.25  41.20  3.61  11.26  6.43 75
494.5 (22.65) (14.36) (41.25) (3.64) (11.32) (6.47)

Molar conductance* in -1cm2mol-1 in DMF

Table 2: IR spectral bands (cm-1)* of LH and the complexes with their assignments

Ligand/M:  Hydrazidic moiety (CN) (NN) NH2 (MO) (MN) (MCl)

Complex Amide I Amide II bands

LH 1688 1577 1597 995 1026, 597 - - -
Ni:1 1658 1537 1546 1041 - 540 401 362
Cu:2 1681 - 1579 1024 989, 588 513 412 -
Cd:3 1672 1546 1589 1016 989, 588 543 486 410

*Bands are recorded as KBr pellets

Table 3: 1H NMR spectral data* of LH and complex 3

Protons(s),  LH complex 3

-N-NHCO 10.92s 10.63 s

C6H5CONH- 8.98d 8.83 t

-NC-CH3 2.50d 2.19 s

-CH2- 4.77s 4.44 s

-NH2 5.44s 5.14 s

Phenyl ring (6.93-8.22) (6.58-7.91)

*NMR spectra are recorded in dmso-d6, 
s singlet; d doublet;

t triplet

solution at 30°C shows nonelectrolytic behavior of
complex 2 and 1:1 electrolytic behavior of
complexes 1 and 330.

Thermal Analysis
TG and DT analysis of 1 and 3 were

carried out in the temperature range 40 - 940°C.

TG/DTA curves of 2 show that the complex
decomposes in two steps. The weight loss observed
in the temperature ranges 120 - 250°C and 342 -
580°C, respectively, correspond to decomposition
of one coordinated water and one ligand molecule.
Thermogravimetry data reveals that 3 is thermally
stable up to 245°C. The first decomposition of the
complex occurs at 250 to 297°C and the second
step starts at 503°C and completes at 744°C
indicating the absence of any lattice/coordinated
water molecule. Total weight loss of this complex
corresponds to the decomposition of two Cl- ions
and one ligand molecule. The residue left after
complete decomposition of both the complexes are
the stable metal oxides.

Magnetic Moment and Electronic Spectral studies
The observed µeff value of 1 is 3.65 B.M.

which falls in the range reported for tetrahedral Ni(II)
complex31. A strong multiple band at 638 nm
observed in the electronic spectrum of the complex
is assignable to the transition 3T1(F)  3T1(P) for a
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Fig. 2: (A-1): SEM image & (A-2) EDAX image of Cd(II) complex,
(B-1) SEM image & (B-2) EDAX image of Ni(II) complex
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Fig. 1: Structure of LH
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Fig. 3: Mass Spectra of Complexes
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tetrahedral Ni(II) complex31,32.  Complex 2 is
diamagnetic, ESR inactive and exhibits no
characteristic absorbance in the visible region and
these observations indicate that the metal is present
in the cuprous form.

IR Spectral Analysis
The IR frequencies of the selected groups

of LH and its complexes are presented in Table 2. A
broad band at 3250- 3300 cm-1 in the IR spectra of
1 and 2 indicate the presence of coordinated water
in these complexes. The three amide bands at 1633,
1552 and 1313 cm-1 observed in the IR spectrum of
LH due to the benzamidic carbonyl group do not
undergo any significant shift in the spectra of the
complexes showing non-coordination of the above
group in bonding. Coordination of the hydrazidic
carbonyl group to the metal ion has been inferred33

from the observed hypsochromic shift in the amide
I (7-16 cm-1) and amide II (29-40 cm-1) bands.
Negative shift (8 - 51 cm-1) in the n(CN) and positive
shift (21 - 46 cm-1) in the n(NN) stretching
frequencies indicate participation of the azomethine
nitrogen34 in complexation. Shift of the amide I band
and the appearance of a new medium intensity
band at 1519 cm-1 in the spectrum of 2 suggest –C-
O-M bonding. This also indicates enolization of the
hydrazidic carbonyl through tautomerism and
subsequent bonding of the imidol oxygen to the
metal ion35 in its deprotonated form as reported in
the aqueous medium24. However, enolization does
not occur in 1 and 3.  The bands at 1026 and 597
cm-1 in the spectrum of the ligand due to wagging
and rocking NH2 show negative shift in the spectra
of 2 and 3 showing its involvement in bonding. The
new bands with medium to weak intensity in the
ranges 401 - 486 and 513-543 cm-1 may be,
respectively, attributed36 to the n(MN) and n(MO)
modes showing that the carbonyl oxygen and
azomethine nitrogen have formed coordinate bonds
with the metal ions while A the bands at 362 and
410 cm-1 in the spectra of 1 and 3 are assigned to
n(MCl) mode.

1H NMR Spectral Studies of Complex 3
The 1H NMR spectral data of the ligand

and complex 3 along with the assignments are
given in Table 3. The existence of more than one
isomeric form of LH at room temperature is shown

by the splitting of peaks in the 1H NMR spectrum of
the ligand and the bands are assigned as reported24.
The observed downfield shift (d, 0.18) and upfield
shift (d, 0.11) of -N-NHCO signals in the 1H NMR
spectrum of the complex indicates participation of
hydrazide >CO group in bonding. Coordination
through the azomethine nitrogen37 in the above
complex is further supported by the upfield shift (d,
0.11) of –NCH and (d, 0.11) of –NC-CH3 signals.
Upfield shift (d, 0.30) of NH2 signal in the spectrum
of the complex also indicates participation of this
group in complexation.

SEM Images
Scanning electron micrography (SEM) is

used to evaluate morphology and particle size of
the Schiff base metal complex. The SEM
micrographs of complexes 1 and 3 and EDAX
images are shown in Fig. 2. An ice square-like shape
is observed in 1 while the images of 3 are spongy.

Mass Spectral Analysis
The FAB-mass spectra of complexes 2 and

3 are given in Fig. 3. The mass spectrum of 2 shows
the molecular ion peak at m/z 391 corresponding to
composition [Cu(L)(H2O)]. The mass spectrum of 3
does not show the molecular ion peak at m/z 494
corresponding to the composition [Cd(LH)Cl]Cl
suggested based on elemental and thermal
analysis data. However, the peak at m/z 459
corresponds to the species [Cd(LH)Cl] that might
have been resulted from losing the ionic Cl- ion
outside the coordination sphere.

CONCLUSION

All the complexes formed are of the 1:1
metal - ligand stoichiometry. However, the ligand
exhibits different ligational behavior. It acts as a
uninegative species in copper complex 2 where
enolization occurs at the hydrazidic moiety while it
coordinates to the Ni2+ and Cd2+ ions as a neutral
species. In complexes 2 and 3, the ligand acts as a
tridentate species through the hydrazidic carbonyl
oxygen, amine nitrogen and azomethine nitrogen
and as a bidentate ligand in complex 3 bonding
through carbonyl oxygen and azomethine nitrogen.
All the complexes are tetracoordinated as shown in
Fig. 4.
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