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ABSTRACT

The Present paper deals with the study of synthesis and characterisation of Cu(ll), Co(ll),
Ni(1l) and Mn(lll) complexes of polystyrene with 2-aminobenzaldehyde phenyl hydrazone ligand. The
study is supported by magnetic susceptibility, infrared and UV-visible spectral study and thermal studies.
The ligand and its metal complexes were screened for their antimicrobial activity using S.aureus and
E.coli micro organism and found to be moderately active. All the complexes catalyse the decomposition
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copper(ll) complex being the most active.

Key words: Merrifield resin, polystyrene, 2-aminobenzaldehyde
phenyl hydrazone, Schiff base, antimicrobial activity.

INTRODUCTION

Among the different polymer supported
metal complexes, Schiff base polymer metal
complexes!? are important. Apart from their novel
structural features, unusual magnetic properties and
role in biological processes, the polymer supported
Schiff base metal complexes are important in
preconcentration ** of metal ion, catalysis ¢ etc

The field has grown so wide ever since
Schiff bases” were synthesized. With a preformed
metal complex of compound containing a carbonyl
group, Pfeitter®® and coworkers continued the study

of Schiff base complexes. One of the first chelates
of a Schiff base to be isolated was bis
(salicylaldimino) copper (ll), prepared by the
reaction of copper(ll) acetate with salicylaldehyde
and aqueous ammonia. Synthesis of polymer
complexes using bis-bidentate Schiff base ligands
were studied and their structural elucidation are
done already*® ', A number of polymer Schiff base
ligand has been synthesized for their ion-selective
properties!?13,

The present work deals with synthesis and
characterization of polymeric copper(ll), nickel(ll),
cobalt(ll) and manganese(lll) complexes of Schiff
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base derived by condensation of Merrifield resin with
2-amino benzaldehyde phenyl hydrazone. The
complexes have been characterised by various
physico chemical methods.The catalytic activity of
the complexes was also studied. The antimicrobial
activity of the ligand and its metal chelates against
S. aureus and E.coli has also been studied.

EXPERIMENTAL

All the chemicals used were of AR grade.
Merrifield resin (Fluka) and 2-amino benzaldehyde
phenyl hydrazone(Fluka) were used as such. Metal
salt solutions were prepared in doubly distilled water.

The resin and metal complexes were
characterized by analytical and spectral
methods.The spectral methods employed were IR
and UV-vis spectroscopy.The IR spectra were taken
on a Perkin Elmer FTIR Paragon 1000
spectrophotometer (4000-400cm™?). UV -visible

CH:N—NH@
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spectra were recorded on a Schimadzu 2100 UV-
visible spectrophotometer. Magnetic susceptibility
was measured on a Gouy balance using Hg
[Co(NCS),] as the calibrant. Thermal analysis was
done on a Dupont 2000 thermo balance in air at a
heating rate of 10°C/min. Standard volumetric
methods were employed to determine metal ion
concentration.

Preparation of the Schiff base ligand

The Schiff base was obtained by the
condensation of Merrifield resin (0.7 mmol Cl/g,3g)
with 2-aminobenzaldehyde phenyl hydrazone (3.5
mmol,0.8g). 2-aminobenzaldehyde phenyl
hydrazone was refluxed with Merrifield resin in
THF(15ml) in the presence of pyridine (7 mmol) for
about 8h to get the ligand. The product was then
filtered, repeatedly washed with distilled water and
then finally with ethanol and then dried. The reaction
is represented in scheme-1.
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Scheme 1
Preparation of complexes RESULTS AND DISCUSSION
0.02M solution of copper(ll) acetate, nickel
(I1) acetate, cobalt(ll)acetate and manganese(lll) IR Spectra

acetate were prepared.A fixed quantity was pipetted
out and shaken with the Schiff base (0.5g) for 24
hours. The initial and final concentration of metal
solution were determined volumetrically.

The IR spectral data are given in Table
1.Many of the IR Spectral band of the complexes
show mark difference in position and intensity from
those in the spectrum of the ligand. The spectrum

Table 1: IR Spectral data of ligand and complexes

N-H(cm?) R,-C=N-R(cm?) CH,COO(cm) M-N(cm?) M-O(cm?)
Ligand 3200 1580
Copper (Il) complex 3180 1570 1560 1450 565 595
Cobalt (Il) complex 3170 1565 1562 1452 563 592
Nickel (1) complex 3178 1568 1565 1451 562 591
Manganese (lll) complex 3180 1570 1563 1453 561 595
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of the ligand shows a band at 3200 cm*due to NH
group and another band at 1580 cm* due to
azomethine group. In copper(ll) complex the NH
stretch is shifted to 3180 cm™and in the cobalt (ll)
complex it is 3170 cm™and in nickel (Il) complex it
is 3178 cm™* and in manganese (lll) complex it is
3180 cm™ and the azomethine vibration is shifted

Table 2 : UV-visible spectral data of complexes

Complex Band 1 Band 2
Cu(ln 20830 18520
Co(ll) 20832 18523
Ni(Il) 20834 18522
Mn(llT) 20831 18521

to 1570 cm for copper (II) complex and 1565 cm™*
for cobalt (II) complex, 1568 cm™ for nickel (Il)
complex and 1570 cm for manganese(lll)
complex*. The complexes shows bands due to
acetate group around 1560 cm* and 1450 cm™. The
gap of 110 cm? between these bands show that
the acetate group is bidentate in the complexes.
Metal-nitrogen?® stretching vibration are observed
around 565 cm™ and metal —oxygen stretches are
observed around 595 cm.

Electronic Spectra

The Electronic spectra show a band in the
visible region with a maximum around 20830cm*
and another band around 18520cm™. The electronic
spectral data suggest a distorted octahedral

Table 3: The Phenomenological data of thermal decomposition

Metal Schiff base Decomposition temperature Peak

complexes range in TG(K) temperature
T, T, DTG (K) T,

Cu(ll) 613 781 665

Co(ll) 573 773 713

Ni(ll) 593 781 703

Mn(llT) 611 780 701

Table 4: Kinetic data of thermal decomposition

Metal ion of Schiff base E -log A -AS J K?
complex of MF-IA kJ mol* mol*
ligand

Cu(ll) 41.66 0.28 246.18
Co(ll) 32.13 0.67 265.01
Ni(Il) 36.49 0.68 252.52
Mn(l11) 39.68 0.59 260.12

Table 5: Influence of H,0, concentration on the rate of decomposition

Amount of catalyst 100mg

Rate constant 10°%kmin-*

Concentration of H,O, (g/L) Cu(ll) Co(ll) Ni(ll) Mn (1)
1.8 4.82 4.01 4.21 4.18
2.4 5.42 4.58 5.02 5.01
3.0 6.38 5.32 5.98 6.01




658

symmetry for the complexes. The values are given
in Table 2.

Magnetic behaviour

The copper(ll), cobalt(ll), nickel(ll) and
manganese(lll) complexes shows magnetic
moment values 1.63,3.69, 2.80 and 4.72 B.M
respectively. The values agree with the expected
values.®

of thermal
resin supported

Phenomenological data
decomposition of Merrifield
Schiff base complexes

All the complexes have only one stage of
decomposition. The T, T, and T_ values for the above
mentioned complexes are given in Table 3. The MF-
ABP copper(ll) complex was found to be stable up
to 613K(T), the decomposition takes place from
613K to 781K(T,) and T, occurs at 665K. Of these
Cu(ll) complex shows the maximum T,and T, values.

Kinetic data of the thermal decomposition of
Merrifield resin supported Schiff base chelates

The kinetic parameters were evaluated
using Coats-Redfern equation and the values of E,
- log A and —AS are shown in Table 4. The negative
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value of AS for the complexes indicates that the
activated complex has a more ordered structure
than the reactants *’.

Influence of H,O, concentration on the rate of
decomposition of Schiff base complexes

A definite amount of catalyst (100mg) was
subjected to decomposition reaction by varying the
concentration of H,0, (1.8g/L to 3g/L). The result
for different complexes is given in Table 5. The rate
of reaction is found to increase with increase in
concentration of H,0,,. Of these copper(ll) complex
is most active.

The influence of varying amount of catalyst in
the Schiff base complexes of Merrifield resin

The effect of varying amount of catalyst
on the decomposition reaction shows first order
dependence. For a definite concentration of H,O,
(1.8g/L) varying amounts of catalyst (50mg, 100mg,
150mg, 200 mg) are subjected to decomposition
reaction. The rate of reaction increased with
increase in amount of catalyst. The values given in
Table 6. Here also the Copper(Il) complex is found
to be the most active.

Table 6: Influence of varying amount of the catalyst on the rate of decomposition

Concentration of H,0, = 1.8g/L

Rate constant 10%kmin-*

Amount of Catalyst(mg) Cu(ll) Co(ll) Ni(ll) Mn (1)
50 4.01 3.88 3.52 3.82
100 4.81 4.01 4.18 4.52
150 5.82 4.62 5.05 5.01
200 6.68 5.82 6.28 6.11

Table 7: Antimicrobial activity of the ligand and complexes
Compound S. aureus E. Coli

(zone formation in mm) (zone formation in mm)
Control 24 16
MF-ABP ligand 15 12
Ni(ll) complex 16 14
Co(ll) complex 18 14
Cu(ll) complexMn(lll) complex 23 15
19 13
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Fig. 1.

Antimicrobial screening of the ligand and
complexes

Antimicrobial activity of the ligand and its
metal chelates has been studied by disc diffusion
method?*®. The activity of the compound was
assessed by measuring the diameter of inhibited
zone in millimeter (mm). The culture of E.coli
bacteria and S.Aureus bacteria were used as test
organism, which were grown on nutrient agar
medium and gentamycin as control. DMSO was
used as solvent for making test solution of all
compounds studied. The paper disc (6mm)
containing the compound (100pg/disc) was placed
on the surface of the nutrient agar plate previously
spread with 0.1ml of sterilized culture of
microorganism. After incubating this at 37°C for 36
hours, the diameter of inhibition zone around paper
disc was measured. The complexes are more active

than the ligand. The copper (II) complex has the
highest activity against S. Aureus and E.coli. The
result are shown in Table 7.

CONCLUSION

The IR spectral studies of the complexes
reveal that the azomethine N and N of NH group
are involved in co-ordination. The UV visible spectral
study reveals a distorted octahedral structure for
the complexes. A tentative structure is shown in
figure 1.

The synthesized complexes were
evaluated for their antimicrobial and catalytic
activities. The antimicrobial activities of the
complexes revealed that Copper(ll) complex has
the highest activity against S.aureus and E.coli.

The catalytic activities of all Schiff base
complexes were studied using H,O, solution. In the
case of varying concentration of H,O,, the catalytic
activity increases by increasing the concentration
H,0, . The catalytic activity of the complex was also
checked by varying the amount of catalyst. Here
also the catalytic activity increases by increasing
the amount of catalyst
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