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ABSTRACT

Metal chelates of Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) with Schiff base has been synthesised by the condensation of 

2-aminophenol with 2-hydroxynaphthaldehyde.

The ligand and it complexes are characterised by elemental analysis, molar conductance, magnetic moment, IR, 1H NMR 

and electronic spectral data. 

From the analytical and spectral data, the stiochiometry has been found to be 1:2 for all the complexes. An octahedral 

structure has been proposed.The Schiff base and metal complexes were screened for their antimicrobial activities on different 

species of pathogenic bacteria and fungi and their bio potency has been discussed.
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Introduction
Schiff bases have been used as chelating ligands in the field 
of coordination chemistry. Several Schiff bases possess anti-
inflammatory, allergic inhibitors reducing activity, radical scav-
enging, analgesic and anti-oxidative action1. The existence of 
metal ions bonded to biologically active compounds may en-
hance their activities2. Transition metal complexes with Schiff 
base ligands have been extensively investigated as catalysts 
for a large number of organic redox reactions and electro-
chemical reduction processes. Cyclic voltametry has been 
a useful tool to investigate the mechanisms of catalysis by 
Schiff base metal complexes as well as to study the structure 
reactivity relationships in theses compounds. Keeping the 
above facts in mind and in continuation of our research work3 
on transition metal(II) complexes with Schiff base, in the 
present paper we report the synthesis and characterization 
of Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes of Schiff 
base derived from the condensation of 2-hydroxynaphthalde-
hyde with 2-aminophenol.

Experimental
Materials and Methods
All the reagents used were of AR grade (BDH / E. Merck). 
Solvents were purified and dried according to the standard 
procedures. Elemental analysis (C,H,N) were performed us-
ing elemental analyser Elementar Vario EL III. Conductivity 
measurements for the complexes were carried out using Elico 
conductivity bridge and dip type conductivity cell. IR spectra 
of the Schiff base and its complexes were recorded in KBr 
pellets with Perkin Elmer IR RXI Spectrometer in the 4000-
400 cm-1 range. The 1H NMR spectra were recorded on a 
Bruker 400 MHz FT- PMR Spectrometer (DMSO-d

6). 
Melting 

points were determined using Elico melting point apparatus. 
The electronic spectra were recorded in Perkin Elmer Lamb-
da 35 spectrometer in the 190-1100 nm range. Cyclic Voltam-
metric measurements for the complexes were measure using 
Princeton applied Research –Multichannel VersaSTAT-II.

Synthesis of Schiff Base (2HN2AP): To a hot ethanolic solu-
tion of 2-aminophenol, (0.002 mol)

2-hydroxynaphthaldehyde (0.002 mol) in ethanol was added. 
The solution is refluxed for 2 hours. An orange coloured solid 
mass separated out on cooling was filtered, washed with 
ethanol and dried over anhydrous CaCl

2
 in a desiccator. The 

purity of the Schiff base was checked by melting point, TLC 
and spectral data.
(m.p: 230 ºC; yield: 83%)

General method for preparation of metal complexes: To a 
hot magnetically stirred 1, 4-dioxan solution of Schiff base 
(0.004 mol), an aqueous solution of the corresponding metal 
(II) acetate (0.002 mol) was added. The reaction mixture was 
refluxed for 5-6 h. On cooling coloured solid complexes sepa-
rated.The complexes obtained in each case were filtered and 
washed with 1,4-dioxan several times to remove excess of 
the ligand. Finally the complexes were dried in a desiccator.

Results and discussion
Analytical data: The analytical data obtained for the ligand 
and complexes (Table-1) agree very well with the proposed 
molecular formulae and also indicates the formation of 1:2 
(M:L) complexes of general formula of [M(2HN2AP-H)

2
(H

2
O)

2
] 

[M= Mn2+, Co2+, Ni2+, Cu2+ and Zn2+]

Table-1
Physical Characteristics and analytical data of Schiff base and the complexes

S. No Schiff base & Complexes Molecular
Formula Colour

Elemental analysis %
Found (Calcd)

Metal %
Found 
(Calcd)

M.Pt
ºC

Yield
%

Molar Conduc 
tance ohm-1 

cm2 mol-1

Magnetic 
moment

B.M

C H N
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1 2HN2AP C
17

H13NO
2

Orange 77.70
(77.57)

4.50 
(4.94)

4.56
(5.32) - 230 87 - -

2 [Mn(2HN2AP-H)(H
2
O)

2
] MnC34H28N2

O
6

Pale 
yellow

66.17
(66.34)

4.98
(4.55)

4.11
(4.55)

10.03
(10.80) 300 82 7.35 5.15

3 [Co(2HN2AP-H)
2
(H

2
O)

2
] CoC34H28N2

O
6

Dark 
brown

65.18
(65.92)

3.86
(4.52)

4.91
(4.52)

20.49
(21.50) 305 75 1.57 3.92

4 [Ni(2HN2AP-H)
2
(H

2
O)

2
] Ni C34H28N2

O
6

Yellow 65.00
(65.95)

5.01
(4.53)

5.05
(4.53)

12.98
(13.70) 310 80 7.86 3.37

5 [Cu(2HN2AP-H)
2
(H

2
O)

2
] CuC34H28N2

O
6

Dark 
green

66.50
(65.43)

3.97
(4.49)

5.16
(4.49)

12.56 
(12.10) 305 68 6.98 1.65

6 [Zn(2HN2AP-H)
2
(H

2
O)

2
] Zn C34H28N2

O
6

Pale 
Yellow

66.41
(65.24)

4.80
(4.48)

4.92
(4.48)

10.90
(11.09) 310 63 9.83 dia

Conductance and magnetic susceptibility measurements: 
The molar conductance of the complexes was determined at 
a concentration 1x10-3M in DMF (Table-1). All the complexes 
showed very low molar conductance values 1.57-9.83 ohm-1 
cm2 mol-1 which indicates that the complexes are non electro-
lytic in nature4. The observed magnetic moment value of 5.15 
B.M, 3.92 B.M, 3.37 B.M and 1.65 B.M for the Mn(II), Co(II), 
Ni(II) and Cu(II) complexes suggests octahedral13 geometry. 
The Zn(II) complex is found to be diamagnetic. 

IR Spectra: The important IR spectral bands of the ligand 
and its metal complexes are given in Table -2. A strong band 
observed in the free ligand at 1602 cm-1, is characteristic of 

azomethine (-CH = N) group5. This band shifts to higher fre-
quency by 36-112cm-1 after complexation except for Ni(II) 
complex where the band shifts to lower frequency by 18 cm-1, 
indicating the coordination of azomethine nitrogen to metal 
ion. This is further confirmed by the appearance of the new 
band at 538-640 cm-1due to ν(M-N) band. A medium intensity 
band at 3401 cm-1 in the free ligand duo to ν(OH) was absent 
in the complexes, indicating deprotonation of the Schiff base 
prior to the coordination. The appearance of new band in the 
range 3422-3451 cm-1 is due to C-O mode. This is further 
confirmed by the appearance of the new band in the range 
456-490 cm-1 due to ν(M-O) in the metal complexes6.

Table-2
Infra red and Electronic Absorption Spectral data of Schiff base and the complexes

S.
No Schiff base & Complexes

IR in (cm-1)
UV-Vis in (cm-1)

ν(OH) ν(>C=N) ν(M-O) ν(M-N)
1 2HN2AP 3401 1602 - - 30853, 30115, 21186, 21174
2 [Mn(2HN2AP-H)(H

2
O)

2
] 3451 1709 490 640 31657, 28890

3 [Co(2HN2AP-H)
2
(H

2
O)

2
] 3414 1638 490 615 21439

4 [Ni(2HN2AP-H)
2
(H

2
O)

2
] 3432 1599 476 582 30857, 22199, 20534

5 [Cu(2HN2AP-H)
2
(H

2
O)

2
] 3422 1714 456 538 29756, 22174

6 [Zn(2HN2AP-H)
2
(H

2
O)

2
] 3428 1712 470 541 30518

1H NMR Spectra: IH NMR Spectra of free ligand and its Zn(II) 
complex were recorded in DMSO-d

6
. The multiplet which ex-

tends from δ = 6.7-7.9 ppm and δ = 6.9-8.8 ppm corresponds 
to the aromatic protons of Schiff base and metal complexes 
respectively. The coordination of the azomethine nitrogen is 
inferred by the upfield shifting of the -CH = N proton signal 
from 8.5 ppm in the ligand to 8.9-9.4 ppm in the complexes.
The presence of peaks at δ = 15.67 ppm and δ = 10.31 ppm 
indicates the presence of two different hydroxyl protons in the 
Schiff base. The deprotonation of hydroxyl proton and coor-
dination through oxygen7 is inferred by the disappearance of 
peak at δ = 15.79 ppm. The existence of peak at δ =10.45 ppm 
indicates the presence of phenolic oxygen in the metal com-
plexes. The IR spectra of the entire metal complexes exhibited 
bands in the range (3776-3792 cm-1) which indicates the pres-
ence of coordinated water molecules.

Electronic Spectra 
The electronic spectra of the Schiff base and its metal complexes 
were recorded in DMSO and given in Table-2. The Schiff base is 
orange in colour and shows four absorption bands at 30853 cm-

1, 30115cm-1, 21186 cm-1 and 21174 cm-1. The Mn(II) complex 
shows two bands 31657 cm-1 and 28890 cm-1 which may be due 
to M → L charge transfer transition and 6A

1g 
→ 

 
4T

2g 
(D) transitions 

respectively. The Co(II) complex exhibits high energy band at 
21439 cm-1 which is assigned to the transition 4T

1g
(F) →  4T

1g
(P) 

for a high spin octahedral geometry. The Ni(II) complex is yellow 
in colour, exhibits three absorption bands at 30857cm-1, 22199 
cm-1 and 20534 cm-1. The band at 30857 cm-1 may be attributed 
to L → M charge-transfer transition. The bands in the region 
22199 cm-1 and 20534 cm-1 can be assigned to 3A

2g
(F) → 3T

1g
(P) 

transition. The Cu(II) complex exhibits two absorption bands at 
29756 cm-1 and 22174 cm-1 may be due to the promotion of an 
electron or the transfer of a hole from 2E

g 
→ 

 
2T

2g 
transition. The 

Zn(II) complex exhibits three absorption bands at 30518 cm-1due 

the ligand-metal8 charge transfer transitions. The Zn(II) complex 
is found to be diamagnetic as expected.

Cyclic Voltammetry: Electrochemical cyclic voltammetry 
measurements were performed at room temperature in an air-
tight three electrode cell by using Glassy carbon electrode with 
0.071 cm2 surface area as a working electrode, a platinum wire 
served as the counter electrode and a Ag/AgCl in a saturated 
KCl solution as reference electrode. The electrochemical reac-
tion was charged with 10 ml DMF solution of all the complexes 
(1x10-4M) and tetrabutyl ammonium perchlorate (0.1M) as sup-
porting electrolyte9. Measurements were made over a potential 
range between -1.3 V to +1.3 V for Mn(II), Co(II) and Ni(II) com-
plexes with a scan rate of 0.1 vs-1. The general reaction involved 
in redox process is assigned to one electron transfer of the metal 
centre. The observed cyclic votammagrams are characterised 
as reversible. The ratio of anodic to cathodic peak current ip

a
/

ip
c
=1 corresponds to a simple one electron process.

Antimicrobial activity: Antibacterial and antifungal activity of 
Schiff base and its Mn(II), Co(II),Ni(II), Cu(II) and Zn(II) com-
plexes have been tested by disc diffusion technique 10. The 
antimicrobial activity results for ligand and all complexes are 
given in Table-3.The various gram positive and gram negative 
bacterial organisms such as gram positive bacteria Staphylo-
coccus aureus and Bascillus substili, gram negative bacteria 
E.Coli and Pseudomonas aeruginosa and fungi Candida albi-
cans and Aspergillus niger are used to find out the antimicro-
bial activity (Table-3). The test was carried out in DMSO solu-
tion at a concentration of 100 ppm. Results were compared 
with standard drug Ciprofloxacin for bacteria and Nystatin for 
fungi at the same concentration. All the complexes show bet-
ter antibacterial and antifungal activity when compared to the 
Schiff base. However the Cu(II) complex is highly active when 
compared to Schiff base and other metal complexes. 
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Table 3
Antimicrobial Activity of Schiff base and complexes

S.No Antimicrobial activity of the and 
complexes

Staphylococcus 
aureus

Bascillus
substilis E.Coli Pseudomonas 

aeruginosa
Candida 
albicans

Aspergillus 
niger

1 2HN2AP + + + + + + + + + + - 

2 [Mn(2HN2AP-H)(H
2
O)

2
] + ++ + + + + + + + + + + 

3 [Co(2HN2AP-H)
2
(H

2
O)

2
] + + + + + + + + ++ + + + 

4 [Ni(2HN2AP-H)
2
(H

2
O)

2
] + ++ + + + + + + + + + 

5 [Cu(2HN2AP-H)
2
(H

2
O)

2
] + ++ + ++ + + + + + + + + 

6 [Zn(2HN2AP-H)
2
(H

2
O)

2
] + + + + + + + + + + + + + 

Standard= Ciprofloxacin 5 μg/ disc for bacteria; Nystatin= 
100 units/disc for fungi. Highly active = +++ (inhibition zone 
> 15mm); Moderatively active = ++ (inhibition zone >10mm); 
Slightly active= + (inhibition zone > 5mm); Inactive = - (<5 
mm)

Conclusion: Based on the conductance measurements, 
magnetic susceptibility measurements, elemental analysis, 
infrared spectra, 1H NMR and electronic spectra, the prob-
able structure of the complexes proposed in the present work 
is given in Figure 1.

Proposed structure of the metal complex

M= Mn(II),Co(II), Ni(II),Cu(II) and Zn(II)
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