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Abstract: Transition metal complexes of Mnanganese (II) and Cobalt (III) were synthesized from the Schiff’s base ligand, 3-

methoxy-4-hydroxyphenylmethyelene (2-hydroxyphenyl) amine which is derived from vanillin and 2-aminohpenol by the 

reaction of the metal ions. The Structural features of these complexes were obtained from their elemental analyses, magnetic 

susceptibility, molar conductance, FT-IR, electronic spectra, and Atomic Absorption Spectroscopic studies. In order to study 

the binding modes of the ligand (Schiff’s base) with metal ions in the complexes, the FT- IR spectrum of the free ligand was 

compared with the spectra of its complexes. The spectral data suggest the involvement of phenolic oxygen and azomethane 

nitrogen in coordination to the central metal ions. On the basis of spectral studies and magnetic susceptibility measurements, 

an octahedral geometry has been assigned for both complexes. The free ligand and its metal complexes were tested in vitro 

against bacteria (Escherichia coli, Staphylococcus aureus) and fungi (Aspergillus Niger, Colletotricum) in order to assess their 

antimicrobial activities. And the results indicated that all compounds are effective against both tested bacteria and fungi though 

their effects are dose dependent. The free ligand showed higher activities than its complexes in both bacteria and fungi case, 

which suggests the promising potential of the ligand for both bacterial and fungi test. 
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1. Introduction 

A metal complex consists of a central metal atom or ion 

bonded to a surrounding array of neutral molecules or anions, 

ligands or complexing agents bearing lone pairs of electrons. 

Coordination complexes were not known till 1893 and came 

to picture when Alfred Werner proposed in 1893 that Co (III) 

bears six ligands (ammonia and/or chloride) in an octahedral 

geometry. Transition metal complexes of organic compounds 

are structurally known to possess considerable potential in 

many applications including pharmacological, analytical [1], 

catalytic [2], microbial [3], insecticidal, growth factors, food 

additive, tumor inhibitors and cell divisions [4]. These 

multifarious features of complexes are either due to the 

unused coordination sites present on the metal and ligand 

systems, or due to the selective oxidation state of the 

complexed metal ions in the coordination sphere [5].  

Among the variety of organic ligands, Schiff’s bases 

named after Von Schiff are compounds with azomethine 

functional group (-C=N-) with N atom connected to an aryl 

or alkyl group are preponderant over others owing to high 

stability of their complexes with transition metals, mainly 

first series transition metal ions [6]. Schiff’s base in a broad 

sense is one having the general formula R
1
R

2
C=NR

3
, where 

R is an organic side chain. But some restrict the term to the 

secondary aldimines (azomethines where the carbon is 

connected to a hydrogen atom), thus with the general formula 

RCH=NR. The chain on N atom makes the Schiff’s base a 

stable imine. Schiff’s bases that contain aryl substituents are 

relatively more stable and more readily synthesized, while 

those containing alkyl substituents are relatively unstable [7].  

A Schiff’s base derived from aniline, where R
3
 is a phenyl 

or substituted phenyl can be called an anil compound by 

nucleophilic forming hemiaminal, followed by a dehydration 
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to generate an imine. Schiff’s bases have acquired highest 

popularity as ligands among all the different classes of 

organic compounds owing to their multifarious roles in 

diverse fields of development. A few of the manifold 

distinguished features can be summarized to manifest their 

high importance. High electron donor ability and 

bathochromicproperties of Schiff’s bases have led to their use 

in analytical chemistry as gravimetric and colorimetric 

reagents and as metallic indicators in complexometric 

titration [8]. In industries azomethines and their complexes 

are popular pigments and dyes for cotton, wool, synthetic 

fibers and plastics. Many Schiff’s bases having thermal 

stability up to 25°C could be used as high temperature 

stabilizers for lubricating oils [9]. Oil soluble Schiff’s bases 

have been used as sequestering agents to precipitate metal 

impurities of oils. Azomethines are effective inhibitors 

against acid corrosion of metals and alloys. These 

compounds are also used as photographic developing agent 

precursors. Schiff’s bases having enolic groups are well 

known drying accelerators for varnishes and paints. Thin film 

of polyamide imides Schiff’s base copolymers prepared at 

high temperatures and low pressures have been reported to 

possess strong fire resisting capacity. In synthetic organic 

chemistry Schiff’s bases have vital use as starting materials 

or as intermediates. 

Anticancerous [10], anti-tuberculosis [11], anti-

inflammatory [12], rust inhibitors, antibacterial, fungicidal 

[13], antiviral, antibiotic, aesthetic etc. biological activities of 

Schiff’s bases and their complexes, lead to their medicinal 

uses [14]. Most common Schiff bases have NO or N2O2 

donor atoms but NS, NN, ONO, NNO, donor sequences are 

also possible. Substituted Schiff’s bases are generally 

bidentate, tridentate, tetradentate or polydentate ligands 

capable of forming very stable cyclic complexes called 

chelates with transition metals [15].  

Although a large number of complexes of transition and 

non-transition metals with a variety of Schiff’s base 

derivatives as ligands have been synthesized and characterized 

for their structures and various properties, complexes of Co 

(III) and Mn (II) resulted from condensation product of 

vanillin with ortho hydroxyaniline has not been reported 

hitherto. In this article, the researcher presents the synthesis, 

characterization and antimicrobial study of the ligand of 

interest and its Co (III) and Mn (II) complexes. 

2. Materials and Methods 

2.1. Reagents and Chemicals 

All the chemicals used in this study were analytical grade. 

Solutions of PDA (potato dextrose agar), Mueller hinton agar 

(MHA) were prepared in the laboratory. Solvents in synthetic 

work were used as supplied whereas in spectroscopic and thin 

layer chromatographic work all solvents were HPLC grade. 

2.2. Characterization Techniques 

The infrared spectra were recorded on Fourier Transform 

Infrared (FT-IR) spectrophotometer (prestige-21) in the range 

4000-200 cm
-1

. C, H, N elemental analyses were done with a 

Carlo Erba Model EA1108 analyzer. Molecular weights of 

the ligand and its complexes were determined by Rast’s 

method using camphor as a solvent. The melting points of the 

synthesized compounds were determined in an open glass 

capillaries using Bibby Sterilin LTD, ST150SA, UK melting 

point apparatus. Electronic spectral measurements were done 

using UV/Vis-SP65 SYANO spectrophotometer in 200-800 

nm range. Magnetic susceptibility measurements were done 

using MSB-AUTO, (Sherwood Scientific) magnetic balance.  

The molar conductivity measurements were carried out 

using Jenway digital conductivity meter (UK). Antimicrobial 

evaluation was performed for the ligand and both complexes. 

2.3. Experimental Procedures 

2.3.1. Synthesis of 3-Methoxy-4-Hydroxyphenyl Methyelene 

(2-Hydroxyphenyl) Amine 

The ligand, 3-methoxy-4-hydroxyphenylmethyelene (2-

hydroxyphenyl) amine was prepared by the condensation 

reaction of vanillin and 2-aminophenol. Vanillin (7.6 g, 0.05 

mol) and 2-aminophenol (5.8 g, 0.053 mol) were mixed 

together in dry alcohol and refluxed for 2 h in round bottom 

flask. Reaction mixture was concentrated on water bath and 

cooled. Saddle brown solid precipitated was filtered out and 

washed with diethyl ether repeatedly to remove unreacted 

amine if any. Product was crystallized from alcohol and dried 

in oven at 75°C [16]. 

2.3.2. Synthesis of the Metal Complexes 

The metal complexes of Co (III) and Mn (II) were prepared 

by mixing the saturated ethanolic solutions of the respective 

metal chlorides (0.005 mol) and the ligand (0.005 mol) in 150 

mL beaker. The solution was heated in water bath at about 75 
0
C with continuous stirring to remove the solvent. After 

evaporation of the solvent, both complexes were washed 

several times with water to remove unreactive metal if any, to 

get the pure product. Finally, both the products were dried in 

air and recrystallized from ethanol [17]. 

2.4. Antimicrobial Evaluation 

Antimicrobial (antibacterial and antifungal) activities of 

the ligand and its complexes were tested in vitro against two 

bacteria and two fungi using disc diffusion method. The two 

bacteria and fungi were cultivated on Mueller hinton agar 

(MHA) and potato dextrose agar medium respectively. The 

degree of bactericidal and fungicidal activities was 

determined by measuring diameter of inhibition zone and 

compared with the standard drug chloramphenicol and 

bavistin respectively [18]. 

2.4.1. Inoculums Preparation 

The test bacterial strains, Escherichia coli (Gram-negative) 

and Staphelococus aureus (Gram-positive), were transferred 

from the stock cultures and streaked on Mueller Hinton agar 

(MHA) plates and incubated for about 24 h. Bacteria were 

transferred using bacteriological loop to autoclaved MHA 
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that was cooled to about 45°C in water bath and mixed by 

gently swirling the flasks. The medium was then poured to 

sterile Petri dishes, allowed to solidify and used for the bio-

test. For test fungi, mycelia plugs from the stock cultures 

were transferred to PDA plates and incubated for 6 days. 

Then spores of the test fungi names were harvested by 

washing the surface of the colony using 10 ml sterile distilled 

water and transferred to 50 mL autoclaved PDA cooled to 

about 45°C in a water bath. The medium containing spore 

suspension was poured to sterile plates, allowed to solidify 

and was used for the paper disc diffusion bioassay. 

2.4.2. Antifungal Activity 

Paper discs about 3 mm in diameter were cut from 

Whatman-1filter paper with an office paper punch and placed 

in a beaker covered with aluminium foil and sterilized in an 

oven at 180°C for 1 h. Aliquots of 10 µL and 20 µL of the 

sample solutions of ligand and its complexes were pipetted to 

the discs in three replications each. The paper discs 

impregnated with the sample solutions were then transferred 

using sterile forceps to PDA seeded with spore suspension of 

test fungi as described under inoculums preparation above. 

The petri dishes were incubated at 26°C for 6 days. All the 

tests were performed in triplicate. The effectiveness of the 

samples was evaluated by measuring inhibition zone against 

the tested organisms. 

2.4.3. Antibacterial Activity 

Similar procedures were followed for testing antibacterial 

activities. Paper discs were transferred to Mueller Hinton 

agar (MHA) plate seeded with bacteria and incubated at 37°C 

for 24 h. All the tests were performed in triplicate. 

Antibacterial activity was evaluated by measuring the zone of 

inhibition against the tested organisms. 

3. Results and Discussion 

The ligand, 3-methoxy-4-hydroxyphenylmethyelene (2-

hydroxyphenyl)amine was prepared by the condensation 

reaction of vanillin and 2-aminophenol as presented in Figure 

1. The precipitated saddle brown solid of the ligand reacted 

with the metal chlorides which yield the complexes. Both the 

synthesized complexes and the ligand were screened for their 

antibacterial and antifungal activities.  

 

Figure 1. Synthesis of 3-methoxy-4-hydroxyphenylmethyelene (2-

hydroxyphenyl) amine. 

Colour, melting point, yield and analyses data of ligand 

and its complexes are noted in (Table 1). It is clear from the 

data that the experimental values shown for the ligand and 

each of the complexes, are in good agreement with the 

theoretical values calculated. The proposed molecular 

formulae of ligand and its complexes are in conformity with 

their molecular weights (Table 2).  

Table 1. Chemical formula, molecular weight, color, melting point, yield and analyses data of compounds. 

Compounds MW Calc. (Found) Color MP (°C) Yield (%) 
Analysis Calc. (Found)% 

metal% 
C H N 

C14H13NO3 243 (239) Saddle brown 106�1 70 69.13 (67.26) 5.35 (6.63) 5.76 (5.09) - 

Mn 647 (651) Brown 114�1 64 51.61 (52.57) 5.53 (5.27) 4.30 (3.95) 8.75 (8.95) 

Co 632.5 (628) Dark brown 223�1 76 53.38 (52.03) 4.76 (4.67) 4.44 (4.01) 9.89 (9.60) 

Mn: [Mn(C14H12NO3)2(H2O)2].4H2O, Co: [Co(C14H12NO3)2(H2O)Cl].2H2O, MW: molecular weight, MP: melting point. 

Table 2. Molecular weight Determination Data. 

Compounds Freezing point of mixture (camphor + complexes (°C)) 
Depression in freezing point of 

camphor (∆Tf) (°C) 

Molecular weight (g/mol) Error 

(%) Calc. Found 

C14H13NO3 161.4 16.6 243 239.0 1.60 

Mn 171.0 5.0 647 651.0 0.62 

Co 173.7 2.3 632.5 628.0 0.71 

Mn: [Mn(C14H12NO3)2(H2O)2].4H2O, Co: [Co(C14H12NO3)2(H2O)Cl].2H2O, Freezing point of Camphor =178 0C, Mixtures of freezing points are mean values 

of three observations. 

Conductance of standard solutions of complexes of 1000 

ppm concentration in ethanol was measured at room 

temperature and molar conductance was calculated (table 3). 

Molar conductance values reveal non-electrolytic nature of 

all the complexes [19]. For verification of conduct metric 

results silver nitrate test on the solutions of complexes was 

also performed. On mixing the solutions of complexes with 

AgNO3 solution in water- ethanol (3:2 v/v) white precipitate 

of AgCl was not obtained; absence of any ionic chlorine is 

consistent with their non-electrolytic nature. However, the 

presence of coordinated chlorine in complexes has been 

tested by decomposing the complexes with conc. HNO3 and 

treating their acidic solutions with aqueous solution of 

AgNO3. In the case of Co (III) white precipitate of AgCl was 

obtained indicating coordination of chlorine with this metal. 
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Table 3. Molar conductivity measurement data. 

Complexes Conductance of complex (µS) Specific conductance x106 (Ohm cm2 mol-1) Molar conductance (Ω-1cm2 mol-1) Electrolytic nature 

Mn 4.44 4.396 2.85 NE 

Co 6.90 6.831 4.29 NE 

Mn: [Mn(C14H12NO3)2(H2O)2].4H2O, Co: [Co(C14H12NO3)2(H2O)Cl].2H2O, NE: non-electrolyte, Cell constant (k) =0.99, Conductance of ethanol = 4 x 10-7 Ω-1 

The metal content in the complexes were determined using 

atomic absorption spectrophotometer (AAS). Metal percentage 

along with analyses data was used to arrive at the metal-ligand 

ratio in the complex. For this purpose, 20 mg of each complex 

were digested completely in conc. HNO3 till nearly colorless 

solution was obtained and analyzed by AAS. The experimental 

percentage of metal in the complexes was found as:  

M	(%)

=
Concentration	(ppm)	X	Volume	diluted	to

Mass	of	sample	taken
�
100

1000
 

The data obtained from AAS (Table 4), shows that metal to 

ligand ratio in both Mn (II) and Co (III) complexes is 1:2 ratio.  

Table 4. AAS data. 

Compounds Molecular weight Conc. (ppm) Sample absorbance (nm) 
% metal 

Calc. Found 

Mn 647 18.50 0.303 9.11 9.16 

Co 632.5 17.30 0.396 8.87 8.70 

Mn: [Mn(C14H12NO3)2(H2O)2].4H2O, Co: [Co(C14H12NO3)2(H2O)Cl].2H2O. 

3.1. Infrared Spectra 

In order to study the binding mode of ligand (Schiff’s 

base) with metal ions in the complexes, the FT- IR spectrum 

of the free ligand was compared with the spectra of its 

complexes (table 5). Bands at 3376 cm
-1

 and 3305 cm
-1

 

assigned to phenolic ν (OH) in ligand spectrum have also 

been identified in complex spectra in 3294-3447 cm
-1

 region 

with broad or doublet structure. Although appearance of 

phenolic ν (OH) bands in complex spectra does not show 

involvement of phenolic group of ligand in coordination but 

on the basis of appearance of new peaks in 527-596 cm
-1

 

range, attributed to ν (M-O), coordination of one of the 

deprotonated phenolic group(most probably in ortho position 

to azomethine group) can be evidence for its coordination. 

Substantial lowering in free ligand band at 1639 cm
-1

 

corresponding to azomethine (C=N) stretching on 

complexation clearly indicates coordination of azomethine 

nitrogen with metal ions; a new band in 456-517 cm
-1

 in 

complex spectra supports the coordination of azomethine 

group of the ligand.  

In the spectrum of Co (III) complex a new band at 330 cm
-1

 

assigned to terminal ν (Co –Cl) The presence of lattice water in 

these complexes is supported by the presence of new peaks in 

1640-1670 cm
-1

 region owing to symmetric and asymmetric 

bending vibrations of lattice water [20]. The presence of water 

in the coordination zone of both Co (III) and Mn (II) 

complexes is indicated by the appearance of one to three new 

bands in 856 -980 cm
-1

 range in their spectra; one new band 

observed in 251-268 cm
-1

 region due to ν (M-H2O) supports 

the coordination of water molecule (s) with the metals.  

Table 5. IR frequencies (cm-1) characteristics groups of the ligand and its complexes. 

Compounds ν(O-H) ν(C-H) ν(C=N) ν(C=C) ν(C-O) 

C14H13NO3 
3376 

3305 
3054 1639 

1584 

1515 

1468 

1124 

1084 

1027 

Co 3374br 2966 1588 

1588 

1515 

1463 

1126 

1130 

Mn 3294 br 
3001 

2950 
1584 

1517 

1452 

1123 

1026 

Table 5. Continue. 

Compounds 
Sym. & antisym. 

Stretching 

Sym. & antisym 

bending 

ρρρρt H2O), ρρρρw (H2O) & ρρρρr 

(H2O) 
ν(M-O) ν(M-N) ν(M-OH2) ν(M-Cl) 

Benzene ring 

disubstitute 

C14H13NO3 - - - - - - - 
763 (o) 

823 (p) 

Co 3374 br - 
978 

856 
567 458 

268 

 
330 

757 (o) 

817 (p) 

Mn 3294br 1640 

980 

938 

874 

596 517 
254 

 
- 

748 (o) 

821 (p) 

Mn: [Mn(C14H12NO3)2(H2O)2].4H2O, Co: [Co(C14H12NO3)2(H2O)Cl].2H2O. 
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Figure 2. FTIR spectrum of C14H13NO3. 
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Figure 3. FTIR spectrum of [Co(C14H12NO3)2(H2O)Cl].2H2O. 
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Figure 4. FTIR spectrum of [Mn(C14H12NO3)2(H2O)2].4H2O. 

3.2. Electronic (UV-Vis) Spectra and Magnetic Moments 

The magnetic moment of Co(III) complex, 4.89 BM 

consistent with S=2 ground stat in an octahedral field. Co (III) 

is a d
6
 system and complexes can be high spin or low spin 

depending upon the type of the ligand. For d
6 
high spin (four 

unpaired electron) case, the ground state term is 
5
D which is 

split into 
5
T2g and 

5
Eg states so the transition can be assigned 

to 
5
T2g→

5
Eg while for d

6
 low spin case, the ground state is 

1
A1g and there are two singlet excited states, 

1
T1g and 

1
T2g and 

the two observed spectral transitions are assigned as 
1
A1g → 

1
T1g and 

1
A1g → 

1
T2g [21]. The electronic spectrum for 

synthesized Co (III) complex showed only one band at 22935 

cm
- 
(436 nm) which is assigned to

5
T2g → 

5
Eg transition with 

octahedral geometry. Ligand field parameters have also been 

calculated by Figgis procedure (Table 6).  

The magnetic moment of Mn (II) complex, 5.9BM, 

consistent with S=5/2 ground state in an octahedral field, 

indicates octahedral geometry of this paramagnetic complex. 

Absorpition bands in electronic spectrum at 33444 cm
- 
(299 

nm) is attributed to charge transfer transition and the band at 

27777 cm
- 
(360 nm) is due to 

6
A1g → 

6
T1g (P) transition.  

Table 6. Electronic absorption spectral and ligand field parameters data. 

Compounds Absorpition region(cm-1) Band assignments 
Ligand field parameters Racah’s parameter 

B C 10Dq β  

C14H13NO3 20408 � � �*     

Mn 27777 33444 6A1g → 6T1g (P) LMCT 1130 3616 12430 0.86 

Co 22935 5T2g → 5Eg     

Mn: [Mn(C14H12NO3)2(H2O)2].4H2O, Co: [Co(C14H12NO3)2(H2O)Cl].2H2O, LMCT: Ligand–metal charge transfer. 

Antifungal and Antibacterial Activities of Ligand and Complexes 

Bactericidal and fungicidal activities of ligand and its complexes against both bacteria and fungi are dose dependent 

(Table7). Ligand and its Mn (II) complex showed good activities, slightly lower than the standard reference drug. 

Antimicrobial, anti-bacterial and anti-fungal actions of all the metal chelates are based on chelation theory.  
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Table 7. Antimicrobial activity of synthesized compounds. 

Inhibition zone (mm) 

 Fungi Bacteria 

Compounds  
A. niger Coll. E. coli S. aureus 

10 µl 20 µl 10 µl 20 µl 10 µl 20 µl 10 µl 20 µl 

C14H13NO3 26 32 15 25 20 28 22 30 

Co - - 9 16 - - - - 

Mn 8 11 18 21 16 24 15 26 

Bavistin (standard) 27 32 34 36 - - - - 

Chloraphenicol (standard) - - - - 22 30 22 33 

DMSO (control) 0 0 0 0 0 0 0 0 

Mn: [Mn(C14H12NO3)2(H2O)2].4H2O, Co: [Co(C14H12NO3)2(H2O)Cl].2H2O 

Bavistin- fungicide used as check Standard for fungi 

A. niger - Aspergillus niger 

Chloraphenicol- used as check Standard for bacteria 

Colletotricum  

E. coli- Escherichia coli 

S. aureus- Staphylococcus aureus 

4. Conclusions 

The Structural features of these complexes were obtained 

from their elemental analyses, magnetic. 

 Susceptibility, molar conductance, FT-IR, electronic 

spectra, and Atomic Absorption Spectroscopic studies. The 

FT-IR and UV-Vis data confirm that the Schiff’s base ligand 

binds to the centres via the two N atoms of azomethine group 

and two O-H groups of the phenolic moiety of the rings. 

Electronic spectral and magnetic data indicated the 

paramagnetic nature of both Co (III) and Mn (II) complexes 

with octahedral geometry. Antimicrobial studies showed that 

all compounds were effective against both tested bacteria and 

fungi though their effects are dose dependent. The ligand 

exhibited highest antifungal and bacterial activities compared 

to their corresponding complexes.  
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