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ABSTRACT 
 
Complexes of Co(II), Ni(II), Cu(II) and Zn(II) with Schiff base derived from 2-hydroxy-5-chloroacetophenone  and  
4-(p-hydroxyphenyl)-2-aminothiazole  have been synthesized and characterized on the basis of elemental analysis, 
Infrared, 1H NMR, molar conductance, magnetic susceptibilities and thermogravimetric analysis. The Schiff base 
acts as a monobasic bidentate ligand commonly coordinates through the oxygen atom of phenolic OH group and the 
nitrogen atom of azomethine group, which is confirmed by IR spectral data. Thermal analysis indicates the presence 
of coordinated as well as lattice water molecules in the complexes which are also confirmed by IR spectral data. 
The analysis of diffuse reflectance spectra, magnetic susceptibility and thermal analysis data indicate distorted 
octahedral geometry for Cu (II) complex while octahedral geometry for the Co (II), Ni (II) & Zn (II) complexes. All 
the complexes have been evaluated for their antimicrobial activity by agar cup-plate method  against various 
organisms.    
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INTRODUCTION 
 

Schiff bases are usually formed by the condensation of aliphatic or aromatic, aldehydes or ketones with primary 
aliphatic or aromatic amines, hydrazides, etc. The Schiff bases play a significant role in the area of Coordination 
Chemistry. They have widely studied because of their industrial and biological applications. Schiff bases and their 
metal complexes have many applications in different fields [1]. The Schiff bases derived from thiazole and 
substituted acetophenone have been widely used as ligand for the synthesis of transition metal complexes [2]. 
Thiazole Schiff base ligands and their metal complexes are biologically active [3] and are known for their biological 
application [4] i.e. one of the drug in cytotoxicity of anticancer [5]. Due to biological potency, pharmacological 
properties and synthetic flexibility of thiazole Schiff bases. The aim of present investigation is to synthesize various 
transition metal complexes of Schiff base derived from 2-hydroxy-5-chloro acetophenone and 4-(p-hydroxyphenyl)-
2 amino thiazole   
 

EXPERIMENTAL SECTION 
 
All the chemicals were of A.R. grade and used as received. 2-hydroxy-5-chloro acetophenone (HCA) and 4-(p-
hydroxyphenyl)-2 amino thiazole was prepared by known methods [6-9]. The solvents were purified by standard 
methods [10]. 
 
Synthesis of 4-(p hydroxyphenyl)-2 amino thiazole;                                                                                             
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Synthesis of 2-hydroxy-5-chloro acetophenone 4-(p-hydroxyphenyl)-2 imino thiazole  [HCAT]: 
A solution of 4-(p-hydroxyphenyl)-2 imino thiazole (0.02M) in 25ml of ethanol was added to an ethanolic 
solution(25ml) of 2-hydroxy-5-chloro acetophenone (0.02M) and the reaction mixture was refluxed on a water bath 
for 4h. After cooling a pale yellow coloured crystalline solid was separated out. It was filtered and washed with 
ethanol, crystallized from DMF and dried under reduced pressure at ambient temperature.  The purity of ligand was 
checked by elemental analysis and m.p. It was also characterized by IR and 1H NMR spectral studies. 
Yield:70%; m.p. 3100C   
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Table1. Analytical data of the Ligands 

 

Sr.  No. Ligand Molecular Formula Formula Weight Color and nature 

Elemental Analysis 
C% 

found 
(Cal.) 

H% 
Found 
(Cal.) 

N% 
Found 
(Cal.) 

Cl% 
Found 
(Cal.) 

S% 
Found 
(Cal.) 

1. HCAT C17H13N2O2SCl 344.6 Yellow Crystalline 
59.38 
(59.19) 

03.70 
(03.77) 

08.5 
(08.12) 

10.11 
(10.30) 

09.22 
(09.31) 

 

Preparation of complexes:  
All the metal complexes were prepared in a similar way by following method. To a hot solution of ligand HCAT 
(0.02M) in 25ml of ethanol a suspension of respective metal salts [acetates of Co (II), Ni (II), Cu (II), and Zn (II)] 
was added drop wise with constant stirring. The reaction mixture was refluxed on a water bath for 4-6 h. The 
precipitated complexes were filtered, washed with ethanol followed by ether and dried over fused calcium chloride. 
Yield: 45-50%  
 
The complexes are soluble in DMSO and DMF but insoluble in water and common organic solvents. The metal 
chloride content of complexes was analyzed by standard methods [11].  
 
The 1H NMR spectra of ligand was recorded and obtained from RSIC Chandigarh. IR spectra of the compounds 
were recorded on Perkin Elmer 842 spectrophotometer in the region 400-4000cm-1, Carbon, Hydrogen and Nitrogen 
analysis were carried out at RSIC, Punjab University, Chandigarh. The molar conductance of the complexes at 10-3 

M dilution in DMF were determined using equiptronic digital conductivity meter EQ-660 with a cell constant  1.00 
cm-1 at room temperature. The magnetic moment measurement were made on a Gouy balance at room temperature 
using [HgCo(SCN)4] as the calibrant. The thermogravimetric analysis were performed on laboratory set up 
apparatus in air atmosphere at 100 C min-1 heating rate. The molecular weights of the complexes were determined by 
Rast method. 
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Table 2. Analytical data and molar conductance of the compounds 
 

Compounds Colour Mol.wt. 
Analysis % 
Found(calc.) µeff 

B.M. 

ΛM 

(Ω-1 cm2 

mol-1) M C H N Cl S 

[Co(L)2(H2O)2] H20 Brown 800.1 7.25 
 (7.36) 

50.86 
(50.99) 

3.65 
 (3.74) 

6.86 
(6.99) 

8.70 
(8.87) 

7.90 
(8.02) 

4.48 6.9 

[Ni(L) 2(H2O)2]H20 Green 799.9 
7.30 

(7.33) 
50.78 

(51.00) 
3.68 

(3.75) 
6.95 

(7.00) 
8.72 

(8.87) 
7.88 

(8.02) 
3.2 7.9 

[Cu(L)2(H2O)2]  H20 Brown 804.7 
7.70 

(7.89) 
50.60 

(50.70) 
3.65     

 (3.72) 
6.82 

(6.95) 
8.72 

(8.82) 
7.85 

(7.97) 
1.70 8.3 

[Zn(L)2(H2O)2]2H20 Red 824.6 
7.82 

(7.93) 
49.14 

(49.47) 
3.78 

(3.88) 
6.42 

(6.79) 
7.50 

(8.61) 
7.64 

(7.78) 
Dia 9.3 

 
RESULTS AND DISCUSSION 

 
The Schiff base ligand HCAT and its complexes have been characterized on the basis of  1H NMR, IR spectral data, 
elemental analysis, molar conductance, magnetic susceptibility measurements and thermogravimetric analysis data. 
All these values and analytical data are consistent with proposed molecular formula of ligand. All the compounds 
are coloured solid and stable in air. They are insoluble in water but soluble in coordinating solvents like DMF and 
DMSO. The molar conductance values in DMF (10-3 M) solution at room temperature (Table2 ) shows all the 
complexes are non electrolytes. 
 
The 1H NMR  spectra of ligand HCAT shows signals at δ 12.09, (1H, s phenolic OH ), δ 9.51 (1H, s, phenolic OH ), 
δ 7.55, 7.54,  7.53 and 7.52 (4H, m, phenyl)  δ 6.81, 6.80, and 6.78(3H, s Phenyl), 6.68 (1H s thiophene), and 
2.56(3H, s, methyl) [12-15]. IR spectra of ligand and metal complexes shows ν(C=N) peaks at 1620cm- and absence 
of C=O peak at around 1700–1750 cm-1 indicates the Schiff base formation [16-19].  
 

Table 3. IR spectra of ligand and metal complexes 
 

Compound v(O-H) hydrogen bonded v(C=N) 
Imine 

v(C-O) 
phenolic v(C-S) v(M-O) v(M-N) 

HCAT 3119 1620 1514 1122 - - 
[Co(L)2(H2O)2] H20 - 1608 1504 1098 470 430 
[Ni(L) 2(H2O)2]H20 - 1585 1465 1090 468 422 
[Cu(L)2(H2O)2] H20 - 1610 1504 1110 509 410 
[Zn(L)2(H2O)2]2H20 - 1511 1448 1106 470 425 

 
Magnetic and electronic spectral studies: 
The diffuse reflectance spectra of Co(II) complex shows three bands at 8550, 18102 and  19998cm-1 which was 
assigned to 4T1g(F)  4T2g(F ), 4T1g(F) 4A2g(F) and 4T1g(F)  4T1g(P) transitions respectively. The 
observed magnetic moment 4.48 B.M. favors the high spin nature and octahedral geometry of complex [20]. The 
measured magnetic moment of  Ni(II) complex   3.2 B.M and  shows three bands at 13102, 19204  and 26998cm-1 

these bands are assigned to 3A2g  3T2g (F), 3A2g  3T1g (F) and 3A2g   3T1g(P)  transitions 
respectively. The magnetic moment and assignment of these band suggest an octahedral geometry [21]. The Cu (II) 
complex exhibits 1.70 B.M. magnetic moment value and two bands at 15374, 15388, 19997cm-1 is assigned to 2B1g 

� 2A1g , 
2B1g � 2B2g and 2B1g � 2Eg transitions suggesting the distorted octahedral geometry of the complex [22]. 

The Zn(II) is found to be diamagnetic in nature and does not show any band in the electronic spectra, indicates no d-
d transition as expected for d0and d10 system, suggest octahedral geometry, also supported by IR,thermal and 
analytical data.  
 
Thermogravimetric studies: 
Thermogravimetric study indicates all the complexes are stable up to 60-700C. All the complexes  shows three stage 
decomposition pattern. The percentage weight loss up to 1400C indicates the loss of one water molecule from Co 
(II), Ni (II), and Cu (II) loss of two water molecule from Zn (II) complexes. Further loss in weight up to 220-2400C 
was observed. The percentage weight loss data indicates loss of two coordinated water molecule from Co (II), Ni 
(II), Cu (II) and Zn (II) complexes each. The Thermal activation energy (Table 4) was calculated by Freeman-
Carroll [23], Horowitz-metzger [24] and Broido [25] method 
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Table 4:  Thermal decomposition data of the complexes of HCAT 
 

Complexes 
Half decomposition 

Temperature(0C) 

Activation energy kJmol-1 
Z 
S-1 

∆S 
Jk-

1mol-1 

∆F 
kJ mol-1 FC-

method 
HM-

method 
Broido-
method 

Co(II) 433.50 5.73 9.55 9.55 191.11 208.24 156.67 
Ni(II)  384.17 4.13 8.26 3.30 66.03 216.60 145.64 
Cu(II) 494.86 11.28 11.28 10.16 203.31 208.54 170.28 
Zn(II) 571 4.09 13.65 4.09 81.80 216.91 183.19 

 
Antimicrobial activity: 
The inhibition effect of the ligand and its metal complexes on the growth of various bacteria is summarized in Table 
5. The synthesized complexes have been screened for the antimicrobial activity against B. subtilis, P. vulgaris, S. 
aureus, E. coli, P. flurescen, A. aerogenes and B. megatherium strains by using agar cup-plate method .  
 

Table 5. Antimicrobial activity [26-32] 
 

Ligand and its 
complexes 

B. subtilis 
(mm) 

P. vulgaris 
(mm) 

S. aureus 
(mm) 

E. coli 
(mm) 

P. fluorescen 
(mm) 

A. aerogenes 
(mm) 

B. megatherium 
(mm) 

HCAT S9 R S16 S12 S10 R R 
Co- HCAT S10 R S9 R S12 S7 R 
Ni- HCAT R S8 S11 R S14 S9 S7 
Cu- HCAT R S12 S14 S7 S9 R S9 
Zn- HCAT R S7 S11 R R S8 R 

 
CONCLUSION 

 
All the complexes shows weight loss up to 3200C indicates decomposition of ligand molecule. On the basis of half 
decomposition temperature the order of thermal stability is found to be Zn (II) > Cu (II) > Co (II) > Ni (II). The 
analysis of thermal analysis magnetic moment, and electronic spectral data indicate distorted octahedral geometry 
for the Cu (II) & octahedral geometry for the Co (II), Ni (II) and Zn (II) complexes. The structural changes have 
marked effect on the sensitivity and sensitivity varies with organisms.  
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