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Abstract 
Some new Schiff base metal complexes of Cr(III), Co(II), Ni(II) and Cu(II) derived from N-

(4-chlorobenzylidene)-5-methyl-1,3-thiazol-2-amine (CBAM) and N-[4-

(dimethylamino)benzylidene]-6-nitro-1,3-benzothiazol-2-amine (DBAT) have been synthesized 

by conventional as well as microwave methods. These compounds have been characterized by 

elemental analysis, FT-IR, FAB-mass, molar conductance, electronic spectra, ESR, magnetic 

susceptibility, thermal, electrical conductivity and XRD analysis. The complexes exhibit 

coordination number 4 or 6. The Schiff base and metal complexes show a good activity against 

the Gram-positive bacteria; Staphylococcus aureus and Gram-negative bacteria; Escherichia 

coli and fungi Aspergillus niger and Candida albicans. The antimicrobial results also indicate 

that the metal complexes are better antimicrobial agents as compared to the Schiff bases. 

Keywords: Microwave assisted synthesis; Schiff base complexes; Thiazole moiety 

ligand; Spectral studies; Thermodynamic parameters; Kinetics; Biological activities. 

Introduction 
A large number of Schiff bases and their metal complexes have been found to 

possess important biological and catalytic activity [1]. It is well known that N and S 

atoms play a key role in the coordination of metals at the active sites of numerous 

metallobiomolecules. They are used as models for biological systems and find 

applications in biomimetic catalytic reactions [2, 3]. Various heterocycles, especially 

thiazoles, occupy an important place owing to their versatile bioactivities due to the 

presence of multifunctional groups. 2-Aminothiazoles are a remarkably versatile group 

of compounds that have many biological activities and found recent applications in the 

drug development. Metal complexes with these ligands are becoming increasingly 

important as biochemical, analytical and antimicrobial reagents in the design of 

molecular models and material chemistry [4-6]. Thiazoles and their derivatives form a 

part of vitamin B1 and coenzyme carboxylase. They represent a very interesting class 

of compounds because of their wide applications as antimicrobial, anti-inflammatory, 

anti-degenerative and anti-HIV agents, drugs etc [7, 8]. 

                                                            
* Corresponding author: e-mail: rajendrajain85@rediffmail.com; apm19@rediffmail.com 
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Microwave-assisted synthesis has gained much attention in recent years. The 

applications of microwave irradiation are used for carrying out chemical 

transformations, which are pollution free, eco-friendly, low cost and offer high yields 

together with simplicity in processing and handling. [9-11].  

Investigation on metal complexes of thiazole derivatives, particularly the 2-

substituted ones have received considerable attention, owing to their importance in 

biological and industrial processes [12]. In continuation of our research work on 

transition metal complexes with Schiff bases, we report herein synthesis, 

characterization and biological screening of  bidentate Schiff bases, derived from the 

condensation of 4-chlorobenzaldehyde with 2-amino-5-methylthiazole (CBAM) and 4-

dimethylaminobenzaldehyde with 2-amino-6-nitrobenzothiazole (DBAT) (Figure 1) and 

their Cr(III), Co(II), Ni(II) and Cu(II) complexes. 
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N-[4-(dimethylamino)benzylidene]-6-nitro-1,3-benzothiazol-2-amine (DBAT) 

 

Figure 1: Structure of Schiff base ligands 

Experimental 
All the used chemicals and solvents were of A. R. grade from Sigma Aldrich. 

Elemental analyses were performed on an Elemental Vario EL III Carlo Erba 1108 

analyzer.  FAB-mass spectra were recorded on a JEOL SX 102/DA 6000 Mass 

Spectrometer using argon/xenon (6 kV, 10 mA) as the FAB gas. The accelerating 

voltage was 10 kV and the spectra were recorded at room temperature. Electronic 

spectra (in DMSO) were recorded on Perkin Elmer Lambda-2B-spectrophotometer. 

Molar conductance measurements were conducted using 10-3 M solutions of the 

complexes in DMSO on Elico-CM 82 Conductivity Bridge at room temperature. 

Magnetic susceptibility measurements were carried out on a Gouy balance at room 

temperature using Hg[Co(SCN)4] as the calibrant. Diamagnetic corrections were 

applied in compliance with Pascal’s constant. FT-IR spectra were recorded in KBr 
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medium on a Perkin Elmer RX1 spectrophotometer in wave number region 4000-400 

cm-1. X-band EPR spectra were recorded on a Varian E-112 spectrometer at room 

temperature operating at the X-band region with 100 kHz modulation frequency, 5 mw 

microwave power and 1 G modulation amplitude using TCNE as the internal standard. 

Thermogravimetric analysis was carried out under atmospheric condition with a 

heating rate 10oC min-1 on TGA Q500 universal V4.5A TA instrument. Powder X-ray 

diffraction (XRD) patterns were recorded on a RINT2000 wide angle goniometer. X-ray 

diffractometer, operated at 40 kV and 30 mA generator using the CuKα line at 1.54056 

Å as the radiation sources. Sample was scanned between 5° to 70° (2θ) at 25 °C. The 

solid state electrical conductivity has been measured by impedance spectroscopic 

method using HIOKI 3532-50 LCR Hitester at fixed frequency 1 KHz in the 

temperature range of 298-413 K. Microwave assisted synthesis were carried out in 

open glass vessel on a modified microwave oven model 2001 ETB with rotating tray 

and a power source 230 V, microwave energy output 800W and microwave frequency 

2450 MHz. A thermocouple device was used to monitor the temperature inside the 

vessel of the microwave. The microwave reactions were performed using on/off 

cycling to control the temperature. 
Biological Activity 

The in-vitro biological activity of the investigated Schiff base and its metal 

complexes was tested against the bacteria Escherichia coli and Staphylococcus 

aureus by disc diffusion method using nutrient agar as medium and streptomycin as 

control. The antifungal activities of the compounds were also tested by the Well 

diffusion method against the fungi Aspergillus niger and Candida albicans, on potato 

dextrose agar as the medium and miconazole as control. The stock solution was 

prepared by dissolving the compounds in DMSO. In a typical procedure, a well was 

made on agar medium inoculated with microorganism. The well was filled with the test 

solution using a micropipette and the plate was incubated 24 h for bacteria at 37 °C 

and 72 h for fungi at 30 °C. After incubation, the diameter of the clear zone of inhibition 

surrounding the sample is taken as a measure of the inhibitory power of the sample 

against the particular test organism. 

Conventional method for the synthesis of Schiff bases 

N-(4-chlorobenzylidene)-5-methyl-1,3-thiazol-2-amine (CBAM) Schiff base was 

synthesized by the condensation of equimolar ratio of 4-chlorobenzaldehyde (0.141 g, 

10 mmol) with 2-amino-5-methylthiazole (0.114 g, 10 mmol) dissolved in ethanol. The 

resulting reaction mixture was stirred well, refluxed for 4 h and then allowed to cool 

overnight. The coloured solid precipitate of Schiff base obtained was filtered, washed 

with cold ethanol several times and dried in air at room temperature and finally stored 

under reduced pressure in a CaCl2 desiccator. The purity of synthesized compounds 

was checked by TLC using silica gel G. Yield: 74%, m.p. 118°C. Characteristic 1H-

NMR peaks in CBAM are (DMSO-d6, TMS, δ / ppm), 8.214 (1H, s, -CH=N), 7.287-
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7.646 (4H, m, ArH) and 6.926 (1H, s, thiazole proton). FAB-mass (m/z) calcd.: 237, 

found: 240.  

N-[4-(dimethylamino)benzylidene]-6-nitro-1,3-benzothiazol-2-amine (DBAT) Schiff 

base was synthesized by the condensation of 1:1 ratio of 4-

dimethylaminobenzaldehyde (0.149 g, 10 mmol) with 2-amino-6-nitrobenzothiazole 

(0.195 g, 10 mmol) dissolved in ethanol. The resulting reaction mixture was refluxed 

for 4.2 h and then allowed to cool overnight. The coloured solid precipitate of Schiff 

base obtained was filtered, washed with cold ethanol, finally recrystallized from 

ethanol, ether and dried in air at room temperature, preserved in a CaCl2 desiccator. 

The purity of the synthesized compounds was checked by TLC using silica gel G. 

yield: 72%, m.p. 142°C.  Characteristic 1H NMR peaks in DBAT are (DMSO-d6, TMS, 

δ / ppm), 8.637 (1H, s, -CH=N), 7.184-7.385 (4H, m, ArH), 7.657-7.926 (2H, m, 

thiazole proton), 8.124 (1H, s, thiazole proton) and 3.228 (6H, s, -N (CH3)2). FAB-

mass (m/z) calcd.: 326, found: 328.  

Microwave method for the synthesis of Schiff bases 

The equimolar (1:1) ratio of 4-chlorobenzaldehyde with 2-amino-5-

methylthiazole and 4-dimethylaminobenzaldehyde with 2-amino-6-nitrobenzothiazole 

were mixed thoroughly in a grinder. The reaction mixture was then irradiated by the 

microwave oven using 3-4 ml solvent. The reaction was completed in a short time (4-5 

min). The resulting product was then recrystallized with ethanol, finally dried under 

reduced pressure over anhydrous CaCl2 in a desiccator. The progress of the reaction 

and purity of the product was monitored by TLC using silica gel G (yield: 84-85%). 

Conventional method for the synthesis of metal complexes 

The metal complexes were prepared by the mixing of (50 ml) ethanolic solution 

of the corresponding metal salts with the (50 ml) ethanolic solution of Schiff base 

(CBAM/DBAT) in 1:2 (metal:ligand) ratio. The resulting mixture was refluxed on water 

bath for 5-9 h. A coloured product appeared on standing and cooling the solution. The 

precipitated complex was, filtered washed with ether and recrystallized with ethanol 

several times and dried under reduced pressure over anhydrous CaCl2 in a desiccator. 

It was further dried in electric oven at 50-70 °C (yield: 57-70%).1H-NMR peaks in Ni(II) 

complex of CBAM are (DMSO-d6, TMS, δ / ppm), 8.812 (1H, s, -CH=N), 7.278-7.648 

(4H, m, ArH) and 7.248 (1H, s, thiazole proton). 

Microwave method for the synthesis of metal complexes 

The ligand and the metal salt were mixed in 1:2 (metal:ligand) ratio in a grinder. 

The reaction mixture was then irradiated in the microwave oven using 3-4 ml solvent. 

The reaction was completed in a short time (6-10 min). The resulting product was then 

recrystallized with ethanol and ether and finally dried under reduced pressure over 

anhydrous CaCl2 in a desiccator. The progress of the reaction and purity of the 

product was monitored by TLC using silica gel G (yield: 72-81%). 
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Table 1. Electronic spectral and physical data of the compounds 

Compound 
(Colour) 

Reaction 
period 

Yield 
(%) Elemental analysis; Found (calculated) % 

*Λm µeff 
(B.M.) 

λmax 
(cm-1) 

 
Band 
assignments CM 

(MM) 
CM
(MM) C H N S M 

CBAM 
( Light Yellow) 

4.0 
(4.7) 

74 
(85) 

55.72 
(55.81) 

3.72 
(3.83) 

11.75 
(11.83) 

13.49 
(13.55) - - - - - 

[Cr(CBAM)2Cl2]Cl.2H2O 
(Yellowish brown) 

8.0 
(8.1) 

57 
(74) 

39.50 
(39.57) 

3.30 
(3.32) 

8.31 
(8.39) 

9.53 
(9.60) 

7.70 
(7.79) 104.3 3.81 

16990 4A2g→4T2g(F)  
24110 4A2g→4T1g(F)  
33985 4A2g→4T1g(P)  

[Co(CBAM)2].Cl2.2H2O  
(Blue) 

7.9 
(8.2) 

64 
(80) 

41.30 
(41.33) 

3.41 
(3.47) 

8.72 
(8.76) 

10.01 
(10.03) 

9.18 
(9.22) 164.8 4.47 

- 4A2→ 4T2 (F)  
13820 4A2→4T1(F)  
19250 4A2→4T1(P)  

[Ni(CBAM)2].Cl2.2H2O 
(Yellowish Brown) 

7.2 
(7.6) 

66 
(79) 

41.29 
(41.35) 

3.45 
(3.47) 

8.70 
(8.77) 

9.92 
(10.03) 

9.14 
(9.18) 159.6 Dia. 

13092 1A1g→1Eg  
20412 1A1g→1B2g  
- 1A1g→1B1g  

[Cu(CBAM)2(H2O)2].Cl2 
(Coffee Brown) 

8.0 
(7.8) 

67 
(76) 

40.89 
(41.04) 

3.39 
(3.44) 

8.65 
(8.70) 

9.91 
(9.96) 

9.80 
(9.87) 170.5 1.78 13298 2Eg→2T2g 

DBAT  
(Brown) 

4.2 
(4.9) 

72 
(84) 

57.92 
(58.88) 

4.22 
(4.32) 

17.13 
(17.17) 

9.61 
(9.82) - - - - - 

[Cr(DBAT)2Cl2]Cl 
(Brown) 

8.5 
(8.0) 

60 
(76) 

47.15 
(47.39) 

3.30 
(3.48) 

13.74 
(13.81) 

7.69 
(7.91) 

6.26 
(6.41) 97.2 3.84 

17210 4A2g→4T2g(F)  
23489 4A2g→4T1g(F) 
34652 4A2g→4T1g(P) 

[Co(DBAT)2Cl2].2H2O  
(Dark Brown) 

8.0 
(7.8) 

68 
(77) 

46.69 
(46.95) 

3.49 
(3.94) 

13.67 
(13.69) 

7.59 
(7.83) 

7.15 
(7.20) 52.4 4.95 

9165 4T1g→4T2g(F)  
14988 4T1g→4A2g(F) 
20925 4T1g→4T1g(P) 

[Ni(DBAT)2].Cl2 
(Reddish Brown) 

7.5 
(7.3) 

69 
(80) 

49.04 
(49.13) 

3.55 
(3.61) 

14.25 
(14.32) 

8.02 
(8.20) 

7.36 
(7.50) 151.5 Dia. 

13845 1A1g→1Eg  
21533 1A1g→1B2g 
- 1A1g→1B1g 

[Cu(DBAT)2Cl2].2H2O  
(Blackish Brown) 

7.1 
(7.2) 

70 
(81) 

46.34 
(46.69) 

3.90 
(3.92) 

13.55 
(13.61) 

7.64 
(7.79) 

7.65 
(7.72) 62.3 1.81 13915 2Eg→2T2g 

CM = Conventional method, time in hours; MM = Microwave method, time in minutes 
*Λm = (Ω-1 cm2mol-1) 
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Results and Discussion 

As a result of microwave-assisted synthesis, it was observed that the reaction 

was completed in a short time with higher yields compared to the conventional 

method. All the metal complexes are coloured, solid and stable towards air and 

moisture at room temperature. They decompose on heating at high temperature, more 

or less soluble in common organic solvents. Analytical and electronic spectral data of 

the compounds are given in the table 1. All the metal chelates have 1:2 (metal:ligand) 

stoichiometry. The observed molar conductance of the complexes in DMSO at room 

temperature are consistent with the electrolytic nature of the complexes while Co(II) 

and Cu(II) complexes of DBAT Schiff base ligand show non-electrolytic nature. 

FAB-mass spectra 

The FAB-mass spectra suggested that all the complexes have a monomeric 

nature. These complexes show molecular ion peaks in good agreement with the 

empirical formula suggested by elemental analyses. 

The mass spectra of the complexes [Cr(CBAM)2Cl2]Cl.2H2O (F.W., 668) and 

[Cu(DBAT)2Cl2].2H2O (F.W., 825.24), as representative complexes are depicted. The 

spectra of these complexes showed the highest mass peak with m/z at 670 and 824, 

respectively which agree well with the formula weights of the complexes [13, 14]. 

1H-NMR spectra 

In the 1H-NMR spectra of the CBAM, the thiazole ring proton appeared at δ 

6.926 ppm and the azomethine proton (–C=H-) at 8.214 ppm. These signals showed 

downfield shifts (0.3-0.6 ppm) in the Ni(II) complex. These observations support the 

bonding of CBAM through nitrogen and sulfur atoms [15]. 

IR spectra 

The data of the IR spectra of Schiff base ligand and its metal complexes are 

listed in table 2.  

Table 2: IR bands of Schiff base ligands and their complexes  

Compound υ(C=N) υ(C=N thiazole 
ring) υ(C-S-C) υ(H2O) υ(M-N) υ(M-S) 

CBAM 1612 1527 719 - - - 
[Cr(CBAM)2Cl2].Cl.2H2O 1580 1525 702 3376 482 401 
[Co(CBAM)2].Cl2.2H2O 1584 1528 699 3390 480 405 
[Ni(CBAM)2].Cl22H2O 1589 1529 705 3362 485 403 
[Cu(CBAM)2(H2O)2].Cl2 1590 1530 703 3344,789 489 407 
DBAT 1615 1532 725 - - - 
[Cr(DBAT)2Cl2].Cl 1590 1533 703 - 484 403 
[Co(DBAT)2Cl2].2H2O 1596 1530 707 3385 490 405 
[Ni(DBAT)2].Cl2 1593 1534 710 - 487 410 
[Cu(DBAT)2Cl2].2H2O 1598 1535 713 3372 493 408 
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IR spectrum of the CBAM ligand exhibited the most characteristic bands at 1612 

cm-1 ν(C=N, azomethine), 1527 cm-1 ν(C=N, thiazole) and 719 cm-1 ν(C-S-C).  All the 

metal complexes show a broad band at (3344-3390 cm-1) which may be due to νstr(OH) 

of water. A medium intensity band at 789 cm-1 is observed in Cu(II) complex suggests 

the presence of coordinated water molecules. But this band is not observed in other 

complexes, indicating the absence of water molecules in these complexes. The band 

at 1612 cm-1 due to the azomethine group of the Schiff base has shifted to lower 

frequency (1580-1590 cm-1) after complexation, indicating the bonding of nitrogen of 

the azomethine group to the metal ion, this can be explained by the donation of 

electrons from nitrogen to the empty d-orbital of the metal ion. The band due to ν(C-S-

C) at 727 cm-1 is shifted towards lower frequency in the complexes, indicating the 

bonding of sulfur atom to the metal ions. In the low frequency region, the band of weak 

intensity observed for the complexes in the region 480-489 cm-1 is attributed to (M-N), 

in the region 401-407 cm-1 to (M-S). The ν(C=N) at 1527 cm-1 of the thiazole ring 

remains unchanged suggesting that thiazole group does not coordinate to metal ion 

through nitrogen atom [7, 15-17].  
IR spectrum of the DBAT ligand showed characteristic bands at 1615 cm-1 

ν(C=N, azomethine), 1532 cm-1 ν(C=N, thiazole) and 725 cm-1 ν(C-S-C).  The metal 

complexes of Co(II) and Cu(II) show a broad band at 3385 cm-1 and 3372 cm-1 

respectively, which may be due to νstr(OH). The band at 1615 cm-1 due to the 

azomethine group of the Schiff base has shifted to lower frequency (1590-1598 cm-1) 

after complexation, indicating the bonding of nitrogen of the azomethine group to the 

metal ion. The band due to ν(C-S-C) at 732 cm-1 is shifted towards lower frequency in 

the complexes, indicating the bonding of sulfur atom to the metal ions. In the low 

frequency region, the band of weak intensity observed for the complexes in the region 

484-493 cm-1 is attributed to (M-N), and that the region 403-410 cm-1 to (M-S). The 

ν(C=N) at 1532 cm-1 of the thiazole ring remains unaltered thereby indicating the non-

involvement of ring nitrogen in coordination [7, 15-17]. 

The IR data of both Schiff bases and their metal complexes show that the Schiff 

bases (CBAM, DBAT) are coordinated to the metal ion in bidentate manner with NS 

donor sites of azomethine nitrogen and thiazole sulfur.  

Electronic spectra and magnetic moment 

The electronic spectral data of the metal complexes in DMSO solution are given 

in table 1. The nature of the ligand field around the metal ion has been deduced from 

the electronic spectra.  
The electronic spectra of Cr(III) complex of CBAM observed bands in the region 

16990 cm-1, 24110 cm-1 and  33985 cm-1,  may be assigned to 4A2g→4T2g(F) (ν1), 
4A2g→4T1g(F) (ν2) and 4A2g→4T1g(P) (ν3) transitions, respectively. The magnetic 

moment is 3.81 B.M. Thus the octahedral geometry has been suggested for this 

complex. The electronic spectrum of Co(II) complex of CBAM showed bands at 13820 
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cm-1 and 19250 cm-1, these are tentatively assigned to 4A2→4T1(F) (ν2) and 4A2→4T1(P) 

(ν3) transitions, respectively. The magnetic susceptibility value is 4.47 B.M.; which is 

indicative of tetrahedral geometry. The absorption spectrum of Ni(II) complex of CBAM 

exhibited bands at 13092 cm-1 and 20412 cm-1, which have tentatively been assigned 

to the transitions 1A1g→1Eg (ν1) and 1A1g→1B2g (ν2) respectively. It is a diamagnetic 

complex, therefore square planar geometry has been suggested. The electronic 

spectrum of the Cu (II) complex of CBAM showed a single broad band at 13298 cm-1 

corresponding to transition 2Eg→2T2g. The value of magnetic moment for this complex 

is 1.78 B.M.; thus the octahedral geometry has been suggested for Cu(II)  

complex [6, 18-20].  

The Cr(III) complex of DBAT showed electronic spectral bands at 17210 cm-1, 

23489 cm-1 and 34652 cm-1 tentatively assigned to 4A2g→4T2g(F) (ν1), 4A2g→4T1(F) (ν2) 

and 4A2g→4T1g(P) (ν3) transitions, respectively. The magnetic moment value is 3.84 

B.M. Thus the octahedral structure has been suggested for this complex. The 

electronic spectrum of Co(II) complex of DBAT showed three bands at 9165  cm-1, 

14988 cm-1  and 20925  cm-1, these are tentatively assigned to 4T1g→ 4T2g(F) (ν1), 
4T1g→4A2g(F) (ν2) and 4T1g→4T1g(P) (ν3) transitions, respectively. The magnetic 

susceptibility value is 4.95 B.M.; which is indicative of octahedral geometry. The 

absorption spectrum of Ni(II) complex of DBAT exhibited bands at 13845 cm-1 and 

21533 cm-1, which have tentatively been assigned to the transitions 1A1g→1Eg (ν1) and 
1A1g→1B2g (ν2) respectively. It is a diamagnetic complex, therefore square planar 

geometry has been suggested. The electronic spectrum of the Cu(II) complex of DBAT 

showed a single broad band at 14480 cm-1 corresponding to transition 2Eg→2T2g. The 

value of magnetic moment for this complex is 1.81 B.M.; thus the octahedral geometry 

has been suggested for Cu(II) complex [6, 18-20].  

ESR spectra 

The X-band ESR spectra of Cu(II) complexes were recorded in the solid state at 

room temperature and their g║, g┴, ∆g, gav and G have been calculated. The values of 

ESR parameters g║, g┴, gav, ∆g and G for Cu(II) complex of CBAM are 2.1922, 2.0798, 

2.1173, 0.1124 and 2.4447 respectively. Similarly, the corresponding values for Cu(II) 

complex of DBAT are 2.2145, 2.1142, 2.1476, 0.1003 and 1.8963 respectively. 

ESR spectra of the complexes revealed two g values (g║ and g┴). Since the 

g║ and g┴ values are closer to 2 and g║> g┴ suggesting a tetragonal distortion 

around the Cu(II) ion. The trend g║ > g┴>ge (2.0023) shows that the unpaired 

electron is localized in dX
2-Y

2 orbital in the ground state of Cu(II) and spectra are 

characteristic of axial symmetry. The g║>2.3 is characteristic of an ionic 

environment and g║<2.3 indicates a covalent environment in metal ligand 

bonding. The g║ values for the complexes are less than 2.3 suggesting, that the 

environment is covalent. 
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The exchange coupling interaction between two Cu(II) ions is explained by 

Hathaway expression G = (g║-2.0023)/(g┴-2.0023). According to Hathaway [21], if 

the value G is greater than four (G>4.0), the exchange interaction is negligible; 

whereas when the value of G is less than four (G<4.0) a considerable exchange 

coupling is present in solid complex. The G values for the Cu(II) complexes are 

less than four indicating, considerable exchange interaction in the complexes [22]. 

Thermal analyses 

The thermal behavior of metal complexes shows that the hydrated complexes 

lose molecules of hydration first; followed by decomposition of ligand molecules in the 

subsequent steps. 

The thermal degradation behavior of the Co(II) complex of CBAM has been 

studied by thermogravimetric analysis. The TG curve of the complex shows that 

the complex starts decomposition at 60 °C. Elimination of lattice water molecules 

has been observed on increasing the temperature up to 110 °C (Remaining wt.%, 

obs./cal., 95.20/94.37). The complex does not show any loss in weight between 

110-175 °C. After 175oC, a loss in weight has been observed in general up to 390 

°C corresponding to the loss of partially decomposed ligand part from the complex 

(Remaining wt.%, obs./cal., 45.60/44.29). Above this temperature loss in weight 

has been occurs up to 600oC. This indicates the elimination of the remaining 

thermally degradable part of the complex. After 600 °C a horizontal curve has been 

observed which corresponds to a mixture of metal oxide as an ultimate pyrolysis 

product (Remaining wt.%, obs./cal., 26.80/23.63) [23]. DTG peak has been observed 

for the Co(II) complex at 84, 337 and 545 °C. 

The thermogram of the Co(II) complex of DBAT shows that the complex starts 

decomposition at 80 °C. On increasing the temperature elimination of lattice water 

molecules has been observed up to 120 °C (Remaining wt.%, obs./cal., 95.85/95.6). 

After this temperature, complex does not show any loss in weight. After 210 °C, loss 

in weight has been observed up to 430 °C corresponding to the loss of partially 

decomposed ligand part from the complex (Remaining wt.%, obs./cal., 52.70/51.89). 

After this temperature a weight loss has been observed up to 620 °C, suggesting the 

elimination of the remaining part of the ligand. Above 620 °C, a constant weight region 

has been observed due to metal oxide, as a final pyrolysis product (Remaining wt.%, 

obs./cal., 21.60/18.44). DTG curve of this complex shows peak at 93, 364 and 

562°C[23]. 

Kinetic study 

The kinetic evaluations of the thermal decomposition of [Co(CBAM)2]Cl2.2H2O 

and [Co(DBAT)2Cl2].2H2O complexes were carried out. Three stages were selected for 

the study of kinetics of decomposition of complexes. The kinetic parameters data are 

summarized in table 3. On the basis of thermal decomposition, the kinetic analysis 

parameter such as activation energy (E*), pre-exponential factor (Z), entropy of 
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activation (∆S*), enthalpy of activation (∆H*) and free energy of activation (∆G*) were 

calculated by using Piloyan-Novikova [24] and Coats-Redfern [25] equation. 

Piloyan-Novikova: ln[α/T2]  = ln(ZR/βE*) – E*/RT 

Coats-Redfern:                ln[g(α)/T2]  = ln(ZR/βE*) – E*/RT 

In the above equation, α is the fraction of the reacted material, T is the absolute 

temperature, g(α) is integral mechanism function, E* is the  activation energy in 

kJ/mol, Z is the pre-exponential factor, β is the heating rate and R is the gas constant. 

A straight line plot of the left hand side of above equations against 1/T gives the value 

of E* and Z from the slope and the intercept, respectively. 

Table 3: Kinetic and thermodynamic parameters of complexes 

Complex Method 
Dec. stage/
Temp. 
(°C) 

E*
(kJ/ 
mol) 

Z 
(S-1) 

∆S* 
(JK-1mol-1) 

∆H* 
(kJ/mol) 

∆G* 
(kJ/mol) 

[Co(CBAM)2] 

.Cl2.2H2O 

P-N 
84/Ist 

32.65 8.3×10-3 -286.3 25.82 128.01 

C-R 44.99 1.0×103 -188.7 38.16 105.52 

P-N 
337/IInd 

57.63 9.0×10-4 -309.3 45.95 234.60 

C-R 79.81 2.1×104 -168.5 68.13 170.93 

P-N 
545/IIIrd 

97.52 5.7×10-1 -257.8 82.18 288.72 

C-R 129.24 1.0×107 -118.3 113.91 208.64 

[Co(DBAT)2Cl2] 

.2H2O 

P-N 
93/Ist 

36.37 8.0×10-2 -267.7 29.37 127.34 

C-R 56.06 9.0×106 -113.6 49.05 90.618 

P-N 
364/IInd 

68.20 1.7×10-2 -285.3 56.01 237.77 

C-R 91.36 3.6×105 -144.9 79.16 171.47 

P-N 
562/IIIrd 

84.12 1.2×10-3 -309.2 68.13 326.34 

C-R 138.18 4.0×108 -89.4 122.19 196.86 

 

The entropy of activation (∆S*), enthalpy of activation (∆H*) and free energy of 

activation (∆G*) were calculated using the following equation: 

∆S* = 2.303 (logZh/kT) R 

∆H* = E* - RT 

∆G* = ∆H* - T∆S* 

where k and h are the Boltzmann and Planck constant respectively. 

The high values of activation energies reflect the thermal stability of the 

complexes. The complexes have negative entropy, which indicates that the 

decomposition reactions proceed with a lower rate than the normal ones. The negative 

value of entropy also indicates that the activated complexes have a more ordered and 

more rigid structure than the reactants or intermediates. The negative values of the 

entropies of activation are compensated by the values of enthalpies of activation, 

leading to almost the same values for the free energy of activation [26]. 
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X-ray diffraction study 

X-ray diffraction was performed of metal complexes. The XRD patterns indicate 

crystalline nature for the complexes. X-ray powder diffractogram of the complexes 

were recorded using CuKα as source in the range 5°-70° (2θ). X-ray crystal system 

has been worked out by trial, error methods for finding the best fit between observed, 

calculated sin2θ.  The diffractogram of Co(II) complex of CBAM has recorded 15 

reflections with maxima at 2θ = 17.1035 with interplanar distance d = 5.18013. The 

complex crystallized in tetragonal system. Sin2θ and hkl values for different lattice 

planes have been calculated.  Crystal data for complex, a = b = 19.8385 Å; c = 

14.0746 Å, V = 5539.32 Ǻ3, Z = 6, Dobs = 1.1425 g/cm3, Dcal = 1.14972 g/cm3. The 

observed and calculated values of density and sin2θ show good agreement [27, 28]. 

Electrical conductivity  

The temperature dependence of the solid state conductivity (σ) of the 

compounds in their compressed pellet form have been measured at fixed frequency 

1KHz in the temperature range 297-413 K. the values of the solid state electrical 

conductivity of the Schiff base and its complexes increases with increasing 

temperature and decreases upon cooling over the studied temperature range 

indicating their semiconducting behavior. The general behavior of electrical 

conductivity follows the Arrehenius equation:  

σ = σo exp (-Ea/ KT) 

where Ea is the thermal activation energy of conduction, σo is the conductivity constant 

and K is the Boltzman constant. The solid state conductivity measurements show that 

the plot of log σ vs 1000/T is linear over studied temperature ranged which indicates 

their semiconducting nature. The room temperature electrical conductivity of all the 

compounds lies in the range 1.39×10-7-1.19×10-11 ohm-1cm-1. These values show their 

semi-conducting nature. The electrical conductivity at room temperature for the 

complexes of CBAM are Co>Cr>Cu>Ni and for the metal complexes of DBAT are 

Co>Cr>Cu>Ni. The activation energy of the compound lies in the range 0.247-0.775 

eV [29, 30].  

Antimicrobial activities  

The in-vitro Antimicrobial activity of the synthesized Schiff base ligands and their 

corresponding metal complexes on selected bacteria E. coli and S. aureus and two 

fungi A. niger and C. albicans was carried out (Tables 4 and 5). The complexes show 

moderate activity as compared to the standard bactericide and fungicide but all the 

complexes are more active than their respective ligands and thus indicated that the 

complexation to metal enhances the activity of the ligand. This may be explained on 

the basis of overtone’s concept and chelation theory. On chelation, the polarity of the 

metal ion will be reduced to greater extent due to the overlap of the ligand orbital and 

partial sharing of the positive charge of the metal ion with donor groups. Further, it 
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increases the delocalization of π - electrons over the whole chelating ring and 

enhances the penetration of the complexes into lipid membranes and blocking of the 

metal binding sites in the enzymes of microorganisms. There are other factors which 

also increases the activity of compounds are solubility, conductivity and bond length 

between the metal and ligand [31-33]. Detailed studies of the toxicity of these compounds 

and mechanism of action are in progress. 

Table 4: Antibacterial screening data for the ligands and their complexes 

Compound 

Diameter of inhibition zone (mm), Concentration in ppm      

E. coli S. aureus 

 % Activity index*  % Activity index*

25 50 100 25 50 100 25 50 100 25 50 100 

CBAM 11 14 17 50 58 61 10 13 15 56 59 63 

[Cr(CBAM)2Cl2].Cl.2H2O 13 15 19 59 63 68 12 15 18 67 68 75 

[Co(CBAM)2].Cl2.2H2O 16 18 22 73 75 79 14 17 19 78 77 79 

[Ni(CBAM)2].Cl22H2O 15 17 21 68 71 75 12 16 18 67 73 75 

[Cu(CBAM)2(H2O)2].Cl2 17 20 24 77 83 86 14 18 20 78 82 83 

DBAT 12 14 16 55 58 57 12 15 18 67 68 75 

[Cr(DBAT)2Cl2].Cl 11 14 17 50 58 61 13 16 18 72 73 75 

[Co(DBAT)2Cl2].2H2O 17 20 25 77 83 89 15 19 21 83 86 88 

[Ni(DBAT)2].Cl2 14 16 20 64 67 71 13 17 19 72 77 79 

[Cu(DBAT)2Cl2].2H2O 16 19 23 73 79 82 14 18 20 78 82 83 

Streptomycin (Standard) 22 24 28 
10

0 

10

0 
100 18 22 24 

10

0 
10 100 

*% Activity Index =           

 
Table 5: Antifungal screening data for the ligands and their complexes  

Compound 

Diameter of inhibition zone(mm), Concentration in ppm 

A. niger C. albicans 

25 50 100 25 50 100 

CBAM 12 15 19 11 14 17 

[Cr(CBAM)2Cl2].Cl.2H2O 13 17 21 14 16 20 

[Co(CBAM)2].Cl2.2H2O 16 22 27 16 18 23 

[Ni(CBAM)2].Cl22H2O 15 20 24 15 17 22 

[Cu(CBAM)2(H2O)2].Cl2 15 21 25 18 20 25 

DBAT 10 15 19 11 14 18 

[Cr(DBAT)2Cl2].Cl 12 16 20 13 16 20 

[Co(DBAT)2Cl2].2H2O 15 19 23 17 19 24 

[Ni(DBAT)2].Cl2 14 18 22 14 17 22 

[Cu(DBAT)2Cl2].2H2O 15 20 24 16 18 23 

Miconazole (Standard) 20 25 30 22 24 29 
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Conclusion 
The IR data of both Schiff bases and their metal complexes show that the Schiff 

bases are coordinated to the metal ion in bidentate manner with NS donor sites of 

azomethine nitrogen and thiazole sulfur. Thermal data show degradation pattern of the 

complexes. The XRD patterns indicate crystalline nature of the complexes. Electrical 

conductivity data suggest that all the complexes fall in the semiconducting range. The 

findings of the bactericidal and fungicidal investigation of the compounds against the 

opportunistic pathogens reveal that the synthesized compounds have the 

antipathogenic activity. 
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