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  Abstract  

 
 

Novel metal complexes of Co(II) and Cu(II) with 4-(4'-(4-

aminophenyl)sulfonylphenyl)-3-thiosemicarbazide (DSC), 4-(4'-(4(2-

hydroxyphenylmethylene)-aminophenyl)sulfonylphenyl)-3-thiosemi 

carbazide (SSC) , 4-(4'-(4-thiophen-2-ylmethyleneaminophenyl)-

sulfonylphenyl)-3-thiosemicarbazide (TSC)  and 4-(4'-(4(3,4-dimethoxy-

phenylmethylene)aminophenyl)sulfonylphenyl)-3-thiosemicarbazide 

(DMSC) have been prepared and characterized by elemental analyses, 

spectral (UV, IR and  NMR) studies, thermal analysis and molar conductance 

measurements. The metal complexes and the ligands were tested for 

antimicrobial property and the corrosion studies were carried on mild steel 

surface. The analytical data confirmed the metal: ligand stoichiometry of the 

complexes was 1:1 type in [M(L)Cl2] (where „M‟ stands for Cu and Co ; L = 

SSC, TSC, DMSC) and 1:2 type in [M(L2)Cl2] (where „M‟ stands for Cu and 

Co ; L = DSC). The spectral data suggested the involvement of thione 

sulphur and azomethine nitrogen in coordination to the central metal ion and 

octahedral geometry for Co(II) and Cu(II) complexes. The corrosion 

inhibition characteristics of thiosemicarbazides and its metal complexes on 

mild steel in 0.1 M HCl solution was studied by chemical method. The 

adsorption of inhibitors on mild steel surface obeyed Langmuir, Frumkin and 

Temkin adsorption isotherm. The calculated thermodynamic parameters for 

adsorption reveals a strong interaction between the inhibitors and the mild 

steel surface. Antibacterial studies infer that, cobalt complexes showed the 

highest antifungal and antibacterial activities.  
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1. Introduction 

Thiosemicarbazide chemistry has shown rapid growth for many years, largely as a result of its wide range of 

use as antibacterial, antifungal, antitumor drug due to its biological activity and pharmacological 

applications[1-5]. Dapsone (4, 4‟-sulfonyldianiline), a sulphone analog, has been proved to be a powerful 

antimicrobial agent. It is clinically used for the treatment of leprosy and dermatitis herpetiformis. Several 

derivatives of dapsone has been prepared in an attempt to increase its activity[6-9]. The chemical 
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modification of dapsone derivatives with metal ion increases their effective chelation therapy. Metal ions, 

especially their radii and coordination geometry, determine the extending direction and coordination modes 

of the organic ligands, which are of great importannce for the structure of the complexes. Among the metal 

complexes, those of thiosemicarbazide have attracted researchers because of the presence of the chelating 

nitrogen and sulfur donor ligands. These ligands were among the most efficient chelators for transition metal 

ions with which it forms stable complexes in solution. The presence of aromatic and/or hetero aromatic 

groups in the structure of nitrogen and sulfur donors gives these ligands their additional properties.  

This paper describes about the synthesis, characterization, electrochemical applications and 

pharmacological studies of complexes of Co(II) and Cu(II) with 4-(4'-(4-aminophenyl)sulfonylphenyl)-3-

thiosemicarbazide (DSC), 4-(4'-(4(2-hydroxyphenylmethylene)-aminophenyl)sulfonylphenyl)-3-

thiosemicarbazide (SSC),4-(4'-(4-thiophen-2-ylmethyleneamino phenyl)-sulfonylphenyl)-3-

thiosemicarbazide (TSC) and 4-(4'-(4(3,4-dimethoxyphenyl-methyl ene)-aminophenyl)sulfonyl-phenyl)-3-

thiosemicarbazide (DMSC). 

2. MATERIALS AND METHODS 

2.1. Physical measurements  

All the chemicals and solvents from Sigma Aldrich/ Merck were of AR grade and used as received. 

Melting point of all synthesized compounds was determined in open glass capillaries and was uncorrected. 

Purity of the compounds was checked by TLC and the spots were observed in iodine vapor. Electronic 

spectra of the Co(II) and Cu(II) complexes were recorded at 25 ˚C
 
on a Systronic double beam spectrometer 

in quartz cells in the range 200 – 800 nm (ca.10
−3 

M in DMF). IR spectra were recorded on Jasco Fourier 

transform IR spectrophotometer (4000 to 250 cm
-1

, KBr pellets). 
1
H and 

13
C NMR spectra were recorded on a 

Bruker 300 MHz spectrometer in d6-DMSO as solvent. The elemental analysis was done on a Perkin-Elmer 

Analyzer 2440. Molar conductance was measured on the ELICO (CM-185) conductivity bridge using 10
−3

 M 

solution of dry DMF by dip-type conductivity cell fitted with a platinum electrode. The thermal analysis 

(DTA and TGA) were carried out on a Shimadzu DT-30 and TG-50 thermal analyzers in the range 27- 800 

˚C at the heating rate of 10 ˚C 
 
min

-1 
in nitrogen atmosphere. Mild steel [wt% Mn(0.6), P(0.36), C(0.15), 

Si(0.03) and Fe(98.86)] specimens of size 4 cm x 2 cm x 0.05 cm were pickled with acid. The plates were 

washed, dried and polished using emery sheets of 3/0 and 4/0 grades to remove adhering impurities and then 

degreased with acetone and dried. The plates were kept in a desiccator to avoid the absorption of 

moisture.All the synthesized compounds were screened for their antimicrobial activity using disc diffusion 

method and the bacterial strains were obtained from National Chemical Laboratory, Pune. 

2.2. Synthesis of ligands 

The new thiosemicarbazide ligands 4-(4'-(4-aminophenyl)sulfonylphenyl)-3-thiosemicarbazide 

(DSC), 4-(4'-(4(2-hydroxyphenylmethylene)-aminophenyl)sulfonylphenyl)-3-thiosemicarbazide (SSC),4-(4'-

(4-thiophen-2-ylmethyleneaminophenyl)sulfonylphenyl) -3-thiosemicarbazide (TSC) and 4-(4'-(4(3,4-

dimethoxyphenyl-methylene)-aminophenyl)sulfonyl-phenyl)-3-thiosemicarbazide (DMSC) were derived 

from 4, 4- diaminodiphenylsulphone. Equimolar solutions of 4-(4'-sulphoaminodiphenyl) (0.01 M) and 

carbonyl compounds (salicyldehyde/thiophene carboxaldehyde/ 3, 4, dimethoxybenzaldehyde) (0.01 M) were 

taken in methanol. The solutions were mixed and stirred for 4 h. The reaction mixture was kept overnight at 

room temperature. After cooling the product was filtered, the filtrate was recrystallized from ethanol. Schiff 

Base [4-(4-aminophenyl-sulfonyl)-N-(2-hydroxybenzylidene)aniline/4-(4-aminophenylsulfonyl)-N-

(thiophene-2-ylmethylene) aniline /4-(4-aminophenyl sulfonyl)-N-(3, 4-dimethoxybenzylidene) aniline were 

obtained and given in scheme.1. 

4-(4'-sulphoaminodiphenyl)/4-(4-aminophenyl-sulfonyl)-N-(2-hydroxybenzylidene) aniline/4-(4-

aminophenylsulfonyl)-N-(thiophene-2-ylmethylene)aniline/ 4-(4-aminophenyl-sulfonyl)-N-(3, 4-

dimethoxybenzylidene) aniline (0.01 mol), ethanol (30 ml) and ammonium hydroxide (20 ml) were mixed 

together and cooled below 20 ˚C. Carbon disulphide (8 ml) was then added with constant stirring for 15 min. 

It was then allowed to stand for one hour. Then, sodium 2-chloroacetate (4 ml) and hydrazine hydrate (14 ml, 

50%) were added and the volume was reduced to half by heating. It was then allowed to stand overnight. The 

product was crystallized out from ethanol-water and the procedure is described in scheme.2. 
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 Scheme.1.General scheme of imine synthesis

 

 Scheme.2.General scheme of thiosemicarbazide synthesis 

2.3. Procedure for Corrosion study 

2.3.1. Weight Loss Method 

A blank solution of 1M HCl and various concentration solutions of the inhibitors (DSC, SSC, TSC, 

DMSC and its metal complexes) were taken in a 100 ml beaker and the weighed mild steel specimens were 

suspended in the solution using glass hooks. Care was taken to ensure that the specimens were immersed 

completely in the solution and the specimen does not touch the walls of the beaker. After a period of 3 h, the 

specimen were taken out, dried and weighed. From the initial and final weight of the specimen, weight loss 

was calculated. Inhibition efficiency was calculated from the weight loss of the specimen. From the average 

weight loss (mean of three replicate analyses) results, the corrosion rate of mild steel (ν), the inhibition 

efficiency (ηWL) of the inhibitor and the degree of surface coverage (θ) were calculated using equations 1 to 3 

respectively ,  

  ν = W/St                                                 (1) 

                         ηWL (%) = [(νo- ν)/ νo ] x100                                     (2) 

             θ = [(νo- ν)/ νo]                                           (3) 

Where W was the three-experimental average weight loss of the mild steel, S was the total surface 

area of the specimen, t was the immersion time and  νo and  ν were values of the corrosion rate without and 

with addition of the inhibitor, respectively. 

2.3.2. Adsorption Isotherm and thermodynamic parameters 

The mechanism of the interaction between inhibitor and the metal surface can be explained by using 

adsorption isotherms. The degree of surface coverage (θ) was evaluated for different concentrations of the 

studied solutions from weight loss measurement with the help of the expression ηWL % = θ X 100 which 

showed the relationship between surface coverage (θ) and inhibition efficiency (ηWL %). The Langmuir 

adsorption isotherm (equation 4) was adopted in this work which shows the relationship between surface 

coverage (θ) and inhibitors concentrations.  

Assuming the adsorption of metal complexes on mild steel surface obeys Langmuir, Frumkin and 

Temkin adsorption isothermal equation[14], 

 Langmuir:                        C/θ = (1/K) + C            (4) 

 Frumkin:   θ/ (1-θ) exp (-2fθ) = Kads Cads              (5) 

 Temkin:                exp (-2fθ) = Kads Cads                    (6) 

θ is the surface coverage, K is the adsorption-desorption equilibrium constant, C is the concentration 

of inhibitor and f is the factor of energetic inhomogeneity. Again, the weight loss measurements were 

employed in this experiment with the concentration range 0.2 - 1.0 mM at 35 ˚C .The free energy of 

adsorption ∆G
o

ads, also can be calculated using the following equation 

         ∆G˚ads = −RT ln (55.5 K)                                      (7) 

The enthalpy of adsorption (Δ
0
Hads) and entropy of adsorption (Δ

0
Sads) were calculated using the following 

equation as. 

Ea=2.303 x RT x log (A/P)                               (8) 

∆H
o

ads =Ea - RT                                                 (9)         

∆S
o
ads= (∆H

o
ads - ∆G

o
ads)/T                               (10) 

Where 55.5 is the molar concentration of water, Ea is the apparent activation energy, R is the molar gas 

constant and T is the absolute temperature. Results of corrosion rate and energy of activation also show 
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similar trends as that for percentage inhibition efficiency. The low and negative values of ∆G˚ads indicates the 

spontaneous adsorption of the inhibitor on the surface of mild steel and also indicates the strong interaction 

of the inhibitor molecules with the alloy surface. The values of heat of adsorption are higher than 40 KJ mol
-1

 

suggesting the chemical adsorption of the inhibitors on the surface[10]. The adsorption was attributed to the 

electrostatic attraction between the charged organic molecules and charged metal surface. 

2.4. Biological evaluation 

2.4.1. Antibacterial activity 

The antibacterial activity was estimated against Staphylococcus aureus, Enterococci sps, 

Streptococcus pyogenes, as gram positive and E.coli, Pseudomonas aersginosa, Klebsiella pneumoniae and 

Proteus sps as gram negative and evaluated by using disc diffusion method on the basis of the size of 

inhibition zone formed around the discs. For each concentration, the mean diameter (mm) of inhibition zone 

developed was calculated. The test compounds in measured quantities were dissolved in DMSO to get 

concentrations of 100 ppm. Twenty five milliliter nutrient agar media was poured in each petri plates. After 

solidification, 0.1 ml of test bacteria was spread over the medium using a spreader. These petri plates were 

kept in refrigerator for 24 h for pre diffusion. Finally, petri plates were incubated for 24 h at 30 ˚C. The zone 

of inhibition was calculated in millimeters carefully. Ciprofloxacin was used as a standard drug. 

2.4.2. Antifungal study 

The antifungal activity of ligand and its metal complexes were tested against two pathogenic fungi, 

Candida albicans and Aspergillus niger. The test compounds having concentration of 25 µg/ml were poured 

in petridishes and similar experiments were repeated and zones of inhibition formed were measured and 

compared with that of DMF to evaluate the zone of inhibition due to the test compound. 

3. RESULTS AND DISCUSSION 

The ligands DSC, SSC, TSC, DMSC and their metal complexes were synthesized and characterized. 

The percentage of yield varies from 80% to 94%. All the ligands and metal complexes were solids. All the 

ligands were soluble in water; all metal complexes were completely soluble in DMSO and DMF. The 

Physical properties and analytical data of ligands and their complexes were presented in Table 1. 

 

Table.1: Physical properties and Analytical data of the ligands and its complexes 

Mol. Formula 

Molar 

Ratio 

L:M 

Mol. 

Weight 

% 

Yield 

Mp 
0C 

Color 
Soluble 

In 

Calculated/(Found)% Mol.Co. 

(ɋī1m2m

olī1) C N S Metal 

C13H14N4O2S2 

[DSC] 
- 322.4 89 146 

Light 

green 
Water 

46.43 

(46.54) 

17.38 

(18.08) 

18.89 

(20.23) 
- - 

C26H28N8O4S4CoCl2 

[Co(DSC)2]Cl2 
2:1 774.64 86 185 Brown 

DMF , 

DMSO 

40.31 

(37.69) 

14.47 

(15.72) 

16.55 

(14.89) 

7.61 

(7.50) 
30.24 

C26H28N8O4S4CuCl2 

[Cu(DSC)2]Cl2 
2:1 779.25 85 165 Green 

DMF , 

DMSO 

40.08 

(39.34) 

14.38 

(12.07) 

16.46 

(14.03) 

8.15 

(7.75) 
25.50 

C20H18N4O3S2 

[SSC] 
- 426.51 94 120 

Pale 
yellow 

Water 
56.32 

(52.38) 
13.14 

(13.06) 
15.03 

(16.23) 
- - 

C20H16N4O3S2CoCl2 

[Co(SSC)Cl2] 
1:1 554.33 90 215 

Dark 

brown 

DMF , 

DMSO 

43.34 

(43.55) 

10.11 

(11.81) 

11.57 

(9.01) 

10.63 

(11.20) 
10.36 

C20H16N4O3S2CuCl2 

[Cu(SSC)Cl2] 
1:1 558.94 89 190 Green 

DMF , 
DMSO 

42.98 
(41.24) 

10.02 
(10.08) 

11.47 
(10.65) 

11.37 
(10.65) 

12.5 

C18H16N4O2S3 
[TSC] 

- 416.53 92 135 
Light 
brown 

Water 
51.9 

(50.54) 
13.45 

(12.08) 
23.09 

(24.03) 
- - 

C18H16N4O2S3CoCl2 

[Co(TSC)Cl2] 
1:1 546.37 82 150 

Dark 

brown 

DMF , 

DMSO 

39.57 

(41.54) 

10.25 

(9.22 

17.6 

(19.03) 

10.79 

(9.75) 
14.69 

C18H16N4O2S3CuCl2 

[Cu(TSC)Cl2] 
1:1 550.98 80 160 Brown 

DMF , 
DMSO 

39.24 
(37.54) 

10.17 
(12.58) 

17.46 
(18.03) 

11.53 
(9.75) 

12.5 

C22H20N2O4S3 

[DMSC] 
- 472.60 81 195 

Light 
Yellow 

Water 
55.91 

(56.11) 
5.93 

(6.22) 
20.35 

(12.11) 
- - 

C22H22N2O5S3CoCl2 

[Co(DMSC)Cl2.H2

O] 

1:1 620.45 88 205 Black 
DMF , 

DMSO 

42.59 

(41.22) 

4.52 

(5.2) 

15.5 

(16.53) 

9.5 

(9.1) 
12.5 

C22H22N2O5S3CuCl2 

[Cu(DMSC)Cl2.H2

O] 

1:1 625.06 92 195 
Dark 

green 

DMF , 

DMSO 

42.27 

(43.01) 

4.48 

(5.41) 

15.39 

(14.87) 

10.17 

(10.0) 
16.4 

 
3.1. Electronic Spectra and magnetic behavior 

The UV/Visible spectral data for the Co(II) complex of ligands DSC, SSC, TSC and DMSC are 

given in Table.2. Three bands in the visible region at  425, 430, 725 nm , 421, 438, 732 nm , 429, 432, 730 

nm  and 420, 436, 732 respectively which were assigned to 
4
T1g (F) → 

4
T2g (F), 

4
T1g(F) →

4
A2g(F) and 

4
T1g(F) 
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→
4
T1g(P) transitions, which assume an octahedral geometry for Co(II) complex[11]. The electronic spectra of 

the Cu(II) complex of the ligands DSC, SSC, TSC and DMSC displayed a band in the visible region at 742, 

760, 740 and 752 nm which is assigned to 
2
Eg→ 

2
T2g. This indicates the octahedral geometry of the Cu(II) 

complex[12]. The observed magnetic moment values of Co(II) and Cu(II) complexes were found to be 4.27 

and 2.13 B.M. respectively corresponding to three and one unpaired electrons in these complexes[13]. 

Table.2: Electronic spectral data of ligands and their complexes 
Mol. Formula Abs.  

in nm 

Transitions Geometry Mol. Formula Abs.  

in nm 

Transitions Geometry 

DSC 350 π-π* - TSC 336 π-π* - 

[Co(DSC)2]Cl2 425  

430  
725 

4T1g(F) →4T2g(F) 
4T1g(F) →4A2g(F) 
4T1g(F) →4T1g(P) 

Oh. [Co(TSC)Cl2] 429  

432  
730 

4T1g(F) →4T2g(F) 
4T1g(F) →4A2g(F) 
4T1g(F) →4T1g(P) 

Oh. 

[Cu(DSC)2]Cl2 742 2Eg→ 2T2g Oh. [Cu(TSC)] 740 2Eg→ 2T2g Oh. 

SSC 360 π-π* - (DMSC) 

 

336 π-π* - 

[Co(SSC)Cl2] 421  

438  
732 

4T1g(F) →4T2g(F) 
4T1g(F) →4A2g(F) 
4T1g(F) →4T1g(P) 

Oh. [Co(DMSC)Cl2.H2O] 

 

420  

436  
732 

4T1g(F) →4T2g(F) 
4T1g(F) →4A2g(F) 
4T1g(F) →4T1g(P) 

Oh. 

[Cu(SSC)Cl2] 760 2Eg→ 2T2g
 Oh [Cu(DMSC)Cl2.H2O] 

 

752 2Eg→ 2T2g Oh. 

 
3.2. IR spectral studies 

The IR spectral data of ligands and complexes are given in Table.3. The IR spectrum of the free 

ligand showed characteristic bands at 3420, 1618-1639, 800 -810, and 1579-1585 cm
–1

[14], assignable to 

ν(OH) (ligand SSC), ν(C=N) (azomethine), ν(C=S) and ν(NH2) stretching modes, respectively[15]. The 

absence of a weak broad band in the 3420cm
–1

 region, noted in the spectra of the metal complexes of ligand 

DSC, indicated deprotonation of the intra-molecular hydrogen bonded OH group on complexation[16]. 

Further, the ligand (TSC) revealed a sharp band at 810 at cm
-1

 due to ν(C-S) (thiophene cyclic) which 

undergo downward shift by 20-40 cm
-1

 in the complexes suggesting the participation of the sulphur of this 

entity in bonding with the metals[17]. The band observed at 1579-1585 cm
−1

can be assigned to ν(NH2) 

vibration and shifting of this band by 15-20 cm
−1

 to lower frequency region in the metal chelates indicates the 

coordination of the amine nitrogen atoms to the metal ions. On complexation, the ν(C=N) band was shifted to 

lower wave numbers with respect to the free ligands (SSC, TSC), suggesting that the nitrogen of the 

azomethine group was coordinated to the metal ion. The IR spectra of the metal chelates showed new bands 

at 515–553, 450–505 and 410-446 cm
–1

 which can be assigned to ν(M–N), ν(M-S) and ν(M–Cl) 

vibrations[18] respectively. 

Table.3. Infrared spectral data of ligands and their complexes 

Mol. Formula 
ɜ max (cm

-1
) 

N-H SO2 NH2 N-N C=N C=S M-N M-S M-Cl 

DSC 
3321, 

3134 

1348 

1126 

1581 

 
1085 - 810 - - - 

[Co(DSC)2]Cl2 

 
3340 

1342 

1145 
1563 1024 - 758 551 472 440 

[Cu(DSC)2]Cl2 

 
3157 

1351 

1154 
1561 1070 - 760 549 450 410 

SSC 

 
3147 

1348 

1124 
1585 1016 1618 800 - - - 

[Co(SSC)Cl2] 

 
3363 

1351 

1143 
1561 1072 1602 759 553 475 430 

[Cu(SSC)Cl2] 

 

3213 

2916 

1349 

1145 
1563 1070 1596 759 551 451 435 

TSC 

 

3272 

3176 

1336 

1141 
1581 1080 1639 805 - - - 

[Co(TSC)Cl2] 3380 1353 1565 1060 1617 768 518 453 438 

[Cu(TSC) Cl2] 

 

3278 

3130 

1330 

1105 
1562 1039 1607 778 540 505 446 

DMSC 

 
3321 

1348 

1126 
1579 1085 1625 809 - -  

[Co(DMSC)Cl2.H2O] 

 
3209 

1357 

1139 
1569 1074 1610 789 515 460 435 

[Cu(DMSC)Cl2.H2O] 

 
3222 

1351 

1151 
1556 1074 1604 783 515 455 440 
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3.3. NMR spectral analysis 

The signal for the azomethine proton appearing as a singlet at 7.50-8.39 ppm in the spectra of 

ligands was shifted to downfield in the spectra of complexes. This de-shielding was attributed to the donation 

of the lone pair of electrons on the azomethine nitrogen to the metal ion, resulting in the formation of a 

coordinate bond. 
1
H NMR spectra of ligands exhibited a multiplet at 6.35-7.97 ppm for protons of the 

aromatic rings. The signal of the NH-NH2 protons (4.35 ppm) has shifted to downfield in all complexes.  In 

the spectra of complexes these peaks have shifted to downfield which can be attributed to the increased 

conjugation upon complex formation. The intensity of the signal observed at 8.7 ppm due to δOH in spectra 

of ligand SSC disappeared in the spectra of their complexes. This refers to the complex formation occurring 

via the deprotonation of the -OH group[19]. The changes and downfield shifts in the spectra of complexes are 

good indications for participation of these groups in the coordination with the metal ions, and give further 

support for the presence of the metal ions.  

All ligands exhibited two important signals at δ152.8-160.0 and δ113.0-152.8 ppm in 
13

C NMR 

which were assigned to the azomethine and aromatic carbon atoms, respectively. The signal at δ181.1 ppm in 
13

C NMR spectra is due to the thioamide (C=S) carbon. 

3.4. Mass spectra 

  The ESI–mass spectra were measured in order to confirm the composition and the purity of the 

complexes under investigation. The spectra of ligands DSC, SSC, TSC and DMSC  displayed the molecular 

ion peak at m/z 322.4, 426.51 , 416.53 ,472.60 respectively which is attributable to [M+1]+. The mass 

spectra of Co(II), Cu(II) metal complexes [Co(DSC)2]Cl2, [Cu(DSC)2]Cl2 ,[Co(SSC)Cl2] , [Cu(SSC)Cl2] 

[Co(TSC)Cl2] , [Cu(TSC)Cl2, [Co(DMSC)Cl2. H2O] , [Cu(DMSC)Cl2.H2O]  showed the highest peaks at m/z 

774.64, 779.25, 554.33, 558.94, 546.37, 550.98, 620.45 and 625.06, respectively, corresponding to the 

molecular weight of the parent ion [M]+. Further confirmation for the molecular structure of the investigated 

complexes comes from the appearance of other peaks that containing metal besides the peaks due to 

successive degradation of the target compound to various fragments.  

3.5. Thermal decomposition 

The simultaneous TGA/DTA analysis of the Co (II) and Cu(II) metal complexes were studied from 

ambient temperature to 800 ȍ# under nitrogen atmosphere using Ŭ-Al2O3 as the reference. The data from 

thermo gravimetric analysis clearly indicated that the decomposition of the complex proceed in several steps. 

Hydrated water molecules were lost in between 30 ȍ# -120 ȍ#. The thermal decomposition of the 

[Co(DSC)2]Cl2.2H2O, [Cu(DSC)2]Cl2.2H2O complexes occurs in three different stages. The loss of two water 

molecules and two chloride ions occurs in the first step at 80-100 ȍ#, greater weight loss of macro cyclic 

ligand in the second step (310–340 ȍ#). Finally, the mass decomposes gradually with the formation of metal 

oxide above 650 ȍ#. The nature of proposed chemical change with the temperature range and the percentage 

of metal oxide obtained are given in Table.4. The thermal decomposition of complexes [Co(SSC)Cl2]. 2H2O, 

[Cu(SSC)Cl2].2H2O has occurred in three steps as indicated by TGA curves around 65, 220 and 340 ȍ# 
corresponding to the loss of two hydrated water, two coordinated chloride ions and loss  macro cyclic ligand 

respectively. Thermogram of Co, Cu complexes of TSC has occurred in three steps, a small weight loss at 

81-90 ȍ# was assigned to the loss of lattice water, weight loss in the range of 180-220 ȍ# corresponds to the 

loss of coordinated two chloride ions and maximum weight loss in the range of 350-410 ȍ# indicates the 

complete decomposition of ligand moiety around the metal ion[20] and the formation of metal oxide. In the 

case of [Co(DMSC)Cl2.H2O] and [Cu(DMSC)Cl2.H2O] complexes, the coordinated water molecules[21] 

were liberated in between 120 -200 ȍ#. There was continuous change up to ~300 ȍ# after that there was 

another break in the curves due to complete decomposition of organic ligand, the remaining ligand were 

removed from the coordination sphere at ~600 ȍ#. Finally the metal oxides were formed at ~650-800 ȍ#. 

 
Table.4. Thermal analysis results of metal complexes 

Complexes 
Peak 

Temp. 

Mass Loss %  

Assignment Found Calculated 

[Cu(DSC)2]Cl2.2H2O 

 

84.5 8.5 9.1 
loss of two chloride ions and two lattice water 

molecule 

258 86.2 87.3 decomposition of organic content 

337 4.5 3.3 
further decomposition and formation of CuO as 

final product 

[Co(DSC)2]Cl2.2H2O 

 

61 8.8 9.2 
loss of two chloride ions and two lattice water 

molecule 

238 88.2 90.2 decomposition of organic content 

318 2.3 2.1 further decomposition and formation of CoO as 
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final product 

[Cu(SSC)Cl2]. 2H2O 

65 12.3 13.3 Loss of two lattice water molecule. 

210 83.6 84.4 Elimination of chloride and organic content 

340   
Complete decomposition of material and 

formation of CuO. 

[Co(SSC)Cl2]. 2H2O 

 

63 13.2 13.8 
loss of two chloride ions and two lattice water 

molecule 

215 83.8 84.9 Elimination of organic content 

385   
Complete decomposition of material and 

formation of CoO. 

[Cu(TSC)Cl2]. 2H2O 

 

81 12.8 13.4 
loss of two chloride ions and two lattice water 

molecule 

179 83.2 84.7 Elimination of organic content 

346   
Complete decomposition of material and 

formation of CuO. 

[Co(TSC)Cl2]. 2H2O 

 

87 12.5 13.6 Loss of two lattice water molecule. 

225 83.0 84.5 Elimination of chloride and organic content 

406   
Complete decomposition of material and 

formation of CoO. 

[Cu(DMSC)Cl2.H2O] 

 

200 13.9 14.2 Loss of the one coordinated water. 

294 66.5 67.88 Elimination of chloride and organic content 

451   Complete decomposition and formation of CuO 

[Co(DMSC)Cl2.H2O] 

 

217 13.76 14.5 Loss of the one coordinated water. 

253 66.7 67.45 Elimination of chloride and organic content 

408   Complete decomposition and formation of CuO 

 
3.6. Corrosion studies 

3.6.1. Weight loss measurements  

Weight loss measurements were carried out using different concentrations of inhibitor. The weight 

loss, inhibition efficiency and corrosion rate were reported in the Table.5. It was observed that the inhibition 

efficiency increases with increase in concentration of inhibitor. 

Table.5. Inhibition efficiency, corrosion rate and thermodynamic parameters values at various 

concentrations of inhibitors  for the corrosion of mild steel in 1.0 M HCl obtained by weight loss 

measurements at 30 ± 2
o
C 

Name of the 

Inhibitor 

Inhibit

or 

Conc. 

(mM) 

Weight 

Loss 

ɜ 

(mgcm
-

2
h

-1
) 

Inhibition 

Efficiency 

ɖWL(%) 

Degree of 

Coverage 

(ɗ) 

 

-æGads 

(kJmol
-1

) 

 

æH
o
ads 

 

 

æS
o

ads 

 

Blank - 0.0812  - - - - - 

 

DSC 

0.2 0.0263 0.0219 67.65 0.6765 28.09 4879.75 15.93 

0.4 0.0241 0.0201 70.31 0.7031 26.63 5099.40 16.64 

0.6 0.0219 0.0183 72.97 0.7297 25.93 5339.67 17.42 

0.8 0.0215 0.0179 73.56 0.7356 25.27 5396.27 17.6 

1 0.0197 0.0164 75.78 0.7578 25.00 5620.41 18.33 

[Co(DSC)2]Cl2 

 

0.2 0.0200 0.0167 75.33 0.7533 29.06 5573.99 18.19 

0.4 0.0190 0.0158 76.66 0.7666 27.47 5715.87 18.65 

0.6 0.0180 0.0150 77.84 0.7784 26.61 5848.94 19.08 

0.8 0.0178 0.0148 78.14 0.7814 25.91 5883.31 19.19 

1 0.0170 0.0142 79.03 0.7903 25.48 5989.30 19.53 

[Cu(DSC)2]Cl2 

0.2 0.0220 0.0183 72.97 0.7297 28.75 5339.67 17.43 

0.4 0.0217 0.0181 73.26 0.7326 27.01 5367.82 17.52 

0.6 0.0210 0.0175 74.15 0.7415 26.09 5454.15 17.79 

0.8 0.0200 0.0167 75.33 0.7533 25.51 5573.99 18.18 

1 0.0190 0.0158 76.66 0.7666 25.13 5715.87 18.64 

SSC 

0.2 0.0249 0.0208 69.28 0.6928 28.28 5011.73 16.36 

0.4 0.0234 0.0195 71.20 0.7120 26.74 5177.01 16.9 

0.6 0.0218 0.0182 73.12 0.7312 25.95 5353.71 17.47 

0.8 0.0187 0.0156 76.96 0.7696 25.74 5748.49 18.75 
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1 0.0171 0.0143 78.88 0.7888 25.45 5971.33 19.47 

[Co(SSC)Cl2] 

 

0.2 0.0180 0.0150 77.84 0.7784 29.42 5848.94 19.09 

0.4 0.0176 0.0147 78.29 0.7829 27.71 5900.68 19.25 

0.6 0.0160 0.0133 80.35 0.8035 27.00 6156.99 20.08 

0.8 0.0150 0.0125 81.54 0.8154 26.46 6315.87 20.59 

1 0.0142 0.0118 82.57 0.8257 26.06 6463.46 21.07 

[Cu(SSC)Cl2] 

0.2 0.0190 0.0158 76.66 0.7666 29.25 5715.87 18.65 

0.4 0.0180 0.0150 77.84 0.7784 27.64 5848.94 19.08 

0.6 0.0170 0.0142 79.03 0.7903 26.79 5989.3 19.53 

0.8 0.0166 0.0138 79.62 0.7962 26.14 6062.48 19.77 

1 0.0160 0.0133 80.35 0.8035 25.69 6156.99 20.07 

TSC 

0.2 0.0207 0.0173 74.45 0.7445 28.94 5483.59 17.9 

0.4 0.0190 0.0158 76.66 0.7666 27.47 5715.87 18.65 

0.6 0.0181 0.0151 77.7 0.7770 26.59 5831.92 19.02 

0.8 0.0173 0.0144 78.73 0.7873 26.00 5953.48 19.41 

1 0.0155 0.0129 80.95 0.8095 25.79 6235.20 20.33 

[Co(TSC)Cl2] 

 

0.2 0.0150 0.0125 81.54 0.8154 30.01 6315.87 20.6 

0.4 0.0140 0.0117 82.72 0.8272 28.44 6485.26 21.15 

0.6 0.0130 0.0108 84.05 0.8405 27.64 6690.25 21.81 

0.8 0.0123 0.0103 84.79 0.8479 27.05 6811.65 22.2 

1 0.0120 0.0100 85.23 0.8523 26.57 6887.35 22.45 

[Cu(TSC)Cl2] 

0.2 0.0170 0.0142 79.03 0.7903 29.60 5989.3 19.54 

0.4 0.0160 0.0133 80.35 0.8035 28.03 6156.99 20.08 

0.6 0.0150 0.0125 81.54 0.8154 27.19 6315.87 20.59 

0.8 0.0140 0.0117 82.72 0.8272 26.66 6485.26 21.14 

1 0.0130 0.0108 84.05 0.8405 26.34 6690.25 21.81 

DMSC 

0.2 0.0144 0.0120 82.27 0.8227 30.13 6420.42 20.94 

0.4 0.0126 0.0105 84.49 0.8449 28.77 6762.39 22.05 

0.6 0.0110 0.0092 86.41 0.8641 28.13 7100.89 23.15 

0.8 0.0100 0.0083 87.74 0.8774 27.69 7364.54 24 

1 0.0090 0.0075 88.92 0.8892 27.41 7624.11 24.84 

[Co(DMSC)Cl2.

H2O] 

 

0.2 0.0090 0.0075 88.92 0.8892 31.54 7624.11 24.86 

0.4 0.0088 0.0073 89.22 0.8922 29.84 7693.33 25.08 

0.6 0.0080 0.0067 90.1 0.9010 29.04 7912.98 25.79 

0.8 0.0070 0.0058 91.43 0.9143 28.71 8282.41 26.98 

1 0.0060 0.0050 92.61 0.9261 28.56 8662.52 28.22 

[Cu(DMSC)Cl2.

H2O] 

 

0.2 0.0110 0.0092 86.41 0.8641 30.94 7100.89 23.16 

0.4 0.0100 0.0083 87.74 0.8774 29.47 7364.54 24.01 

0.6 0.0090 0.0075 88.92 0.8892 28.72 7624.11 24.85 

0.8 0.0083 0.0069 89.81 0.8981 28.23 7837.65 25.54 

1 0.0080 0.0067 90.10 0.9010 27.74 7912.98 25.78 

 

It can be seen from the data that the ligand and its metal complexes showed appreciable corrosion 

inhibition behavior against corrosion of mild steel in a 1.0 M HCl solution. The metal complexes showed 

greater inhibition efficiency than the free thiosemicarbazide ligands. The increased efficiency of metal 

complexes compared to the thiosemicarbazide may be attributed to their larger size. As the value of corrosion 

rate decreases, the inhibition efficiency increases with the inhibitor concentrations. This trend may result 

from the fact that adsorption and surface coverage increased with the increase in thiosemicarbazide and its 

metal concentrations. Thus, the order of efficiency was [Co(DMSC)Cl2.H2O] > [Cu(DMSC)Cl2.H2O] > 

DMSC > [Co(TSC)Cl2] > [Cu(TSC)Cl2] > TSC > [Co(SSC)Cl2] > [Cu(SSC)Cl2] >  SSC > [Co(DSC)2]Cl2 > 

[Cu(DSC)2]Cl2 > DSC. The difference in inhibition efficiency might be due to the difference in the stability 

and solubility of complexes in the acid solution. This suggests that the corrosion inhibition was a result of 

adsorption of inhibitor on the metal surface and the compounds acts as adsorption inhibitors. Better inhibition 

efficiency at higher concentration may be attributed to larger coverage of metal surface with inhibitor 

molecules. 

3.6.2. Adsorption Isotherm and thermodynamic parameters 

The adsorption isotherm can be determined if the inhibitor effect was mainly due to the adsorption 

on metallic surface. The adsorption isotherm type can provide additional information about the tested 
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compounds‟ properties. The fractional coverage surface (ɗ) can be easily determined from weight loss results 

shown in Table.5. 

 
 

Figure 1.(A) Langmuir (B) Frumkin and (C) Temkin 

isotherm for the adsorption of ligand DSC and its 

complexes 

Figure 2. (A) Langmuir (B) Frumkin and (C) 

Temkin isotherm for the adsorption of ligand SSC 

and its complexes 
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Figure 3.(A) Langmuir (B) Frumkin and (C) Temkin 

isotherm for the adsorption of ligand TSC and its 

complexes 

Figure 4.(A) Langmuir (B) Frumkin and (C) Temkin 

isotherm for the adsorption of ligand DMSC and its 

complexes 

The plots of θ/(1-θ) versus C showed a linear correlation of slope close to unity suggesting that 

adsorption of thiosemicarbazide on mild steel interface obeys Langmuir adsorption isotherm. The values of 

heat of adsorption are less than 40 KJ mol
-1

 suggesting the physical adsorption of the inhibitors [22]. The 

negative values of ∆Gads suggest that the adsorption of thiosemicarbazide on mild steel is spontaneous. The 

adsorption was attributed to the electrostatic attraction between the charged organic molecules and charged 

metal surface. In the present investigation the values of ∆Gads were in the range of 30.06 - 36.26 KJ mol
-1

 

which concludes it as physisorption. 

 

3.7. Biological studies 

The synthesized ligands and their complexes were screened for their antibacterial activity against 

bacteria Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia, Proteus sps, Staphylococcus 

aureus, Enterococci sps, Streptococcus pneumoniae and antifungal activity against Aspergillus niger, 

Candida albicans using disc diffusion method. The standard drugs Ciprofloxacin and Nystatin were also 

tested for their antibacterial and antifungal activities at the same concentration and conditions similar to that 

of the tested compound‟s concentration. The antimicrobial results were presented in Table.6. From the 

antibacterial studies, it was inferred that the thiosemicarbazide ligands and their complexes were found to be 

potentially active against bacteria. In case of antifungal activity, the thiosemicarbazide ligands were found to 

be moderately active against Aspergillus niger. On the other hand, all Cu(II) complexes under investigation 

exhibited excellent activity against fungi. 

From the obtained results, it is observed that the complexes showed better activity than the ligands 

on the basis of chelation theory. This indicates that the chelation tends to make the thiosemicarbazide act as 

more powerful and potent antimicrobial agents, thus inhibiting the growth of bacteria and fungi more than the 
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parent ligands. Therefore, it was claimed that the process of chelation dominantly affects the biological 

behavior of the compounds that are potent against microbial and fungal strains. 

Table.6. Antimicrobial activity of ligands and its complexes 

 

 

Compound 

Zone of inhibition (mm) 

Gram-Negative Gram-Positive Antifungal 

E. coli 

P. 

aeruginos

a 

Klebsiella 

pneumoni

ae 

Proteus 

sps 

Staphylococ

cus aureus 

Enterococ

ci sps 

Streptoc

occus 

pyogene

s 

Asperg

illus 

niger 

Candida 

albicans 

DSC 9.0 6.0 7.0 8.0 6.0 8.0 9.0 + + 

[Co(DSC)2]Cl2 12.0 12.0 17.0 12.0 10.0 19.0 11.0 ++ ++ 

[Cu(DSC)2]Cl2 17.0 10.0 15.0 11.0 14.0 18.0 16.0 + + 

SSC 8.0 9.0 8.0 9.0 7.0 9.0 8.0 + + 

[Co(SSC)Cl2] 19.0 11.0 14.0 16.0 18.0 21.0 20.0 + ++ 

[Cu(SSC)Cl2] 9.0 10.0 11.0 15.0 16.0 12.0 19.0 ++ ++ 

TSC 11.0 13.0 9.0 9.0 12.0 11.0 10.0 ++ + 

[Co(TSC)Cl2] 21.0 21.0 19.0 20.0 22.0 18.0 19.0 +++ +++ 

[Cu(TSC)] 16.0 17.0 16.0 17.0 14.0 16.0 12.0 ++ ++ 

DMSC 8.0 9.0 6.0 8.0 10.0 7.0 9.0 + ++ 

[Co(DMSC)Cl2.

H2O] 
16.0 18.0 17.0 18.0 21.0 20.0 18.0 ++ +++ 

[Cu(DMSC)Cl2.

H2O] 
9.0 16.0 11.0 12.0 14.0 10.0 13.0 ++ ++ 

Ciprofloxacin 24.0 26.0 21.0 22.0 24.0 23.0 24.0 - - 

Nystatin - - - - - - - +++ +++ 
Highly active = +++ (inhibition zone > 15mm); Moderately active = ++ (inhibition zone> 10mm) Slightly active = + (inhibition 

zone >5mm); 

 
Among all the chelates, cobalt complexes showed the highest antifungal and antibacterial activities. 

The [Co(TSC)Cl2] showed higher activities against Staphylococcus aureus than the standard. Several studies 

have shown that metal complexes are more potent fungicides than their precursor thiosemicarbazide. 

4. CONCLUSIONS 

       Novel thiosemicarbazide ligands,4-(4'-(4-aminophenyl)sulfonylphenyl)-3-thiosemicarbazide (DSC),  4-

(4'-(4(2-hydroxyphenylmethylene)aminophenyl)sulfonylphenyl)-3-thiosemicarbazide (SSC), 4-(4'-(4-

thiophen-2-ylmethyleneaminophenyl)sulfonylphenyl)3-thiosemicarbazide (TSC), 4-(4'-(4(3,4-

dimethoxyphenyl-methylene)-aminophenyl)sulfonylphenyl)-3-thiosemicarbazide (DMSC);  and its metal (II) 

complexes were synthesized and characterized by elemental analyses, molar conductance, spectral 

studies(IR, UV-Visible, 
1
H NMR, C

13
 NMR) and magnetic moments. Figures 5 - 8 shows that the probable 

geometries for Cu(II) and Co(II) complexes to be octahedral. Conductivity measurements indicate their non-

electrolytic nature. The magnetic measurements along with electronic spectral data of the prepared 

complexes support the electronic configuration of the central metal ion consistent with the +2 oxidation states 

of Cu(II) and Co(II) ions. The synthesized metal complexes, in comparison to the uncomplexed 

thiosemicarbazide ligands, were screened for their antibacterial activity against pathogenic bacterial species 

and they showed better results. The activity of the thiosemicarbazide complexes became more pronounced 

when coordinated with the metal ions. These thiosemicarbazides and its metal complexes act as good 

corrosion inhibitors for mild steel in 1.0 M hydrochloric acid. Corrosion inhibition on mild steel explained 

the interaction between the functional groups of thiosemicarbazides and metal surface. The inhibition 

efficiency of the inhibitors increases with increase in concentration. The adsorption of the inhibitors obeys 

Langmuir‟s adsorption isotherm. All the results showed that the [Co(DMSC)Cl2.H2O] has excellent 

inhibition properties against the corrosion of mild steel in acid medium. 
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Figure 5: Proposed structure of metal 

complexes of ligand DSC 
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Figure 7: Proposed structure of metal 

complexes of ligand TSC 

Figure 8: Proposed structure of metal complexes 

of ligand DMSC 
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