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Abstract: Sulpha drugs have served as potential antimicrobial agents from ancient days and many new drugs were 

synthesized along with organic and metal hybrids. In this present work synthesized novel thiosemicarbazone ligands, 2-

hydroxybenzaldehyde-4-(4'-(4-aminophenyl)sulfonylphenyl)-3-thiosemicarbazone, 2-hydroxy-benzaldehyde-4-(4'-(4(2-hydroxy-

benzylidene)aminophenyl)sulfonylphenyl)-3-thiosemicarbaz-one, 2-hydroxybenzaldehyde-4-(4'-(4(thiophene-2-ylmethylene)-

aminophenyl)sulfonylphenyl)-3-thiosemicarbazone and 2-hydroxy-benzaldehyde-4-(4'-(4(3,4-dimethoxybenzylidene)-amino-

phenyl)sulfonylphenyl)-3-thiosemicarbazone derived from 4,4'-sulfonyldianiline, and its cobalt and copper complexes. All 

synthesized compounds were characterized using elemental analysis, FT-IR, 1H NMR, 13C NMR, mass spectra, magnetic 

moment and molar conductance measurements and thermal analysis. The electrochemical properties such as anodic, cathodic 

peak potential and electron transfer process of the complexes were studied using CV measurements. All compounds were 

efficiently synthesized in good yields in ranges of 74–88% and screened for their antimicrobial potentials. Results were compared 

with standard antibacterial (Ciprofloxacin) and antifungal (Nystatin) which served as controls. The molar conductance data 

revealed that the chelates were non-electrolytes. From the spectral and magnetic moment data the complexes were found to 

have octahedral geometry.  
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1. INTRODUCTION 
 

The parent compound 4, 4′- Sulfonyldianiline and its derivatives, were the valuable chemotherapeutic agents employed 

systematically for the prevention and cure of bacterial infections in humans. Sulfa drugs are still today among the drugs of first 

election (together with ampicillin and gentamycin) as chemotherapeutic agents against bacterial infections [1], [2]. The designing 

and synthesis of new ligands with unique properties and novel reactivity was the most important step in the development of 

metal complexes [3]. Metal complexes of thiosemicarbazone have been studied [4], [5] extensively in recent years due to its 

selectivity and sensitivity towards various metal ions. From the survey of existing literature, it appears that metal complexes of 

thiosemicarbazone have played a vital role in the development of coordination chemistry [6], [7]. 

 

The metal derivatives of sulpha compounds and thiosemicarbazones containing oxygen, nitrogen and sulphur have been 

studied as corrosion inhibitors for metal. The corrosion inhibition is a surface phenomenon which involves the adsorption of 

the organic compounds on metal surface [8] - [11]. Corrosion inhibitors are of great practical importance, being extensively 

employed in minimizing metallic waste in engineering material [12].The electron transfer of the metal complexes is investigated 

with the aid of cyclic voltammetry. 
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On the basis of reported activities of heterocyclic moieties exhibiting a wide range of applications [12] we have decided 

to design and synthesize novel thiosemicarbazones derived from the sulpha drug - 4,4'-sulfonyldianiline and salicylaldehyde, 

theophany carboxaldehyde,  vet aldehyde and its metal complexes with Co(II) and Cu(II).  The synthesized compounds were 

studied for their antimicrobial, corrosion and electrochemical studies and were characterized using elemental analysis, FT-IR, 
1H NMR, 13C NMR, mass spectra, magnetic moment and molar conductance measurements and thermal analysis. 

II. MATERIALS AND METHODS 
 
A. Material and Instrumental Analyses 

All the chemicals and solvents of Sigma Aldrich/ Merck were AR grade and used without any further purification. 

Melting points of all synthesized compounds was determined in open glass capillaries and were 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 25oC on a Systolic double beam spectrometer in quartz cells in the range 200–800 nm in DMF. 

Molar conductance was measured on the ELICO (CM-185) conductivity bridge using 10−3M solution in dry DMF by dip-type 

conductivity cell fitted with a platinum electrode. IR spectra were recorded by making KBr pellets on Jasco Fourier transform 

IR spectrophotometer. The elemental analysis was done on a Perkin-Elmer Analyzer 2440. 1H and 13C NMR spectra were 

recorded on a Bruker 300 MHz spectrometer in DMSO-d6 solvent. The thermal analysis (DTA and TGA) were carried out on 

a Shimadzu DT-30 and TG-50 thermal analyzers in the range 27- 8000C at the heating rate of 100C min-1 in nitrogen atmosphere. 

Concentration of HCl used for weight loss study was 1.0 M. Electrochemical measurements were carried out in Electrochemical 

Analyzer Instrument Model:  CHI6036C voltammograph in DMSO solution containing 0.1 M tetra (n-butyl) ammonium per-

chlorate as the supporting electrolyte at scan rate 50 mVs-1.  The three-electrode cell contained a reference Ag/AgCl electrode, 

Pt wire auxiliary electrode and glassy carbon. All the synthesized compounds were screened for their antimicrobial activity using 

disc diffusion method. Materials used for the study were mild steel sheet of composition {wt %, Mn (0.6), P (0.36), C (0.15), Si 

(0.03) and Fe (98.86)}. The sheet was mechanically pressed, cut into different coupons each of dimension, 4 x 2 x 0.05 cm. Each 

coupon was degreased by washing with ethanol, cleaned with acetone and allowed to dry in the air before preservation in a 

desiccator. All reagents used for the study were analar grade and distilled water was used for their preparation.  

 

B. Synthesis of the ligands and complexes 
1. Synthesis of Schiff bases:  

Equimolar solutions of 4-(4'-sulphoaminodiphenyl) (0.01M) and carbonyl compounds (salicyldehyde/thiophene 

carboxaldehyde/ 3, 4, dimethoxybenzaldehyde) (0.01M) were taken in methanol. The solutions were mixed and stirred for 4 

hours. The reaction mixture was kept overnight at room temperature. After cooling, the product was filtered; the filtrate was 

recrystallizedfromethanol.SchiffBase[4-(4-aminophenyl-sulfonyl)-N-(2-hydroxybenzylidene)aniline/4-(4-aminophenylsulfonyl)-

N-(thiophene-2-ylmethylene)aniline/4-(4-aminophenylsulfonyl)-N-(3, 4-dimethoxybenzylidene) aniline were obtained. 

 

2. Synthesis of thiosemicarbazones: 

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 20oC. Carbon disulphide (8 ml) was then added 

with constant stirring for 15 minutes. It was then allowed to stand for one hour. Then, sodium 2-chloroacetate (4ml) and 

hydrazine hydrate (14 ml, 50%) were added and the volume was reduced to half by heating. It was then allowed to stand for 

overnight. The product was crystallized out from water. Then the above thiosemicarbazide products was reacted with equimolar 

quantity of 2-hydroxybenzaldehyde and stirred for 5-6 hrs.  
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Then solution of the thiosemicarbazone ligands 2-hydroxybenzaldehyde-4-(4'-(4 aminophenyl)sulfonylphenyl)-3-

thiosemicarbazone(DSZ),2-hydroxybenzaldehyde-4-(4'-(4(2 hydroxybenzylidene)-aminophenyl)sulfonylphenyl)-3 

thiosemicarbazone(SSZ),2 hydroxybenzaldehyde-4-(4'-(4(thiophene-2-ylmethylene)aminophenyl)sulfonylphenyl) 

3thiosemicarbazone(TSZ),and2-hydroxybenzaldehyde-4-(4'-(4(3,4 dimethoxybenzylidene) aminophenyl)sulfonylphenyl)-3-

thiosemicarbazone(DMSZ) ligand were kept for slow evaporation and colored precipitate was collected and dried in air. The 

general scheme of synthesis is shown in Scheme. 1. 

 

3. Synthesis of Complexes: 

Hot  solution  (20  ml)  of  ligand (0.01mol) and the corresponding  metal  salt (0.01mol)  were  mixed together  with  

constant  stirring. The mixture was refluxed for 3-4 hours at 70–80oC.  On cooling, colored complexes were precipitated out. 

They were filtered, washed with 50% ethanol and dried in vacuum desiccator. All these complexes were analyzed by using 

different available techniques and their physical properties were listed in Table I. 

 

 
Scheme 1: General scheme of synthesis of Thiosemicarbazone ligands 

C.  Procedure for Corrosion study 
1. Weight loss measurements 

A blank solution of 1.0 M HCl and varied concentration solutions of the inhibitors were taken in a 100ml beaker and 

the 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 did not touch the walls of the beaker. After a period of three hours, the 

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

calculated. Inhibition efficiency (I.E) was calculated from the weight loss of the specimen. From the average weight loss results 

(mean of three replicate analyses), the corrosion rate of mild steel (ν), the inhibition efficiency (ηWL) of the inhibitor and the 

degree ofsurface 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) 
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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. Adsorption Isotherm and thermodynamic parameters 

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

[13]. The degree of surface coverage (θ) was evaluated for different concentrations of the solutions from weight loss 

measurement, using the expression ηWL % = θ X 100. This expression showed the relationship between surface coverage (θ) and 

inhibition efficiency (ηWL%). The Langmuir adsorption isotherm was adopted in this work which relates between surface 

coverage (θ) and inhibitors’ concentrations by the equation (4)  

Taking the general assumption that the adsorption of the complexes on mild steel surface obeys Langmuir, Frumkin 

and Temkin adsorption isotherms [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 carried out in the concentration range 0.2-

1.0 mM at 308K. The free energy of adsorption ∆Goads, was also calculated using the following equation: 

∆Gads = −RT ln (55.5 K)  (7) 

 

The enthalpy of adsorption (Δ0Hads) and entropy of adsorption (Δ0Sads) were calculated using the following equation as. 

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

∆Hoads =Ea-RT   (9) 

∆Soads=(∆Hoads - ∆Goads)/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 showed similar trends as that for % I.E. The 

low and negative values of ∆Gads indicated the spontaneous adsorption of the inhibitor on the surface of mild steel and also an 

indication of the strong interaction of the inhibitor molecules with the alloy surface. The values of heat of adsorption are higher 

than - 40 KJ mol-1 which suggested the chemical adsorption of the inhibitors [15]. It was an established fact that values of ∆Gads 

around 20 KJ mol-1 or less indicated physisorption. The adsorption was attributed to the electrostatic attraction between the 

charged organic molecules and charged metal surface. 

 
D.  Antimicrobial Activity 

The synthesized compounds were screened for in-vitro antibacterial activity and antifungal activity using disc diffusion 

method. The antibacterial activity was evaluated against three Gram-positive bacteria (Staphylococcus aureus, Enterococci sps and 

Streptococcus pyogenes) and four Gram-negative bacteria (Pseudomonas aeruginosa, Escherichia coli Klebsiella pneumoniae and Proteus sps). 

The antifungal activities of the compounds were evaluated against two fungi (Aspergillus niger and Candida albicans).  

 

III. RESULTS AND DISCUSSION 
 

The ligands DSZ, SSZ, TSZ, DMSZ and their metal complexes were synthesized and characterized. The percentage of 

yield varies from 74% to 88.6%. All the ligands and metal complexes were solids. All the ligands were soluble in ethanol; all 

metal complexes were completely soluble in DMSO, DMF.  
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The Physical properties and analytical data of ligands and their complexes were presented in Table I. The molecular 

formula and molecular weight of the ligands and metal complexes were derived from elemental analysis. The results obtained 

from elemental analysis were in satisfactory agreement with the calculated values. The suggested molecular formula was also 

supported by spectral measurement as well as magnetic moments. The molar conductances of the ligands are negligible compared 

to their corresponding complexes. The molar conductance of cobalt complexes of the ligands SSZ, TSZ & DMSZ are very low 

compared to copper complexes respectively. The molar conductance of cobalt complex of the ligand DSZ was high compared 

to the copper complex. Molar conductivity of cobalt and copper complexes of SSZ ligands were higher than their free ligands. 

The molar conductance data of the Co (II) and Cu(II) complexes were not very high, indicating the non-electrolytic nature of 

these complexes [16].  

 

A. UV/visible spectral studies 
The Table-2 depicts the UV/visible spectral data for the Co(II) and Cu(II) complex of ligands DSZ, SSZ, TSZ and DMSZ.  The 

ligand complexes showed three bands in the visible region at  429-432, 410-415 nm and 714-738 which were assigned to 4T1g 

(F) → 4T2g (F), 4T1g(F) →4A2g(F) and 4T1g(F) →4T1g(P) transitions respectively as shown in Table II, which assume an octahedral 

geometry for Co(II) complex.The electronic spectra of the Cu(II) complex of the ligands displayed a band in the visible region 

at 746-756 nm which is assigned to 2Eg→ 2T2g. This indicate the octahedral geometry of the Cu(II) complex[17] –[19]. The 

magnetic data of all the synthesized complexes were reported in Table I. 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[20]. 

 

Table I. Physical properties and Analytical data of the ligands and its complexes 
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Table II. Electronic spectral data of ligands and their complexes 

Mol. Formula Abs. 

in nm 

Transitions Geometry Mol. Formula Abs. 

in nm 

Transitions Geometry 

DSZ 344 π-π* - TSZ 330 π-π* - 

[Co(DSZ)Cl2] 

 

430 

415 

725 

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

Oh. [Co(TSZ)Cl] 

 

432 

427 

738 

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

Oh. 

[Cu(DSZ)Cl2] 750 2Eg→ 2T2g Oh [Cu(TSZ)Cl] 746 2Eg→ 2T2g Oh. 

SSZ 350 π-π* - DMSZ 341 π-π* - 

[Co(SSZ)Cl] 

 

434 

420 

720 

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

Oh. [Co(DMSZ)Cl2] 

 

429 

410 

714 

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

Oh. 

[Cu(SSZ)Cl] 756 2Eg→ 2T2g Oh [Cu(DMSZ)Cl2] 753 2Eg→ 2T2g Oh 
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B. IR spectral studies 

The IR spectral data of the free ligand and their complexes were delineated in Table III. The IR spectrum of the free 

ligand showed characteristic bands at 3415-3390, 1620-1642, and 800 -810, assignable to ν(OH) (ligands), ν(C=N) (azomethine) 

and ν (C=S) stretching modes respectively [21]. The ν(OH) band of the ligands were seen at 3436 cm-1 and its absence in the 

complexes was due to the involvement of the phenol OH in bonding to the metal ions[22]. Further, the ligand (TSZ) revealed 

a sharp band at 810 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[23].The band observed at 1573 cm−1can be 

assigned to ν(NH2) vibration in ligand(DSZ) 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, suggesting that the nitrogen of the azomethine group was 

coordinated to the metal ion. The IR spectra of the metal chelates showed new bands in the regions 550-570 cm–1, 511–540, 

455–495 cm–1 and 420-445 cm–1, which can be assigned to ν(M–O), ν(M–N),ν (M-S) and ν(M–Cl) vibrations[24] respectively. 

 

Table III. Infrared spectral data of ligands and their complexes 

Mol. Formula ν max (cm
-1

) 

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

DSZ 3310 - 3140 3415 

 

1350 – 1120 1054 1624 805 - - - 

[Co(DSZ)Cl2] 

 

3322 3402 

 

1348 – 1140 1046 1589 748 511 492 435 

[Cu(DSZ)Cl2] 

 

3140 3395 

 

1351 – 1154 1069 1590 750 540 485 415 

SSZ 

 

3135 3405 

 

1355 – 1116 1026 1620 804 - - - 

[Co(SSZ)Cl] 

 

3150 3409 

 

1341 – 1140 1056 1600 764 515 460 420 

[Cu(SSZ)Cl] 

 

3144 

 

3412 

 

1347 – 1142 1049 1594 770 535 492 445 

TSZ 

 

3269 - 3172 3409 

 

1346 – 1133 1049 1628 810 - - - 

[Co(TSZ)Cl] 

 

3377 3390 

 

1351 -1149 1030 1597 774 516 458 428 

[Cu(TSZ)Cl] 

 

3259 - 3145 3402 

 

1350 – 1153 1059 1580 786 532 495 440 

DMSZ 

 

3320 3400 

 

1346 – 1120 1074 1642 810 - -  

[Co(DMSZ)Cl2] 

 

3254 3412 

 

1348 – 1146 1051 1616 785 520 475 430 

[Cu(DMSZ)Cl2] 

 

3201 3403 

 

1340 – 1121 1062 1614 772 518 455 435 
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C. NMR spectral studies 

The signal for the azomethine proton appearing as a singlet at 11.67-11.6 ppm in the spectra of ligands was downfield 

shifted 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. 1H NMR spectra of ligands exhibited a 

multiplet at 6.35-7.97 ppm for protons of the aromatic rings.  

 

The signals of the -NH2 protons (5.35 ppm) in ligand (DSZ) shifted to downfield for complexes. In the spectra of complexes 

these peaks have downfield shifts which can be attributed to the increased conjugation upon complex formation. The intensity 

of the signal observed at 11.26-11.28 ppm due to δOH in spectra of ligands disappeared in the spectra of their complexes. This 

refers to the complex formation occurring via the deprotonating of the -OH group [25]. 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.  

 

The 13C NMR Spectral values also support the authenticity of the proposed structures. The considerable shifts in the positions 

of carbon atoms adjacent to the imine nitrogen [C–N (δ160.0-162.45)], thioamide [C=S (δ 186.0)], aromatic carbon atoms (δ 

121.1-157.2), support the proposed coordination in the complexes. Thus the shifts in the position of carbon atoms adjacent to 

the coordinating atoms clearly indicate the bonding of the imine (C–N) nitrogen and thioamide (C=S) sulfur to the cobalt or 

copper atom. The 1H and 13C NMR data of the free ligands and complexes proves the formation of coordinate bond. 

 

D. 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 DSZ, SSZ, TSZ and DMSZ  displayed the molecular ion peak at m/z 426.08, 530.62 , 

520.64 and 574.13 respectively which is attributable to [M+1]+. The mass spectra of Co(II), Cu(II) metal complexes 

[Co(DSZ)Cl2], [Cu(DSZ)Cl2], Co(SSZ)Cl] , [Cu(SSZ)Cl], [Co(TSZ)Cl] , [Cu(TSZ)Cl] , [Co(DMSZ)Cl2] and [Cu(DMSZ)Cl2] 

showed the highest peaks at m/z 555.34, 559.96, 622.98, 627.60, 614.02, 616.64, 703.50 and 708.11 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.  

 
E. Thermal studies 

The TGA/DTA analysis of the Co(II) and Cu(II) metal complexes were tabulated in Table.4. From the thermal analysis 

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

metal complexes were studied from ambient temperature to 800°C under a nitrogen atmosphere using α-Al2O3 as the reference. 

As illustrated in Table IV, the thermo gravimetric analysis clearly indicated that the decomposition of the complex proceed in 

three steps. The thermal decomposition of the complexes occurs, a small weight loss at 180-220°C was assigned to the loss of 

chloride ions and maximum weight loss in the range of 350-410°C complete decomposition of ligand moiety around the metal 

ion[26].Finally the metal oxides were formed at 650-800˚C. 
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F. Electrochemical studies 

The electrochemical properties of the thiosemicarbazone ligands (DSZ, SSZ, TSZ and DMSZ) and its metal complexes 

were investigated in DMSO solution containing 0.05 mol l−1 tetra n-butylammonium hexafluorophosphate as a supporting 

electrolyte by cyclic voltammetry and were given in Table V. Fig. 2 illustrates the cyclic voltammogram of ligands and its metal 

complexes. All the measurements were carried out in 5 × 10−5 moll−1 solutions of free ligand and its complexes at room 

temperature, in the potential range from -0.5 to 0.6 V with a scan rate of 50 mVs-1. CV diagrams of compounds were depicted 

at Fig.1 and their electrochemical data were summarized in Table V. In all cases couples of redox peaks were observed. Ligand 

was reduced in two steps at ~ -0.28 to -0.38 and 0.18 to 0.35 V. These cathodic peaks may be corresponded to reduction of 

nitro groups to nitro radical anions. In positive sweep, two anodic peak potentials at -0.38 to – 0.475 V that may be attributed 

to the electro-oxidation of the radical anions formed in the negative sweep. The cathodic peaks were assigned to the reduction 

of the azomethine group. After coordination of ligand to metal centers, the redox potentials are smoothly found to be changed 

[27]. First, we carried out the voltammetric measurements of thiosemicarbazone ligands in order to compare its redox behavior 

with its metal complexes and thus assign the nature of the redox processes.  

The copper complexes are redox active and show a cyclic voltammogram response in the potential range 0.8‒1.8V 

assigned to the Cu(II)/Cu(I) couple. The nonequivalent current intensity of cathodic and anodic peaks (ic/ia=0.8 V) indicates a 

quasi‒reversible behavior. It has been shown that the formal redox potential of Cu(II)/Cu(I) couple was dependent on factors 

such as coordination number, hard/soft nature of the ligands and bulkiness of the ligands.  
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The cobalt complexes exhibit one electron quasi reversible transfer process with a peaks at Epa= 0.8 V, Epc=1.8 V and 

ΔEp= 0. 9 V. This gives evidence for quasi reversible Co(II)/Co(I) couple . The difference between forward and backward peak 

potentials can provide a rough evaluation of the degree of the reversibility. The ratio of cathodic to anodic peak height was less 

than one. However, the peak current increases with the increase of the square root of the scan rates. This establishes the electrode 

process as diffusion controlled [28]. 

Table V.Cyclic Voltametry data of the Thiosemicarbazone and its complexes 

Compound Epc1 

(V) 

Epc2 

(V) 

Epa1 

(V) 

Epa2 

(V) 

∆ Ep1 

(V) 

∆ Ep2 

(V) 

DSZ -0.28 0.18 -0.38 0.32 0.1 0.14 

[Co(DSZ)Cl2] -0.36 - -0.42 - 0.6 - 

[Cu(DSZ)Cl2] -0.32 0.6 -0.38 0.15 0.08 0.45 

SSZ -0.38 0.28 -0.48 0.42 0.1 0.14 

[Co(SSZ)Cl] 0.32 - 0.42 - 0.10 - 

[Cu(SSZ)Cl] -0.34 0.32 -0.36 0.46 0.02 0.06 

TSZ -0.40 0.35 -0.475 0.475 0.075 0.125 

[Co(TSZ)Cl] -0.16 - 0.33 - 0.17 - 

[Cu(TSZ)Cl] -0.40 0.45 -0.475 0.475 0.075 0.02 

DMSZ -0.36 0.325 -0.475 0.48 0.115 0.155 

[Co(DMSZ)Cl2] -0.32 - -0.46 - 0.14 - 

[Cu(DMSZ)Cl2] -0.3 0.1 -0.45 0.2 0.15 0.1 

 

 
Fig 2: Cyclic voltammogram of ligands and its metal complexes 

G. Corrosion study 
1. Weight loss measurements: 

Weight loss measurements were carried out using different concentrations of inhibitor. It was observed that the 

inhibition efficiency increases with increase in concentration of inhibitor. 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 1.0 M HCl solution. The 

metal complexes showed greater inhibition efficiency than the free thiosemicarbazone ligands. The increased efficiency of metal 

complexes compared to the thiosemicarbazone may be attributed to their larger size. The value of corrosion rate decreases and 

inhibition efficiency increases with the inhibitor concentrations. This trend may result from the fact that adsorption and surface 

coverage increased with the increase in thiosemicarbazone and its metal concentrations. Thus, the order of efficiency was 

[Co(DMSZ)Cl2] > [Cu(DMSZ)Cl2] > DMSZ> [Co(TSZ)Cl] > [Cu(TSZ)Cl] > TSZ > [Co(SSZ)Cl] > [Cu(SSZ)Cl] > SSZ > 

[Co(DSZ)Cl2] > [Cu(DSZ)Cl2] > DSZ.  
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The difference in inhibition efficiency might be due to the difference in the stability and solubility of complexes in the acid 

solution. The inhibition efficiency increased with increased concentration of the compounds. This suggests 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. 

 

Table VI. 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 ± 2oC 
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2. Adsorption Isotherm and thermodynamic parameters: 

The adsorption isotherm can be determined as shown in Fig. 2-5, if the inhibitor effect was due mainly to the adsorption 

on metallic surface (i.e. to its blocking). The adsorption isotherm type can provide additional information about the tested 

compounds properties. The fractional coverage surface (θ) can be easily determined from weight loss results shown in Table VI. 
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Fig.4.(A) Langmuir (B) Frumkin and (C) Temkin 

isotherm for the adsorption of ligand TSZ and its 

complexes 

Fig.5.(A) Langmuir (B) Frumkin and (C) Temkin 

isotherm for the adsorption of ligand DMSZ and its 

complexes 

 

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

thiosemicarbazone 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 [29]. The negative values of ∆Gads suggest that the adsorption 

of thiosemicarbazone 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 

22.91-28.36 KJ mol-1which concludes it as physisorption. 

 

H.  Antimicrobial Activity 

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

aureus, Enterococci sps,Streptococcus pyogenes, Pseudomonas aeruginosa, Escherichia coli Klebsiella pneumoniae , Proteus sps, Aspergillus niger and 

Candida albicansusing disc diffusion method Fig.6. 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 VII.  
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From the antibacterial studies, it was inferred that the thiosemicarbazone ligands and their complexes were found to be 

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

active against Nystatin. 

 

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 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 VII. Antimicrobial activity of ligands and its complexes 

 

 

Compound 

Zone of inhibition (mm) 

Gram-Negative Gram-Positive Antifungal 

E. 

coli 

P. 

aeruginosa 

Klebsiella 

pneumoniae 

Proteus 

sps 

Staphylococcus 

aureus 

Enterococci 

sps Streptococcus 

pyogenes 

Aspergillus 

niger 

Candida 

albicans 

DSZ 7.0 8.0 6.0 6.0 7.0 9.0 8.0 + + 

[Co(DSZ)Cl2] 11.0 16.0 17.0 11.0 11.0 17.0 10.0 ++ + 

[Cu(DSZ)Cl2] 13.0 15.0 15.0 13.0 15.0 19.0 15.0 + + 

SSZ 6.0 7.0 8.0 6.0 7.0 8.0 6.0 + + 

[Co(SSZ)Cl] 15.0 12.0 13.0 13.0 16.0 18.0 18.0 ++ + 

[Cu(SSZ)Cl] 13.0 14.0 15.0 17.0 14.0 16.0 14.0 + + 

TSZ 11.0 13.0 10.0 8.0 9.0 10.0 7.0 + + 

[Co(TSZ)Cl] 19.0 18.0 13.0 15.0 13.0 14.0 17.0 + + 

[Cu(TSZ)Cl] 20.0 21.0 17.0 18.0 18.0 20.0 18.0 ++ ++ 

DMSZ 9.0 10.0 11.0 7.0 9.0 7.0 10.0 + + 

[Co(DMSZ)Cl2] 11.0 15.0 12.0 11.0 10.0 12.0 15.0 ++ + 

[Cu(DMSZ)Cl2] 12.0 16.0 16.0 14.0 11.0 11.0 16.0 ++ + 

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

[Cu(TSZ)Cl]showed higher activities against P. aeruginosa than the standard. Several studies have shown that metal complexes 

are more potent fungicidal than their precursor thiosemicarbazone. 

Based on the above discussions the proposed structure of the metal complexes was given in Fig. 6-9. 

  
Fig.6: Proposed structure of metal complexes of 

ligand DSZ 

Fig.7: Proposed structure of metal complexes of 

ligand SSZ 

  
Fig.8: Proposed structure of metal complexes of ligand 

TSZ 

Fig.9: Proposed structure of metal complexes of 

ligand DMSZ 

 

D. CONCLUSION 
 

A novel thiosemicarbazone – 4, 4′- Sulfonyldianiline transition metal hybrids was synthesized and the proposed structure of 

the metal complexes of the ligand was given in Fig. 6-9. This newly characterized metal complexes showed octahedral geometry and 

were non-electrolytic in nature. Results from corrosion studies revealed that Cobalt complex of 2-hydroxybenzaldehyde-4-(4'-

(4(3,4-dimethoxybenzylidene)aminophenyl)-sulfonyl-phenyl)-3-thiosemicarbazone displayed good corrosion inhibitor activity 

on mild steel in hydrochloric acid. In vivo evaluation of the antimicrobial activities among the synthesized metal complexes, in 

comparison to the uncomplexed thiosemicarbazone ligands, the copper complex of 2-hydroxybenzaldehyde-4-(4'-(4(thiophene-

2-ylmethylene)aminophenyl)-sulfonyl-phenyl)-3-thiosemicarbazone showed greater activity against p.aeruginosa suggest that may 

act as potential antimicrobial agents. 
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