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A)         Characterisation of the ligands: 

The ligands that have been synthesized and employed in the present   investigation 

are: 

        1.        4-((2-Hydroxybenzylidene)amino)benzenesulfonamide            (HBABS)    

        2.        4-((Furan-2-ylmethylene)amino)benzenesulfonamide               (FMABS)    

        3.       4-((Thiophen-2- ylmethylene)amino)benzenesulfonamide        (TMABS)   

        4.        N-(Thiophen-2-ylmethylidene)-pyridine-4-carbohydrazide      (TMPCH)   

        5.        N-(Thiophen-2-ylmethylidene)-pyrazine-2-carboxamide          (TMPCA)   

 

All the ligands are stable at room temperature and are non-hygroscopic. They are 

insoluble in water, slightly soluble in methanol and acetone and fairly soluble in hot 

methanol and dimethylformamide. The   ligands have been characterized by 

analytical, mass, 
1
H NMR and IR spectral data. 

The analytical data of the  ligands are presented in Table-2. The C, H and N 

analyses satisfactorily coincide with the expected formula of the ligands. 

 

 

 

 

 

 

 

 



 

Table-2 : Analytical data of the ligands  HBABS, FMABS, TMABS, TMPCH                                               

                                              and   TMPCA 

                S.No.        Ligand 

                                       rbon     

                              Per cent 

      Carbon            Hydrogen         Nitrogen 

 1         C13H12N2O3S   55.68    4.02  9.56 

              (56.51)   (4.38)           (10.14) 

 2 C11H10N203S              51.54    3.88  10.56 

                (52.79)  (4.03)           (11.19)  

            3          C11H10N2O2S2              49.50    3.58                 10.45 

                (49.61)  (3.78)  (10.52) 

       4 C11H9N3OS   56.78    3.12   17.64 

                (57.13)  (3.92)  (18.17)  

 

            5          C10H7N3OS              54.74    2.98   18.65 

                                                           (55.29)  (3.25)  (19.34) 

The values in parentheses are the calculated ones for the molecular formulae  given. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1.     4-((2-Hydroxybenzylidene)amino)benzenesulfonamide  (HBABS)    

 

 

The mass, 
1
H NMR and IR spectra of the ligand  HBABS are presented in  Figs.6-8. 

 

From the analytical data, the molecular formula C13H12N2O3S has been 

adjudjed which agrees well with a product resulting from  1:1 condensation between         

4-aminobenzenesulfonamide and 2-hydroxy benzaldehyde with the elimination of a 

water molecule. This is supported by mass, 
1
H NMR  and IR spectral data. 

 

The mass spectrum shows parent peak at m/z 277, which corresponds with  the 

molecular formula. 

 

1
H-NMR :  

-CH proton of azomethine group           ŭ 7.4 ppm                               

Aromatic protons       ŭ 7.22-7.9 ppm 

Phenolic OH          ŭ 8.8 ppm 

 

The IR spectrum shows a broad band at 1615cm
-1 

due to C=N. The band at 3260cm
-1

 

is attributed to  n NH2  and that at 3345cm
-1
 to n  O-H. 

 

 

 

 



 

 

 

Fig.6:  Mass spectrum of ligand HBABS 



 

 

Fig.7:
    1

H-NMR spectrum of ligand HBABS 



 

 

Fig. 8:  IR spectrum of ligand HBABS
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  2.  4-((Furan-2-ylmethylene)amino)benzenesulfonamide  (FMABS)    

The mass, 
1
H NMR and IR spectra of the ligand FMABS are presented in   Figs. 9-11.                                         

From the analytical data, the molecular formula C11H10N2O3S has been 

adjudjed which agrees well with a product resulting from  1:1 condensation between         

4-aminobenzene sulfonamide and furan-2-carbaldehyde with the elimination of a 

water molecule. This is supported by mass, 
1
H NMR  and IR spectral data. 

 

The mass spectrum shows parent peak at m/z 251, which corresponds with the 

molecular formula. 

1
H-NMR :  

-CH proton of azomethine group        ŭ 7.1ppm                               

Aromatic protons   ŭ 7.8-9.3ppm 

 

IR:  

n (C=N)    1627cm
-1

 

n (C=C)      Aromatic              1553cm
-1 

n (NH2)    3289cm
-1 

n (C-O)                                                883cm
-1
                      

 

 

 

 



 

 

 

 

 

Fig. 9:  Mass spectrum of ligand FMABS 

 



 

 

 

Fig.10:
    1

H-NMR spectrum of ligand FMABS 

 



 

 

Fig.11: IR spectrum of ligand FMABS 
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3.   4-((Thiophen-2- ylmethylene)amino)benzenesulfonamide (TMABS)   

 

The mass,
1
H NMR and IR spectra of the ligand TMABS are presented in Figs. 12-14.                                          

From the analytical data, the molecular formula C11H10N2O2S2 has been adjudjed 

which agrees well with a product resulting from 1:1 condensation between                 

4-aminobenzene sulfonamide and thiophene-2-carbaldehyde with the elimination of a 

water   molecule. This is supported by mass, 
1
H NMR and IR spectral data. 

 

The mass spectrum shows parent peak at m/z 267, which corresponds with the 

molecular formula. 

1
H-NMR :  

-CH proton of azomethine group        ŭ 6.8 ppm                               

Aromatic protons   ŭ 7.2-8.7 ppm 

 

IR:  

n (C=N)    1608 cm
-1
 

n (C-S)                                                 763cm
-1
                      

n SO2 (Sy) 1197 cm
-1
 

n SO2 (Asy) 1362 cm
-1
 

n NH2    3292 cm-1 

 



 

 

 

Fig.12: Mass spectrum of ligand TMABS 



 

 

Fig.13:
   1

H-NMR spectrum of ligand TMABS  

 



 

 

Fig.14: IR spectrum of ligand TMABS 
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4.   (Thiophen-2ylmethene ) pyridine- 4-carbohydrazide (TMPCH)  

The mass, 
1
H NMR and IR spectra of the ligand TMPCH   are presented  in          

Figs. 15-17. 

From the analytical data, the molecular formula C11H9N3OS has been adjudjed 

which agrees well with a product resulting from   1:1 condensation between pyridine- 

4-carbohydrazide      and  thiophene-2-carbaldehyde with the elimination of  a water 

molecule. This is supported by mass, 
1
H NMR and IR spectral data. 

The mass spectrum shows parent peak at m/z 232, which corresponds with the 

molecular formula. 

 

1
H-NMR :  

-CH proton of azomethine group              ŭ 7.5ppm   

-NH proton of  hydrazine side chain         ŭ 7.5ppm                            

Aromatic protons           ŭ 7.1-8.8ppm 

 

IR:  

n (CH=N)             1595 cm
-1
 

n (NH)                                    3207 cm
-1 

n (C=O)             1665 cm
-1 

 n (C-S)                                                752 cm
-1
                      

 

         



 

 

 

Fig.15: Mass spectrum of ligand TMPCH 



 

 

 

Fig.16:
 1
H-NMR spectrum of ligand TMPCH  



 

 

Fig.17: IR spectrum of ligand TMPCH 
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5.  (Thiophen-2ylmethene) pyrazine- 2-carboxamide  (TMPCA ) 

The mass, 
1
H NMR and IR spectra of the ligand TMPCA are presented in Figs.18-20. 

From the analytical data, the molecular formula C10H7N3OS has been adjudjed which 

agrees well with a product resulting from  1:1 condensation between pyrazinamide 

and thiophene-2-carbaldehyde with the elimination of a  water molecule. This is 

supported by mass, 
1
H NMR and IR spectral data. 

 

The mass spectrum shows parent peak at m/z 216, which corresponds with the 

molecular formula. 

 

1
H-NMR :  

-CH proton of azomethine group        ŭ 7.1ppm   

Aromatic protons   ŭ 7.2-8.9ppm 

 

IR:  

n (C=N)    1607 cm
-1
 

n (pyrazine)    1174 cm
-1 

n (C=O)    1674cm
-1

 

n (C-S)                                                  810 cm
-1
                    

 



 

 
 

Fig.18: Mass spectrum of ligand TMPCA 



 

 

 
Fig.19:

 1
H-NMR spectrum of ligand TMPCA  

 



 

 

Fig.20: IR spectrum of ligand TMPCA 



 

B)  Characterization of the complexes of Fe(III), Ru(III), Co(II),  Ni(II), Cu(II), 

Pd(II),  Zn(II), Cd(II) and Hg(II) with 

            4-((2-hydroxybenzylidene)amino)benzenesulfonamide          (HBABS)    

            4-((furan-2-ylmethylene)amino)benzenesulfonamide             (FMABS)    

           4-((thiophen-2- ylmethylene)amino)benzenesulfonamide       (TMABS)   

 

 The ligands: 4-((2-hydroxybenzylidene)amino)benzenesulfonamide,     (HBABS)                 

                       4-((furan-2-ylmethylene)amino)benzenesulfonamide          (FMABS)                        

              and   4-((thiophen-2-ylmethylene)amino)benzenesulfonamide    (TMABS)   

 are stable at room temperature and are non-hygroscopic.  They are insoluble in water, 

slightly soluble in methanol and acetone and fairly soluble in hot methanol and 

dimethylformamide. 

The Fe(III), Ru(III), Co(II), Ni(II), Cu(II), Pd(II),  Zn(II), Cd(II) and Hg(II) 

complexes of  HBABS, FMABS and TMABS are, as well, stable at room  

temperature and are non-hygroscopic.  Upon heating, the complexes decompose 

without melting.  The complexes are insoluble in water, very slightly soluble in hot 

methanol and fairly soluble in dimethylformamide and dimethylsulphoxide. 

Elemental analysis: 

The analytical data of the metal complexes of   HBABS,  FMABS  and TMABS are 

presented in Table ï 3. 



 

The per cent values of the elements: the metal, carbon, hydrogen and nitrogen in the 

complexes have been calculated as per the composition given in the table.  It may be 

seen from the table that the experimental values are in fair agreement with the 

calculated ones.  The complexes may, thus, be assigned the composition as given. 

Conductance measurements: 

The use of conductance measurements in organic solvents for the characterization of 

metal complexes has been known for a long time.  Several solvents such as acetone, 

nitromethane, nitrobenzene, methanol, ethanol, acetonitrile, pyridine, 

dimethylformamide, dimethylsulphoxide, etc. have been tried for the purpose and a 

solvent with high dielectric constant and low viscosity is usually preferred.  The use 

of a particular solvent for conductance measurements of a compound is also governed 

by its solubility in that solvent.  Donor effects of solvents on metal ions and 

complexes are important, in addition. 

The conductance measurements of metal complexes are usually made at 10
-3
M 

concentration.  But the best method is to measure the conductance over a 

concentration range governed by the solubility limit at one extreme and approach of 

the experimental values to that of the pure solvent at the other.  The molar 

conductance (lM) is obtained by the following equation. 

                                    Specific conductance x Cell constant 

Molar conductance =   ---------------------------------------------- x 1000 

                                                          Concentration 

 

 

 

 

 



 

Table-3:      Analytical data of the metal complexes of HBABS,   FMABS   and 

TMABS 

Sl. 

No. 
Complex 

Per cent 

Carbon Hydrogen Nitrogen 

[1] [2] [3] [4] [5] 

1 Fe (C13H11N2O3S)3 
52.24 

(53.12) 

3.28   

(3.77) 

9.20   

(9.53) 

2 Ru (C13H11N2O3S)3 
54.62 

(55.53) 

3.16   

(3.59) 

8.86   

(9.07) 

3 Co (C13H11N2O3S)2 
50.66 

(51.23) 

3.28   

(3.64) 

8.78   

(9.19) 

4 Ni (C13H11N2O3S)2 
50.72 

(51.25) 

3.30   

(3.64) 

8.92   

(9.20) 

5 Cu (C13H11N2O3S)2 
50.04 

(50.85) 

3.18   

(3.61) 

8.78   

(9.12) 

6 Pd (C13H11N2O3S)2 
46.86 

(47.53) 

3.09   

(3.38) 

8.02   

(8.53) 

7 Zn (C13H11N2O3S)2 
49.80 

(50.69) 

3.22   

(3.60) 

8.90   

(9.10) 

8 Cd (C13H11N2O3S) 2 
46.68 

(47.10) 

3.08   

(3.34) 

8.02   

(8.45) 

9 Hg (C13H11N2O3S)2 
40.76 

(41.57) 

2.81   

(2.95) 

7.00   

(7.46) 

10 Fe (C11H10N2O3S)2Cl3  
39.18 

(39.87) 

2.98 

(3.04) 

8.04      

(8.45) 

11 Ru (C11H10N2O3S)2Cl3 
37.02 

(37.32) 

2.72 

(2.85) 

7.42 

(7.91) 

12 Co (C11H10N2O3S)Cl2 
41.21 

(41.92) 

2.98 

(3.20) 

9.12 

(9.35) 

13 Ni (C11H10N2O3S)(OAc)2 
45.50 

(46.10) 

3.54 

(3.87) 

7.90 

(8.27) 

14 Cu (C11H10N2O3S)2Cl2 
40.88 

(41.61) 

2.94 

(3.17) 

8.06 

(8.82) 

15 Pd (C11H10N2O3S)Cl2 
38.16 

(38.98) 

2.84 

(2.97) 

7.89 

(8.27) 

16 Zn (C11H10N2O3S)(OAc)2 
44.96 

(45.65) 

3.14 

(3.83) 

7.86 

(8.19) 

17 Cd (C11H10N2O3S)(OAc)2 
42.04 

(42.72) 

3.06 

(3.58) 

7.02 

(7.66) 

 

 



 

[1] [2] [3] [4] [5] 

18 Hg (C11H10N2O3S)Cl2 
33.76 

(34.23) 

2.22 

(2.61) 

6.92 

(7.26) 

19 Fe (C11H10N2O2S2)2Cl3 
37.60 

(38.03) 

2.82 

(2.90) 

8.00 

(8.06) 

20 Ru (C11H10N2O2S2)2 Cl3 
35.22 

(35.70) 

2.70 

(2.72) 

7.42 

(7.57) 

21 Co (C11H10N2O2S2)Cl2 
39.68 

(39.88) 

3.00 

(3.04) 

8.28 

(8.46) 

22 Ni (C11H10N2O2S2)(OAc)2 
43.88 

(44.02) 

3.60 

(3.69) 

7.78 

(7.90) 

23 Cu (C11H10N2O2S2)2Cl2 
39.22 

(39.61) 

2.96 

(3.02) 

8.28 

(8.40) 

24 Pd (C11H10N2O2S2)Cl2 
36.94 

(37.22) 

2.80 

(2.84) 

7.72 

(7.89) 

25 Zn (C11H10N2O2S2)(OAc)2 
43.44 

(43.60) 

3.44 

(3.66) 

7.70 

(7.82) 

26 Cd(C11H10N2O2S2)(OAc)2 
40.40 

(40.92) 

3.28 

(3.43) 

7.22 

(7.34) 

27 Hg (C11H10N2O2S2)Cl2 
32.52 

(32.86) 

2.48 

(2.51) 

6.90 

(6.97) 

 

Values in parentheses are the calculated ones for the composition given. 

 

 

 

 

 

 

 



 

Literature survey indicates that dimethylformamide and nitrobenzene are the most 

extensively used non-aqueous solvents for conductance measurements.  Sears and co-

workers
1
 measured the conductance of a number of 1:1 electrolytes in 

dimethylformamide at 25
0
C over a range of concentrations. Quagliano et al

2
. 

determined the equivalent conductance of tetramethyl ammonium bromide in 

dimethylformamide at 25
0
C and at a concentration     of 1.12 x 10

-3
M to be  84.4 

Ohm
-1

.cm
2
.mol

-1
. Molar conductance values of the zinc perchlorate adduct were 

measured at three different concentrations to find out the effect of concentration upon 

the value.  It was observed that the conductance value decreased with increase in the 

concentration.  

Also, the molar conductances of 1:2 and 1:3 complexes were measured.  It was 

concluded that 1:1 complexes exhibit conductances in dimethylformamide at 25
0
C 

downwards from 85, 1:2 complexes in the range 140-170 and 1:3 complexes in the 

range 200-260.  Phillips and Tyree
3
 reported molar conductances for 10

-3
M solutions 

of triphenylarsine oxides in nitrobenzene at 25
0
C.  The values fall in the range 20-30 

for 1:1 electrolytes and in the range 40-60 for 1:2 electrolytes.  Molar conductance 

values were also reported in dimethylsulphoxide
4
 and acetonitrile

5
, 1:1 electrolytes 

exhibiting values in the range 37-43 in the former solvent and 1:2 electrolytes around 

288 in the latter. 

Thus, it is clear that the molar conductance values in a particular solvent are different 

for different electrolyte types and for the same electrolyte type, again, they are 

different in different solvents.  The expected LM ranges     (Ohm
-1

. cm
2
. mol

-1
) for 



 

metal complexes of different electrolyte types at 10
-3
 concentration in common 

organic solvents were summarized by Geary
6
 and are incorporated in Tableï4. 

The molar conductance values observed for the present Fe(III), Ru(III), Co(II), Ni(II), 

Cu(II), Pd(II),  Zn(II), Cd(II) and Hg(II) complexes of  HBABS, FMABS and 

TMABS in dimethylformamide at 10
-3
M concentration are given in Tableï5. 

From the data obtained, it may be said that  all the metal complexes are non 

electrolytes in DMF with the exception of  Fe(III) and Ru(III) complexes of FMABS 

and TMABS which are 1:1 electrolytes.  

Thermal studies: 

Thermo gravimetric technique has been extensively employed for the study of metal 

complexes with respect to stability, decomposition, composition and structure. The 

data obtained are useful to determine the extent of hydration, the stability of complex 

at higher temperatures and to investigate the dependence of thermal stability on the 

structure of metal complexes. 

The thermal stability of metal complexes has been related to several factors such as -

electron delocalization, size of the molecule, number and nature of rings formed, 

electron density at the reactive centre
7-12

, etc. Despite good amount of work reported, 

considerable difficulty still exists in assigning definite reasons for the increase or 

decrease in thermal stability associated with metal complexes formed of different 

ligands.  

 



 

Table-4: Molar conductance (Ohm
-1

. cm
2
. mol

-1
) data for different electrolyte 

types in common organic solvents: 

Solvent 

Electrolyte type 

1:1 1:2 1:3 1:4 

Nitromethane 75-95 150-180 220-260 290-330 

Nitrobenzene 20-30 50-60 70-82 90-100 

Acetone 100-140 160-200 270 360 

Acetonitrile 120-160 220-300 340-420 500 

DMF 65-90 130-170 200-240 300 

Methanol 80-115 160-220 290-350 450 

Ethanol 35-45 70-90 120 160 

 

 

 

 

 

 

 

 



 

Table-5: Molar conductance (Ohm
-1

. cm
2
. mol

-1
) data for the metal complexes: 

S.No. Metal complex 
Molar 

conductance 

(1) (2) (3) 

1 [Fe (C13H11N2O3S)3] 12 

2 [Ru (C13H11N2O3S)3] 14 

3 [Co (C13H11N2O3S) 2] 12 

4 [Ni (C13H11N2O3S)2] 10 

5 [Cu (C13H11N2O3S)2] 13 

6 [Pd (C13H11N2O3S)2] 14 

7 [Zn (C13H11N2O3S)2] 12 

8 [Cd (C13H11N2O3S) 2] 11 

9 [Hg (C13H11N2O3S)2] 10 

10 [Fe (C11H10N2O3S)2Cl2] Cl 66 

11 [Ru (C11H10N2O3S)2Cl2]Cl 54 

12 [Co (C11H10N2O3S)Cl2] 12 

13 [Ni (C11H10N2O3S) (OAc)2] 14 

14 [Cu (C11H10N2O3S)2Cl2] 16 

15 [Pd (C11H10N2O3S)Cl2] 13 

16 [Zn (C11H10N2O3S)(OAc)2] 16 

17 [Cd (C11H10N2O3S)(OAc)2] 17 

 

 

 



 

(1) (2) (3) 

18 [Hg (C11H10N2O3S) Cl2] 18 

19 [Fe (C11H10N2O2S2)2Cl2]Cl 47 

20 [Ru (C11H10N2O2S2)2 Cl2]Cl  54 

21 [Co (C11H10N2O2S2) Cl2] 9 

22 [Ni (C11H10N2O2S2) (OAc)2] 11 

23 [Cu (C11H10N2O2S2) Cl2] 14 

24 [Pd (C11H10N2O2S2) Cl2] 12 

25 [Zn (C11H10N2O2S2) (OAc)2] 13 

26 [Cd(C11H10N2O2S2) (OAc)2] 12 

27 [Hg (C11H10N2O2S2) Cl2] 10 

 . 

 

 

 

 

 

 

 

 

 



 

The thermogravimetric   analysis  of  Ru(III),  Ni(II), Cu(II), Pd(II), and  Zn(II) 

complexes of  TMABS  has been studied. The thermograms of  these complexes are 

reproduced in Figs. 21-25 and their percent pyrolysis in Table 6.  

A look at the thermograms of   the Ru(III), Ni(II), Cu(II), Pd(II), and  Zn(II) 

complexes of  TMABS indicates that they are stable to different temperatures. For 

example Ru(III)  complex starts losing weight at 250,  Ni(II) complex at 170, Cu(II) 

complex at 200,  Pd(II) complex at 300 and  Zn(II) complex at 314,
0
C. All the five 

complexes lose weight, on heating,   almost in a continuous manner and the 

decomposition of  all  of them is   incomplete at the temperature studied (700
0
C). 

 

 

 

 

 

 

 

 

 

 

 



 

Table ï6: Thermal behaviour of the metal complexes of TMABS 

Complex 

Wt. of the 

complex 

taken (mg) 

Initial decomposition 

temperature (
0
C) 

Ru-TMABS 10.9030  250 

Ni-TMABS 10.6560  170 

Cu-TMABS 12.0370  200 

Pd-TMABS 8.5150  300 

Zn-TMABS 10.1530  314 

 

 

 

 

 

 

 

 

 



 

 

Fig.21: Thermogram of Ru-TMABS 

 



 

 

Fig.22: Thermogram of Ni-TMABS 



 

 

Fig.23: Thermogram of Cu-TMABS 



 

 

Fig.24: Thermogram of Pd-TMABS 



 

 

Fig.25: Thermogram of Zn-TMABS 


