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Synthesis and Spectral Characterization of 
Thorium(IV) Complexes with 3-Substituted-4-
Amino-5-Mercapto-1,2,4-Triazole Schiff Bases 

Mallikarjun S Yadawe  α & Sangamesh A Patil  σ 

Abstract - Thorium(IV) complexes have been synthesized by 
reacting  Th(IV) nitrate with Schiff bases derived from 3-
substituted-4-amino-5-mercapto-1,2,4-triazole and glyoxal/ 
biacetyl/ benzyl in ethanol. These complexes have been 
characterized on the basis of elemental analysis, molar 
conductance and spectral studies. Analytical and spectral 
data suggest structures in which Th(IV) is six coordinated. All 
these complexes are light yellow in colour and are insoluble in 
DMF and DMSO. The elemental analysis show that, the 
complexes analysed for 1:1 stoichiometry of the type, 
Th.LH2(NO3)4.Conductance measurement in DMF are too low 
to account for any dissociation of these complexes in DMF at 
the concentration of the 10-3M. 

Keywords : Synthesis, Elemental analysis, Th(IV) 
complexes. 

I. Introduction 

n continuation of our earlier work on complexes with 
Schiff bases derived from 3-substituted-4-amino-5-
mercapto-1,2,4-triazole1-5, we report Th(IV) complexes 

of Schiff bases derived from 3-substituted-4-amino-5-
mercapto-1,2,4-triazole and glyoxal/biacetyl/benzyl. The 
metal complexes 1,2,4-triazole derivatives have been 
extensively investigated in previous reports6,7.Substituted 
triazoles are well known as bactericides8, pesticides9, 
insecticdes10 and potential fungicides11.In continuation 
of our work on metal complexes of triazoles and in our 
pursuit of a new ligand for metal complexes, we have 
synthesized 3-substituted-4-amino-5-mercapto-1,2,4-
triazole and glyoxal/biacetyl/benzyl, as there is scant 
information on these complexes of the ligands. 
Therefore, it was thought worthwhile to study the 
synthesis and characterization of Th(IV) complexes with 
the following Schiff bases (fig.1). 
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Figure 1 :  Structure of Schiff bases 
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II. Experimental 

All the chemicals used were of reagent grade. 
3-substituted-4-amino-5-mercapto-1,2,4-triazoles were 
prepared by the reported methods12,13.
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III. Synthesis of 3-Substituted-4-Amino-
5-Mercapto-1,2,4-Triazoles 

A mixture of 3-substituted-4-amino-5-mercapto-
1,2,4-triazole and lyoxal/biacetyl/benzyl in 1:1 molar 
proportions in EtOH was boiled under reflux for 4-5 h on 
a water bath. The reaction mixture was cooled at room 
temperature, within an hour the compound separated 
from the clear solution. It was filtered, washed and 
recrystallised from EtOH. 

IV. Synthesis of Th(iv) Complex 

Thorium(IV) nitrate (0.01mol) was boiled under 
reflux with the ligand (0.01 mol) in alcohol for 3h. The 

complex was ppted by adding distilled water containing 
liquor ammonia. The precipitated complex was filtered, 
washed thoroughly with distilled water, alcohol and 
dried under reduced pressure over fused CaCl2. 

V. Analysis 

The thorium in the complex was determined by 
gravimetric method. Nitrogen was determined by 
Dumas method and sulphur was determined 
gravimetrically as BaSO4

14. The results of elemental 
analysis and molar conductance values are listed in the 
Table.1

 

Table 1
 
:
 
Elemental Analysis and molar conductance( in DMF) of Thorium(IV) complexes of 3-substituted-4-amino-5-

mercapto-1,2,4-triazole Schiff bases.
 

Complex 
NO

 Emphirical formula

 

M%

 

Cald   Obtd

 N%

 

Cald   Obtd

 S%

 

Cald   Obtd

 Molar 
conductance 

Ohm-1Cm2mole-

1

 

1

 

(C6H6N8S2)Th.(NO3)4

 

31.61  31.63

 

22.88  22.90

 

8.71  8.75

 

10.66

 

2

 

(C8H10N8S2)Th.(NO3)4

 

30.45  30.54

 

22.04  22.05

 

8.39  8.42

 

12.68

 

3

 

(C10H14N8S2)Th.(NO3)4

 

29.38  29.32

 

21.32  21.30

 

8.14  8.12

 

10.73

 

4

 

(C12H18N8S2)Th.(NO3)4

 

28.36  28.30

 

20.55  20.65

 

7.93  7.92

 

13.40

 

5

 

(C8H10N8S2)Th.(NO3)4

 

30.45  30.48

 

22.04  22.10

 

8.39  8.35

 

18.71

 

6

 

(C10H14N8S2)Th.(NO3)4

 

29.48  29.45

 

21.21  21.31

 

8.06  8.00

 

15.05

 

7

 

(C12H18N8S2)Th.(NO3)4

 

28.38  28.30

 

20.53  20.55

 

7.80  7.85

 

18.78

 

8

 

(C14H22N8S2)Th.(NO3)4

 

27.42  27.42

 

19.85  19.90

 

7.56  7.53

 

16.34

 

9

 

(C18H14N8S2)Th.(NO3)4

 

26.28  26.23

 

18.94  18.99

 

7.23  7.25

 

14.42

 

10

 

(C20H18N8S2)Th.(NO3)4

 

25.42  25.40

 

18.38  18.35

 

7.03  7.08

 

15.30

 

11

 

(C22H22N8S2)Th.(NO3)4

 

24.64  24.63

 

17.86  17.83

 

6.81  6.79

 

13.87

 

12

 

(C24H26N8S2)Th.(NO3)4

 

23.95  23.96

 

17.38  17.35

 

6.61  6.59

 

12.84

 

 

VI.

 

Results and Discussion

 

 

 

 

 

VII.

 
Infrared Spectra
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Synthesis and Spectral Characterization of Thorium(IV) Complexes with 3-Substituted-4-Amino-5-Mercapto-
1,2,4-Triazole Schiff Bases

The thorium(IV) complexes 1-8 are light yellow 
in colour, whereas 9-12 are orange in colour. All the 
complexes are insoluble in common organic solvents. 
However, they are sparingly soluble in DMF and DMSO. 
The elemental analysis shown in Table.1 indicates that 
the complexes analysed for 1:1 stoichiometry of the 
type, Th.LH2(NO3)4. Conductance measurements in 
DMF are too low to account for dissociation of these 
complexes in DMF at the concentration of the 10-3M. 
Hence the complexes may be regarded as 
nonelectrolytes. The molecular weight of the complexes 
could not be determined because of their insolubility in 
nitrobenzene.

The important IR frequencies which characterize 
the Schiff bases are discussed in the following texts      
(Table.2).



 

Complex.No

 

(NH)

 

ν

 

(SH)

 

ν

 

(C=N)

 

ν

 

(CS)

 

ν

 

(M-N)

 

1

 

3275m

 

2400w

 

1620m

 

740m

 

540m

 

2

 

3260m

 

2385w

 

1615m

 

745m

 

450m

 

3

 

3255m

 

2390w

 

1620m

 

730m

 

460m

 

4

 

3240m

 

2405w

 

1615m

 

735m

 

480m

 

5

 

3265m

 

2410w

 

1620m

 

750m

 

495m

 

6

 

3180m

 

2400w

 

1615m

 

730m

 

535m

 

7

 

3200m

 

2385brw

 

1615m

 

740m

 

540m

 

8

 

3205m

 

2395brw

 

1620m

 

745m

 

530m

 

9

 

3245m

 

2405w

 

1615m

 

740m

 

490m

 

10

 

3255m

 

2410w

 

1615m

 

730m

 

465m

 

11

 

3100m

 

2405w

 

1615m

 

735m

 

470m

 

12

 

3255m

 

2400w

 

1620m

 

745m

 

495m

 

 

The present free ligands exist both in tautomeric 
thiol and thione forms. These ligands show a broad 
medium band in the region 3280-3130cm-1

 

followed by a 
weak band around 2400cm-1

 

due to ν(NH) an ν(SH) 
vibrations. Thus these ligands exhibit thiol thione 
tautomerism. The high intensity bands around 1635±

 

5cm-1 are assigned to ν(CN) in view of the previous 
ssignments15. This observation renders

 

proof for the 
presence of glyoxal, biacetyl and benzyl residue. These 
ligands also exhibit a medium intensity band around 
740cm-1

 

has been attributed to ν(C=S)16.These 
thorium(IV) complexes exhibit medium intensity

 

bands in 
the region 3275-3100cm-1

 

followed by weak band 
around 2400cm-1

 

are  attributed to ν(NH) and ν(SH) 
vibrations respectively. This indicates that, the ligands 
exhibit thiol thione tautomerism in the complexes. This 
supports the noninvolvement of the

 

sulphur atom of the 
mercapto group in the coordination to the metal ion. 
Further, this is confirmed by the band due to ν(C=S) 
vibration appear around 740cm-1.

 

The absence of shift in 
the ν(C=S) is suggestive of non-coordination of sulphur 
to the metal ion. Remarkable changes have occurred in 
the azomethine group of the ligands. The high intensity 
band around 1640cm-1

 

due to ν(C=N) of the ligands 
appears in the region 1620-1615cm-1

 

in the complexes. 
The low frequency shift of the band relative to that of 
ligand provides support for the coordination of C=N 
groups to the metal ion through nitrogen.

 

A strong band appeared in the region 1260-
1235cm-1

 

attributed to coordinated nitrate group. The 
assignments of the lower region are combroused as 
various skeletal vibrations of the ligands appear as high 
intensity bands and sometimes they are associated with 
metal in regard of these complexes are purely tentative 
and are founded on the previous reports. In  these 
thorium(IV) complexes the ν

 

(M-N) bands have been 
assigned in the region 540-450cm-1

 

in view of previous 
assignments18.

 
 
 

VIII.
 

Pmr Spectrum
 

The PMR spectrum has been studied for only 
one representative complex viz., complex No.1. The 
PMR spectrum of corresponding ligandNO.1 exhibit 
resonance due to NH proton of 13.6ppm which is 
unaffected in the case of thorium(IV) comp.! 
(around13.6ppm). This suggests that, sulphur atom of 
SH group has not taken part in coordination as the 
ligand exists in thione form which is indicated by the 
signal appeared at 13.6

 

ppm in the present complex. 
There is a remarkable change in the position of 
resonance due to azomethine proton which is appeared 
at 9.14ppm in the thorium(IV) complex in relative to the 
corresponding ligand (8.2ppm).This downfield shift 
indicates the coordination of azomethine group to the 
metal ion through nitrogen. Another resonance due to 
proton of CH=N group of the triazole moiety appeared 
at 9.43

 

ppm. All these observations support IR 
inferences.

 

IX.

 

Conclusion

 

  

Analytical data indicates 1:1 stoichiometry for 
these complexes. IR and PMR spectral studies suggest 
the involvement of both C=N groups in the complex 
formation by keeping SH groups away from the 
coordination, considering all these observations, we 
propose the following structure, in which thorium 
exhibits coordination number of six.
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Synthesis and Spectral Characterization of Thorium(IV) Complexes with 3-Substituted-4-Amino-5-Mercapto-
1,2,4-Triazole Schiff Bases

Table 2 : Imortant Infrared frequencies (in cm-1) of Thorium(IV) Complexes of  3-substituted-4-amino-5-mercapto-
1,2,4-triazole and glyoxal/biacetyl/benzyl Schiff bases along with their Assignments. 
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