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Abstract: 
A number of new complexes of the general formulaes [M(L1)2Cl2]and 

[M(L1)2( -pic)2]Cl2{where L1= bis-(2-thiophenelidene) thiosemcarbazone; M= 
Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II) and -pic= 4-methyl pyridine} have 
been prepared and characterized by molar conductance, magnetic properties 
and metal contents analysis, infrared, and electronic spectra. The electronic and 
magnetic susceptibility  indicated that the complexes have distorted octahedral 
geometry either non regular for some complexes due to the differences in the 
two coordinated ligand and distorted copper complexes due to the above reason 
and also to Jahn teller effect. 
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Introduction: 
Thiosemicarbazides are of current interest with respect to their 

biological activity and chemotherapeutic properties. In addition, these 
compounds have many applications especially as reagents for the 
microanalytical determination as well as their ability to form chelated 
complexes with transition metal ions [1-5] .  

Thiosemicarbazones and their metal complexes have been 
extensively studied during recent years mainly due to their various 
biological activities [6,7] . They usually acted as chelating ligands  
specially with transition metal ions, joint through the sulfur and 
azomethine nitrogen atoms [8].   

A review was published by Lobana et. al [9,10] changing the 
attachment of the thiosemicarbazone moiety to the 3-position on the 
heteroaromatic ring often caused a decrease in biological activity. 
Thiosemicarbazones (TSC) have been synthesized by condensing 
substituted thiosemicarbazide with thiophene-2- carbxaldehyde. These 
thiosemicarbazones showed significant improvement in antiamobic 
activity[11] .  

Intercalation of pyridine, 4-methylpyridine and 4-ethlpyridine into 
the interlayer spaces of Cu(II)-montmorillonite was investigated. The 
successful intercalation of these compounds through coordination to the 
interlayer Cu2+ cations was confirmed by powder X-ray diffractions and 
infrared spectroscopy of the products. The presented solid-gas 
intercalation of pyridine derivatives and in situ complex formation in the 
interlayer spaces of montmorillonite is a feasible way to prepare clay 
coordination-intercalation compounds which cannot be obtained in 
conventional ion-exchange reactions[12] .          

A new synthetic route to isothiocyanate-containing materials is 
presented.  Eight  isothiocyanate-4-methylpyridine  (  picoline )  
compounds  were  prepared  by  refluxing  metal powders with thiourea in   

picoline[13].    
The present paper described the synthesis and characterization of 

L1= bis-(2-thiophenelidene) thiosemcarbazone , and the preparation of 
their new complexes with Mn(II), Fe(II) , Co(II) , Ni(II) , Cu(II) and 
Zn(II) .   
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Experimental: 
Physical measurement: 

Electronic spectra were recorded on Shimadzu UV/Vis, 
spectrophotometer UV-160 at room temperature, The measurements were 
recorded using a concentration of 10-3M of the two ligands and their  
complexes in N,N-dimethylformamide (DMF). Infrared spectra (4000-
200 cm-1) were recorded on a FTIR Brucker Tensor 27 co. 
spectrophotometer by KBr, CsI discs. Metal contents analyses were made 
on Shimadzu AA 670 atomic absorption spectrophotometer. The 
magnetic moments were carried out at 25 C on the solid states by Faraday 
method using Bruker BM6 instrument. The molar conductance of 10-3 M 
solution of metal complexes in (DMF) were measured at 25 C using 
Jenway 4070 conductivity meter . Melting point were determined on a 
Buchi 510 melting point apparatus and were uncorrected. The primary 
materials;   
2-thiophene carboxaldehyde, thiosemisarbazide and all the metal salts 
that are used in the experiment were supplied ( Fluka, BDH). 
    
A . Preparation of the ligands: 

The ligand L1 has been synthesized according to the following 
procedure [14] .Treatment of 2-thiophene carboxaldehyde (2.24 g, 0.02 
mol) in  (10 ml) ethanol with thiosemicarbazide ( 0.91 g, 0.01 mol) in (10 
ml) ethanol. Then the mixture was refluxed  for 7 h. in presence of 2 ml 
conc. HCl, the (greenish yellow) solid was appeared then the mixture 
cooled and filtered off, washed with cold ethanol and dried in 
vacuum,recrystallization by propanol (Scheme(1)).  
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B. Preparation of the complexes:    
A hot ethanolic solution of the ligand L1 (0.56 g , 0.02 mol) and 

ethanolic  solution of the corresponding metal salt {MnCl2.4H2O (0.19 g, 
0.01 mol) or FeCl2 (0.12 g , 0.01 mol) or CoCl2.6H2O (0.27 g , 0.01 mol) 
or NiCl2.6H2O (0.23 g , 0.01 mol) or CuCl2.2H2O (0.13 g, 0.01 mol and 
ZnCl2 (0.13g , 0.01 mol)} in (20 ml) of ethanol were mixed together with 
stirring . The mixture has been refluxed for 4 hours , on cooling , a 
colored precipitate has been formed which was filtered off , washed with 
cold EtOH and dried under vacuum.   

C. Preparation of the mixed ligand complexes:  
The complex No.(2) was prepared by adding an excess of 4-methyl 

pyridine (0.07 g , 0.02 mol ) dissolved in ethanol (10 ml) to (0.27 g , 0.01 
mol) complex separately and refluxed for about 3 hours. On cooling a 
coloured precipitate has been formed which was filtered off,  washed with 
cold EtOH and dried under vacuum, and the other complexes No.(4, 6, 
10, 12) where prepared by applying the same procedure.   

Results and discussion:    
The complexes of Mn(II), Fe(II), Co(II), Ni(II), Cu(II) and Zn(II) 

with the ligand L1=[bis-(2-thiophenelidene)thiosemcarbazone]  were air 
stable solides and colored (Table 1). The molar conductivities of the 
complexes in DMF indicated the presence of  two types of complexes , a 
nonelectrolytic nature (14-30  ohm-1. cm2.mol-1)[15] for Mn(II), Fe(II) , Co 
(II), Ni(II), Cu(II) and Zn(II) complexes where as 1:2 electrolytes (135-
167 ohm-1. cm2.mol-1)[16] for the mixed ligand complexes (Table 1).   

IR spectra: 
The most important infrared spectra of the two ligands and their  

complexes are listed in Table 2. The IR spectra of the ligand showed band 
at 3202cm-1 in the ligand spectrum assigned to (NH), this band has been 
shifted to lower frequency on complication[17]. Upon comparison it was 
shown that the (C=N) was found to be splitted  at 1610 cm-1 and 1606 cm-1 

as we expected for the two type of C=N present in the complex . The two 
bands still splitted in the complexes and shifted to lower frequencies  
(Table 2) indicating the participation of azomethine nitrogen in 
coordination [18,19]. The spectra of the ligand showed band at the region 
1173 cm-1 due to (C=S) in the spectra of some complexes this band 
undergoes little shift and appears at the range (1164-1172) cm-1 which 
indicates that this band dose not involve in coordination, in the spectra of 
the other complexes this band appears at the range (1143-1158) cm-1 

showing that the coordination occurs through the sulfur of C=S bond with 
the metal ion [20] . The infrared spectra of -picoline ligand showed  band 
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at 1625cm-1 attributed to ( C N C) group, this band was shifted to lower 
frequency (1562-1589) cm-1 in the IR spectra of the complexes No. (2, 4, 
6, 8, 10 and 12) indicating the coordination of this group with the metal 
ion[21]. 

The other new bands in the range (418-459) cm-1 in the spectra of 
the complexes were assigned to (M N) 

[22] while the (M N) for ( -picoline) 
ligand are in good agreement with the reported values of Nakamato[16] 

which fall in the region (238-317) cm-1 . The bands occurring at (350-
390) cm-1 and (269-303) cm-1 have been assigned to the (M-S) and (M-Cl) 

modes, respectively. The spectrum of the ligand showed (N N) at (918-
953) cm-1 . The thiophene ring remained unchanged when passing from 
ligands to complexes at 

 

837 cm-1 [20, 22] .  

Electronic spectra and magnetic moments:  
The electronic spectral bands of the two ligands and their 

complexes, also the magnetic moment values for the complexes were 
listed in Table (3).  

Manganese (II) complexes:   
The electronic spectra exhibited band in the visible region at 

26595, 26737 cm-1 ,respectively for the two manganese (II) complexes 
these bands may     be     assigned    to     the    transitions    6A1g     4T1g  
(G)       and 6A1g 

 

4T2g (P) ,respectively. The bands appeared at 30303, 
32016 cm-1 due to charge transfer[23]. The magnetic moment values 5.87, 
5.93 B.M for the manganese (II) complexes were in accordance with 
those having octahedral structure having five unpaired electrons .  

Iron (II) complexes: 
The electronic spectra of the two Fe(II) complexes showed a band 

in the   visible   region at  10131, 13089 cm-1 , respectively attributed  to 
the 5T2g 

 

5Eg transition and could be assigned to octahedral structure[23]. 
The values of the magnetic moment were 4.68, 4.85 B.M have been in 
well accordance with those having  octahedral geometry .  

Cobalt (II) complexes: 
The magnetic moment of  Co(II) complexes were 4.17, 4.68 B.M 

(the higher values were due to orbital contribution) indicating an 
octahedral geometry [23-25]. The electronic spectra showed band in the 
positions (1) 10695, 10989 cm-1 , (2) 12886, 16181 cm-1 ,(3) 15772, 
18796  cm-1 , respectively for the two cobalt (II) complexes these bands 
may be assigned to the transition    4T1g(F) 

 

4T2g(F) ( 1), 
4T1g(F) 

 

4A2g 
( 2) and 4T1g(F) 

  

4T1g(P) ( 3) , respectively the fourth band was due to 
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the charge transfer [23-25] . The bands appear at 33557, 35842 cm-1 due to 
charge transfer .   

The ligand field parameter B and the ligand field splitting energy 
(10Dq) in case of cobalt (II) complexes have been calculated, the values 
of B, , 2/ 1 suggested octahedral geometry for all the complexes [26]. 
Racah parameter gives useful information about the covalency in the 
metal 

 

ligand bonds (when Racah parameter decreased the covalence 
character's of the bond between the metal ion and ligand increased). The 
value of Racah parameter explain clearly the position of electrons cloud 
near the metal ion or the ligand molecule i.e:  the type of coordination 
bond between them[27].    

Nickel (II) complexes:  
The two Ni(II) complexes exhibited magnetic moment values 3.07 

and  3.12 B.M these values showed the presence of 2 unpaired electrons 
which lead to octahedral environment around Ni (II) ions , the high values 
of magnetic moment (from 2.87 B.M ) were due to the orbital 
contribution[28].   The electronic spectra of the complexes showed three 
bands at (1) 10162-10183 cm-1 (2) 15364-16792 cm-1 and (3) 24038-
26455 cm-1 due to three spin allowed transitions  3A2g(F)  

  

3T2g(F) ( 1),  
3A2g(F)  

 

3T1g(F) ( 2)  and  3A2g(F)

 

3T1g(P) ( 3) , respectively, 
indicating that the complexes had octahedral geometry, The ligand field 
parameter B and the ligand field splitting energy (10Dq) in case of nickel 
(II) complexes have been calculated, the values of B, , 2/ 1 suggested 
octahedral geometry for all the complexes [26,27] .  

Copper (II) complexes:  
The magnetic moment of the Cu(II) complexes are 1.78 and 1.84 

B.M which were due to the presence of one unpaired electron. The 
electronic    spectra     showed     one     band    at   which   assigned  to 
the 2E2g(F) 2T2g transition in distorted octahedral structure around the 
Cu(II) ions [29,30].  

As the spectra of Zn(II) complexes were not well resolved, there 
were not interpreted but they µeff values showed that they are 
diamagnetic as expected.  On the basis of the above results the proposed 
structures for the metal (II) complexes were shown in Fig (1) . 
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