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Abstract 
Synthesis and Characterization of some thiocarbohydrazone Schiff bases and their complexes 

with Cu(II),Ni(II),Zn(II),Co(II) and Fe(II) are described. The Schiff bases were obtained by 

condensation of thiocarbohydrazide with a group of aldehydes in 1:2 molar ratios. The prepared 

Schiff basses are bis(pyrrole-2-carboxaldehyde)thiocarbo- hydrazone(Pytch),bis(thiophene-2-

carboxaldehyde)thiocarbohydrazone(Thtch),bis(furfuralthiocarbohydrazone(Futch) and 

bis(piperonaldehyde) thiocarbohydrazone(Pitch). The stoichiometry of the obtained complexes 

and the bonding modes of the ligands was found to depend on both nature of metal and ligand. 

The ligands (Pytch) and (Futch) produced tetracoordinate complexes of the general formual 

[MLCl2] where they act as neutral bidentates bonding through the two imine nitrogens. 

However,in case  of  Pitch,the ligand is proposed to act as monobasic bidentate producing 

tetracoordinate complexes of the formual [M(Pitch)2] with Co,and Ni whereas with copper it is 

proposed to act as tridentate  forming a tetracoordinate complex of the formula,[Cu(Pitch)Cl]. 

Concerning the (Thtch) ligand,it is suggested to act either as neutral bidentate producing a 

tetracoordinate complex of the formula [Fe(Thtch)Cl2] or as monobasic tridentate producing 

tetracoordinate  [Zn(Thtch)Cl] complex or as  monobasic bidentate forming tetracoordinate 

[M(Thtch)2] complexes where M = Co,Ni and Cu. The antibacterial activity of the compounds 

against Acinetobacter sp gram negative and Staphylococcus gram positive strains was 

examined. 

Keywords: Thiocarbohydrazones; Thiocarbohydrazone Schiff base complexes; 

Transition metal Schiff base complexes. 

Introduction 
There has been a growing interest in metal complexes of,thiocarbohydrazones 

due to their wide spectrum of applications in industry,[1] medicine [2-5] and in analytical 

chemistry. [6,7] Thiocarbohydrazones can exist in thioenol and thioketo forms and as 

other sulfur donors can act as bridging sites allowing various structural possibilities and 

different stereochemistries ranging from tetrahedral to octahedral to square planar. [8-12] 
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Thiocarbohydrazide condenses easily with two molecules of carbonyl 

compounds to produce thiocarbohydrazone Schiff bases which can act as ligands 

toward different metal ions. Therefore,a large number of reports appeared describing 

synthesis of such compounds by changing the used  aldehyde . [13, 14] 

We have reported synthesis and characterization    of a series of symmetrical 

and unsymmetrical Schiff bases and their transition metal complexes.[15-18] The 

biological activity of some  of these  complexes had been studied. [19] In continuation of 

our interest in Schiff base complexes,we have extended the work to synthesis and 

characterization of transition metal complexes of thiocarbohydrazone Schiff bases as 

potential ligands derived from condensation of thiocarbohydrazide and heterocyclic 

aldehydes. In spite of the large amount of work done on such thiocarbohydrazones 

and their applications,less had been carried out on their complexes. In view of this,we 

have  synthesized  a new thiocarbohydrazone Schiff  base and other known 

thiocarbohydrazones   and reacted  them  with some transition metals in order to  

study  and compare their  coordination      behavior.  The biological activity of the 

obtained complexes had been studied. The prepared thiocarbohydrazone Schiff  bases 

are bis(furfural)thiocarbohydrazone(Futch); bis(pyrrole-2-

carboxaldehyde)thiocarbohydrazone(Pytch); bis(thiophene-2-aldehyde) thiocarbo- 

hydrazone(Thtch) and bis(piperonaldehyde)thiocarbohydrazone(Pitch). The ligands 

were  prepared by reacting  thiocarbohydrazide and the aldehyde in 1:2 molar ratio 

(Equation 1). Reactions were carried out with Cu(II),Ni(II),Co(II),Zn(II) and Fe(II) metal 

ions. In some cases,reactions failed to produce products. 
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Equation 1 

Experimental 
Instrumental 

The elemental analyses (C,H,N and S) were carried out at Jordan University of 

Science and Technology, Irbid-Jordan. 

The infrared spectra (4000-400 cm-1) were recorded on a FT-IR spectrometer, 

JASCO FT/IR-4100 as KBr discs. 
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Mass spectrum of the Schiff base Pitch was carried out using a V6-7070E mass 

spectrometer (70ex ionization and 150 v resolution). 1H-NMR Spectra were carried out 

using ultra shield NMR 400 MHz,Brucker. 

Conductivity measurements were carried out on a Cyper Scan 510 conductivity 

meter at 25°C in DMSO. Electronic absorption spectra were recorded on a Shimadzu 

UV-1800 spectrophotometer in DMSO (250-700 nm). Magnetic susceptibility 

measurements were done with a magnetic susceptibility balance (Sherwood Scientific 

Ltd). Melting points were measured on an electrothermal melting point apparatus. 

Metal analysis was carried out on Sp2 pye-unicam atomic absorption spectrometer 

(Philips,Britan) using the classical nitric acid digestion method.[20]  

Materials 

All chemicals were analytical reagents grade purchased from commercial 

sources, organic solids were recrystallized from the appropriate solvents and furfural 

was purified by vacuum distillation.  

Synthesis of Thiocarbohydrazone Schiff Bases 

Thiocarbohydrazide was prepared according to a reported method [10] by the 

reaction of carbon disulfide with hydrazine hydrate.  

Thiocarbohydrazone Schiff bases Futch,Pytch,Thtch and Pitch were prepared 

according to the methods reported previously. [9,21,22]  

Synthesis of bis(pyrrole-2-carboxaldehyde)thiocarbohydrazone(Pytch),bis(thiophene-2-

aldehyde)thiocarbohydrazone(Thtch), bis(furfural) thiocarbo- hydrazone (Futch)  and 

bis(piperonaldehyde)thiocarbohydrazone(Pitch) 

In each case 20 mmol of the aldehyde in 50 ml of ethanol was added to a hot 

solution of thiocarbohydrazide (10 mmol) in 50 ml ethanol and the mixture was left to 

reflux for 2hr in case of  Futch,3hr in case of  Pytch and Pitch and for 30 min in case of 

Thtch. However,in case of  Futch  the solvent was water and in case of Pytch few 

drops of acetic acid were added to the mixture before it was left to reflux. In each 

case,the obtained solid was recrystallized from the same solvent that was used for its 

preparation and the obtained compound was washed several times by ethanol then 

with ether and left do dry overnight at 70°C. 

As a proof of the formation and purity of the known Schiff bases,melting 

points,IR,1H-NMR spectra were recorded for them and compared with those reported 

previously.[9, 21, 22] 

The new Schiff base Pitch  was prepared in a similar method and was obtained 

in a 63.5% yield. 

Preparation of the Complexes  

The chlorides  (ZnCl2,FeCl2.2H2O,CuCl2.2H2O,CoCl2.6H2O,and.,NiCl2.6H2O) 

were used for  preparation of the Pytch, Futch, Pitch and zinc and iron complexes of 
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Thtch, whereas for preparation of cobalt, copper and nickel complexes of Thtch,the 

acetates   (Co(AcO)2.4H2O,Ni(AcO)2.4H2O and Cu(AcO)2.2H2O) were used. 

A general method was followed for preparation of the complexes. An ethanolic 

solution containing 5 mmol of the metal salt (0.66g, 1.00g, 0.85g, 1.18g, 1.37g of 

chlorides of Zn,Fe,Cu,Co and Ni,respectively and 1.25g, 1.24g and 1.1g of acetates of 

Co,Ni and Cu,respectively ) in 10ml ethanol was added to the thiocarbohydrazone 

Schiff base solution (5mmol in 20 ml ethanol). The resulting mixture was left to reflux 

for 3 hours. The formed product in each case was isolated and recrystallized from 

ethanol,washed with ethanol and ether and left to dry overnight at ~70°C. 

Antibacterial Activity Study  

Activity of the prepared complexes against the gram negative Acinetobacter sp 

and the gram positive Staphylococcus aureus strains was examined using disc 

diffusion assay. [23] Bacterial cultures were obtained from King Abdullah University 

Hospital diagnostic laboratories. Isolated pure colonies were transferred from the 

plates into 0.9% sterile NaCl solution to form bacterial suspensions. The turbidity was 

then adjusted 0.5 McFarland standard units. The suspensions were then poured over 

Mueller-Hinton agar plates. Sterile filter paper discs (diameter: 6 mm) were placed over 

these plates. The discs were impregnated with 15 ug of the test compounds (100 ug/ml 

dissolved in DMSO). The plates were incubated at 37◦C for 24 h. The inhibition zones 

were measured from two replicates of each compound as previously described. [24]  

Results and Discussion 
Four thiocarbohydrazone Schiff bases were prepared and characterized. One of 

them,bis(piperonaldehyde)thiocarbohydrazone,(Pitch) is new to the best of our 

knowledge,whereas the rest have been reported previously[9,21,22]. The chemistry of the 

Pitch will be discussed first then that of the characterized complexes. 

Bis(piperonaldehyde)thiocarbohydrazone Schiff base (Pitch) 

This compound was obtained from the reaction of thiocarbohydrazide with 

piperonaldehyde in 1:2 molar ratios,and obtained as a stable light grey solid melting at 

240°C. Elemental analysis,IR,1H-NMR and mass spectrophotometric 

measurements,were carried out. 

The IR spectrum showed two bands at 3147 and 3240 cm-1 due to N-H 

stretching. A band which appeared at 2994 cm-1 was assigned to C-H of aromatic 

vibration and a  band at  1626 cm-1 is due to (C=N) vibration of the azomethine group. 

A group of three bands appeared in the region 1519-1593 cm-1 due to aromatic C=C 

vibrations. A band due to     C-O vibration appeared  at 1252 cm-1 and another band at 

771 cm-1 was attributed to C=S bond vibration. A weak band at 2600 cm-1 was 

assigned to S-H bond vibration of the thiol tautomer. [25-27] 

The mass spectrum of  Pitch  shows fragment ions at m/z values of 206.0,164.1 

and 148.1. The M+ peak does not appear which might be due to fragmentation of the 
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Schiff base before reaching to ion accelerating section which was observed previously 

in case of other Schiff bases. [29] 
1H-NMR  spectrum shows a singlet peak at 11.70 ppm (2H,N-H),another singlet 

peak at 8.52 ppm (1H,CH=N),multiplet in the range 6.00-7.80 ppm for the aromatic ring 

protons and a singlet peak at 6.01 ppm for –O-CH2-O- protons. 

Thiocarbohydrazone Schiff base complexes  

Thiocarbohydrazones can exist in thioketo-thioenol tautomeric forms as it is the 

case of carboydrazones which can exist in keto-enol forms. [3] Spectroscopic studies 

proved the presence of both tautomers in some thiocarbohydrazones. [3,27] In the 

formed complexes,the thiocarbohydrazone Schiff  bases were proposed to bond as 

neutral ligands in the thione form as in case of Futch,Pytch and as in some complexes 

of Thtch (Fe complex). However,in case of Co,Ni,Zn  and Cu complexes of Thtch and 

all complexes of Pitch,the ligands are proposed to bond as monobasic ligands in the 

thiolate form. In addition,complexes  are formulated as tetracoordinate having 

1:1stoichiometry of the formulas [M(Futch)Cl2],[M(Pytch)Cl2] where M = 

Cu,Zn,Ni,Co,Fe,[Cu(Pitch)Cl],[Fe(Thtch)Cl2] and [Zn(Thtch)Cl] and as 1:2 complexes 

of the formula [M(Thtch)2] where M = Ni,Co,Cu and [M(Pitch)2] where M = Co,and Zn. 

Complexes of bis (furfural) thiocarbohydrazone have brownish color except the cobalt 

complex which is green and have melting points of 200°C or above. 

However,complexes of bis(pyrrole)thiocarbohydrazone are black in color and 

decompose above 400°C. Complexes of bis(thiophene)thiocarbohydrazone and 

bis(piperonaldehyde) thiocarbohydrazone have yellow to brown colors except the 

copper  complex of Pitch which is green and all melt at 189°C or above. The 

complexes were found to be soluble in dimethylformamide and dimethylsulfoxide but 

insoluble in common organic solvents. 

 Microanalytical data (Table 1) of the complexes are in good agreement with the 

given formulation. The molar conductivity values in DMSO,melting points and 

percentage yields appear in table 2. The important IR and UV/VIS spectral data and 

magnetic moments are shown   in table 3 and biological activity results appear in table 

4. 1H-NMR spectra of the diamagnetic complexes have been carried out and will be 

discussed along with the other spectral data for these complexes. In discussing IR 

spectral data, focus will be on characteristic bands as the C=N group and the C=S 

group stretching frequencies and the changes which occurred on them upon 

complexation which is usually used as an indication of their bonding sites.[25-27] Molar 

conductivity values of all complexes in DMSO are low indicating the non-ionic nature of 

the complexes (Table 2). 
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Table 1: Elemental Analysis of the Prepared Compounds 

 Metal Complex 
Empirical formula 

(F.W.) * 

Calculated(Found) 

C% H% N% S% M%

[Ni(Futch)Cl2].2H2O 
C11H14Cl2N4O4SNi. 

)427.92(  

30.87 

)30.77(  

3.30 

)3.01(  

13.09 

)13.51(  

7.49 

)7.24(  

13.72 

(12.99) 

[Zn(Futch)Cl2]. 

1/4C2H5OH 

C11H10Cl2N4O2SZn.1/4C2H5OH 

(410.09) 

33.82 

)34.61(  

2.81 

)2.95(  

13.67 

)14.58(  

7.96 

)8.86(  

15.94 

(15.36) 

[Cu(Futch)Cl2.]. 

1/4C2H5OH  

C11H10Cl2N4O2SCu.1/4C2H5OH 

(408.05) 

33.85 

)34.30(  

2.82 

)2.86(  

13.73 

)14.36(  

7.84 

)7.90(  

15.57 

(15.01) 

]Co(Futch)Cl2[ 
C11H10Cl2N4O2SCo 

)374.13(  

33.69 

)33.15(  

2.57 

)2.97(  

14.10 

)13.50(  

8.16 

)8.59(  

15.75 

(15.33) 

]Fe(Futch)Cl2[ 
C11H10Cl2N4O2SFe 

)389.04(  

33.96 

)34.49(  

2.59 

)2.92(  

14.40 

)14.36(  

8.28 

)7.99(  

14.35 

(13.98) 

]Ni(Pytch)Cl2[ 
C11H12Cl2N6SNi (489.93) 33.88 

)33.45(  

3.10 

)3.30(  

21.55 

)20.77(  

8.22 

)8.50(  

11.98 

(11.98) 

]Cu(Pytch)Cl2[ 
C11H12Cl2N6SCu 

)394.80(  

33.47 

)33.73(  

3.06 

)3.36(  

21.29 

)20.58(  

8.12 

)7.45(  

16.10 

(15.74) 

[Co(Pytch)Cl2].2H2O 
C11H16Cl2N6O2SCo 

)426.19(  

31.00 

)31.55(  

3.78 

)3.47(  

19.72 

)19.53(  

7.52 

)6.95(  

13.83 

(13.01) 

[Fe(Pytch)Cl2].2H2O 
C11H16Cl2N6O2SFe 

 )423.10(  

31.23 

)31.61(  

3.81 

)3.21(  

19.86 

)19.64(  

7.58 

)8.02(  

13.20 

(12.55) 

]Ni(Thtch)2[ 
C22H20N8S6Ni 

)645.52(  

40.93 

)41.76(  

2.81 

)2.72(  

17.36 

)16.40(  

29.80 

)30.32(  

9.09 

(9.55) 

]Zn(Thtch)Cl[ 
C11H9ClN4S3Zn 

(393.89) 

33.51 

)33.08(  

2.30 

)2.70(  

14.21 

)14.67(  

24.40 

)25.02(  

14.43 

(13.50) 

]Cu(Thtch)2[ 
C22H20N8S6Cu 

)650.37(  

40.63 

)40.70(  

2.79 

)2.93(  

17.23 

)17.44(  

29.58 

)30.44(  

9.77 

(8.41) 

]Co(Thtch)2[ 
C22H20N8S6Co 

)645.76(  

40.92 

)40.00(  

2.81 

)2.94(  

17.35 

)16.74(  

29.79 

)29.58(  

9.13 

(8.43) 

]Fe(Thtch)Cl2[ 
C11H10Cl2N4S3Fe 

)421.17(  

31.37 

)31.20(  

2.39 

)2.40(  

13.30 

)13.65(  

22.84 

)23.45(  

13.26 

(13.66) 

.H2O]Zn(Pitch)2[ 
C34H28N8O9S2Zn 

(822.16) 

49.67 

)49.09(  

3.43 

)3.40(  

13.63 

)14.02(  

8.70 

)8.96(  

7.94 

(7.96) 

]Cu(Pitch)Cl[ 
C17H13ClN4O4SCu 

)468.37(  

43.50 

)44.12(  

3.01 

)2.68(  

11.94 

)11.43(  

6.83 

)6.86(  

13.57 

(12.88) 

.H2O]Co(Pitch)2[  
C34H28N8O9S2Co 

(815.58) 

50.08 

(50.14) 

3.46 

(3.52) 

13.74 

(14.66) 

7.86 

(8.40) 

7.23 

(7.69) 

Pitch 
C17H14N4O4S 

)370.38(  

55.13 

(54.85) 

3.81 

(3.89) 

15.13 

(15.35) 

8.66 

(9.20) 

 

* F. W. : Formula Weight. 
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Infrared Spectra 

The infrared spectra of the complexes show the characteristic bands due to the 

aromatic C=C,imine (C=N) bonds in addition to bands due to thione (C=S),N-H and   

O-H stretchings. 

The imine bond stretching frequencies appeared in ranges of 1610-1680,1591-

1612,1591-1616 and 1610-1621 cm-1 in Futch,Pytch,Thtch and Pitch 

complexes,respectively. In all cases there is a shift to lower values compared to the 

corresponding band in free ligands (Futch at 1619 cm-1,Pytch and 1616 cm-1,Thtch at 

1631 cm-1 and Pitch at 1626 cm-1). This shift to lower values is used usually as an 

indication for bonding through the nitrogen atom of the imine group.[27, 28] Medium 

intensity bands appeared due to N-H vibrations in  3115-3244,3203-3237, 3088-3299 

and 3150-3220 cm-1  ranges for Futch,Pytch,Thtch and Pitch complexes,respectively. 

A band due to C=S group appeared around 760 cm-1 in both Futch and Pytch  

complexes and also in Thtch complex of iron which is not changed in position 

compared to the corresponding band in free ligands indicating that the sulfur atom is 

not involved in bonding in these complexes[26-28]. However,the spectra of the other  

Thtch complexes (Ni,Cu, Zn  and Co   complexes) and all  the  Pitch complexes show 

the band due to νC=S shifted to lower values compared to free ligands. In Thtch 

complexes this band appears around 720 cm-1 (778 cm-1 for free ligand) and in Pitch 

complexes it appears in 721-724 cm-1 range compared to that at 771 cm-1 in free Pitch. 

This observation indicates that the C=S group is involved in bonding. Therefore,it is 

concluded that bonding in three complexes occur through the deprotonated sulfur atom 

of the thiol tautomer. This is common in thiocarbohydrazone complexes and several 

similar examples have been reported. [2, 8] In addition,spectra of the compounds that 

have   molecules of solvents in their formulas (ethanol or water) show   broad bands 

due to O-H vibrations  in  3177-3663 cm -1 range. 

1H-NMR Spectra 
1H-NMR spectra of the diamagnetic complexes were recorded. The spectrum of 

Ni(Pytch)Cl2  complex shows peaks due to N-H protons as singlet at 11.65 ppm,of =CH 

protons as singlet at 8.02ppm, of  NH protons of pyrrole at 5.20ppm and a multiplet in 

6.50-7.30 ppm for aromatic protons . The spectra of [M(Futch)Cl2] complexes  where 

M= Zn and Ni show peaks due to N-H proton as singlet in 11.20-11.45 ppm range and 

for =CH protons in 8.12-8.15 ppm range and multiplets in 6.67-7.90 ppm range 

corresponding to aromatic ring protons. Spectra of the Zn and Ni complexes of  Thtch 

ligand show peaks due to  due N-H protons in 11.10-11.65 ppm range (singlet),singlets 

due to CH protons appeared in 8.25-8.34 ppm range  and multiplets due to aromatic 

protons appeared  in 7.05-8.05 ppm range. 

The spectrum of  [(Zn(Pitch)2] complex shows peaks due to –NH protons at 

11.40 and 11.51 pm as singlets,two singlets at 6.10 and 6.20 ppm for CH,at 6.01 ppm 
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for  O-CH2-O protons and doublet of doublet in 6.90-8.50 ppm range for aromatic 

protons. 

In addition,spectra of the solvated compounds show bands due to molecules of 

solvents. 

Electronic Spectra 

Electronic spectra of the ligands and their complexes were recorded in DMSO 

solvent. In the electronic spectra of the ligands,two absorption bands appear around 

260 and 346 nm corresponding to π→ π* transitions of the C=S group and to n → π* 

transition of the azomethine group [35-37],respectively. In case of the complexes a high 

intensity band appears in 336-400 nm range which is assigned as a charge transfer 

band overlapped with intraligand transitions. In most cases,d-d transitions cannot be 

detected since they are possibly obscured by the broad charge transfer transitions 

tailing off into the visible region. We have observed similar trend in previous studies of 

Schiff base complexes [15,16,19]. 

Magnetic measurement 

The magnetic susceptibility measurements indicated that all the prepared 

complexes of zinc and nickel are diamagnetic. However,all copper complexes are 

paramagnetic having magnetic moments in 1.61-2.10 B.M. range implying the 

presence of one unpaired electron. 

Tetracoordinate diamagnetic nickel complexes have a square planar geometry 

whereas the copper complexes could have square planer or tetrahedral geometry 

since Cu(II) in both geometries has one  unpaired electron.[30] The value obtained for 

the [Cu(Pitch)Cl] complex is lower than expected which might be due to interaction 

between unpaired electrons on the copper atoms which might suggest a dimeric or 

polymeric structure.[33] 

Tetracoordinate Zn(II) complexes could be tetrahedral or square planar,although 

tetrahedral is the preferred structure.[30] 

Cobalt complexes were found to be paramagnetic with magnetic moment values 

in 2.10-2.20B.M. range implying the presence of one unpaired electron except the 

complex [Co(Futch)Cl2] which was found to have 3.50 B.M. value indicating the 

presence of three unpaired electrons. Accordingly, cobalt complexes  that have  one 

unpaired electron are  assigned  square planar geometry.  However,the [Co(Futch)Cl2] 

complex is suggested to have a tetrahedral geometry. Both geometries are common 

for cobalt Schiff base complexes. [33] 

Iron complexes were found to be paramagnetic with magnetic moment values in 

4.13-5.36 B.M range indicating the presence of four unpaired electrons. Therefore,a 

tetrahedral geometry is suggested for these complexes. The lower value than 

expected for [Fe(Futch)Cl2)] complex could be due to spin-crossover which is observed 

in several iron Schiff base complexes. [15, 32] 
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Table 2: Melting Points, Colors, Percentage Yields and Molar Conductivity Values  for 

the Prepared Compounds. 

Metal Complex 
Melting 

Point(C)o 
Color % Yield  

Λm*(ohm-1. 
cm2 mol-1) 

[Ni(Futch)Cl2].2H2O 210 
Brown 

 
89.4 22 

.1/4C2H5OH]Zn(Futch)Cl2[ 200 Light Brown  65.3 3 

.1/4C2H5OH]Cu(Futch)Cl2[ 307 Light Brown 48.1 27 

]Co(Futch)Cl2[ 296 Green 89.7 28 

]Fe(Futch)Cl2[ 238 Brown  65.3 30 

]Ni(Pytch)Cl2[ 400(d) Black 42.5 27 

]Cu(Pytch)Cl2[ 400(d) Black 41.8 14 

[Co(Pytch)Cl2].2H2O 421(d) Black 46.9 25 

[Fe(Pytch)Cl2].2H2O 407(d) Black 40.2 18 

]Ni(Thtch)2[  289 
Yellow-

greenish 
53.7 1 

]Zn(Thtch)Cl[ 189 Yellow 37.9 3 

]Cu(Thtch)2[ 194 Brown  37.7 2 

]Co(Thtch)2[ 228 Dark Brown  78.5 20 

]Fe(Thtch)Cl2[ 261 Dark Brown 62.2 28 

.H2O]Zn(Pitch)2[ 222 Light Yellow 47.1 3 

]Cu(Pitch)Cl[ 216 Green 50.2 20 

.H2O]Co(Pitch)2[ 227 Brown  51.9  17 

Pitch 240 Grey 63.5 - 

* : Λm stands for the molar conductivity of 1x10-3 M solution at 25oC 

d: decomposition.  

 
Table 3: Magnetic Moments,UV-Visible and IR Spectral Data for the Prepared 

Complexes. 

Metal Complex µ(B.M.) 
Electronic Absorption

max(nm),λ 
ε(L.mol-1.cm-1)x10-3 

IR Data b 

ν C=N             ν C=S 

[Ni(Futch)Cl2].2H2O  a  )18.3 (388.5  1616(m)          757(m) 

.1/4C2H5OH]Zn(Futch)Cl2[ a  )25.4 (342.0  1816(m)           760(m) 

.1/4C2H5OH]Cu(Futch)Cl2[ 2.10  )21.0 (343.0  1613(m)          764(s) 

]Co(Futch)Cl2[  3.50  )20.0 (344.0  1610(s)            760(s) 

]Fe(Futch)Cl2[  4.13  )20.4 (346.0  1610(m)           760(s) 

]Ni(Pytch)Cl2[  a  )8.7 (336.0  1612(m)          764(m) 

]Cu(Pytch)Cl2[  2.10  )8.5 (341.0  1599(s)            763(s) 

[Co(Pytch)Cl2].2H2O  1.86  )7.7 (337.0  1597(s)            760(s) 

[Fe(Pytch)Cl2].2H2O  5.25  )7.9 (338.0  1712(s)            763(s) 
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Metal Complex µ(B.M.) 
Electronic Absorption

max(nm),λ 
ε(L.mol-1.cm-1)x10-3 

IR Data b 

ν C=N             ν C=S 

]Ni(Thtch)2[  a  )33.3 (397.0    1591(w)          715(w) 

]Zn(Thtch)Cl[  a  )22.1 (337.0  1594(s)            720(s) 

]Cu(Thtch)2[  1.98  )33.7 (350.5   1600(w)           712(s) 

]Co(Thtch)2[  2.20  )20.0 (391.5   1616(m)            717(m) 

]Fe(Thtch)Cl2[  5.36  )26.6 (350.5  1594(m)            779(w) 

]Zn(Pitch)2[  a  )55.6 (348.5  1621(m)            721(w) 

]Cu(Pitch)Cl[  1.61  )18.3 (279.5  1621(w)            723(w) 

.H2O]Co(Pitch)2[  2.1  )33.5 (348.5  1621(m)            721(w) 

a Diamagnetic.  b (s):strong, (m):medium, (w):weak 

 
Table 4: The Antibacterial Activity of the Prepared Compounds 

Staphylococcus aureus 
Sensitivity (inhibition zone) 

Acinetobacter sp Sensitivity
(inhibition zone) 

Compound 
(100 ug/ml) 

-ve +ve (10 mm) [Cu(Pitch)Cl2] 

+ve (8 mm) -ve [Fe(Thtch)Cl2] 

+ve (1.2 mm) -ve [Cu(Futch)Cl2] 

+ve (16 mm) -ve [Zn(Futch)Cl2] 

-ve -ve [Cu(Thtch)2] 

+ve (9 mm) -ve [Zn(Pitch)2] 

-ve -ve [Ni(Pytch)Cl2] 

-ve -ve [Fe(Futch)Cl2] 

-ve -ve [Ni(Futch)Cl2] 

+ve (10 mm) -ve [Co(Thtch)] 

-ve -ve [Co(Pitch)2].H2O 

+ve (13 mm) -ve [Co(Futch)Cl2] 

+ve (8 mm) -ve [Zn(Thtch)Cl2] 

+ve (20 mm) +ve (17 mm) [Cu(Pytch)Cl2] 

-ve -ve [Fe(Pytch)Cl2].H2O 

+ve (17 mm) -ve [Co(Pytch)Cl2].2H2O 

-ve -ve [Ni(Thtch)2] 

 
Structural interpretation 

Taking into account all of the above observations,suggested structures  for the 

prepared complexes are  shown in figures 1 and 2. The proposed structure for [MLCl2] 

complexes is based on bonding through the nitrogen atoms of the azomethine groups 

where the ligands act as neutral bidentates (Figure 1).  However,in case of  [M(L)2 ]  

complexes (Figure2,a),ligands are suggested to act as  monobasic bidentates  bonding 

through the deprotonated sulfur atom and one  nitrogen atom  which had been found in 

several Schiff base  reported complexes.[2, 8, 28] In case of [MLCl] complexes (Figure 2, 
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b),the ligands are suggested to act as monobasic tridentates . Thiocarbohydrazone   

transition metal complexes with similar bonding mode had been reported.[35, 38]  

Antibacterial Activity 

The activity of the prepared compounds against Acinetobacter sp and S. aureus 

observed in the disc diffusion assay is shown in table 4. The gram negative 

Acinetobacter sp strain showed susceptibility  only to two copper complexes which are  

[Cu(Pitch)Cl] and [Cu(Pytch)Cl2] with inhibition zones of 10 mm and 17 

mm,respectively. On the other hand,the gram positive Staphylococcus aureus showed 

sensitivity to nine complexes: 

[Co(Thtch)2],[Fe(Thcth)Cl2],[Zn(Thtch)Cl],[Cu(Fucth)Cl2],[Zn(Fucth)Cl2],[Co(Fucth)Cl2], 

[Zn(Pitch)2],[Cu(Pycth)Cl2] and [Co(Pycth)Cl2].  The highest zone of inhibition was 

observed by treatment with CuPycth (20 mm). Thus,the tested compounds are more 

active against gram positive bacteria than gram negative ones. 

Conclusion 
From the elemental analysis,molar conductivity and magnetic susceptibility 

measurements,IR and 1H-NMR spectral data it was possible to assign the mode of 

coordination of the ligands to metals and to suggest possible geometries for the 

prepared complexes. In order to determine the exact geometry,X-ray analysis is 

needed. Our attempts to get single crystals suitable for X-ray study were unsuccessful. 
S

NHHN

N N CHHC
M

ClCl
X X

X = O, NH, S  
Figure 1: Proposed Structure for [M(L)Cl2] Complexes: L=Futch, M=Zn, Ni, Cu, Co, Fe,   

L=Pytch, M=Fe, Ni, Cu, Co ; L=Thtch, M=Fe.   
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Figure 2:  (a) Proposed Structure for [M(L)2]  Complexes. 
L=Thtch, M=Ni, Cu, Co;L=Pitch, M=Co, Zn 
(b) Structure for [M(L)Cl] complexes. 
L=Thtch, M=Zn;L=Pitch, M=Cu. 
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