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Abstract: 
            The New Schiff base ligand 4,4'-[(1,1'-Biphenyl)-4,4'-diyl,bis-(azo)-bis-[2-

Salicylidene thiosemicarbazide](HL)(BASTSC)and its complexes with Co(II), Ni(II), 

and Cu(II) were  prepared and characterized by elemental analysis, electronic, FTIR, 

magnetic susceptibility measurements. The   analytical and spectral data showed, the 

stiochiometry of the complexes to be 1:1 (metal: ligand). FTIR spectral data showed 

that the ligand behaves as dibasic hexadentate molecule with (N, S, O) donor 

sequence towards metal ions. The octahedral geometry for Co(II), Ni(II), and Cu(II) 

complexes and non electrolyte behavior was suggested according to the analysis data.  
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Introduction 
      
Metal complexes of Schiff base are 

extensively studied due to synthetic 

flexibility, selectivity and sensitivity 

towards a variety of metal atoms[1]. 

Schiff bases are generally bi-or tri- 

dentate ligands capable of forming 

very stable complexes with transition 

metals.  

            Thiosemicarbazones (TSCs) 

have received considerable attention 

because of these compounds which 

took part a wide spectrum of medicinal 

properties, including activity against 

tuberculosis, leprosy, and bacterial and 

viral infections[2,3] 

          This work describes the 

preparation and characterization of 

new Schiff base ligand  (BASTSC) 

derived from thiosemicarbazone with 

Co(II), Ni(II),and Cu(II) metal ions by 

available techniques.  
 

 

Materials and Methods: 
     

 
  The electro thermal melting point 

model 9300 was used to measure the 

melting point of the ligand and its 

complexes. Elemental analyses were 

carried out by means of Micro 

analytical unit of 1108 C.H.N 

Elemental analyzer. IR spectra were 

recorded using KBr discs in 4000-400 

cm
-1

 range on FT-IR Shimdzu 

Spectrophotometer model 8400. Uv-

Vis spectra were recorded in ethanol 

on Shimadzu Spectrophotometer 

double beam model 1700 Uv-Vis 

spectrophotometer. Magnetic 

Susceptibilities were measured as 

powder samples using Faraday 

method, a Balance Magnetic MSB- 

MKI was employed for this purpose. 

The diamagnetic corrections were 

made by Pascal's constants[4]. Molar 

conductance measurements were 

determined in DMF by using an Alpha 

Digital conductivity meter model 800.  

 

Preparation of Schiff base 

ligand (BASTSC) 

The ligand was prepared as follows:  
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1. Preparation of the New 

tetrazo dye. 

         The new diazo dye (BAS) was 

prepared using the following mothod; 

tetrazoinum chloride solution was 

prepared by dissolving (1.840g, 

0.01mol) of  benzidene in 50ml of 

water and 4ml of concentrated 

hydrochloric acid. The solution was 

treated with 5ml of aqueous (1M) 

sodium nitrite drop wise and stirred for 

30min. at 0C˚, Salicyladehyde (2.44g, 

0.02mol) was dissolved in 200ml of 

ethanol, and 80ml of 10% sodium 

hydroxide was added. The tetrazoinum 

chloride solution prepared above was 

then added drop wise for coupling, the 

mixture was stirred for 3 h at 0-5 C˚, 

the product was filtered, dried and 

recrystallized twice from hot ethanol 

then dried in the oven at 100C˚ for 2 

hours,  Scheme 1. 
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Scheme. 1: Preparation of the compound (BASTC). 

 

2. Preparation of the Schiff base 

ligand.   

        The New Schiff base ligand 

(BASTSC) was prepared by 

condensation of (BAS) and 

thiosemicarbazide in equimolar (1:2) 

mole ratio, in absolute alcohol. Few 

drops of glacial acetic acid were added 

to the reaction mixture and refluxed for 

3 hrs. The product was recrystallized 

from ethanol, and dried over anhydrous 

CaCl2. The reaction mixture gave one 

product, m.p(150-153C˚). 
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Scheme. 2: Preparation of the ligand (BASTSC). 
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Preparation of metal complexes  
     The Schiff base ligand (1mmol) 

dissolved in absolute ethanol (25ml), 

mixed with salts of Co(II), Ni(II), and 

Cu(II) (1mmol) of each dissolved in 

ethanol (25ml). The reaction mixture 

was refluxed for 1h. The product was 

isolated after reduction of volume by 

evaporation. It was filtered off, washed 

with ethanol and dried under vacuum. 

The complexes abtained are listed in 

Table (1). 

Results and Discussion  
      The reactions of Co(II), Ni(II), and 

Cu(II) salts solutions with 4,4'-[(1,1'-

Biphenyl)-4,4'-diyl,bis-(azo)-bis-[2-

Salicylidene thiosemicarbazide] (HL) 

resulted in the formation of complexes. 

The complexes were crystallized as 

solids, which decomposed at high 

temperature. Physical and analytical 

data of the ligand and its complexes 

are listed in Table (1). 

Table 1: Physical and analysis data of ligand and its complexes 

         L = Ligand,  d= complex metal with decomposition 
 

Metal : Ligand Ratio  

     The metal: ligand ratios of chelates 

were determined by the molar ratio 

method at the wavelengths of 

maximum absorption. The ligand 

(BASTSC) was found to form 1:1 

chelates with metal ions under study, 

these results are in agreement with the 

values reported for some Schiff base 

complexes[5].Fig 1.  
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Fig (1) :Mole ratio method for Co(II), Ni(II) and Cu(II) ions. 

No. Compound Colour 
M.P 

ºC 

Yield 

% 
Formula 

Found,(calc.)% 

C H N M 

1 L=(ABSTSC) Yellow 150-153 72 [C28H24N10O2S2] 
56.37 

(55.33) 

4.69 

(4.89) 

23.48 

(24.32) 

---- 

---- 

2 [Co2L2] Green 300 d 66.23 [C56H44N20O4S4Co2] 
50.69 

(51.89) 

3.31 

(3.58) 

21.12 

(22.68) 

10.38 

(9.84) 

3 [Ni2L2] Green 290 d 72.43 [C56H44N20O4S4Ni2] 
50.70 

(52.01) 

3.31 

(3.52) 

21.12 

(22.38) 

10.36 

(10.24) 

4 [Cu2L2] Green 210 d 75.12 [C56H44N20O4S4Cu2] 
51.09 

(52.89) 

3.34 

(2.12) 

21.29 

(20.54) 

9.66 

(10.22) 

λ max=559 

λ max=668 λ max=669 
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Magnetic and Electronic Spectral 

studies. 

         The magnetic moments and 

electronic spectral bands of the 

complexes are summarized in Table 

(2). The magnetic moment of cobalt 

(II) complex (4.23 B.M) suggests a 

high-spin octahedral geometry[6]. The 

electronic spectrum of this complex 

showed three absorption bands at 

(14810 cm
-1

), 16546 cm
-1

 and (23853 

cm
-1

), assigned to 
4
T1g(F)→ 

4
T2g(F) 

(υ1) 
4
T1g(F)→ 

4
A2g(F) (υ2) and 

4
T1g(F)→ 

4
T1g(p) (υ3) transition 

respectively, which are characteristic 

of octahedral stereo geometry[7]
.
 For 

the nickel (II) complex, its magnetic 

moment (3.16 B.M), and d-d spectrum 

of this complex showed bands at 14564 

and 21413Cm
-1

, which are suggesting 

the existence of 
3
A2g→

 3
T1g (υ2) and 

3
A2g→ 

3
T1g(P) (υ3) transitions with an 

octahedral spatial configuration[6]. 

        

       The magnetic moment value of the 

copper (II) complex (1.82 BM) which 

may suggest an octahedral structure, Its 

electronic spectrum shows a band 

centered at 15985 Cm
-1

 which may 

assigned to 
2
Eg→ 

2
T2g transition in 

octahedral environment[8]. The 

electronic spectra of the ligand and the 

Co(II), Ni(II),and Cu(II) complexes are 

shown in Figure 2. The electronic 

transitions, magnetic properties and 

conductivity values of the ligand and 

its complexes are listed in Table (2). 

 

 

 

 

 
Ligand 

 

 
Cu2L2 

 

 
Co2L2 

 

 
Ni2L2 

Fig.(2). Electronic spectrum of the 

ligand(BASTSC) &  [M2L2]   
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Molar Conductivity Measurements  

       All chelate complexes prepared in 

this work showed conductivity values 

ranged between (4.61-6.74) S. mol
-

1
.cm

2
, in the DMF at room temperature 

, all these complexes are non-

electrolytic species[9]. The structural 

formula of complexes may be 

proposed as in Fiq 4.  
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M= Co(II), Ni(II), and Cu(II) 

Fig. 4: The proposed structural formula of the metal chelate complexes.  

 

Table 2 : Electronic spectra, conductivity and magnetic moment of complexes 
 

 

 

 

 

 

 
Infrared Spectra 
         The important infrared spectral 

bands for the synthesized ligand and its 

chelate complexes are given in Tabl(3). 

The ligand contains three potential 

donor sites: (1) the hydroxylic oxygen 

,(2) the azometheine nitrogen , and (3) 

the thione sulfur . The absorption band 

at3373 cm
-1

 in the spectrum of ligand 

was attributed to (O-H)[10] while it is 

not observed in the spectra of the 

complexes, suggesting deprotonation 

of the hydroxyl group and a new band 

showed at (549-540) due to (M-

O)[11,12].  

       The weak band in the spectrum of 

free ligand observed at 3200  cm
-1

 due 

to (NH2) [13,14]. In the infrared 

spectra ,the free ligand exhibits a broad 

band at 3263 cm
-1

 assignable to the (N-

H) group[15,16]. Band near 1645 cm
-1

 

in the free ligand is assigned to (C═ 

N). This band was shifted to lower 

wave number in the complexes due to 

the coordination of the nitrogen atom 

of the azomethine group[17]. On the 

other hand, the (C═S) band at 1165  

cm
-1

 in the free ligand was shifted to a 

lower frequency (1151-1116) cm
-1 

in 

the complexes spectra, which means 

that the shifts are due to coordination 

of ligand to metal atom by the thione 

sulfer group[18,19]. Also,the free 

ligand exhibits  a band at 1405 cm
-1

 

assignable to the (N ═ N) group 

remained unaffected after 

complexation[20]. 

          The spectra of all complexes 

showed new bands at about (474-

466),(457-440) and (549-540) cm
-

1
attributed to υ(M-N), υ(M-S), and 

υ(M-O) coordination, respectively. 

Complexes Absorption 

Bonds(cm
-1

) 

Transition Conductivity 

S.mol
-1

. cm
2 

µeff(B.M) 

[Co2L2] 14810 

16546 

23853 

4
T1g(F)→

4
T2g(F) 

4
T1g(F)→

4
A2g(F) 

4
T1g(F) →

4
T1g(P) 

6.74  

4.23 

[Ni2L2] 14564 

21413 

3
A2g→

3
T1g(F) 

3
A2g→

3
T1g(P) 

4.61 3.16 

 

[Cu2L2] 15985 
2
Eg→

2
T2g 5.21 1.82 
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This represents a further evidence for 

the coordination of the ligand through 

both azomethine nitrogen, thione sulfur 

and oxygen atoms[21,22] are 

presentative example for their spectra 

is given in Fig 3. 

 

 
 

 
                                Fig 3. IR spectra of; (a) the ligand and (b) [Cu2L2] 
 

Table 3 : IR spectra frequencies for the ligand and its metal complexes in cm
-1

 

Compound 
υ 

(OH) 

υ 

(NH2) 

υ 

(NH) 

υ 

(C=N) 

υ(N=N

) 

υ(C=S

) 

υ(NH-

C=S) 

υ (M-

O) 

υ (M-

N) 

υ (M-

S=C) 

L=(ABSTS

C) 

3373

w 

3200 

w 

 

3263 

w 

1645s 

 
1405w 1165 s 802 m ---- ---- ----- 

[Co2L2] - 
3150 

w 

3410

wbr 
1600m 1404w 

1116 

m 
866 w 549w 474 w 457 w 

[Ni2L2] - 
3230 

m 

3410

w 
1605s 1407w 

1116 

w 
860 w 540w 466 w 447 w 

[Cu2L2] - 
3260 

w 

3240

w 
1608m 1404w 

1151 

m 
866 w 547w 470w 440w 

 L= ligand, s = strong, w = weak, m = medium, br = broad      
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وتشخيص معقدات بعض العناصر الانتقالية مع ليكاند قاعدة شف الجديدة  تحضير

 (N, S, O) المانحة من
 

 عمار علي حسين *  ليلى علي محمد*  منى عباس هادي*
 

 قسم الكيمياء / كلية التربية للبنات / جامعة الكوفة*

 

  : الخلاصة
مع ليكاند قاعدد   (II)والنحاس (II), النيكل  (II)تضمن البحث تحضير ثلاثة معقدات فلزية لايونات الكوبلت       

 شف الجديد

4,4'-[(1,1' -Biphenyl) -4,4'- diyl, bis - (azo) - bis- [2- Salicylidene thiosemicarbazide]  .

تحددت الحمددراء والحساطددية  الأشددعة وأليددا الالكترونيددة  والأليددا شخصددت بوطددالة التحليددل الدددقير للعنا ددر 

 O, S, N)المخلد    طداطد الشدحنة السدالبة  ثندا  اندد سدل  كليكيبيندت نتدا ا الدساطدة ال الليكاندد المغناليسدية . 

قدددات تددم اقتددراص الصدديغة التركيبيددة ثمانيددة السدد وص للمع .(  فلددز : ليكانددد(8:8رتبط مددع الايونددات بنسددبة موليددة  يدد

 . الصلبة وقد تبين أنها عديمة التو يل الكهربا  

 


