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Abstract  

Different types of complexes with different stoichiometries were isolated 

for Co(II), Ni(II) and Cu(II). These complexes having the general formulae 

[M(L)2Cl2] and [Cu(L)2]Cl2 (where M is Co(II) and Ni(II) and L is Schiff base formed 

by condensation of furfuraldehyde and butylamine (FBA), or hexylamine (FHA) ). 

These complexes have been prepared and characterized by elemental analysis, molar 

conductivity measurements, study of the infrared and UV-visible spectra and by 

magnetic susceptibility measurement. Elemental analysis suggests the stoichiometry 

to be 1 : 2 (metal : ligand). For cobalt and nickel, coordination of the inorganic anions 

was noticed to give hexacoordinated complexes with octahedral structure, while 

copper complexes are tetracoordinated with square planar geometry. Infrared spectra 

of all the complexes agree with the coordination to the central metal atom through 

nitrogen of azomethine group and furan ring oxygen atoms and Schiff bases behave as 

bidentate ligands with O and N donor atoms. Conductance measurements suggest the 

non-electrolytic nature of the cobalt and nickel complexes and the 1:2 electrolytic 

nature of the copper complexes.  

 الخلاصة 
تضمن هذا البحث  تحضثير ردراسثة عثدد مثن م قثداب الكربلثب رالليكثس راللحثان مثع ليكالثدين مثن لثر  

(  تثثا FHA( رهكسثثيس  مثثين  FBAقراعثثد شثثيم  تثثا اشثثتقان الليكالثثدين مثثن تااعثثس الاثثررمراس مثثع بيرتيثثس  مثثين  

اسثثثثبة تحمثثثثس الصثثثثي ة ال امثثثثة الحصثثثثرس علثثثثا الم قثثثثداب مثثثثن تااعثثثثس هثثثثذين الليكالثثثثدين مثثثثع ا مثثثث   الال يثثثثة المل

[M(L)2Cl2]  ركثذل  الصثي ة[Cu(L)2]Cl2   حيثCo = M  ارNi  ،(FBA) = L   ارFHA أي ان  )
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(  شخصثثثب الم قثثثداب اللاتجثثثة بطثثثرن التحليثثثس الثثثدقين لل لاصثثثر رقياسثثثاب الترصثثثيس 5: 1لسثثثبة الالثثث  رالليكالثثثد 

ية الم لاطيسثثية  دلثثب الدراسثثاب المختلاثثة علثثا المثثر ري راطيثثام ا شثث ة تحثثب الحمثثراء رمثثرن البلاسثثجية رالحساسثث

عمثثس الليكالثثدين بشثثكس الثثاوا السثثن رالتلاسثثن مثثن خثث س ذر  لتثثررجين مجمرعثثة ان رمياثثان رذر  أركسثثجين حلقثثة 

الايرران  كما لرحظ ايضا ما حالة الكربلب رالليكس تلاسن ا يرلاب ال عضرية السثالبة لتكثرن الم قثداب سداسثية 

ة امالا السطر   اما ما حالة م قداب اللحثان مقثد اتضثن ان للم قثداب التلاسثن الربثاعا ذر بليثة التلاسن لها بلي

المربثثثع المسثثثتري  دلثثثب قياسثثثاب الترصثثثيس الكهربثثثاوا علثثثا ان م قثثثداب الكربلثثثب رالليكثثثس ذر طبي ثثثة مت ادلثثثة ران 

 5:  1م قداب اللحان ايرلية بلسبة 
Introduction  

During the past two 

decades, considerable attention has 

been paid to the chemistry of the metal 

complexes of Schiff bases containing 

nitrogen and other donors 
[1-4]

. In 

recent years considerable interest has 

been aroused in the comparative donor 

properties of oxygen and nitrogen 

when both are present in the same 

molecule. This may be attributed to 

their stability, biological activity 
[5-7]

 

and potential applications in many 

fields such as oxidation catalysis 
[8]

, 

electrochemistry 
[9]

, analytical 

chemistry 
[10-11]

, etc. In the present 

study, a series of new Schiff bases 

have been synthesised using furfural 

and butylamine (BA) or hexylamine 

(HA). These bidentate ligands form 1:2 

complexes with Co(II), Ni(II) and 

Cu(II) ions.  

 

Experimental  

  All the chemicals used 

throughout these investigation were of 

Analar, B. D. H., Aldrich or Fluka 

grade, used as supplied without further 

purification. 

 

Reagents  

 CoCl2 . 6H2O (99.99 %), 

NiCl2 . 6H2O (99.99 %) CuCl2 (99.99 

%), furfuraldehyde (98 %), butylamine 

(98 %), hexylamine (98%). 

 

Synthesis of the ligands  

An ethanolic solution of 

furfuraldehyde (0.002 mol, 25 ml) was 

added with an ethanolic solution of 

(BA) or (HA) (0.002 mol, 25 ml) and 

refluxed for 16h. After the 

concentration of the solution, the 

precipitate was separated, filtered, 

washed with cold ethanol and air-dried 

and no further purification carried out. 

 

 

 

Synthesis of the complexes   

 A mixture of 

furfuraldedyde (0.004 mol, 50 ml), and 

(BA) or (HA) (0.004 mol, 50 ml) in 

ethanol was added to an ethanolic 

solution of metal chlorides (0.002 mol, 
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50 ml). The mixture of reaction was 

refluxed for 20h. The excess of solvent 

was then distilled. The compounds 

separated were filtered, washed with 

ethanol and air-dried.  

Analysis and physical 

measurements  

 The ligands and their 

complexes were analysed for carbon, 

hydrogen and nitrogen using a 1106 

CE microanalyser. The metal contents 

were determined according to standard 

procedure 
[12]

. Conductivity 

measurements were carried out for 10
-

3
M solution in N,N-

dimethylformamide (DMF) using LF-

42 digital conductivity meter at 25C
o
. 

Infrared spectra were recorded on Pye-

Unicam SP-1100 spectrophotometer as 

KBr discs at the range 400-4000 cm
-1

. 

The electronic spectra were recorded 

on a Shimadzu UV-160 

spectrophotometer for 10
-3

M solution 

of the complexes in DMF at room 

temperature using quartz cell. 

Magnetic susceptibility measurements 

were made by the faraday method at 

room temperature using Bruker BM6 

apparatus. Diamagnetic corrections for 

the ligand was calculated using 

Pascal’s constants 
[13]

. 

 

Results and discussion 

The complex combinations 

of Co(II), Ni(II) and Cu(II) with (FBA) 

and (FHA) (Fig. 1) appears as 

powders. 

 

 

 

a. 

 
 

b. 

Figure 1. The structure of a. (FBA); b. (FHA) 

 

All the complexes are new 

which synthesised in good yield by the 

reaction of the metal salts and the two 

ligands, in neutral medium. Their 

molecular formulae [M(L)2Cl2] and 

[Cu(L)2]Cl2 (M=Co, Ni ; L= FBA, 

FHA) are in good agreement with the 

obtained analytical data (Table 1) 

indicating 1:2 metal-to-ligands 

stoichiometry for all of them.  

The complexes are air 

stable at room temperature but they 

decompose without melting at 

temperature above 250C
o
. All the 

complexes are insoluble in water but 

they are soluble in DMF. For the 

O
CH N CH2 CH2 CH2 CH3

O
CH N CH2 CH2 CH2 CH3CH2 CH2 CH2 CH2
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copper complexes, their electrical 

conductances in DMF (Table1) 

ranging between 128-143 cm
2
 ohm

-1
 

mol
-1

 indicating 1:2 electrolytic nature, 

while for the cobalt and nickel 

complexes, the lower values of molar 

conductivity suggesting non 

electrolytes 
[14]

. 

The active site of the ligands 

and their bonding to the metal atoms 

was characterized by careful 

comparison of the main infrared 

absorption bands of the free ligands 

and their complexes (Table 2). Each 

ligand contains furan ring and 

azomethine group. The main 

characteristic bands located in the free 

ligands spectra at 1624-1637 cm
-1

 and 

1280-1287 cm
-1

 which were due to the 

azomethine (–C=N) and furan ring (C–

O–C) stretching vibrations, 

respectively. In the infrared spectra of 

the all complexes ; these two bands 

suffer some sort of perturbation which 

showed a negative shift of about 21-28 

cm
-1

 and 20-29 cm
-1

 for the stretching 

vibrations of azomethine and furan 

ring, respectively. These perturbation 

in the spectra suggested coordination 

through both azomethine nitrogen and 

furan ring oxygen atoms 
[15,16]

. Further 

support for such coordination was 

obtained from the observation of new 

bands (not found in ligands spectra) at 

496-505 cm
-1

 and 441-450 cm
-1

. These 

bands were tentatively assigned to M–

O (metal – furan oxygen) and M – N 

(metal – azomethine nitrogen) modes, 

respectively 
[17]

. 
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Table 2. Important I. R. spectral bands (cm
-1

) 

Compound  ν (C=N) ν (C–O–C) ν (M–O) ν (M–N) 

FBA 1624 1280 ----- ----- 

FHA 1637 1287 ----- ----- 

[Co(FBA)2Cl2] 1600 1257 496 441 

[Ni(FBA)2Cl2] 1597 1251 500 447 

[Cu(FBA)2]Cl2 1603 1260 502 444 

[Co(FHA)2Cl2] 1616 1258 500 450 

[Ni(FHA)2Cl2] 1609 1261 498 443 

[Cu(FHA)2] Cl2 1614 1266 505 450 

 

 

The ligands are 

characterized by two absorption bands 

in the UV-region. A high intensity 

band at 30303 cm
-1

 is attributed to π  

π
*
 transition of furan ring and a second 

band with lower intensity appeared at 

28169 cm
-1

 is attributed to n  π
*
 

transition of azomethine group. Both 

bands showed a red shift on 

coordination with a metal ion. These 

observation represent a further 

indication for the coordination of the 

ligands to the metal ions. The 

electronic spectral bands and eff 

values given in Table 3. For cobalt(II) 

complexes, three bands were observed 

and assigned to 
4
T1g  

4
T2g, ν 1, 

4
T1g 

 
4
A2g, ν2, and 

4
T1g  

4
T1g (P), ν3 

transitions, respectively in an 

octahedral field. Nickel (II) complexes 

exhibit three bands attributed to 
3
A2g 

 
3
T2g, ν1, 

3
A2g  

3
T1g (F), ν2, and 

3
A2g  

3
T1g (P), ν3, transitions. The 

position of these bands referred to 

octahedral geometry 
[18-19]

. For copper 

(II) complexes only one broad band 

was observed in their electronic 

spectra. This band is attributed to the 

2
B1g  

2
Eg, transition which is 

consistent with square planar geometry 

around copper (II) ion 
[20]

. The above 

assumption was supported by magnetic 

data. All the complexes were found to 

be paramagnetic with magnetic 

moments (Table 3) consistent with 

three, two and one unpaired electrons 

for cobalt(II), nickel(II) and copper(II), 

respectively. 
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Table 3. Electronic spectral data, magnetic moments of the 

complexes  

Compound  
Electronic bands (cm

-1
) 

eff 
 (BM) 

V1 V2 V3 

[Co(FBA)2Cl2] 11299 17241 21276 4.63 

[Co(FHA)2Cl2] 11173 16949 20833 4.52 

[Ni(FBA)2Cl2] 11428 15503 24390 3.16 

[Ni(FHA)2Cl2] 11363 15384 24096 3.01 

[Cu(FBA)2]Cl2 20000 ----- ----- 1.82 

[Cu(FHA)2] Cl2 19801 ----- ----- 1.79 

 

Conclusions : 

From the above discussion 

and from the data given in Tables 1,2 

and 3, it is concluded that the ligands 

of Schiff bases coordinating through 

nitrogen of azomethine group and 

furan ring oxygen atoms. Also 

additional coordination of the 

inorganic anions was observed for 

cobalt and nickel complexes giving  

hexacoordinated metal ions with an 

octahedral structure. On the other 

hand, copper(II) ion coordinated with 

the nitrogen of azomethine group and 

furan ring oxygen atoms only giving 

tetracoordinated compound. Since the 

electronic band of the copper 

complexes located above 18000 cm
-1

, 

square planar structure was suggested 

for copper(II) complexes 
[20]

. The 

proposed structural formulas of these 

compounds are presented in the Figure 

2.  
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( a. ) 

 

 

 

 

 

 

 

 

 

 

 

( b. ) 

 

Figure 2. The structural formulas of the complexes 

a. [M(L)2Cl2] (M=Co(II), Ni(II) ; L= FBA or  FHA) ;  

R=CH3, CH2CH2CH3 

b. [Cu(L)2]Cl2 (L= FBA or FHA) ; R=CH3, CH2CH2CH3 
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