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Scheme III 1



Mixed schiff base complexes, involving two different 

schiff base molecules bound to a metal ion, have been the 
subject of much study. Though, in a mixture of metal ion 
and two schiff bases A and B, there should be formation of 

t [MB2] tMAB] • is almost quantitative
formation of [MAB] in most cases. The mixed schiff base 

complex is stable due to the ligand field of lower symmetry, 
which makes the complex polar and hence more stable in polar 
solvents.

Mixed schiff base complexes of the type [mab] , where

A and B are schiff bases of salicylaldehyde and o-hydroxy
ketones have been prepared and characterizes in our
laboratory;1 " Mixed ligand complexes of Copper(II)

derived from salicylaldehyde or 2-hydroxyacetdphenone and
their schiff bases with N-substituted ethylenediamine have
been reported by Chakravorty and coworkers,140'141 Mixed

ligand complexes [CoLL'j , vhere L = N,N*-ethylene-

bis(salicylaldiminato) and its methyl derivatives and

L* m p-diketones, salicylalddiyde or co-nitroacetophenonate
142have also been prepared.

The replacement of one amine in the schiff base complex 
by another, leads to the formation of a new schiff base 
complex. This reaction is not only of preparative significance, 
but also is related to the biological processes of 
transamination143 and deamination.144 The general reaction

can be illustrated as in Scheme III 1.
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The amine exchange could also be achieved by reacting 
the mixed imine schiff base complexes with diamines, 
ethylenediaraine or 1,3-propanediamine, leading to the 
formation of new unsymmetrical schiff base complexes having 
the diamine condensed at one end with one aldehyde and at 
the other end with another aldehyde or a ketone. Given in 
Scheme HI 2 is a reaction of this type.

Several such mixed-schiff base complexes have been 
reported from our laboratory.131^139'145'146 Demetallation 

has been carried out and the unsymmetrical tetradentate
147 1 4ftschiff bases were isolated. '

In the present chapter, the preparations and 
characterisation of a mixed schiff base complex of Copper(II) 
and the new unsymmetrical tetradentate schiff base couplex 
derived from it, have been discussed. Some of the 
unsymmetrical tetradentate schiff base complexes studied 
earlier also were further used for the preparation of the 
binuclear complexes of the type ^CuCTSBjCuX^J and 
[Cu(TSB)Cu£A—A) ] (C104>2* These studies were carried out 

with a view to understand the effect of mixed schiff base 
complexes on the spectral and magnetic properties of binuclear 
complexes. The details of preparation and experimental results 
are given in the following sections.
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experimental

Binuclear complexes of the type £Cu(TSB)CuX2J and 
[cu(TSB)Cu(A-A)] (ClO^Jg have been prepared, where TSB 

corresponds to tetradentate schiff bases of the type,

TSB1

TSB2

TSB3

TSB4

N,N* -ethylene -salicylaldimine-2 -hydroxy- 
ace toph enonimine

N#N*-propylene-salicylaldimine-2-hydroxy- 
ace tophenonimine

N,N*-propylene-sallcylaldimine-2-hydroxy-1- 
naphthaldimine

N,N*-o-phenylene-sallcylaldimlne-2-hydroxy- 
ac etophenonimlne

A-A corresponds to,

A1 a 2,2* -bipyridyl

2A ss 1,1 Q-phenanthroline

A — 2 -<2 *-pyridyl)benzimidazole

and X is either Cl"' or C104“.

Materials

All chemicals used were of Reagent grade ( >99.9% purity) .
Cu(C104)2#.6H20 was prepared as discussed in Chapter II.
2-(2*-pyridyl)benzimidazole was prepared by Freiser* s 

125method. All solvents (Reagent grade) were used without
further purification.



Preparation Of Complex Of New Unsymmetrical Tetradentate

Schiff Base

Copper(II) complexes of TSB^, TSB? and TSB^ were
i

131 135prepared as reported earlier. ' The Copper(II) complex

of the new unsymmetrical schiff base, TSB4, was prepared in 

the following two steps.

Step 1 Imine Complex

To an aqueous Copper acetate solution, an excess of 

ammonia was added till the hydroxide formed Is completely 

dissolved resulting in the formation of amine complex. To 

this was added ethanolic solution of salicylaldehyde and 

2-hydroxyacetophenone, such that the metal and the two 

ligands were in 1 : 1 t 1 ratio* A solid compound separated 

out on refluxing the reaction mixture for an hour. The 

mixed imine complex was filtered, washed first with water 

and then with ethanol and dried.

Step 2 Amine Exchange

The preformed mixed imine schiff base complex, 

[Salicylaldiminato-2 -hydroxyacetophenonimina to)Cu (II)J ,

(1 mol) in ethanol-water (50 %) mixture, was refluxed with 

o-phenylenediamine (l mol) for about 5 hours. The reaction 

mixture was stirred intermittently. Resulting solid was 

filtered, washed thoroughly with water and then with ethanol.
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dried and analysed (Calculated Cu 16.23? N 7.15?
C 64.36? H 4.09? Pound Cu 16.54? N 7*15? C 64,51 
H 3.98? Heff 38 1*95 B.M.).

Preparation Of Binuclear Complexes |Cu(TSB)euX2

To a solution of [Cu(TSB)] (0.0035 mol in 50 ml 
chloroform) was added a solution of CuCl2.2H2<5 or 
Cu(C104) ,6f^0 (0. 003 mol in 20 ml ethanol) and the mixture 
was refluxed for one hour with constant stirring. Resulting 
solid was filtered, washed thoroughly with chloroform to 
remove excess of [Cu(TSB)] and dried in vacuum.

Preparation Of Binuclear Complexes [cu(TSB)Cu(A-A)] (CK>4)2

To a solution Of [cu(TSB^)] , [cu(TSB* 2)] , [cu(TSB3)] 
or [cu(TSB4)] (0.0035 mol in 50 ml chloroform) in a flask.

20 ml absolute ethanol) and tie mixture was refluxed for
2 hours with constant stirring. Resulting solid was filtered,
washed thoroughly with chloroform to remove excess of 
[cu(TSB)] and dried in vacuum.

The different complexes thus prepared were characterized 
by elemental analysis for carbon, hydrogen, nitrogen and metal. 
TIC, magnetic susceptibility measurements. IR. UV Visible and 
reflectance spectral techniques. The details of the techniques

was added a suspension of (0.003 mol in



employed are same as described in Chapter II. The data
obtained for all the complexes discussed in this chapter 
are presented in Tables III 1 to III 7.
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Table HI 7 : The Exchange Integral J (era”1) and the
Average g- Factor of Binuclear Complexes 
at Room Temperature (300°K)

Compound J g

Cu (TSB1)Cu(A1) ] <ci<y2 84 2.067

Cu(TSB4)CuC12 139 2.141



H CH3

B
Scheme III 3



RESULTS AND DISCUSSION

Mononuclear Complex

T.L.C. analysis of unsymmetrical tetradentate schiff 
base complex was done using a mixture of chloroform +

gave two spots. This indicated that the two components have 
distinctly different Rf values. However, the unsymmetrical 
tetradentate schiff base complex showed only one spot with 
the same solvent. This shows that the mixed complex is pure 
and a single compound rather than a mixture of the bis 
complexes of the two ligands. The analysis of the mixed 
schiff base complex, also corresponds to the expected formula 
[(salicylaldiminato-2-»hydroxyacetophenoniminata)Cu(II>] . 

This was treated with excess of o-phenylenediamine. Amine 
exchange reaction is shown in Scheme III 3.

(Scheme III 3). The complex is quite stable at room 
temperature. It is found to be non conducting indicating 
non electrolytic nature.

The magnetic moment values of the mixed imine as well 
as unsymmetrical tetradentate schiff base complex of Copper(II)

methanol (5 : 3) as the solvent. [n,N* ~o-phenylene-bis- 
(salicylaldiminato)Cu(II)] and [n,N* -o«pihenylene~bis- 
(2-hydroxyacetophenoniminato)Cu(11)] , using same solvent.

Analysis of the tetradentate schiff base complex, 
SB4)] , corresponds to the expected structure



110

(Scheme III 3) are 2.03 and 1.947 B.M., respectively, as
expected for square planar structure. The slightly higher
value than the spin only value is due to spin orbit 

149coupling. As expected for square planar structure, the
visible spectra show one band each at 550 nm and 571 nm for 
the above two complexes, A and B of Scheme III 3, respectively.

In order to support the mixed ligand nature of the 
complex# the visible spectrum of the [n,N*-o-phenylene- 
salicylaldimina to-2 -hydroxyacetophenoniminato) Cu( II)] (c)
was compared with the spectrum of [(N,N‘ -o-phenylene-bis- 
salicylaldirainato)Cu(lI)] (a) and [(N,N' -o-phenylene-bis- 
2-hydroxyacetophenoniraina to) C u (11)] (b) complexes. It is

observed that the spectrum of (a) exhibits a band at 558 nm 
and (b) exhibits a band at 588 nm. The spectrum of (c) 
shows a band at 571 nm, a position which is different and 
intermediate between that of (a) and (b) •

The bands in the IR spectrum of the mixed imine schiff base 
complex (A) corresponds to stretching and bending modes of 
salicylaldimine and 2-hydroxyacetophenonimine. The spectrum 
shows no band in the range 3 400 cm indicating that the -OH 
hydrogen of aldehyde or ketonic schiff base ligand is 
dissociated after coordination. A band appears at 
1 600 cm in the imine schiff base complex corresponding 
to S) s of coordinated ^.c =■ N-. It is observed that 
there is lowering in ^ C = N- frequency, compared to that



X
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Cu

X

i) R = -{CH2)2- ; -<CH2)3- or 

- 0 - phenylene- 
X = Cf or C104~
R's CH3 

R" = H

H) R = -(CH252- ; -<CH2)3- 
X = Cf or C104”

R' = H
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Figure III 1
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Figure III 2
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of free schiff base, due to tbe coordination of asomethine
15'Q 151nitrogen in metal schiff base complexes. * In mixed

imine complex a sharp band appears at ^ 3 300 cm*1 

corresponding to -NH stretching frequency. However, -this 
band disappears in unsymmetrical tetradentate schiff base 
complex (B), indicating that there is complete amine exchange 
reaction with the diamine.

Binuelear Complexes

All complexes prepared have been found to be pure on 
the basis of thin layer chromatographic technique. Further, 
there is excellent matching between the theoretically 
calculated and experimentally observed elemental compositions 
(Table III 1).

The binuelear complexes isolated can be represented 
by the structures Figures III 1 and III 2.

These complexes also break on addition of water due 
to the weak linking of the phenolate 0“ of the [Cu(TSB)] 
with the other Copper(II) centre, as discussed in case of 
binuelear complexes in Chapter II.

All complexes have very low solubility in almost all 
organic solvents and hence molar conductance could not be
determined. But ionic or non-ionic nature of the perchlorate 
was confirmed from their IR spectral bands as detailed in



Chapter XI. It is found to be ionic in
[Cu(TSB)Cu(A-A)] (CIO^) 2 complexes and coordinated in
[cuCTSBJCuXj complexes.128 The positions of IR spectral

bands for the mononuclear and binuclear complexes are given
in Tables III 2 and III 3. It can be observed from the

—1Tables that TSB bands show a shift of about 5 to 10 cm in 
corresponding binuclear complexes and ^c_,0 band of 
[Cu(TSB)] shifts to higher energy by 15 - 20 cm“* as in 

binuclear complexes of symmetrical tetradentate schiff base
1 'Llcomplexes. This indicates bridging through 0

Reflectance spectra of some selected binuclear complexes 
are given in Table III 4.

As explained earlier, in case of binuclear complex
[cu(TSB1)GuCl,

-1
* two separate d-d bands appear at

-117 600 cnT* and ^10 500 cm for the two different 
Copper(II) centres. However, in case of the binuclear complex 
[cu(TSB1)Cu(A1)] (C104>2, the d-d bands occur at ^ 17 200 

and —'12 500 era"*. In the above cases the band due to 
[cuCTSB1)] shows shift from the free [cuCTSB1)] value 
(i.e. ^ 18 200 cm"*). This is because of the change in 
planarity and field strength of [cu(TSB*)] on coordination 
with CuX2 or [Cu(a-A)] 2*, as explained in Chapter II.

The details of W spectra of the complexes are given
ini Tables III 5 and III 6. It can be seen that the binuclear



complex shows all bands corresponding to [Cu(TSB)] and 
[Cu(A-A)] 2*. This indicates that there is no significant 
7T interaction between the two ligands over the different 

Copper(II) ions through the metal ion.

The room temperature magnetic moments of the complexes
are given in Table HI 1. The magnetic moments of the
binuclear complexes, as expected, are lower than that
corresponding to two unpaired electrons. As already explained
in Chapter II, this is due to the intramolecular
antiferromagnetic interaction between the two Copper(II)
ions. This antiferromagnetic interaction is due to the

«■* HIsuperexchange interaction through bridging 0".

Thus, the structure and behaviour of the binuclear 
complexes Involving unsymraetrical tetradentate schiff base 
complexes are similar to that of the binuclear complexes 
involving symmetrical tetradentate schiff base complexes.


