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The binuclear complexes prepared can be subgrouped 
into two general categories viz* Cu(TSB)Cu(C104)2J and 

£cu(TSB)Cu(A-A) j (CIO^) 2* where TSB corresponds to 

tetradentate schiff bases of the type*

TSB1 at N#N* -ethylene-bis ( salicylaldimina te)

TSB^ .a# N,N’-ethylene-bis(2-hydroxyacetophenoniminate)

TSB3 ■ N,N* -propylene-bis (salicylaldimina te)

TSB4 at N#N*-propylene-bis(2-hydroxyacetophenoniminate)

TSB? « -o-phenylene-bis(salicylaldiminate)

TSB6 as R,N*-o-phenylene-bis(2-hydroxyacetophenoniminate)

TSB7 at N,N* -butylene-bis (salicylaldimina te)

TS# as N,N* -butylene-bis (2 -hydroxyacetophenoniminate)

TSB9 as N,N*-hexylene-bis(salicylaldiminate)

TSB10 as N,N*-hexylene-bis(2-hydroxyacetophenoniminate)

A-A corresponds to.

A1 =* 2#2' -bipyridyl

A2 at 1»10-phenanthroline

A3 a 2-(2 *-pyridyl)benzimidazole•

The details of preparation of individual complexes 

and their characterization are given in the following sections.
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experimental

Material
Analytical Reagent grade chemicals ( >99,9% parity)

were used for all the preparations. Cu(ClC4)2,6H20 was
prepared by dissolving Cupric carbonate monohydrate
(1.5 mol) in perchloric acid (2 mol). Cupric carbonate was
taken in excess in order to avoid the perchloric acid
remaining in solution• The mixture was boiled for 30 minutes.
The excess Cupric carbonate was later removed by filtering.
Cu(C104)2.6^0 was obtained by evaporating the above filtrate.
The solid was recrystallised from ethanol and dried in vacuum
to constant weight. The percentage of Copper(II) was
estimated iodometrically and was found to correspond to the
formula Cu(Cl04) 2.6*^0. Iraine schiff base complexes were
prepared by treating salicylaldehyde or 2-hydroxyacetophenone
with Copper ammonia complex. This was further reacted with

124diamines to give rise to tetradentate schiff base complex.
2-(2• -pyridyl)benzimidazole was prepared by the method

125suggested in literature.

Preparation Of Binuclear Complexes £Cu(TSB)Cu(ClQ4) 2J

To a solution of [Cu(TSB)] (0*003 mol in 50 ml 
chloroform) was added a solution of Cu(C104>2.6H20 (0.003 
mol in 20 ml ethanol) and the mixture was refluxed for 1 hour 
with constant stirring. Resulting solid was filtered, washed 
thoroughly with 1 s 1 chloroform ethanol mixture and dried in 
vacuum to constant weight.
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Preparation Of Binuclear Complexes [Cu(TSB)Cu(A-A) J (C10^) 2

A suspension of [Cu(A-A) (CIO^J was prepared by 

adding A-A <0.003 mol) in lO ml absolute ethanol to a 

solution of Cu(Cl04) 2*6^0 (0.003 mol) in lO ml absolute 

ethanol. This suspension was then added to £cu(TSB)J 

(0.0035 mol) dissolved in 50 ml chloroform. The mixture was 

refluxed for about 2 hours with constant stirring. The 

resulting solid was filtered off# washed thoroughly with 

chloroform to remove excess of ^Cu(TSB)] and dried under 

vacuum to constant weight.

Copper(II) was estimated iodometrically. N, C and H 

were estimated on Coleman Analyzer Models 29 and 33# 

respectively (Table II 1).

T.L.C. analyses were carried out on silica gel G 

(Sichem) plates using alcohol as developer. After the T.L.C. 

run the plates were exposed to iodine vapour till the spot 

developed.

Spectral Measurements

Infrared spectra were recorded using KBr discs on 

Perkin Elmer Infrared Spectrometer (Model No. 567) . The
i

band positions of all the complexes are given in Tables II 2 

and II 3.



Reflectance spectra of representative complexes were
obtained on a Reflectance spectrophotometer VS U2-P of 
CZ Jena. Magnesium carbonate (heavy) was used as a standard 

for light reflectance and as the base material to dilute the 
complexes, in order to obtain appropriate intensities in the 
reflected light. The preparation of the samples for the 
spectral measurements involves the following steps.

The compound was first ground in a small agate mortar 
and mixed with previously ground Magnesium carbonate.
Grinding of the mixture was further continued till homogenity 
was achieved. The spectrophotometer was checked for 

wavelength calibration at 546.1 mp by using a mercury lamp 
before and after each measurement. The measurements were 
made at constant temperature to obtain reproducibility 
(Table II 4).

W spectra were recorded on a CZ SPECORD W/VI3 
spectrophotometer with 1 cm matched quarts cells using 
ethanol as solvent (Tables II 5 and II 6).

Magnetic Susceptibility Measurements

Magnetic susceptibility measurements were carried out
12gusing the Guoy method. The measurements were carried

out at room temperature ( ^ 300°K). The compound was first 

dried thoroughly and was finely powdered. This dry and finely 

powdered compound was filled up in the calibrated tube



(whose tube constant (p) was previously determined) up to 
the calibration mark. The tube was then suspended with its 
bottom at the centre of the gap between the pole faces of the 
electromagnet* The tube was weighed with and without the 
magnetic field and difference in weight of the tube (AW) 
containing ‘w* gram of the sample was determined. The 
deflection in the weight of the empty tube ( &) was also 
determined at the same field strength.

The volume of the sample in the tube was determined in 
order to apply correction due, to air displaced by the sample. 
The tube vets calibrated using conductivity water
(X* -0.72 x 10”6 c.g.s.u.) and Hg [co(CNS)4J

(Tv = 16.44 x 10“ c.g.s.u.) as the standard. The specific
susceptibility was calculated using the following expression.

X n - °<+ P dw , where
9 W

- X2X2 V « O.Q29 V X 10“6

J3 = tube constant 
dw 5= A w - g in milligrams
aw = apparent change in weight of the tube containing 

*w* gram of the sample on application of field
6 =s deflection in the weight of the empty tube
W =s weight of the complex taken in grams

In order to minimize error due to packing of the solid into
the tube, determination with each sample was repeated three

*

or four times with fresh packing.
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The molar susceptibility, )( , was obtained by
multiplying the gram susceptibility (specific) by the
molecular weight. Diamagnetic correction ms applied using

127Pascal's constants to get the corrected molar 

susceptibility, Xm(corr.). Using values of 7Ca(eorr<). 
magnetic moments were calculated from the expression,

Meff * 2*828 \l{ (corr.) “ > T ' ^ere

N<x « temperature independent paramagnetic moment 
a* 60 x 10~6 c.g.s*u*

The value of all binuclear complexes are given
in Table II 1.

It has been observed earlier that ^CuCTSBJCuX^ type
of complexes obey Bleaney and Bower* s equation 
calculation of J, at different temperatures,

100 for the

X ra
2g202N 

3 kT 1 + 1 
3

(-2 J/kT)
+ No<

In the case of [Cu(TSB)Cu(A-A>] (c1°4>2 complexes, it 

was assumed that they obey Bleaney and Boiler's equation, 
though this could not be verified by variable temperature 
susceptibility measurements due to the lack of facilities.
The value of spin spin exchange interaction constant, J, was
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calculated by substituting X and g values at room 
temperature (^ 300°K) in the above equation. The values 
thus calculated for some representative complexes are given 
in Table II 7.

The SSE spectra of some binuclear complexes (Table II 7) 
in powder form were recorded on a Varian E 112 X band 
Superheterodyne spectrometer at room temperature. In case of 
[cutTSB^CuCA1)] <C104)2 ESR spectrum was also obtained at 

liquid N2 temperature. The value of g for the complexes was 
calculated using the fallowing equation,

g2% = ... , , *fcere

i

spectroscopic splitting factor for the complex

spectroscopic splitting factor for free electron 
i.e. 2.0023

field strength of marker 

field strength of the sample.

Diphenyl picryl hydrozide (DPPH) was used as the 
g marker. In the case of [cu(TSB1)Cu(A1)] (CIO ) complex

«fc £k

for Which g values were calculated at room temperature and 
at liquid nitrogen temperature, it was observed that the 
g values are same at two temperatures. Therefore, the room

g2 * 

*2 '



temperature g values have been used for the calculation 
of spin spin exchange interaction constant, J.
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Table II 7 s The Exchange Integral J (cm”1) and the

Average g- Factor of Binuclear Complexes 

at Room Temperature (300°K)

Compound J g

Cu(TSB^")Cu(A^) (C104>2 *• 43 2.064

Cu(TSB1)Cu(A2) (Ci04>2 - 55 2.070

cu(tsb2)cu(cio4)2 j - 151 2.195

CuCTSBf^CuU1) tC104>2 - 54 2.067

_Ca(TSB?)Cu(A2) (C1°4) 2 - 79 2.070

Cu(TSB2)Cu(A3) (C104>2 - 89 2.191

[cu(TSB3)Cu(A1) (C104>2 - 160 2.067
[cu(tsb3)cu(a2)

<cl°4>2 - 152 2.089
[cu(TSB3)Cu(A3)

(C104)2 - 130 2.119



R = H or CH3 
R = -(CH252 - ; -(CH2)3-

- 0 - phenyiene - 
X = C104‘

or

Figure II 1



CC104)2

R = H or CH3

R' = -(CH2)2- ; -'{CH2)3- , -(CH2U- J 
-(CH2)6* i - 0 - phenylene - 

A - A s A^, A^ or A^

H

2 - (2'- pyridyDbenzimidazole (A2 3)

Figure II 2



RESULTS AND DISCUSSION

T.L.C., of all compounds showed single dots on the 
T.L.C. plates, confirming their purity. The elemental 
analyses of the complexes corresponded to the expected 
formulae (Table II 1). The structures can be represented 
in general as shown in Figures II 1 and II 2.

It is observed that, addition of water breaks the 
binuclear complex into two phases, viz a green solid and 
a blue aqueous solution. This is because, the bridging 0“

, bond is very weak in the binuclear complexes. The addition 
of water breaks the bridge resulting in the separation of 
the [cu(TSB)] complex and the formation of water soluble
j~cuCHg®) gj <cio4)2 or [cuCa-aHh^] (cio4)2.

The complexes are only sparingly soluble in most 
solvents and hence their molar conductance could not be 
determined.

Infrared Spectra

IR spectral bands corresponding to ClO^” have been used
to establish the ionic nature or otherwise of the complexes

128of Type I and Type II. In Type I complexes,
non-electrolytic nature of complexes is confirmed by the 
presence of S)gy band at ca. 900 cm”1 and'O^ (C1_ 0)
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band at ca. 1 100 cm"1 (split into two), indicating presence 

of coordinated perchlorates with symmetry. In Type II 
complexes, there is one band obtained at ca. 1 100 cm 
corresponding to "0^ (pi— <3) * T^e absence of 
^sym (Cl—O) at ca* 9 cin_1 indicates Td symmetry and 
hence the presence of ionic ClO^".

The formation of binuclear complexes from the appropriate
parent compounds leads to significant and consistent changes
in the IR spectrum of the TSB part of mononuclear TSB
complex. Bands due to schiff base segment of [Cu(TSB)]
complex, show small shifts of the order of 5 to 10 era in
their binuclear complexes# These changes are sufficiently

111specific to be considered as diagnostic for the binuclear 
complex formation. The effect of coordination is expected 
to be maximum for bands associated with the bridging O” ions 
and progressively lower for linkages farther from the 
coordination sites.

It is observed that the ~\)c_q band occurs at 
1530 cm"1 in [Cu(TSB)] . It, therefore, appears that the 

phenolic C—O link attains a considerable amount of partial 
double bond character in [Cu(TSB)] complexes. This
a)q__q band is consistently shifted by 15 to 20 cm"1 in
the binuclear complexes indicating bridging through the 
phenolate O".
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It is seen that the shifts in the band positions in 

the different binuclear complexes are of the same order. 
This shows that the coordination of [cu(TSB)] with either 
CuX2 or [Cu(A-A)] 2+ produces similar effect on the IR 

spectral bands.

Ligand Field Spectra

The electronic spectra of the binuclear complexes# 
containing [cu(TSB)] as complex ligand, clearly support 
the assignment of the general structure (Type I and Type II) 
for these compounds. The electronic spectra of tetradentate 
schiff base complexes of Copper(Il) are typified well by
[cu(salen)] . It shows three intense charge transfer bands

—lat 41 QQO, 35 OOO and 27 000 cm and a weaker ligand field 
d-d transition band at 17 500 cm"1. A ligand field band is 

often asymmetric, or has a small shoulder in few cases, 
suggesting, further, lower energy ligand field transitions 
of lower intensity.

27Sinn and Harris have reported earlier that in 
binuclear complexes, jjOu(BSB)CuX2] , derived from bidentate 
schiff base complexes, [Cu(BSB)] , only one band is observed 
in the ligand field region, owing to the presence of two 
equivalent Copper(II) ions. However, in binuclear complexes 
[Cu(TSB)CuX2] , derived from tetradentate schiff base 
complexes, [Cu(TSB)] , two separate bands arise in the ligand 
field region due to two non-equivalent Copper(II) centres.



In [Cu(TSB)CuX2] complexes, band in the region
.18 000 to 12 OOO cm is due to the Copper atom, bonded to 

two halogens and placed in an enviornment approximately 
pseudotetrahedral, similar to CqCl^ # ***** The band
due to [Cu(TSB)] part comes in the region 16 000 to
18 000 era-1

111It has also been observed by Sinn et al that
when the geometry around the first Copper ion in the complex 
becomes planar, the enviornment of the adjacent Copper ion 
is distorted away from planarity and vice versa. According 
to them, the main ligand field transition of the complex 
ligand [Cu(TSB>] , shifts to higher energies during complex!ng 

indicating that the complex ligand becomes more planar then 
it coordinates to metal halide or perchlorate*

In binuclear complexes, [Cu(TSB)CuU-A)] <cl°4>2' 
studied in the present work,second Copper is coordinated with 
the bidentate ligands like 2,2*-bipyridyl. This produces a 
stronger field than halides, and hence the band due to this 
part of the binuclear complex appears at higher energy 
(*'“'12 500 cm"1) . The main ligand field band of [ Cu(TSB)] 

part of the binuclear complex also shows a shift from the 
value in free [Cu(TSB)] . This is because of the change in 
the planarity of [cu(TSB)] on coordination with
[Cu(A-A)] as suggested in the case of ^Cu(TSB)CuC12J 

111complexes. Further, coordination with CuCl2 or
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[Cu(A-A)] 2+ also lowers the strength of 0 bond
in the [Cu(TSB)] part and hence there should be lowering 
in the ligand field band energy. The change in the position 
of [Cu(TSB)] band supports the formation of binuclear 
complexes#

Ultraviolet Spectra

It is interesting to see if there is any exchange 
interaction between the 7F -electron clouds over the ligands 
on the two Copper centres through the pz orbital of the 0“ 
bridge. This can be realised by comparing the UV spectra 
of TSB1, [cuCTSB1)] , A1, [cuCa1)] 2+ and 
[cu(TSB1)Cu(A1)] 2+.

The schiff base TSB1 shows bands at 44 330, 41 170,
-136 170 and 24 800 cm . The first three are known to be

■k _1f_4-rr transitions in the aromatic ring and the ^C=N
chromophore. This assignment is on the basis of the high
intensity of the tends and the solvent dependence of the
band position.129 The band at 24 800 cm"1 is due to 

*n —> tt transition•

[cuCTSB1)] shows bands at 43 250, 41 250, 36 500 and
28 900 cm*1. The high intensity bands at 41 250, 36 500 and 

—128 900 cm have been assigned to charge transfer transitions.
IllThere may be intra-ligand bands also in this region. The



shift in the position of if—» tt and n—>tt bands of TSB1 
in [caCTSB1)] shows that there is TT -interaction between 
the Copper and TSB1 it orbitals.

2,2* -bipyridy1 (A1) shows lends at 49 500, 42 200 and 
35 200 era”1. The later two high intensity bands correspond 
to ir—>"TT* transitions. In [cuCa1)] 2+, the bands are 
observed at 49 000, 41 000, 33 200 and 32 000 era”1. Similar 

spectra have been reported earlier for 2,2 *-bipyr idyl
iCopper(II) complexes. The appearence of a new band

#(with high intensity) and the shift in the ir—>ir transition 
. shows that there is an interaction between it orbitals of 
Copper(II) and those of the 2,2*-bipyridy1 molecule.

The spectrum of binuclear complex [cu(TSB1)Cu(A1)] (C104)2

has bands at 48 000, 43 500, 41 OOO, 36 000, 33 200, 32 000 
—1and 28 OOO era , showing all the electronic transitions

possible in [cuCTSB1)] and [cu(A*>] 2* without any
significant change. It can thus be concluded that, albeit
there is a superexchange interaction in the binuclear complex,
there is no ir interaction between the ligands over the two
Copper ions. Any interaction between the ~rr orbitals of 
11TSB and A , through the metal ions, would have changed the 

positions of the near W bands in the binuclear complex.
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Magnetic Properties

In the binuclear complexes, it has been observed that 
the magnetic moments are subnormal (Table II 1)• The extent 
of lowering in the magnetic moment varies in the different 
complexes with different TSB and A-A. Correspondingly 
spin-spin exchange interaction constant also varies in 
different complexes as shown in Table II 7, This has been 
explained to be arising due to the anti ferromagnetic 
interaction between the two Copper(II) ions.

In the present type of complexes, as in case of
£cu(TSB)CuxJ , Copper - Copper distance is comparatively

larger and hence it seems unlikely that a direct exchange
due to overlap of Copper(II) d orbitals is possible. The
probable path of spin-spin exchange, between the unpaired
electrons in d 2 2 orbitals of the two Copper(H) centres,x —y
is the superexchange by either <f* - or tt - type interaction 
through the bridging tf.

UV spectral studies show that there is no significant 
interaction between ligand IT orbitals throu^i metal d 
orbitals. Hence, IT orbitals may not be significantly 
involved in the superexchange interaction.

The unpaired electron present in each of the d 2 2* -Y
orbitals of the two Copper(II) ions undergo cf overlap with the 
filled s and p orbitals of the bridging phenolate 0" 111

shown in Figure II 3 leading to a superexchange.
as
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Superexchange interaction gives rise to a diamagnetic 

spin singlet ground state and an excited paramagnetic triplet 
state. At room temperature, the singlet ground state is more 
populated and hence there is a lowering of magnetic moment.

Ill 114Sinn et al observed that in the case of
j^Cu(TSB)CuCl2J , with a long chain, the molecular

geometry deviates away from planarity with increasing chain
length. This type of distortion also brings about a shift

1 2of d-d bands of both Cu and Cu of binuclear complexes to 
lower energies. A shift of the d-d band in Copper(II> 
complexes to lower energies is specifically correlated with 
the deviation of stereochemistry of the Copper ion from 
planar to tetrahedral symmetry. Further, it can be seen 
that tdie stereochemistry of the two Copper ions is mutually 
dependent on each other, so that the overall effect could 
be considered as arising from the Copper ion itself.

The net result of the distortion, away from planarity, 
is that the decrease in effective magnetic moment is lower, 
due to the reduced superexchange interaction. However, in 
the complexes studied here, we did not observe any systematic 
variation in the magnetic moment with differing chain lengths.

It may be because^the binuclear complexes of the type 

discussed here viz. [Cu(TSB)Cu(A-A)] (CIO^) 2 * there are two



factors affecting the planarity of the molecule. Increase 
in chain length -(CH^) rj-*» as already mentioned, gradually 
distorts the planarity, whereas the presence of 2,2*-bipyridyl 
like ligands tends to stabilize a planar structure of the 
second Copper(II). The net effect on structure would.
therefore, depend on the magnitude of each of these influence


