
Inorganica Chimica Acta, 99 (1985) 103- 106 103 

Unusual Cu(III)-Schiff’s Base Complexes 

S. M. ABU-EL-WAFA* 

Chemistry Department, Faculty of Education, Ain Shams University, Roxy, Cairo, Egypt 

R. M. ISSA 

Chemistry Department, Tanta University, Tanta, Egypt 

and C. A. McAULIFFE 

Chemistry Department, UMST, Manchester, M60 1 QD, U.K. 

Received July 24, 1984 

Abstract 

A new series of Cu(II1) complexes of the type 

[‘WWI Cl%, where SB is a dibasic tetradentate 
Schiff’s base, were synthesized and characterized by 
elemental analysis, IR and electronic spectra. The 
prepared complexes are compared with Cu(I1) com- 
plexes of the same ligands. The room temperature 
magnetic susceptibility and the x-band EPR spectra 
of the two types of complexes showed different 
behaviour. Cu(I1) complexes were non conducting 
whereas Cu(II1) complexes gave a conductance cor- 
responding to 1: 1 electrolyte. In fact this is the first 
report on the Cu(II1) complexes with the tetraden- 
tate Schiff base ligands. 

Introduction 

As part of a systematic study of Cu(II)-Schiff’s 
base complexes [l-lo], we have prepared and 
characterized a number of complexes of the unusual 
Cu(II1) oxidation state having the general formula 
[Cu(SB)]C104, where SB represents one of a variety 
of dibasic tetradentate Schiffs bases. The existence 
of Cu(II1) species has been mentioned before in some 
complex structures [ 11, 121. 

To get a clear understanding of the structure and 
characterization of the Cu(III)-SB complexes, some 
of the corresponding Cu(II)-SB complexes (either 
for known ligands or novel new ones) were prepared. 
The data for the Cu(I1) complexes are compared with 
those of Cu(II1). An investigation of the effect of 
varying the Schiff base on the structure and proper- 
ties of the complexes was also attempted. The investi- 
gations were carried out using elemental analysis, IR, 
electronic and EPR spectra as well as room tempera- 
ture magnetic moment measurements. 
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Experimental 

Physical Measurements 
A Perkin-Elmer Model 598 spectrophotometer was 

used to obtain the infrared spectra of the solid 
samples as Nujol mulls. Electronic spectra were re- 
corded on a Cary 14 spectrophotometer. Magnetic 
susceptibility was measured by the Gouy method 
using Hg[Co(CNS)J as the standard. Diamagnetic 
corrections were calculated from the relevant Pascal 
constants. Electron paramagnetic resonance (EPR) 
spectra were recorded on a Varian E-9 x-band spec- 
trometer equipped with the El01 microwave bridge. 
The magnetic field was calibrated with a 2,2-diphenyl- 
1-picryl hydrazyl sample purchased from Aldrich. 

Preparation of[Cu(SB)]*HzO Complexes 
These complexes were prepared using a modifica- 

tion of the method of Miller and Oliver [13] and the 
procedures are the same as described previously [ 141. 

Preparation of (Cu(SB)]ClO, Complexes 
These complexes were prepared by dissolving 0.1 

M NaOH in 10 cm3 of distilled water and mixing with 
(0.05 M) ‘of the Schiffs base in 200 cm3 of ethanol. 
The mixture was stirred causing the ligand to dissolve 
and then 0.05 M solution of Cu(I1) perchlorate, dis- 
solved in 100 cm3 of ethanol, was added. On stirring 
the reaction mixture in air for about ten days, the 
green solid which initially precipitated was converted 
to a reddish brown solution. The same result was 
achieved by treating the reaction mixture with 3 
equivalents of HzOz and stirring for 24 hours when 
the green solid was converted to the clear red brown 
solution. The solution was filtered off and the 
filtrate was reduced in volume to 25 ml. The addition 
of ether to the red solution led to the precipitation of 
a reddish brown solid. The solid was subjected to 
recrystallization from ethanol/ether and then filtered 
off, washed with ether and dried in vacua. 
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Trials to grow single crystals from the prepared 
solid complexes were not successful. 

All the prepared complexes were then subjected to 
elemental microanalysis and the results are listed in 
Table I. 

The ligands used in the present investigation have 
the following formula: 

X OH X 

C=N-Y- N=C 

A A 
in which X and Y are as follows: 

salen 
naphen 

X Y 

H 

GH4 
salben 
naphben 
saltm 
naphtm 

H 

Ce.H4 -(GH4GH& 
H 

C6H4 

Results and Discussion 

The green Cu(I1) and red Cu(II1) Schiffs base 
complexes under investigation exhibit marked dif- 
ferences from each other due to the changed nature 
of the complexes.‘While the former type would be 
neutral molecules, the latter one is expected to 
display ionic properties. Cu(II)-Schiff s base com- 
plexes are slightly soluble in ethanol, chloroform and 
acetone whereas Cu(III)-Schiff s base complexes are 
highly soluble in ethanol, chloroform, acetone and 
DMF and have limited solubility in benzene, toluene 
and carbon tetrachloride. 

The Cu(II)-Schiff’s base complexes formed have 
one water molecule associated as water of crystalliza- 
tion, while the Cu(III)-Schiffs base complexes have 
two water molecules coordinated to the central metal 
atom. This conclusion is reached from the results of 
thermogravimetric analysis of Cu(I1) and Cu(II1) com- 
plexes which show the dehydration of water mole- 
cules from the complexes under investigation at 
60-80 “C and 130-140 “C, respectively. The low 
dehydration temperature of water of the Cu(I1) com- 
plexes reveals that water molecules would be essen- 
tially interstitial in the crystal lattice rather than 
coordinated to the metal atoms. The water mole- 
cules in the Cu(II1) complexes are much more 
strongly held due to coordination with the metal 
atom. 

The infrared group frequencies of diagnostic 
importance are collected in Table II. In general all 
infrared spectra of the solid complexes have the same 
general features. The observed shift of the C=N 
stretching frequency (1625 cm-’ to 1610 cm-‘) to 
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TABLE II. IR, Electronic Spectral and EPR g Values Data for Cu(SB)*HaO and [Cu(SB)(HsO)s]ClO+ 

105 

Complex 

[Cu(salen) ]-Hz0 

[Cu(naphen)] *Ha0 

[Cu(naphtm)] *Ha0 

[Cu(naphben)] *Ha0 

[ Cu(salen)(H20)2]C104 

[Cu(saltm)(H20)2]C104 

[Cu(salben)(HaO)s]C104 

[Cu(naphen)(H20)s]C104 

[Cu(naphtm)(H20)s]C104 

[Cu(naphben)(HaO)s]C104 

IR Frequencies (cm-‘) 

“OH W=N “cl+0 

3400 1620 

3410 1625 

3415 1615 

3420 1615 

3380 1615 1085 

3380 1610 1090 

3360 1610 1090 

3370 1610 1100 

3370 1610 1095 

3350 1610 1080 

“M-O “M-N 

485 385 

480 380 

480 380 

415 380 

475 315 

475 375 

470 380 

460 375 

465 380 

460 375 

Electronic Spectra EPR geff values 

A,, mo gll 81 

125,425 2.1234 

120,425 2.1789 

120,420 2.1135 

125,420 2.1056 

520,350 2.2961 2.1005 

515,345 2.2815 2.0921 

510,380 2.2794 2.0862 

515,345 2.2956 2.0967 

505,345 2.2276 2.0835 

500,350 2.1785 2.0611 

lower energy in the Schiff base complexes compared 
to the free ligand, reveals that the C=N group would 
contribute in coordination with the copper atoms via 
the nitrogen lone pair. The Van (3420-3400 cm-‘), 
8Or.r (860-840 cm-‘) and Vo-OH (1210-1190 
cm-‘) bands for the ligands are not observed in the 
spectra of the chelates indicating the displacement of 
the two OH protons through the metal ion on com- 
plex formation. These changes in the IR spectra of 
the ligand on bonding to the metal ions occur 
through a covalent linkage with the oxygen atom of 
the phenolic group and a coordinate bond with the 
azomethine nitrogen lone pair. This behaviour 
indicates that the SB reacted with the metal ion as a 
dianionic tetradentate ligand. The spectra of the 
complexes show prominent broad absorption at 625 
and 575 cm-’ due to chelate ring deformation [13]. 
The far infrared indicates that M-O and M-N 
absorption would occur at 460-485 cm-’ and 
385-375 cm-‘, respectively. These bands are ob- 
served as new absorption peaks of the complexes that 
are not present originally in the spectra of free 
ligands. The main difference between the IR spectra 
of Cu(I1) and Cu(II1) complexes is the appearance of 
a broad intense band located at 1100-1090 cm-’ 
for the latter complexes which can be assigned to 
non-coordinated C104-l (Q+~). 

The solution conductance values for the solid com- 
plexes [Cu(SB)]C104 in acetone, Table I, indicate the 
non-coordinated nature of C104-l and are in agree- 
ment with the data obtained by previous author [ 151 
for 1: 1 electrolytes, whereas those of [Cu(SB)] are 
too low to account for any ionic character. These 
results confirm those of the IR spectra. 

The electronic reflectance spectra of the Cu(II)- 
Schiffs base complexes show a group of identical 
asymmetric broad bands with X,,, at 720-725 run, 
Fig. 1. The general shape and position of such bands 
are closely similar to those previously measured in the 
case of the [CU(O~PC~~)~] compound, where Cu(I1) 
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Fig. 1. Electronic reflectance spectra of Cu(I1) (- - -) and 
Cu(II1) (. . . . . .) Schiff base complexes. 

was assumed to be in a square planar coordination 
[ 16, 171. Therefore, it could be safely concluded that 
Cu(II)-Schiffs base complexes might be present in 
the same geometrical coordination. Accordingly, the 
absorption band may be assigned to the transition 

2B~g@,) - 2’%(2T2g) 
within the energy level diagram of Cu(I1) by con- 
sidering a highly distorted arrangement (tetragonal 
elongation + square planar) due to the strong 
splitting of the Jahn-Teller unstable octahedral 
ground state term ‘Es. However, it was suggested that 
such a highly split 2Eg ground state and consequent- 
ly an overlapping with the splitting term 2T2p are 
characteristic of square planar coordination [ 181. 

The spectra of [Cu(SB)]C104 are completely dif- 
ferent from those of Cu(II)-Schiff’s base complexes, 
h = 500-520 and 350-345 nm. The shape and 
p%ion of such bands, Fig. 1, are closely similar to 
the d8 ion of octahedral arrangement, i.e. Ni(I1) com- 
plexes where the ion is involved in an octahedral 
coordination [ 191. Therefore, it is reasonable to con- 
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The amplification and expansion show the hyperfine 
splitting of the band. The source of the hyperfine 
splitting is possibly due to the dissimilar bonds coor- 
dinated to the metal atom. As the spectrum shows no 
appreciable line broadening, Fig. 2, it is possible that 
water molecules would occupy axial positions sug- 
gesting that the Cu(III)-Schiff’s base complexes 
would have the following spatial distribution: 

elude that Cu(III)-Schiff’s base complexes might be 
present in the same geometrical coordination as octa- 
hedral Ni(I1) complexes. Thus the electronic spectra 
of Cu(I1) complexes display bands having the general 
characteristics of divalent copper ions (d9), those of 
Cu(III) complexes exhibit the bands comparable to 
the spectra of divalent nickel ions (da). 

The bulk magnetic susceptibility measurements 
for [Cu(SB)] and [Cu(SB)]C104 are in general lower 
than the spin only value for d9 and d* complexes 
respectively, Table II. This lowering of the expected 
moment may be due to antiferromagnetic interaction 
between adjacent metal atoms that may lead to the 
formation of some dimeric species in the solid state 
[20]. It appears from the data depicted in Table II 
that the Schiff’s base with bulkier substituents tends 
to favour the formation of a dimer in the solid state. 

Divalent copper complexes are particulary suitable 
to an EPR study. The x- band EPR spectrum of 
[Cu(naphtm)] at 300 K, Fig. 2, shows an intensive 
broad signal with no obvious copper hyperfine struc- 
ture; the g,, = g, values are depicted in Table II; for 
the Cu(II)-Schiff’s base complexes under investiga- 
tion, the line broadening observed in Fig. 2 and the 
pattern of the g values for the [Cu(SB)] complexes 
indicate a square planar geometry around the Cu(II) 
ion. On the basis of the results, the Cu(II)-Schiff’s 
base complexes have the following structure: 

The EPR spectra of powdered Cu(III)-Schiff’s 
base complexes at room temperature 300 K and 
liquid nitrogen temperature 93 K exhibit a four-line 
isotropic signal (g,, = 2.29-2.17, gl = 2.10-2.06). 

I [CutnaphtmjJ. HZ0 

. 

[Cu(naphtm)(~O)~] Cl04 

RF---- 
,’ 

Fig. 2. X-Band EPR spectra of Cu(II) (. . . . .) and Cu(II1) 
(- - -) Schiff base complexes at 93 “K. 

The gea values have a positive contribution from 
the value of the free-electron, g = 2.0023, which may 
be due to an increase in covalent nature between 
ligand and metal ion [2 11. 

References 

1 R. L. Heath,Znf. Rev. Cytol., 34, 44 (1973). 
2 T. Yarino. T. Matsushita. I. Masuda and K. Shirma, 

Chem. Commun., 1317 (1970). 
3 T. Yarino, T. Matsushita, I. Masuda and K. Shirma, 

Bull. Gem. Sot. Jpn, 1712 (1973). 
4 D. Hall and T. N. Waters, J. Chem. Sk., 2644 (1960). 
5 A. Earnshaw, E. A. King and L. F. Larkworthy, J. Chem. 

Sot. A:, 1048 (1968). 
6 J. Lewis, F. E. Mabbs and H. Weigold, J. Chem. Sot. A:, 

1699 (1968). 
7 T. Rojo, J. D. Dance and D. B. Porter, Inorg. Chim. Acta, 

64, L105 (1982). 
8 C. A. McAuliffe and W. E. Hill, Inorg. Chim. Acta, 45, 

L115 (1980). 
9 M. B. Drew, S. M. Nelson and J. Reedijk, Iflorg. Chim. 

Acta, 64, L189 (1982). 
10 S. Kessel. R. Emberson. P. Debrunner and D. Hendrick- 

11 

12 

13 

14 

15 
16 

17 

18 

19 

20 
21 

son,Inorg. Chem., 19, 1170 (1980). 
D. W. Margerum, 1st ht. Conf in Copper Coordination 
Chemistry, Albany N. Y., 1982. 
B. A. Goodman and J. B. Roynor, Adv. Znorg. Chem. 
Radiochem., 136 (1971). 
J. D. Miller and F. D. Oliver, J. Inorg. Nucl. Chem., 34, 
1873 (1972). 

S. M. Abu-El-Wafa, F. M. Ashmawy, R. M. Issa, D. Parish 
and C. A. McAuliffe, Inorg. Chim. Acta, in press. 
W. J. Geary, Coord. Chem. Rev., 7, 81 (197 1). 
A. Saavedra and D. Reinen, Z. Anorg. Allg. Chem., 435, 
91 (1977). 
C. Friebel and A. Saavedra, Z. Anorg. Allg. Chem., 473, 
42 (1981). 
J. Grefer and D. Reinen, Z. Naturforsch., Teil A:, 28, 
464 (1973). 
F. A. Cotton, J. Lewis and R. G. Wilkinson, ‘Modern 
Coordination Chemistry’, New York, 1960. 
L. J. Boucher, J. Znorg. Nucl. Chem., 36, 531 (1974). 
I. Fidone and K. W. H. Stevens, Proc. Phys. Sot., 
London, 73, 116 (1959). 


