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The electrochemical oxidation of Cu(ll), Co(ll), and Ni(ll) complexes and reduction of Fe(lll) 
complexes with a series of substituted A/,A/'-ethylenebis(monooxo-R-acetoimines) H2N2O2R2, where 
R = 4-OCH3C6H4f 4-CH3C6H4f C6H5, CH3, 4-FC6H4, 4-CIC6H4, 4-BrC6H4, and 4-N02C6H4, were 
investigated by cyclic voltammetry in acetonitrile and methanol solutions at a platinum electrode. 
The anodic peak potentials for the copper and nickel complexes varied linearly with the Taft 
resonance substituent constant, whereas for the cobalt and iron complexes such a relationship 
between the formal potentials and the Taft resonance substituent constant was not observed. 
The symmetry of redox orbitals is considered. 

The present work originated from our previous work 
for finding the relation between the redox properties 
of some metal complexes and axial and equatorial 
electronic properties of the ligand. Till now, we have 
published some papers concerning this problem for 
Cu(ll), Co(ll) [1—4], Ni(ll) [5], and Fe(lll) [6] com­
plexes of Schiff base ligands with various axial and 
equatorial interactions. 

Here we present a comparison of the redox be­
haviour of the nearly square-planar complexes (fur­
ther on denoted as MN202R2) in which an equato­
rial plane was modified by the substituent R with dif­
ferent electronic properties. 
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EXPERIMENTAL 

The complexes CuN202R2 and the ligands 
H2N202R2 were prepared according to a literature 
method [7]. Analyses for carbon, hydrogen, and nitro­
gen were in accordance with the calculated values. 

The cobalt, nickel, and iron complexes were pre­
pared by reaction of Ni(ll) and Co(ll) acetates, and 
Fe(lll) chloride with the corresponding ligand directly 
in an electrolytic cell under an argon atmosphere at 
room temperature. 

Tetrabutylammonium Perchlorate (TBAP) was syn­
thesized from perchloric acid and tetrabutyl­
ammonium hydroxide. Acetonitrile was of high-pu­
rity spectroquality and methanol was purified using 
a standard procedure. 

Electrochemical measurements were performed 
under an argon atmosphere by using a PA 3 Polaro­
graphie analyzer (Laboratorní přístroje, Prague). The 
electrochemical cell employed the standard three-elec­
trode configuration, a platinum-wire working electrode, 
a platinum-foil auxiliary electrode, and an aqueous 
saturated calomel reference electrode (SCE). The SCE 
was separated from the test solution by a bridge filled 
with the solvent and supporting electrolyte. 

Voltammograms of the complexes were recorded 
in acetonitrile and methanol (only Ni(ll) complexes) 
solutions (c(TBAP) = 0.05 mol dm"3; c(metal com­
plexes) = 1.6 x 10"3 mol dm"3) at room temperature 
with scan rates u/(mV s"1) 20, 50, 100, 200, and 500 
and are uncorrected for junction contributions. 

RESULTS AND DISCUSSION 

CuN202R2 and NiN202R2 

The one-electron oxidation potentials of the stud­
ied complexes are summarized in Table 1. Cyclic 
voltammograms were evaluated according to a theory 
published in the literature [8]. 

Anodic peak potentials, Epa, were dependent on the 
inductive properties of the substituent R as shown in 
Table 1. From the values it is evident that with increas­
ing Taft resonance substituent constants, crR, £pa val­
ues also increase, i.e. the electron density on the re­
action centre of the complex was influenced by the 
electronic properties of the substituent R. The magni­
tude of the substituent interaction with the reaction 
centre, i.e. the influence of the electron-donating or 
electron-withdrawing character of the substituent, was 
quantified by a linear free energy relationship [9] 

Ep a=pIcrR (1) 
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Table 1. Redox Properties of the CuN202R2 and NiN202R; 
Complexes Dependent on the Substituent R 

R 

4-OCH3C6H4 

4-CH3C6H4 

СбН5 

СН3 

4-FC6H4 

4-CIC6H4 

4-ВгС6Н4 

4-N02C6H4 

EPa(Cu)/V 

0.73 
0.77(5) 
0.79(8) 

-
0.81 (3) 
0.82(5) 
0.84(5) 
0.92(5) 

Epa(Ni)/V 

0.62(5) 
0.64(8) 
0.67 
0.67(5) 

-
-

0.70(2) 

-

<*' 
-0.21 
- 0 . 1 5 
- 0 . 1 3 
- 0 . 1 3 
-0.11 
- 0 . 0 6 
- 0 . 0 6 

0.00 

a) Taft resonance substituent constant (<rR = R) [9]. 

E crR is the total of substituent constants character­
istic of the electronic properties of the substituent R 
(X <TR = 2 <7R) and p is the reaction constant, charac­
teristic of the reaction centre as well as expressing 
the reaction sensitivity to the substituent influence. 

According to eqn (1) a close relation was found 
(r = 0.97) with a p value of 0.43 V between Epa(Cu) 
and the sum of Taft resonance substituent constant 
OR. For Ni(ll) complexes r = 0.98 and p = 0.26 V 
was found according to eqn (7). 

The linear relationship E^ vs. X crR confirms an 
identical mechanism for the electrode process in the 
investigated complexes. The value of the reaction 
constant for the Ni(ll) complexes, p = 0.26 V, indi­
cates that the oxidation of the nickel(ll) complexes 
is less sensitive to resonance effects in comparison 
with the corresponding Cu(ll) complexes (p = 0.43 V). 
It further shows that the orbital from which the elec­
tron is extracted has in both types of complexes the 
same symmetry (the dxy orbital) [10] and is localized 
in the plane of the complexes. 

CoN202R2 and FeN202R2 

The redox properties of the CoN202R2 and 
FeN202R2 complexes were investigated similarly to 
the above case. The formal potentials (Ef) were cal­
culated as the average of the cathodic (£pc) and 
anodic (Epa) peak potentials. The available cyclic 
voltammetric data show the lack of reversibility (the 
quasi-reversible behaviour) for the cobalt and iron 
complexes. The peak-to-peak separation (AEP = 
Epa- Epc) at a scan rate of 50 mV s'1 is 100 mV 
and 125 mV, respectively. Under our experimental 
conditions the reversible couple ferrocenium/ 
ferrocene (Fc/Fc+, Ef = 0.40 V vs. SCE) has a AEP 

value of 80 mV, which was used as the criterion for 
electrochemical reversibility. Also, the ratio of ca­
thodic to anodic peak currents (ipJipa) or wee versa 
is 0.92 and 0.84 (the average values at a scan rate 
of 50 mV s"1), respectively. 

The results summarized in Table 2 show that the 
measured one-electron formal potentials for 
CoN202R2 complexes are independent upon the 

Table 2. Redox Properties of the CoN202R2 and FeN202Rj 
Complexes Dependent on the Substituent R 

R 

4-OCH3C6H4 

4-CH3C6H4 

СбН5 

4-CIC6H4 

4-ВгС6Н4 

Ef(Co)/V 

0.08(8) 
0.08(3) 
0.05(3) 
0.09(9) 
0.08(8) 

Ef(Fe)/V 

- 0.28(5) 
- 0.27(3) 
- 0.27(4) 
- 0.27(3) 
- 0.25(4) 

c T R

a 

-0.21 
- 0 . 1 5 
- 0 . 1 3 
- 0 . 0 6 
- 0 . 0 6 

a) Taft resonance substituent constant (ав = Я) [9]. 

electronic properties of the substituent in the equa­
torial plane of the complex. The correlation coeffi­
cient and the reaction constant have the values of 
0.25 and 0.034 V, respectively. 

MO calculations [10] showed that the unpaired 
electron is mainly localized out of the complex plane 
(the dyz or dZ2 orbitals) and the equatorial modifica­
tion of the complex has not an influence on the redox 
properties of these complexes (r2 = 0.062). 

The formal potentials of the one-electron reduction 
for the iron complexes shift only slightly upon chang­
ing the substituent R (Table 2). Calculated г = 0.77 
and p = 0.069 V. The values of £ f depend on the 
substituent R to some extent (r2 = 0.62). 

The small substituent effect may be explained by 
the fact that the electron is added to the dzx or d^ 
orbitals which are influenced by the substituent R 
only slightly. 

The observed electrochemical behaviour of the 
series of Cu(ll), Co(ll), Ni(ll), and Fe(lll) complexes 
with the same modification of the equatorial plane 
illustrates the importance of the redox orbital from 
which the electron is extracted or to which the elec­
tron is added. 

The above results indicate that the symmetry of 
the molecular orbitals which are involved in the redox 
processes seems to be in the studied case decisive 
for the observed redox behaviour of the complexes. 
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