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Electrochemical Behaviour of a Series of Iron(Il), Nickel(IT) and Copper(II)
Complexes with Linear Pentadentate Schiff-Base Ligands
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The electrochemical behaviour of iron(Il), nickel-
(I1) and copper(Il) complexes with a number of
derivatives of the pentadentate ligand bis(salicylidene-
imine-3-propyljamine (X-SALRDPT) has been inves-
tigated in non-ugueous solvent. The one-electron
anodic oxidation of all the metal(Il) complexes
has been characterized and correlated, as well as the
frequency shifts of their d—d transitions, to the
inductive effect of the various substituents on the
salicylic moieties. Crystal field stabilization energies
involved in the redox change are discussed. The
cathodic charge transfers IIfI and I/0 for nickel(Il)
and copper(Il) chelates have been also investigated.
On the basis of electrochemical measurements,
some considerations on the reactivity of the com-
plexes towards dioxygen are made.

Introduction

Understanding the way dioxygen interact with a
metal ion is important for both biological and com-
mercial systems. A few naturally occurring mole-
cules capable to bind dioxygen are known, but owing
to their complexity simple compounds which exhibit
the important oxygen-carrying property have been
synthesized and investigated by several techniques in
recent years.

The ligand bis(salycilideneimine-3-propyl)amine
and its derivatives form pentadentate complexes with
cobalt(Il) [1—-3] and iron(II) [4] ions able to react
with dioxygen. The results from a number of studies
including EPR, IR and single crystal X-ray diffrac-
tion have been used to get information about the
electronic charge on the metal center, both in the
oxygenated species and in the precursors. Since
electrochemical techniques have shown to be an
useful tool to investigate the correlation between
the redox potentials of the cobalt(Il) centre in
this type of complexes and the ability to react
with dioxygen [2], we have now extended such
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kind of investigation to a wider series of these

M(XSALRDPT) complexes.
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X = H, 3-Me0, 4-MeO, 5-MeO, 5-C1, 5-NO,
M = Fe,Cu, Ni
Experimental
Materials

Ferrous sulfate (FeSO,+7H,0), copper acetate
(Cu(CH;3;C00),°H,0) and nickel acetate (Ni(CHj-
C00),+4H,0) were reagent grade Merck products.

Bis(3-aminopropyl)amine (DPT), 2-hydroxybenz-
aldehyde (HSAL), 2-hydroxy-4-methoxybenzaldehyde
(4-MeO-SAL) were purchased from Aldrich; bis{(3-
aminopropyl)methylamine  (MeDPT), 5-chloro-2-
hydroxybenzaldehyde (5-C1-SAL), 2-hydroxy-3-
methoxybenzaldehyde (3-MeO-SAL) and 2-hydroxy-
5-methoxybenzaldehyde (5-MeO-SAL) were purchas-
ed from ICN (K & K); 2-hydroxy-5-nitrobenz-
aldehyde (5-NO,-SAL) was a Merck product.

Ferrous acetate (Fe(CH3;COO),-4H,0) was
obtained by dissolving iron turnings in a deaerated
acetic acid solution. The solid was precipitated by
evaporation under vacuum in a stream of ultrapure
nitrogen.

Dimethylsulfoxide solvent (DMSO), as well as
tetraethylammonium perchlorate supporting electro-
lyte ([NEt;][ClO;]), were prepared as previously
described [2] .
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Preparation of the Complexes

Copper(Il) and nickel(II) complexes were prepar-
ed according to literature procedures [5]. Iron(ll)
derivatives were obtained according to Ref. 4 and
starting from ferrous acetate following the proce-
dure in Ref. 5.

Apparatus and Methods

The electrochemical apparatus used here has been
previously described [2]. All potential values refer
to an aqueous saturated calomel electrode (SCE).
The temperature was controlled at 20 + 0.1 C.
Cyclic voltammetric current—potential curves have
been analysed as a function of the scan rate [6],
v, on the basis of: the anodic, or cathodic peak poten-
tial (E3, or Ej), the difference between the peak
potential value of a response and that of the reverse
one [(Ej — Eg) for an anodic process, or (Eg — E})
for a cathodic process], the quotient of the peaks
current of the reverse and the direct response
[(i5/i3) for an anodic process, or (if/ip) for a cathodic
process], the quotient of the peak current of the
reiponse and the square root of the scan rate (ip/
V12)

In cyclic voltammetry the number of electrons
involved in the electrode processes has been evaluat-
ed by comparison with the one-electron oxidation of
ferrocene.

The U.V. and visible absorption spectra were
recorded with a Model 200 Perkin-Elmer spectro-
photometer connected with a Model 56 recorder
by using 1l-cm quartz cells. Reflectance spectra
were measured on powdered samples.

Results and Discussion

Nickel(II) Derivatives

In DMSO solution all the nickel(Il) complexes
studied undergo, at a platinum electrode, an anodic
process which gives cyclic voltammetric responses
consisting of an anodic—cathodic peak system.
As an example the cyclic voltammogram reported
in Fig. 1b illustrates the anodic behaviour of a solu-
tion of Ni(5-CI-SALDPT).

The significant features of the cyclic voltammetric
responses have been analysed as a function of the
scan rate in the range from 0.02 to 100 V s~!. The
results of this analysis indicate that the anodic oxida-
tion of Ni(X-SALRDPT) derivatives involves a one-
electron quasi-reversible charge transfer in all cases
except for X = 3-MeQ, 5-MeO, where the electrode
process is complicated by chemical reactions follow-
ing the charge transfer. The use of fast potential
scan rates prevents the chemical complications
coupled to the electron transfer, so that these com-
pounds also undergo an uncomplicated one-electron
oxidation process at scan rates higher than 10 Vs %,
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(a) (b)

Fig. 1. Cyclic voltammetric responses of a DMSO solution
containing Ni(5-CI-SALDPT) (1.60 X 10~3 mol dm™3) and
[NEt4][ClO4] (0.1 mol dm—a). a) Cathodic scan; mercury
working microelectrode. b) Anodic scan; platinum working
microelectrode. Scan rate: 0.2 Vs *.

All nickel(Il) derivatives also display cathodic res-
ponses at both platinum and mercury electrodes.
Cyclic voltammetry at a mercury electrode shows the
presence of two successive reduction processes; at
a platinum electrode the more cathodic step is
masked by the solvent discharge. In the case of the
nitro-compounds the electroreduction of the NO,
group interferes. In Fig. la the cathodic behaviour
of Ni(5-CI-SALDPT) is reported as a typical example.

The analysis of the responses at different scan
rates allows us to state that the less cathodic process
involves a one-electron quasi-reversible charge
transfer, complicated by coupled following chem-
ical reactions, while the more cathodic process con-
sists of an irreversible one-electron charge transfer.
The two steps can be formally attributed to the

+e +¢
Ni'l — Ni! and Nil —> Ni°

charge transfers, respectively. In the hypothesis that
the involved quasi-reversibie charge transfers proceed
with transfer coefficients ranging from 03 to 0.7,
the reversible half-wave potential, Ei,, which can
be assumed as the formal electrode potential, E®', can
be computed as the average of the cathodic (or
anodic) peak potential and the directly associated
anodic (or cathodic) peak potential, and the hetero-
geneous rate constant at the standard potential of
the redox couples, kg, can be roughly evaluated by
Nicholson’s treatment [7], under some previously
described assumptions [2] .

Experiments at different Ni(II) concentrations
showed the Nill - Nil charge transfer to be followed
by a first-order irreversible chemical reaction. The
half life of the electrogenerated Ni(I) species can
be approximatcly evaluated through the working
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TABLE I. Electrochemical Characteristics of the Following Charge Transfers: (a) Ni(I) — Ni(II) at Platinum Electrodes;
+e~ +e

(b) Ni(lI) 2=~ Ni(T) and (c) Ni(I) 2=~ Ni(0) at Mercury Electrodes.

Ni(II) complex (a) (b) (©)
o _ — . Epx** IV
E°'fv kg/cm sec™] E°'[V* kg/cm sec™! typ/sec for Ni(l) P
complex
H-SALDPT +041 14x102 -168 - 0.06 -2.50
5CI-SALDPT +0.50 12x1072 -1.70 - 0.03 -2.30
5NO;-SALDPT +0.76 0.9 x 1072 - ~ - -
3MeO-SALDPT +0.35 1.8% 1072 -1.69 - 0.06 -
5MeO-SALDPT +0.36 19x102 ~1.79 - 0.12 _248
H-SALMeDPT +0.44 1.8% 1072 -1.76 0.7x 1072 1.38 -2.53
5C1-SALMeDPT +0.54 2.0x 1072 171 1.0x 1072 198 231
5NO,-SALMeDPT +0.83 0.7 % 1072 - - - -
3MeO-SALMeDPT +0.41 16 x 1072 ~1.71 16 x 1072 433 -2.56
5MeO-SALMeDPT +0.38 1.2 x 1072 ~-1.77 0.5x% 1072 4.07 248

*Values at scan rates in which the i;/i; ratio reaches unity, indicating the overcoming of the complications from coupled chem-

ical reactions.  **Peak potential valuesat v=0.2 V571,

- Half-life values indicate Ni(IXSALMeDPT) deriva-

A/em %10 . .
ey tives to be more stable than the corresponding

170 SALDPT ones.

+0.90 The formal potentials appear sensitive to
electronic effects of the phenyl substituents. For
o 165 the oxidation process the Hammett relationship
+o50r holds* (Fig. 2, solid lines) if one considers the 3-,
+0.30 4. Ssubstituents to be ortho, meta, para, respec-
p-OCH; H p-Cl p-NO, |60 tively, with respect to the phenolic oxygen atom [2] .
Y 00 w04 w05 o2 oie In the case of the Ni(II) > Ni(I) reduction the set

20

Fig. 2. Linear regression analysis of the dependence of the
oxidation potential (solid lines) and of the d—d transition
frequencies (dashed lines) of the nickel(II) complexes on the
sum of the Hammett substituent constants, 20. () SALDPT
and () SALMeDPT derivatives.

curve of the trend of the anodic to cathodic currents
ratio as a function of log (k-7) [8], where k is the
rate constant of the chemical reaction coupled to the
charge transfer and 7 is the time spent in going from
E,j to the switching potential.

Table I summarizes the most significant para-
meters for the electrode behaviour of nickel(Il)
complexes. The kg value for the reduction process
of SALDPT derivatives could not be calculated,
because at scan rates where the chemical complica-
tions coupled to the charge transfer are prevented
(i%/ip = 1) the peak separation is too high to apply
Nicholson’s technique.

of available data is too incomplete to be considered.

As previously pointed out [2], it must be con-
cluded that in this class of compounds the electron
density on the metal center is enhanced or dimi-
nished by phenyl substituents via the Ph—O-M-O—
Ph pathway. This conclusion could be also inferred
by studying the frequency shifts of the d—d transi-
tions of the same complexes as functions of the
Hammett substituent constants. In fact, as shown in
Fig. 2 by the dashed lines, the frequency patterns in
DMSO solution are similar to those of the oxidation
potentials. In a less coordinating solvent like benzene,
Hammett relations are followed even better.

The spectra of Ni(X-SALRDPT) complexes are in
agreement with a distorted trigonal bipyramidal
stereochemistry [9, 10]. In this assumption the

*In the case of a ligand having two substituents, the
Hammett relationships become: AlogK = 20p, AEp =

200EMF-
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TABLE II. Electrochemical Significant Parameters of the Following Charge Transfers: (a) Cu(Il) '1>Cu(lll) at a Platinum

+
Electrode; (b) Cu(Il) RAIN Cu(@) and (¢) Cu(l) —> Cu(0), at a Mercury Electrode.

Cu(II) complex (a) (b) ©)

E/V Ep*/V

E®'/V typ /sec for Cu(l)
complex

H-SALDPT +0.84* -1.06 2.8 -1.50
5CI-SALDPT +0.69 -0.96 1.7 -1.35
SNO,-SALDPT - —0.80* - -1.05
3MeO-SALDPT +0.43 -1.05 5.1 ~1.62
SMeO-SALDPT +047 -1.07 2.3 —1.55
H-SALMeDPT +0.71 -1.02 7.7 -1.46
SCI-SALMeDPT +0.80 -0.94 6.8 -1.55
SNO,-SALMeDPT — -0.73*% — -
3MeOQ-SALMeDPT +0.55 -1.00 38 -1.65
5MeO-SALMeDPT +0.54 -1.02 13 -1.50

*Potential peak value atv=02 Vs °.

Residual
Current

(a) (b)

Fig. 3. Cyclic voltammograms recorded on a DMSO solu-
tion containing Cu(3MeQSALDPT) (1.27 X 1073 mol dm™3)
and [NEt4][ClO4] (0.1 mol dm™3). a) Cathodic scan; mer-
cury working microelectrode. b) Anodic scan; platinum
working microelectrode. Scan rate 0.2 Vs1.

selected absorptions are likely to be attributable to
>E’ - 3A; transition. This assignment agrees with
the red-shift observed for electron donating substi-
tuents. It practically corresponds to an electron dis-
placement from dy:_y2 or dyy orbitals (enriched in
negative charge by phenolic oxygen donors) to d,:
orbital (not influenced by substituents on the
salicylic moieties). It is interesting that the
frequencies, as well as the trend of their shifts as a
function of salicylic substituents, are practically

the same in the solid state and in solution for all the
complexes, except Ni(5-NO,-SALRDPT).

The bubbling of dioxygen in DMSO solutions of
Ni(X-SALRDPT) complexes causes no reaction in
accordance with their rather high oxidation poten-
tials.

Copper({ll) Derivatives

In Fig. 3 the cyclic voltammetric behaviour of
copper(I1)-(X-SALRDPT) derivatives in DMSO is
outlined, taking Cu(3-MeO-SALDPT) as a typical
example.

As can be seen from Fig. 3b, the anodic process
involves a first step with a low degree of reversi-
bility and a subsequent one, irreversible in character
and close to the solvent discharge, attributable to the
oxidation of the ligand. The analysis of the responses
as a function of the scan rate indicates that the first
anodic process involves a charge transfer followed
by both chemical complications and charge trans-
fers (e.c.e. mechanism). This behaviour is rather
usual with anodic oxidations of copper(ll) com-
plexes involving both the metal center and the
ligand [11-15].

Cyclic voltammetric data at scan rates ranging
from 20 to 50 V s7! allow us to evaluate the formal
potentials for the one-electron metal jon oxidation,
except for both Cu(SALDPT), the electrode process
of which appears irreversible in character, and SNO,
derivatives, which are oxidized at potential values
beyond the range of the solvent. The low degree of
reversibility of the first charge-transfer does not allow
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to compute the heterogeneous charge-transfer cons-
tant; only in the case of Cu(5-MeO-SALDPT) has it
beenl possible to obtain a value of 90 X 1072 cm
sec .

The electroreduction of Cu(X-SALRDPT) deriva-
tives at mercury electrodes involves two successive
one-electron charge transfers, formally attributable
to the

+e~ +e

Cu'l — Cu! and Cu! —> Cu®

steps (Fig. 3a). As in the case of nickel(TI) derivatives,
the first step involves a quasi-reversible charge
transfer coupled to a subsequent chemical reaction,
which can be prevented in all cases by using scan
rates higher than 2—5 V s }. The second step, irrever-
sible in character, leads to Cu® complex species which
are re-oxidized at ~—0.7 V. This indicates that no
decomposition to copper metal occurs in the voltam-
metric time scale (E;, Cu'/Cu® in DMSO = —0.12
V [16]).

In Table II the potentials of the above described
charge transfers are reported, together with an
approximate value of the halflife of the electro-
generated Cu(l) complex species.

Like Ni(l) derivatives, Cu(IXSALMeDPT) com-
plexes are more stable than the corresponding
SALDPT ones. Also in this case a linear correlation
holds between the oxidation potentials of Cu(X-
SALRDPT) derivatives and the sum of the Hammett
substituent constants. An E°’ value of +1.10 V can
be computed for the oxidation potential of Cu(5-
NO,SALMeDPT). The value of the reaction constant,
p = 0264, indicates that the ease of oxidation of
copper(Il) SALMeDPT derivatives is sensitive to
electronic effects to about the same extent as the
corresponding nickel(1I) compounds. As in the
case of Ni(Il) derivatives, electronic effects seem
less significant for the first cathodic process Cu'* -
Cu!. Again a linear correlation holds between visible
absorption frequencies of the copper(Il) compounds
and the Hammett constants of the salicylic substi-
tuents. The bands selected were those at about
12,000 cm™!, attributable to the A} — 2E”" transi-
tion in which an electron is promoted from a xz or
yz orbital (more influenced by the charge on the
phenolic oxygen) to the d,z orbital [10] interacting
with N(1) and N(2) atoms. In fact, the coordination
sphere in the CuXSALRDPT complexes is likely a
distorted trigonal bipyramid, in analogy with similar
species Cu(mbp), in which the O—Cu—O equatorial
angle is about 152° [17] .

As expected on the basis of their oxidation poten-
tials Cu(X-SALRDPT) complexes do not react with
dioxygen. ‘

Iron(II) Derivatives
In cyclic voltammetry both at mercury and plati-
num electrodes the anodic response of iron(Il)
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X-SALRDPT complexes appeared as a well-formed
peak, with a cathodic peak directly associated in the
reverse scan. In all cases ill-defined processes were
present in the cathodic region at potential values
more negative than —2.3 V. The treatment of cyclic
voltammetric data indicates that the anodic process
involves a simple quasi-reversible one-electron charge
transfer, The significant parameters of the anodic
charge transfer relevant to Fe(X-SALRDPT) deriva-
tives are reported in Table III. As in previous cases
the oxidation potential of Fe(Il) derivatives is Jinearly
correlated to the inductive effects of electron with-
drawing and electron donating groups present in the
phenyl rings of the ligand. The values of the reaction
constant (0 = 0.130 and 0.115 for SALMeDPT and
SALDPT derivatives, respectively) point to a lower
sensitivity to electronic effects in comparison with
Ni(II) and Cu(Il) analogous compounds.

Upon oxygenation performed by bubbling dry
oxygen for 30 min in a deaerated Fe(5-NO,-SAL-
MeDPT) solution the following voltammetric picture
was observed: a) the initial anodic peak, E°' = —0.04
V, lowered up to the height relevant to the amount
of Fe(Il) derivative in excess, if any, in respect to the
O, concentration; b) in the cathodic region a few
reduction processes (not well-shaped) appeared at
potentials more positive than the oxygen to super-
oxide ion reduction ones;c) the catho—anodic system
of the

+e
0, <=20;

charge transfer showed an ig/ig ratio of about 0.6,
indicating that species able to react with free super-
oxide ions were present in solution.

TABLE 1II. Electrochemical Characteristics of the Fe(Il)

= Fe(III) Charge Transfer at a Mercury Electrode.

Fe(1I) complex E°'IV k¢/cm sec” !
H-SALDPT -0.29 2.0 x10°2
SC1-SALDPT -0.25 16 x10°2
SNO,-SALDPT -0.10 2.1 x1073
3MeO-SALDPT —-0.31 41 x1072
4MeO-SALDPT -0.32 56 xX1073
SMeO-SALDPT -0.33 1.7 x1072
H-SALMeDPT -0.25 2.0 x1072
SCI-SALMeDPT -0.20 1.7 X102
SNO,-SALMeDPT -0.04 2.0 X1072
3MeO-SALMeDPT -0.26 3.5 x1072
4MecO-SALMeDPT -0.29 7.0 x1073
5MeO-SALMeDPT -0.30 4.0 x1073
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By subsequent nitrogen bubbling for 30 min, in
order to remove free oxygen, the following voltam-
metric picture was observed: a) no Fe(ll) initial
derivative was restored, indicating the oxygena-
tion reaction to be an irreversible process; b) in
the cathodic region up to —1.2 V, where the reduc-
tion of the nitro group occurs, a few ill defined
reduction processes were still present, the most
important and the best shaped cathodic peak being
located at —0.23 V.

Controlled potential electrolysis at a mercury
pool at —1.1 V showed a consumption of one elec-
tron per iron atom contained in the oxygenated
species. At the end of the electrolysis the voltam-
metric response showed that cathndic processes were
no larger present, and a new anodic—cathodic peak
system was formed (E°' = —0.20 V), attributable to
a Fe(Il) compound different from the precursor.
This peak system is hence due to the reduced form
of the major species formed by oxygenation (Eg =
-0.23 V).

U.V.—visible spectra recorded at the different
stages of the oxygenation were as follows: a) Fe-
(5-NO,-SALMeDPT) in deaerated DMSO absorbs at
390 and 490 nm; b) upon oxygenation and sub-
sequent deaeration absorption occurs at 360 nm with
a shoulder at 490 nm; c) the solution from
exhaustive electrolysis at —1.1 V absorbs at 390 and
490 nm, no other peaks being observed up to 900
nm,

Niswander and Martell [4] have identified the
oxygenation product of Fe(5-NO,-SALMeDPT) as
the p-oxo compound [Fe''(5-NO,-SALMeDPT)],0.

The similarity between the two spectra described
in the points a) and ¢) seems to indicate that the
clectrolytic process is able to regenerate the precur-
sor. However this conclusion is not in agreement
with the voltammetric tests on the electrolyzed
solutions. On the other hand it must be pointed
out that some iron(Il) complexes with pseudo-
octahedral coordination stereochemistry in
low spin or spin equilibrium states show an absorp-
tion pattern similar to that described under point
¢), both in the energies and in the relative inten-
sities [18—20] . It hence seems plausible to suppose
that the electroreduction of the iron(Ill) wp-oxo
compound simply leads to the corresponding iron-
(II) derivative. A formal potential of —020 V can
be attributed to this redox couple.

We do not know if one species of the u-oxo redox
couple or some by-product is responsible for the
reaction with electrogenerated superoxide ion;
it seems plausible to suppose that some unrecov-
ered amount of Fe(Ill) starting complex formed
reacts with superoxide ions to give the superoxo
species Fe'!! (5-NO,-SALMeDPT)0,.

The study of the oxygenation process of other
Fe(X-SALRDPT) derivatives led to different results.
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TABLE IV. Approximate Rate Constant Values of the Reac-
tion Following the Superoxide Ions Electrogeneration
(sec_l ).

R 5NO, H 5Ct 3MeO 4MeO 5MeO

SALMeDPT 3.0 04 16 06 0.5 0.2
SALDPT 1.5 04 02 04 0.4 0.2

The behaviour of Fe(5-MeQ-SALMeDPT) is reported
as a typical example. After bubbling oxygen for 30
min the following voltammetric picture appeared:
the initial anodic response, E°’ = —0.30 V, was no
longer present; at potentials more negative than
that of the catho—anodic system Oz 2 O3 two catho-
dic peaks appeared (Ep. = —1.08 and —190 V,
respectively). Also in this case electrogenerated super-
oxide ions, although to a minor extent (i%/ig = 0.8),
undergo a subsequent chemical reaction. After
deaeration by bubbling nitrogen for 30 min no anodic
process regenerated, while the two cathodic processes
were still detectable.

Controlled potential coulometric tests on a
mercury pool at —1.25 V showed the consumption
of about one-half mol of electrons per mol of starting
compound. Cyclic voltammetry at the end of the
clectrolysis reveated that the cathodic peak at —1.90
V was still present and the initial anodic peak
partially restored. By completing the electrolysis
at =19 V an overall consumption of one mol of
electrons per mol of starting compound occurred.
Cyclic voltammetry after exhaustive electrolysis
revealed also the presence of a new anodic process
at +0.05 V from the anodic oxidation of an electro-
generated Fe(Il) species different from the starting
one.

The identification of the oxygenation products
is a very difficult precblem [4]. However the present
electrochemical investigation at least suggests some
remarks: a) it seems possible that two major oxy-
genated Fe(Ill) species, pu-oxo and u-peroxo Fe(Il])
derivatives, may be formed. In addition, from an
irreversible decomposition, some amounts of
mononuclear Fe(IlI) compound arise, able to react
with electrogenerated superoxide ions to give the
relevant superoxo species. Even if u-peroxo diiron-
(I11) complexes are generally thought to be stable
at low temperature, a u-peroxo Fe(lIl) species of a
macrocyclic pentadentate ligand stable at room
temperature has been recently reported [21]; b)
the voltammetric picture is consistent however with
the predominant formation of the only p-oxo deri-
vative, the two reduction peaks being attributable
to the two Fe(ITT) centres. The rather high AE value
(0.8 V) is not unusually large if one considers that
oxo-bridged ruthenium complexes [(NH;3)sRu-O—
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Fig. 4. Third ionization energies vs. the oxidation potentials
of M(HSALDPT) derivatives, where M = Fe, Co, Mn, Nij
(dashed line). Values corrected for c.f.s.e. (solid line).

Ru(NH3);]%* and Cl(bpy),Ru—O—Ru(bpy),Cl] **
show AE values of 2.0 V [22] and 22 V [23],
respectively, large value of AE indicating high stabi-
lity of the mixed valence systems [24]; ¢) contrary
to Co(X-SALMeDPT) derivatives [2], the corres-
ponding Fe(Il) species do not react reversibly with
dioxygen.

By assuming an irreversible pseudo-first order
chemical reaction to be involved in the consumption
of electrogenerated superoxide ions, the rate constant
k of the chemical reaction following the charge trans-
fer

e
0, <= 0;
can be calculated [8] (see Table IV). Only in the case
of 5-Cl derivatives is there an important difference
in the rate constants between SALMeDPT and
SALDPT species.

Finally, it is interesting to compare the redox
process +2/+3 in the gas phase, expressed by the
third ionization energy of the elements, with the
same redox change in solution, where the metal
ions are complexed by the ligand, expressed by the
oxidation potentials for X-SALRDPT derivatives,
taking into account literature data for Mn com-
pounds too [25]. As an example, in Fig. 4 the
third ionization energies of the metals (dashed
line) are plotted versus the oxidation potentials
of H-SALDPT derivatives. As can be noted the two
parameters do not increase linearly. However, if
we apply the appropriate corrections for the gain
in energy due to crystal field stabilization [26-28] *
a reasonably good linear trend is obtained (the cor-
relation coefficient of the solid line in Fig. 4 is 0.98)
although solvation energies of the divalent and tri-
valent ions have not been considered. This should

*For the Ni(II) and Ni(III) derivatives the following para-
meters have been computed: Dqg, = 1100 and 2000 em™!,
respectively.
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indicate that in complexes of trigonal bipyramid
stereochemistry the gain in crystal field stabilization
energy (c.f.s.e.) experienced in redox changes follows
the order d7/d® = d%/d* > d®8/d” » d%/d5.
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