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Abstract

The kinetics of the oxidation of Co™(EDTA)?~
by 10, were studied in various ethanol + water
mixtures covering the range 7.9 to 58.0 wt% ethanol,
at five different temperatures in the range 15-35
°C. The effect of solvent on the rate and mechanism
of the reaction was investigated. An inner-sphere
mechanism for the reaction was proposed and sup-
ported by the calculated activation parameters.

Introduction

Although electron transfer reactions have been
studied extensively, the influence of changes of
solvent on such reactions has received comparatively
little attention [1-7].

The oxidation of Mo(CN)g*~ [6] and of Co!!-
(NTAYH,0),” [7] (NTA = nitrilotriacetate) by
periodate in ethanol + water mixtures has pre-
viously been studied in this laboratory. It was found
that the rate of Mo(CN)s*~ oxidation passed
through a maximum with increasing ethanol content
[6], whereas the rate of oxidation of Co'(NTA)-
(H;0),” passed through a minimum [7] with
increasing ethanol content. Mechanisms for these
two reactions have been proposed [6, 7] which
involve catalysis by H3O0" and by SH* (where S
is an organic solvent molecule).

Here we report on the rate of oxidation of Co'!-
(EDTA)*” by periodate in ethanol + water mixtures.
The reaction was previously studied [8] in aqueous
solutions and an inner-sphere mechanism assigned.
The evidence for an inner sphere mechanism in-
cluded the rapid formation and slow decomposi-
tion of an initial Co(IIT) product. The rate law for
this reaction is given by eqn. 1:

d[Co™]/dz =
k® K [Co™(EDTA)? 1[I0, ]/(1 + K[1047])
(1)

*Author to whom correspondence should be addressed.
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A fast equilibrium step precedes the slow intramolec-
ular electron-transfer (e.t.) step [8].

Experimental

Analar ethanol (BDH) was used. Reagent grade
of the other chemicals were used without further
purification. Stock solutions of NalO,, wrapped in
foil to avoid photochemical decomposition [9],
EDTA (disodium salt), CH;COONa and of NaNO;
were made up by weight. Cobalt(I) nitrate solution
was standardized volumetrically against EDTA
[10]. Sodium acetate--acetic acid buffers of known
concentrations were used. Ionic strength was ad-
justed with NaNO;.

Stability of Co'(EDTA)*~ and Co/EDTA)~
towards ethanol was checked, and no reaction was
observed over the time taken for the measurements.
It is known [11] that ethanol is stable towards
periodate and this was verified experimentally for
the solutions used.

The dielectric constants of ethanol + water solvent
mixtures, used to study the dielectric constant effect
on reaction rate, were obtained from the reported
data [12].

Kinetic Procedure

The kinetic procedure was similar to that de-
scribed for the Co' (EDTA)* /IO,  reaction in
aqueous solutions [8]. The Co™(EDTA)*~ complex
was made up in solution and contained about 20%
excess of the ligand to ensure complete formation,
as a precipitate occurred when the metal ion:ligand
ratio was 1:1. The rate of formation of the initial
cobalt(II) product was followed at 534 nm, where
its absorption was maximal, on a Unicam SP 8000
spectrophotometer. Our studies covered the solvent
composition 7.9-58.0 wt% ethanol. Attempts at
measurements in solvents containing 63 wt% ethanol
or more failed as precipitates occurred.

All measurements were made under pseudo first-
order conditions of large excess of periodate con-
centration.
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Results and Discussion

The stoichiometric equation of the reaction
[8] is represented by

2CoEDTA?*™ +10,” —> 2CoEDTA™ +10;,~  (2)

As in the aqueous medium [8], oxidation of Co!l-
(EDTA)?>” by I0,” proceeds viz the formation of
initial cobalt(Il) product which was slowly con-
verted to the hexadentate Co'(EDTA)™ product.
This product was identified spectrophotometrically
as indicated by its maxima and molar absorptivity
[8]. The reaction proceeds with an apparent pseudo
first-order rate constant kg, determined from the
slope of the straight lines obtained by plotting
In(4., — A¢y vs. time, using a linear least-squares
program. These plots were linear up to =85% of
reaction.

The dependence of reaction rate on both [Co!l-
(EDTA)*7} and [10,7] was studied in 7.9, 31.6 and
58.0 wt% ethanol at 25 °C. The results, included in
Table I, show that the reaction is first-order in both
complex and periodate as found earlier in the
aqueous medium [8], as shown in Fig. 1.

The variation of ku,, with [I0,7] in ethanol +
water solvent mixtures differs from that in aqueous
solutions [8]. First-order rate constants k., Table
I, give a linear dependence on [IO,”] which is rep-
resented by eqn. 3:

kops = k2 [1047] 3)

In order to check the dependence of reaction
rate on hydrogen ion concentration in ethanol +
water solvents, a number of runs were made in 31.6
wt% ethanol at 25 °C. The results, included in
Table I, show that the reaction rate is not affected
by variation of [H*] over the range 0.63 X 107°—
794 X 1075 M, as found earlier in aqueous solu-
tions [8].
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Fig. 1. Dependence of kopg on [1047] in {(a) 7.9, (b) 31.6,
(c) 58.0 wt% ethanol.

The rate law is thus expressed in the form:
Rate = k, [Co"(EDTA?")][10,7] (4)

Results included in Table II show that the reac-
tion rate decreases gradually with increasing ethanol
content in the solvent mixture, i.e. the reaction
rate decreases with decreasing dielectric constant.
Further, a plot of log kg, as a function of the
reciprocal of the dielectric constant D™! of the
medium gives a straight line, as shown in Fig. 2.

To study the effect of temperature, the reactions
were carried out at five different temperatures in
the range 15-35 * 0.05 °C at constant [H*] and

TABLE L. Kinetic Data for the Oxidation of CollEDTA?~ by 10, at I = 0.25 M and 25 °C.2

105 [H*]

102 [1047] 103 [Co'EDTAZ™] 103 kgpg 571
M) (M) M)
7.9 wt% 31.6 wt% 58.0 wt% Ethanol

3.16 5.0 0.5 10.75 7.75 4.10
3.16 4.0 0.5 8.70 6.25 3.45
3.16 3.0 0.5 6.81 4.78 2.58
3.16 3.0 1.5 - 4.7 -
3.16 3.0 2.0 -~ 4.82 -
0.63 2.0 0.5 - 3.18 -
3.16 2.0 0.5 4.50 3.21 1.81
7.94 2.0 0.5 - 3.17 -
3.16 1.0 0.5 2.25 1.82 1.05
3.16 0.5 0.5 1.20 0.82 0.51

aStandard deviations in kg = 4%.
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TABLE II. Kinetic Data for the Oxidation of ColEDTAZ™ by 10,~ for Various Ethanol + Water Solvent Mixtures at [Coll-
EDTA27]=5.0X107% M, [I047] =3.0 X 1072 M, /=0.25M and [H*] =3.16 x 1075 M.

Ethanol D D 10k, Mgt
t o (-}

i at2s°c at30°C 15 °C 20°C 25 °C 30°C 35°C

7.9 73.8 723 1.25 1.72 227 3.13 4.10
23.7 64.5 62.5 1.07 1.39 1.73 2.26 2.74
31.6 59.8 58.0 1.01 1.29 1.59 1.98 2.44
42.1 54.0 52,0 0.89 1.09 1.28 1.66 1.9
51.4 485 47.0 0.78 0.90 1.03 1.24 141
58.0 446 432 0.65 0.74 0.86 0.99 1.12

aStandard deviation in k5 = 5%.
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Fig. 2. Plots of log kqp,g against D7lat @ 25.0, and (b)
30.0 °C.

ionic strength in various ethanol + water solvent
mixtures, Table II. Enthalpy AH* of activation
associated with &, and the corresponding entropy,
AS*, and free energy, AG*, of activation for various
solvent compositions were calculated from a linear
least-squares fit to the Eyring equation, Table III.
The effect of solvent on the reaction rate can be
examined in terms of changes in the activation
parameters. These parameters are usually taken as
a measure of the solvent effects. It is seen from
Table III that AG* increases gradually with in-
creasing ethanol content. Some useful insight into
the changes in the structural aspects of the solvents
may be obtained from the changes in the enthalpy
and entropy of activation which contain important
structural contributions [13]. The enthalpy of
activation, AH*, decreases whereas the large negative

TABLE III. Activation Parameters in Ethanol-Water Solvent
Mixtures at 25 °C.

Ethanol AH* - AS* AG*
wt% kJ mol ! Jmol ! K1 kJ mol™1
7.9 423+12 115.1+5.1 76.6 + 2.7
23.7 33.1+1.1 1482+ 55 773 +2.7
31.6 30.8+1.3 156.7 + 4.9 77.5+2.8
42.1 27.7¢1.2 168.8 + 5.7 78.0 2.9
51.4 20.1£1.0 196.1 + 5.6 78.5+2.7
58.0 183+1.1 204.0 + 6.1 79.1£29

value of AS* increases gradually with progressive
addition of ethanol, Table III.

From the kinetic results, as well as the observed
rate law, an inner-sphere mechanism [8] for the
oxidation of Co'(EDTA)?>~ by periodate in ethanol
+ water solvent mixtures may be described by eqns.
5 and 6:

Co'EDTA)*™ + 10, =
[(EDTA)Co™-0lI0:]1> K (5)

[(EDTA)Co''-010;]*~ —~
[(EDTA)Co™-010;]* k**  (6)

The inital cobalt(III) product may be converted to
a final product according to eqn. 7:

[(EDTA)COIII—OIO:;]Z— —_ COIII(EDTA)— + IVI
(7

21Vl — 10,™ + 105~ 8)
This mechanism is constant in all ethanol + water

solvent mixtures, as shown by the range of activation
parameter values.
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