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Introduction

There has been considerable effort expended
on the study of redox reactions of the actinide ele-
ments in the last decades [1]. In an attempt to char-
acterize the kinetic parameters of outer-sphere elec-
tron transfer reactions of the actinides there have
been previous studies of the reactions of Np(VI) with
N-alkylphenothiazines [2] and substituted 1,10-
phenanthroline and 2,2"bipyridine complexes of
Fe(I) [3]. The results obtained in the latter system
are fairly consistent with the predictions of reaction
rates based on the Marcus formalism [4] while in the
former system the measured rate parameters are
ca. a factor of 100 greater than the predicted values.
A plausible reason for such a discrepancy might be
too large a thermodynamic driving force for the reac-
tions. If such is the case, the use of Pu(VI) as the oxi-
dant might be expected to provide data that is in
closer accord with theory. In this communication we

TABLE I. Characteristics of Investigated Phenothiazines.
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present the results obtained for the oxidation of as
series of N-alkylphenothiazines by Pu(VI).

Experimental

Reagents

The characterization of the N-alkylyphenothia-
zines (PTZ) has been previously described [2] as has
the preparation and standardization of the perchloric
acid and the Pu(VI) stock solutions [5]. All solu-
tions were prepared in triply distilled water.

Equipment and Procedures

The computer-interfaced stopped-flow instrumen-
tation, as well as the basic procedures and techniques,
has been detailed previously [6]. The kinetic runs
were followed at the wavelength of maximum absorb-
ance of the cation radical of the PTZ’s (see Table I)
[7]. The range of initial concentrations was chosen
to ensure pseudo-first order conditions: [PTZ], =
1 X107 M, [Pu(VD)],=1-4X 107* M.

Results

Stoichiometry ”

The values of the reduction potentials of PTZ '/
PTZ (see Table I) and that reported for Pu(VI)/
Pu(V), 09164 V, [8] along with the excess of
Pu(VI) used in these experiments, ensure that the
reactions

Pu(VI) + PTZ - Pu(V) + PTZ"* (1)

go to completion. The verification of the stoichio-
metry of eqn. 1 was shown in experiments containing
an excess of PTZ when the radical concentration was

CLIC,

R
Compound X R E°? A, nmb
I OH CH,CH,CH,N(CH3), 0.625 562
iI H CH,CH,CH,;N(CH3), 0.71¢ 513
II1 Ct CH,CH,CH,;N(CH3), 0.78 525
v H CH,CH(CH3)N(CH3), 0.865 515

#Determined from equilibrium quotients with Fe(III) at 25 °C [HC104] = 1.00M, =10 M

corresponding cation radical.
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bAbsorption maximum for the
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TABLE II. Experimental and Calculated Rate Constants for the Reaction of Phenothiazines with Pu(VI).

a

a,b

Compound Kexp Keale Keale/Kexp
I 6.07 £ 0.15) x 10° 2.5 x 107 41
I (2.71 + 0.04) x 10° 6.6 x 10° 24
1l (1.19 + 0.02) X 10° 2.2x 108 18
v (1.77 £ 0.04) x 10* 4.7 x 10° 26

M 1, [HCIO4] = 1.00 M, Temp. = 25.0 °C, u = 1.0 M.

measurgg and within experimental uncertainty
A[PTZ "]/A[Pu(VD] = 1.

Kinetics

The integrated form of a first-order rate law
provided an adequate description of the experimental
data. These observations were interpreted in terms
of a second order rate law:

d[PTZ"*]/dt = k[PTZ] [Pu(VD)] )

Second order rate constants are listed in Table II.

Discussion

As had been noted in the previous investigation
of the oxidation of this series of N-alkylphenothia-
zines with Np(VI), reaction rates with Pu(VI) as the
oxidant again decreased w_ilh an increase in the
reduction potential of PTZ /PTZ. Since a plot of
the experimental free energy of activation, AG,,T, as
a function of the free energy of reaction, AGY,,
was linear, rate constants were calculated based on
Marcus theory. The work terms were neglected, the
free energies of activation for PTZ*/PTZ were
taken as 3.3 kcal mol™ [7] and that for Pu(VI)/
Pu(V) was assumed to be equal to that for Np(VI)/
Np(V), 12.4 kcal mol™ [5, 8]. Calculated rate cons-
tants are listed in Table I1I.

It will be noted that as predicted for the smailer
driving force of the Pu(VI), the discrepancies between
the experimental and calculated rate constants are
much smaller than in the Np(VI) oxidation [2].
It is noteworthy that aquo ion couples, such as

bCalculated as described in the text.

Fe(III)/Fe(II) showed discrepancies of 2—3 orders of
magnitude between calculated and experimental rate
constants [7, 9]. It was previously advanced that the
non-adiabaticity of the process could be responsible
for these deviations [10]. In this present study the
uncertainty concerning the Pu(VI)/Pu(V)
self-exchange rate does not allow further conclu-
sions on the detailed reaction mechanisms.
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