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Several years ago we reported that the activation
volume for the peroxodisulphate oxidation of the
[Fe(CN),4(bipy)]%>~ anion was 01 cm® mol™! in
aqueous solution [1]. This is one of very few activa-
tion volumes reported for simple outer-sphere elec-
tron transfer [2]. The value of approximately zero
for AV¥ implies that the change of state of solva-
tion in going to the transition state balances the
intrinsic AV™ for formation of a bimolecular transi-
tion state, generally believed to be about —10 c¢m?
mol™! [3]. Our recent demonstrations that activa-
tion volumes for base hydrolysis of iron(II)—diimine
complexes are largely determined by solvent elec-
trostriction, the contribution of which depends
markedly on the nature of the ligand through its
effect on solvation of the complex [4], prompted
us to look in more detail at peroxodisulphate oxida-
tion of low-spin iron(Il) complexes. In this letter
we show how activation volumes for such reactions
depend on charge, ligand nature and solvent me-
dium.

Rate constants for peroxodisulphate oxidation
of the iron(II) complexes were determined at atmo-
spheric and at elevated pressures using the apparatus
and techniques described earlier [5]. The complexes
[Fe(CN)4(LL)]*~ (with LL=bipy or phen) were
prepared by Schilt’s method [6]; the analogous
complex [Fe(CN)4(ein)]?~ (ein =the smallest di-
imine HN:CHCH:NH) was prepared by oxidation
of the ethane-1,2-diamine complex [Fe(CN)4(en)]?~
[7]. The [Fe(CN)4(Me,bsb)]>~ anion was prepared
from [Fe(Me,bsb);]%*, itself generated from 2-
benzoylpyridine and 3,4-dimethylaniline [8], by
Schilt’s method [6]. [Fe(CN).(bipy).] was prepared
by the usual method [6]. Potassium peroxodisul-
phate was AnalaR material; fresh solutions were
made up immediately before each kinetic experi-
ment.

All runs were carried out in the presence of a
large excess of peroxodisulphate; all reaction mix-
tures were approximately 107> mol dm~? in EDTA,
so that any traces of transition metal ions would
be sequestered and thereby prevented from affecting
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the rate of oxidation. First-order kinetics were fol-
lowed closely for the first half-life and slightly less
closely for the second (this is rather better kinetic
behaviour than exhibited in peroxodisulphate oxida-
tion of analogous [Fe(diimine);]?* cations). Ratios
of observed first-order rate constants at high pres-
sure to their equivalents at atmospheric pressure
are reported in Table 1. Plots of logarithms of these
ratios against pressure were essentially linear; activa-
tion volumes derived from the slopes of such plots
(Fig. 1) are also included in the Table.

It is clear that the zero activation volume for per-
oxodisulphate oxidation of the [Fe(CN)4(bipy)]*~
anion in aqueous solution [1] represents the balance
between a negative intrinsic contribution and a
positive contribution from solvation and electro-
striction changes on going from reactants to transi-
tion state. The important role played by complex
solvation is apparent if one compares AV* values
for the [Fe(CN),(diimine)]?~ anions. These range
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Fig. 1. Effect of pressure on rate constants for peroxodi-
sulphate oxidation of iron(lI)—diimine—cyanide complexes:
(—) aqueous solution; (———) in 60% dimethyl sulphoxide.
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TABLE 1. Second-order Rate Constants at Atmospheric Pressure, Logarithms of Ratios of Second-order Rate Constants at High
Pressures to Those at Atmospheric Pressure, and Activation Volumes for Peroxodisulphate Oxidation of [ron(Il)--Diimine—

Cyanide Complexes at 298.2 K

[K25208]  Amax ka2 (1ban)  logolkp/ky) at P (Kbar) avt
—3 —1 —1 3 ]——l

(moldm™) — (mm) — (M7s™D 30 o9 087 104 138 ‘lemmolD
In water
[Fe(CN)afein)] 2~ 0.0100 510 0.042 ~0.023 —0.062 ~0.081 +4.6
[Fe(CN)a(phen)]2~  0.0050 470 0.050 0.023 0.040 0.049 —2.1
[Fe(CN),(bipy)2] 0.0020 520 0.120 0.047  0.089 0.148 ~77
[Fe(CN)a(Me,bsb)]2~  0.0080 535 0.026 0.101  0.135 0.185 ~102
In 60% DMSO
[Fe(CN)a(phen)]2~  0.010 530 0.024 0.038 0.068 0.098 -3.6
[Fe(CN), (bipy)s ] 0.030 565 0.025 0051  0.076 0.098 ~8.3

from a value of —10 cm® mol™ for the complex
with the large and hydrophobic Me,bsb ligand to
+5 ¢cm® mol™! for ein, the smallest and least hydro-
phobic ligand. The former value is approximately
that expected for a bimolecular process in which
the solvation contribution to AV¥ is negligible. The
bipy and phen complexes, of medium size and hydro-
phobicity, have intermediate values, with the slightly
larger phen complex having the anticipated slightly
more negative activation volume. The importance
of charge is apparent if one compares AVF=_8
cm?® mol™! for peroxodisulphate oxidation of [Fe-
(CN),(bipy),] with the value of approximately
zero for the [Fe(CN)4(bipy)]?~ anion [1].

The effect of changing the solvent from water
to 60% (by volume) dimethy!l sulphoxide is negli-
gible for oxidation of [Fe(CN),(bipy).], but signifi-
cant, albeit rather small, for oxidation of the
[Fe(CN)4(bipy)]?>~ anion. This small medium effect
can presumably be attributed to compensation
between solvation contributions assignable to the
hydrophilic cyanide ligands and the peroxodisulphate
anion, and to the predominantly hydrophobic phen
ligand. We hope to pursue our investigation into
the role of solvation in this type of reaction by
establishing transfer chemical potential [9, 10] and
solvatochromism [10, 11] trends for the anionic
complexes, and by carrying out initial state—transi-
tion state analyses of reactivity trends, in mixed
solvents.
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