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Initial State and Transition State Solvation in the Peroxodisulphate
Oxidation of Dicyanobis(2,2'-bipyridyl)iron(ir)t

By MicHAEL J. BLANDAMER and JoHN BURGEss*
(Chemistry Departiment, University of Leicester, Leicester LE1 TRH)

and RoBERT I. HAINES,
(Chemistry Depavtment, University of Victoria, Victovia, British Columbia, Canada V8W 2Y2)

Summary Solvent effects on the kinetics of peroxodi-
sulphate oxidation of dicyanobis(2,2’-bipyridyl)iron(11),
[Fe(bipy),(CN),], in aqueous methanol have been analy-
sed into initial state and transition state components;
the latter dominate the observed reactivity trend.

SOLVENT effects on reactivity have been analysed into
initial state and transition state contributions for several
substitution reactions. Both enthalpy data for t-butyl
chloride solvolysis! and volume data for benzyl chloride
solvolysis? show dominance of initial state solvation effects.
The same conclusion has been reached (from Gibbs free
energies and chemical potential data) for the Menschutkin
reaction of trimethylamine with methyl iodide?® and for the
reaction of tetraethyltin with mercury(11) chloride.# How-

t No reprints available.

ever, initial state and transition state effects are of com-
parable importance in the Menschutkin reaction of p-
nitrobenzyl chloride with methyl iodide and in reactions
of tetra-alkyl-lead compounds with iodine.? Initial state
solvation effects are again dominant for the reaction of
[Pt(bipy)Cl,], bipy = 2,2’-bipyridyl, with thiourea® and in
the mercury(11)-catalysed aquation of the [ReCl;]®~ anion,
but initial state and transition state solvation effects are
both important in the mercury(i1)-catalysed aquation of the
[Co(NH,);Cl]?* cation and in the reaction of the [Fe(bipy),]%*
cation with cyanide.® Here we describe the first analysis
of solvent effects into initial state and transition state
components for a redox reaction of an inorganic complex,
the peroxodisulphate oxidation of the low-spin iron(1r)

(Fe(bipy)s(CN),].
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The peroxodisulphate oxidation of [Fe(bipy)y(CN),]
follows second-order kinetics;? second-order rate constants
(k,) in aqueous methanol and in water are shown in the
Table. Gibbs free energies of transfer of the peroxo-

TaBLE, Initial state and transition state contributions to
reactivity in the peroxodisulphate oxidation of [Fe(bipy),(CN),]
in aqueous methanol

% Methanol (volume) 0 20 40 Ref.
1034, /dm3mol-! s—1 600 &6 15 7
104 solubility [Fe(bipy)y(CN),]1/

mol dm—2 1-8 132 744

. dmp @ [Fe(bipy),(CN),]/k] mol—* —49 —92

3mp® (S,04) /kJ mol-1 +4  +9 8
..dmp @ (initial state)/kJ mol—? —09 —02
dmAGt/k] mol-! +569 491

s Ompt/k] mol-! +50 +89

sulphate anion, §mu® (S,0427), have been estimated from
solubilities of potassium peroxodisulphate® and published
values for §yp® (K+)? (and therefore depend on the assump-
tions used in establishing single ion values here). Solu-
bilities of [Fe(bipy),(CN),] in water and in methanol +
water mixtures have been determined by atomic absorp-
tion spectroscopy. Hence, Gibbs free energies of transfer
for this compound and for the initial state of the redox
reaction have been calculated. The transfer function
SmAG?* has been calculated from the rate constant variation,
and hence the transfer function for the transition state,
Ompt, calculated. All these values are included in the
Table, and their variation with solvent composition illus-
trated in the Figure.

The stabilisation of the iron(ir) complex on adding
methanol to aqueous solution is matched by the destabi-
lisation of the peroxodisulphate anion. Thus, the net
solvent effect on the initial state is very small. The
observed marked decrease in rate constant as the pro-
portion of methanol increases must therefore reflect a
marked destabilisation of the transition state. Thus,
here transition state solvation effects are much more
important than initial state solvation effects. This is a
novel situation; in all the substitution reactions analysed
so far initial state effects are either dominant or comparable
in magnitude to transition state effects.
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FIGURE. Analysis of the initial state and transition state

solvation contributions to the peroxodisulphate oxidation of
[Fe(bipy)s(CN)s]-

The reason for the marked destabilisation of the tran-
sition state as the proportion of methanol increases is not
clear. If the outer-sphere peroxodisulphate-complex
electron transfer takes place from the periphery of the
bipyridyl ligand, then the increasingly favourable solvation
of this hydrophobic region in increasingly methanolic
mixtures would make peroxodisulphate approach, and
thus transition state formation, more difficult as the
proportion of methanol in the solvent medium increases.
It would seem desirable to analysesolvent effects on peroxo-
disulphate oxidation of, say, the other members of the
series [Fe(bipy)s]2t, [Fe(bipy)(CN),]*~, and [Fe(CN)g]*,
before making final comments on solvation effects on this
type of reaction.
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