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Induced Electron Transfer in the Reaction of Hydroxyl Radicals with
Pyridinepenta-amminecobalt(ii1) Ion in Aqueous Solution

By MortoN Z. HorrMaN* and Davip W. KiMMEL
(Department of Chemistry, Boston University, Boston, Massachutetts 02215)

Summary The reaction of OH radicals with (NH,);CoIll-
py?*t (B = 6-5 X 108 M~ 1s71) at pH 5'2 yields Co%**; the
OH-adduct to the pyridine ligand, detected by pulse
radiolysis, undergoes slow first-order decay (k = 6-0 s71).

THE reaction of hydroxyl radicals, generated in the pulse
radiolysis of N,O-saturated solutions, with [(NH;);Colll-
PYHClO,); (6 X 107% M) at pH 5-2 revealed the formation
of a transient absorption (¢ = 6-5 X 108 M~s71) with Apax
320 nm (¢ 1800 M~ cm™?) that was virtually identical to that
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obtained from the addition of OH radicals to free py or
pyH*! The transient absorption decayed wia dose-
independent first-order kinetics with 2 = 6-0s7* to yield a
permanent product that showed a rising absorption at
A < 320nm. Continuous 8°Co 'y—radiolysis of N,O-satur-
ated solutions of 5—10 x 10~*M (NH,);Colllpy3+ at pH 5—7
(buffered with 1 mm phosphate) generated Co?*+ with
G(Co?t) = 4-4 4- 0-4. The extent of reaction did not
exceed 109;,.

The reaction of OH radicals with (NH,);Colpy3+ can be
postulated as generating, in the first instance, a ligand
radical co-ordinated to the CoIH centre through the addition
of OH to the aromatic system: (NH,),CollI(py-OH)3+
This intermediate decays in a first-order manner, unlike the
OH-adducts to py/pyH*? and (NH,);CollIQ,CPh?+,2 placing
an upper limit of ca. 10¢ M~1s~! for the rate constant of
bimolecular processes. Although the 43 charge of the
intermediate would cause the bimolecular specific rate to be
less than that exhibited by the (NHa)sCoHIOZCPh-OH'“"
species (2& = 9-3 x 10" Mm~1s71),2 the magnitude of the
effect appears to be in excess of that expected on strictly
electrostatic grounds.

Under conditions of continuous radiolysis, ca. 75%, of
€3 (G = 2-0) react with N,O to yield OH in addition to the

1 B. Cercek and M. Ebert, Trans. Faraday Soc., 1967, 63, 1687.
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OH radicals (G = 2-8) produced in the primary radiolytic
step; ca. 259, of e, (G = 0-8) react directly with the Colll
complex to form Co%*. Thus, the observed yield of Co?*+
cannot arise exclusively from the direct action of e,; we
have also shown that the reaction of H atoms with the com-
plex does not produce Co?t. The observed yield of Co*t+ can
only arise if the OH-adduct to the pyridine ligand under-
goes intramolecular electron transfer to reduce the metal
centre; no Co%t is formed from the reaction of OH with
(NH,);CollI0,CPh2t.2 The long lifetime of the radical
intermediate makes the species highly susceptible to
secondary reactions, such as with adventitious O,, com-
peting with its unimolecular decay.

Co-ordinated radical intermediates have been proposed
for induced electron transfer processes in a number of cases.4
Our results demonstrate that the OH radical, a very power-
ful one-electron oxidizing agent, can induce the reduction
of the metal centre of a complex through the intermediacy
of a co-ordinated ligand radical. We are currently ex-
amining in detail the characteristics of this and other co-
ordinated radical species.
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