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Quantum vyields for the redox decompaosition of cis-[Co(en),(pvp)X]2+ [en = ethylenediamine; pvp =
poly(vinylpyridine), X = Cl or Br] ions are significantly affected by the presence of the macromolecular

ligand.

Photoirradiation of cobalt(1i1) ammine complexes in the charge
transfer from the ligand to the metal band results in the reduc-
tion of the metal centre by the ligand.! It has been observed
that the excited state processes of cobalt(uir) complexes leading
to product formation are influenced by the solvent media.? In
particular water molecules surrounding the excited states

appear to play an important role in the formation of cobalt(ir)
ion from the excited state.?:* In order to investigate the redox
properties of co-ordination compounds with macromolecular-
ligands we have prepared co-ordination compounds with poly-
(vinylpyridine) and report the photochemical properties of the
macromolecular complexes.
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Poly(vinylpyridine) condensed with zrans-[Co(en), X, ] (en
= ethylenediamine) (X = Cl or Br), to produce the macro-
molecular complexes (1) and (2). Complexes (3) and (4) were
synthesized as described in the literature.®* Aqueous solutions
of the polymeric and monomeric complexes in 0.1 M HCIO,
were irradiated at 315 nm using a 300 W EIMAC xenon lamp.
Cobalt(m) ion produced during the photolysis was estimated®
and the quantum yields for cobalt(n1) formation are summar-
ized in Table 1; for the complexes with polymeric ligands the
number of cobalt centres co-ordinated to the polymer for a
given number of pyridine sites in the macromolecular chain
was varied and the quantum yields for cobalt(i1) were deter-
mined. Flash photolysis of the monomeric and polymeric
complexes showed transients and their absorption spectra
exhibited maxima around 340 nm for (1) and (3) and at 360 nm
for (2) and (4) in excess of Cl— and Br— respectively. Flash
photolysis of both monomeric and polymeric complexes
yielded transients with Aypax 340 nm [due to Cl,—, from (1) and
(3)] and 360 nm [due to Br,™, from (2) and (4)] indicating
charge-transfer (C.T.) breakdown on exciting in the Co'" X~
C.T. band (Scheme 1).

Table 1. Quantum yield for cobalt(if) formation from mono-
meric and polymer cobalt(ii1) complexes, excitation wavelength
315 nm.

Complex 9% of complex® P(Co?t)a
(3) — 0.0124
42.30¢ 0.0130
(1) 9.95 <0.003
12.20 <0.003
16.44 0.0078
37.44 0.0093
@ — 0.062
30.00¢ 0.067
(2) 2.65 0.0160
4.00 0.0210
5.60 0.0224
6.70 0.0230
19.20 0.0252

a Average from three experiments: deviation -+109%. ® 9 of
pyridine units in pvp bound to cobalt(iir) complex: determined
by reducing the bound cobalt(ii1) and estimating the cobalt(ir)
in a given sample of the polymeric complex. ¢ Concentration of
pvp added: expressed as 100 ¢/(c + p) where c is the concentra-
tion of the cobalt(il) monomeric complex and p the moles of
pyridine units in the pvp.
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It is well known! that cobalt(in) ammine complexes on
irradiation in the charge transfer-to-metal band undergo redox
decomposition. What is of particular interest is that with the
change in the number of cobalt(ii) centres present in a macro-
molecular chain the quantum yield for cobalt(i) is affected.
The absorption spectra of the monomeric complexes and the
polymeric complexes are almost identical above 250 nm and
the excited states produced on optical absorption should have
very similar electronic structure. For the monomeric com-
plexes there is no concentration effect on the quantum yield
and, as seen from Table 1, addition of macromolecular ligand
to the solvent medium does not affect the cobalt(i1) quantum
yield.® Thus the quantum yield variation for cobalt(tr) ob-
served for the macromolecular complexes as a function of the
extent of metal co-ordinated to the polymer should be attrib-
uted to the polymeric environment around the photoreactive
excited state. At 315 nm only the cobalt(iir) complex absorbs
and poly(vinylpyridine) has negligible absorption.

The macromolecule poly(vinylpyridine) is known?® to be
present in solution in a coiled structural form and the number
of solvent water molecules present around the cobalt(ir)
complex depends on whether the cobalt(in) centre is buried
inside the polymer coil or is at the outer edge of the coil where
more water molecules are present around the complex ion.?
With more cobalt(i) centres bound to the macromolecular
chain the macromolecule would assume a more linear chain
structure since the greater number of dipositive cobalt(1ir)
complexes present in the chain would tend to repel each other.
As a consequence more water molecules would be present
around the linear chain than around the coiled macromole-
cules. Thns the decreasing cobalt(i) quantum yield with de-
crease in the extent of condensation of the metal complex to
the macromolecule indicates that water molecules around the
excited species of the cobalt(ir) complex induce the formation
of cobalt(11) ion from the excited state,

The charge-transfer excited states of cobalt(iir) complexes
do not emit, the lifetimes are probably less than 10~°s, and the
redox reaction probably occurs as fast as solvent relaxation
itself around the excited state. Involvement of water molecule
in the formation of cobalt(nn) ion occurs within this time
domain. There are not many reports’ on the photochemistry
of co-ordination compounds with macromolecular ligands and
from this study it appears that redox reactions in macromolec-
ular media similar to biological systems are influenced by the
environment,
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