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Summary: Inatight molecular solid made of
poysacdaride ad water, a very conventional
eledrochemical readionstook dacefor the first time the
same as in a pure water. Photoinduced eledron transfer
from Ru(bpy)s>" to methylviologen (MV?") took place
also in this lid by a dynamic mechanism.

In chemicd readions taking placein aliquid,
diffusion of readantsis of primary importance Chemicd
readions can also take placein asolid, but in such case
the readants do not diffuse & all or move only slightly, so
that chemicd readionsin asolid are usually entirely
different from those in a pure liquid. If chemicd readions
can ocaur in astable and tight solid the same ain apure
liquid, it leads to new and wide goplicaions. We have
now found that eledrochemical and photochemicd
readionsin tight and stable solids made of polysaccaide
and water can take placethe same asin water. Asfor the
polysaccharide, « -Carrageenan® and agarose” were used.

Eledrochemical behavior of redox moleaulesin thin
polymer films and gels coated on an eledrode has been
investigated™**2, but they have been studied in the
presence of outer eledrolyte solution. The diffusion
coefficient (D) of the redox substrate in these films or
solids coated on an eledrode has usually been very small®
12 Entirely solid state voltammogram by using a
conventional three éedrode system has not been
adhieved yet. We have succeeded in achieving
eledrochemical readionsin atight molecular solid made
of paysaccharide and water. In this lid very
conventional eledrochemicd readion and measurement
could be performed using a normal three éedrodes
system the same as in pure water without any outer water
phase and vessel, and the dedrochemicd readivity and
diffusion of the redox compound were the same ain pure
water.

Four weight % & -carrageanan powder was put in
pure water, and heaed to entirely solubili ze the material.
After cooling the dea solution to room temperature, a
tight, elastic and clea solid was obtained. In preparinga
1 wt% agarose/water (4ml) solution, tris(2,2"-bipyridine)
ruthenium(l1) dichloride (Ru(bpy)s®") and KNO3 were
added so as to have their concentration 1 mmoldm™ and
0.1 moldm, respedtively. In aviscous gate of the
mixture before entire aoling, transparent indium tin
oxide (ITO) working, platinum counter, and Ag-AgCl
reference dedrodes were soaked in the solution. The
cyclic voltammogram in the solid shows almost the same
feaure asin aliquid water including redox potential, peak
separation, and pe& currents. The D value of the Ru
complex in a1 wt% agarose solid (5.88x10°cm?s?) was
the same order of magnitude asin aliquid water (4.28x10
6cm?s™). In a Nafion film containing adsorbed Ru(bpy)s*
in the water phase in the hydrophili ¢ column coated on an
ITO eledrode and soaked in a 0.1 moldm™ KNO;
agueous lution, D was 10*° cm?s™ , four orders
magnitude lower than that in the bove solids.

To investigate photochemical readion in the solid,
eledron transfer from a photoexcited state Ru(bpy)s”* to
methylviologen (MV?*) was studied in the polysaccharide
solid containing a large excess water. Eledron transfer
from a photoexcited Ru(bpy)s**to MV? in adry solid

matrix was first reported by one of the present authors by
adsorbing the mmpounds on a cél ulose shee™, and the
mechanism of such electron transfer in adry polymer
solid phase has later been established to be astatic onein
which the readion components do not move & al for the
eledron transfer to accur***>. Now in a2 wt%
carrageanan /water solid containing both Ru(bpy)s®* (50
© moldm™) and MV?* (from 50to 400 moldm’®),
eledron transfer from the photoexcited Ru(bpy)s** to
MV?" was investigated under irradiation with the
wavelength of 453 rm ( A e at 25°C. The Stern-Volmer
plots‘**® of the relative emission intensity (1o/l, where lo
isthe emisson intensity at 627 nm without MV?* and |
with MV/?*) from the photoexcited Ru complex as well as
relative emission lifetime (c o/ = )( ¢ 0 beingthelifetime
without MV/?") in the carageenan solid are obtained, and
both the plots of 1o/l and = o/ = fell on almost the same
line showing that the dedron transfer takes placeby a
dynamic mechanism***® in which the molecules at first
diffuse and read after colli sion. The second order rate
constant of the dedron transfer obtained by dividing the
slope of the plots by t 0(447ns), 4.54x10° dm®mol*s?,
isamost a diffusion-controll ed value, and even one order
of magnitude larger than that in a pure water (3.1x10°
dm®mol™s?). Onthe ontrary, a static mechanism took
placein both dry and wet Nafion films containing
adsorbed Ru(bpy)s** and MV?* for which the Stern-
Volmer plotsbased on = o/ ¢ gave no sope.

The polysadhrideis supposed to form a moleaular
network that contains a large amount of water.
Applicaions of these solid state dedrochemistry and
photochemistry to photoeledrochemical devices are now
under way.
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