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1,1- Dipropyl- 4,4- bipyridinium diiodide(PVZ* -217) in a
series of polyethers (PEOs, HO- (-CH:CH:0-), -H, n= 1~
14)' gave an intermolecular charge- transfer spectrum, which
shifted to longer wavelength with larger absorbance in less
polar medium, in the visible region. An increase in
temperature resulted in an increase in absorbance as a result of
an ion- dipole interaction beiween PV?* cation and polyether
solvent.

Polyethers such as poly(ethylene oxide) and poly-
(propylene oxide) have recently received a great deal of
attention as polymer solvents because of their potential
applications to solid- state batteries and other solid- state ionic
devices as well as because of the many unanswered
fundamental questions and interesting observations on ion
solvation and ion transport in these polymers.®

In this communication, we first report on intermolecular
charge-transfer(CT) spectra of 1,1'-dipropyl-4,4'-bipyridinium
salts (PV2*-2X~, X~ =1", Br~, Cl™ and ClO47) in a series of
PEOs. The dependences of the CT spectra on the anion (X7) as
well as the number (n) of the -CH2CH:0- unit are
demonstrated on the basis of the observed correlationships
between absorption maximum wavelength A ... (and
absorbance Abs ( X =ax)) and molar fraction (fou) of terminal
hydroxyl (OH) groups. :

10 mM(1 M = 1 mol dm~2) PV3*-2X "~ was dissolved in
each of PEOs in a closed drybox flushed with N2 gas dried
over silica gel and P2Os powder, and then the solutions were
dried under reduced pressure at 50-60 T for 24 h. The UV- vis
spectra of the prepared PEO solutions were measured using the
closed quartz cell with light- path length of 1 mm.

Figure 1 shows typical spectra for the PEO4o o solutions.
The CT band position shifted to shorter wavelengths ( “blue
shift”) by changing the anion of the PV?*-2X"™ salts from I~ to
Br~, Cl7, and ClOs~. The PV?* 21~ solution gave a well-
defined absorption peak at 428 nm (a). The absorption for the
PV?* -2Br ~ solution was only partially visible (b), due to
occultation by the absorption of the bipyridinium ring. For the
PV?* -2X~ (X~ = C1~ and ClO4"), no absorption peak was
observed in the visible region (c, d). These facts can be
expected, since the oxidation potential of the anion donor
increases in the order of I", Br~, C1™ and Cl04~,® and a CT is
essentially dependent on the oxidation potential of the donor.*
At the same time such a donor- dependence of CT band
position means that the observed CT is an intermolecualr
process. This type of CT absorption has also been previously
observed for CT complexes of 4, 4'- bipyridinium ions with
ionic (or neutral) organic compounds or inorganic ions.®~?
Another direct evidence that electron is transferred from I” ion
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Figure 1. UV- vis spectra of 10 mM PV?*-2X~ (X~ : (a) I~,
(b) Br7, (¢) C1” and (d) ClO4+™) in PEO4oo and (X~ :(e) I” in
H-0 at 25 U. The inset represents a CT spectrum of 1 mM KI
in PEO4so0.

to the PV?* ring is a red shift of the CT peak for PV?* - 21~
compared with that for KI (the inset in Figure 1), showing that
PV*®" jon greatly enhances electron excitation of iodide anion.
The absorption maxima at 295 and 375 nm are considered to
correspond to an electron- transfer process: I” — I + e~ as in
the case of KI in water ( A max = 193.7 and 225.9 nm).' !!
The different A m.. values (i.e., ca. 360 and 428 nm) for
PV?*+2I" in H»O and PEO4¢o0 are also remarkable (a,e). Such
differences in 1 ma in PEOsoo and HoO are due to the
different polarity of both solvents.

We found the correlationships between A m.. (and Abs
( Anw)) and n or fou in a series of PEOs (Figure 2). The
fou is considered an empirical measure of solvent polarity.'®
Thus, a significant increase in Abs ( A max) with decreasing
fon possibly suggests that solvent polarity is of great
importance in solvation of PV?* and I~ ions and the
association between them increases as the polarity of the
medium decreases. The A ... shifted to longer wavelengths
with decreasing fou (“red shift ”), indicating that the CT
energy decreases with decreasing solvent polarity (which
results in a decrease in solvation energy of PV?* and I~ ions).
These observations agree with the expectations for ion- pair CT
complexes:®* % '* The CT involves a charged ground state
and a neutral excited state. A charged ground state would be
more stabilized by solvation in solvent of higher polarity, and
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Figure 2. Correlationships between X max (and AbS( A mux))
and fon in a series of PEOs.

CT absorption would be shifted to higher energies as the
polarity increases. Here, it should be noted that in the present
PEO media, contrary to the CT absorption so far reported for
usual media,® ® '* increasing temperature (T') resulted in an
increase in Abs( A max). This is because at higher T an ion-

dipole interaction, which is proportional to T ','® between

PV?* cation and polyether solvent becomes weaker and thus
PV?* cation is less favorably solvated, that is, the formation of
ion- pair CT complex of PV?* cation with I~ anion becomes
more favorable. This is supported by recent electrochmeical
studies concerning the dissolution and diffusion of alkyl
viologen dihalides in polyethers.'®

In conclusion, the intermolecular CT spectra of the PV?* -
21" complex in PEOs have, for the first time, been observed in
the visible region. The results demonstrate that the association
between PV2* and I” ions increases as the solvating power (or
polarity) of the medium decreases, resulting in a stronger
absorption peak at longer wavelength in less polar medium.
Therefore, like “Z - value” proposed by Kosower,'® who
utilized the CT transition energy for 1-ethyl-4-
carbomethoxypyridinium iodide as a standard of solvent
polarity, the A ..x values obtained can be used as a novel,
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quantitative measure of the polarity and solvating power of
polyether media. The detail is now under investigation.
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