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Complexes of alkali metal ions with
poly(ethylene oxide)

We wish to report the preparation of crystalline com-
plexes of sodium and potassium salts with poly(ethylene
oxide). The preparation of complexes of poly(ethylene
oxide) with mercuric chloride has previously been
reported! and their structures have been determined?. 3.
The effect of certain alkali metal salts on the dilute
solution viscosity of poly(ethylene oxide} has been
studied by Lundberg et al?. The latter workers also
observed that the dissolution of potassium iodide in
poly(ethylene oxide) disrupts the crystallinity of the
polymer producing an elastomeric material at room
temperature. Recently, Valenti er al.% have studied the
depression of the melting point of nylon-6 by lithium
salts.

When solvent is evaporated from a methanolic solu-
tion of sodium iodide and poly(ethylene oxide) in the
proportions of I mol of sodium iodide to 4mol of
ethylene oxide repeating unit, a highly crystalline
material is formed. As the material crystallizes the
growth of spherulites may be observed in the usual
manner through the polarizing microscope. The spherul-
ites melt at a temperature of about 200°C (as compared
to ~65°C for the pure polymer) and the X-ray and infra-
red spectra of the complex differ markedly from those
of pure poly(ethylene oxide). Sedium and potassium
thiocyanate similarly form highly crystalline complexes
having high melting points (~170°C) from solutions
having the same molar proportions (I to 4) of salt to
repeating unit. This stoichiometry was observedl 2 for
the mercuric chloride complexes. However, a stoichio-
metry of I mol of salt to | mol of repeating unit as also
observed? for the latter case has not been found for the
alkali metal jon complexes. Alkali metal salt added in
excess of 20mol % of solids is recrystallized as the pure
salt, the characteristic peaks of the salt appearing on
X-ray spectra of the complex.

Potassium and sodium chlorides and bromides and
potassium fluoride do not appear to form solid com-
plexes although these salts take the polymer into solution
in methanol at room temperature as observed by Lund-
berg er al 4. The chlorides and bromides are recrystallized
from solution in well defined dendritic forms and the
potassium fluoride in a finely divided form. Rubidium
and caesium salts and lithium iodide and bromide
similarly interact with the polymer in solution. Only
with lithium iodide was spherulitic crystalline material
observed and its nature is yet to be ascertained. The
size of the cation may be a critical factor in the formation
of complexes with poly(ethylene oxide).

The complexes can be drawn into highly oriented
fibres and preliminary structural investigations show
that the fibre repeats are reduced with respect to that
of the pure polymer as found for the mercuric chloride

Wright et al., Polymer, 14, 589 (1973).

complexes. For example, for the KCNS complex
¢=81A as compared with the literature value! 19-25
for the pure polymer, The work of Iwamoto et al.2?
and the extensive studies®-® of alkali metal ion-cyclic
ether complexes, indicate that the ether oxygen atoms
interact directly with the cations and not with the
anions as suggested by Lundberg er al. in their solution
study®. Similarities in the infra-red spectra of the
poly(ethylene oxide) complexes and the cyclic ether
complexes® suggest that the cations may be similarly
disposed towards the oxygen atoms.

The electrical conductivity of the potassium thio-
cyanate complex is very sensitive to temperature and
increases markedly as the degree of crystallinity is
reduced. Work is continuing on the structure and
properties of these complexes and their solutions.

D. E. Fenton

Depariment of Chemistry,
University of Sheffleld,
Sheffield 510 2TN, UK

and J. M, Parker and P. V., Wright

Depariment of Glass Technology,
University of Sheffieid,
Sheffield $10 2TZ, UK

(Received 21 August 1973)
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Pressure dependence of P and v
dispersion for polyethylene by n.m.r.

Polyethylene has three dispersion regions over the
temperature range from — 150°C to the melting tempera-
ture and they are called «, § and ¥ dispersion in the order
of descending temperature. Pressure dependences of these
dispersions have been studied by some investigators’. 2,
Wada er al! measured the pressure dependence of the
ultrasonic longitudinal wave velocity and found breaks
in the curve. Kijima ef al.! measured the pressure

PEO-Lilg#E &AM Eith s D rIgETE (1979)
(M. Armand )
Proceedings of the International Conference on Fast lon
Transport in Solids, Electrodes, and Electrolytes
éFast lon Transport in Solids: Electrodes, and Electrolytes) p
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