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Spectroscopic and Viscosirnetric Studies of Aqueous Polyethylene 
Oxide Solutions 

By M. F. Fox, E. POWELL,* and J .  W. STAFFORD 
(Chemistry Department, Leicester College of Technology) 

and M. J. BLANDAMER 
(Chemistry Department, University of Leicester) 

As part of a general investigation into the proper- 
ties of aqueous solutions containing polyethylene 
oxide (PEO, Polyox Resin, ex Union Carbide, 
Mv = 2-98 x lo5), we have examined the vis- 
cosities of the three-component system, water 
+ alcohol + PEO. Our results may be compared 
with those for other polymer + water + alcohol 
mixtures1,2 and linked to a model for the aqueous 
PEO solution. 

- 

The properties of the systems PEO + water, 
and water + t-butyl alcohol show the following 
trends :- 

Addition of PEO to water at 25" results in a 
very marked increase in viscosity, e.g. 
0.133'36 by weight PEO increases viscosity 
by 47-6:&. Indeed, a solution containing 
>3% by weight PEO is difficult to  pour. 
A similar, though much less marked 

(a )  
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increase in viscosity occurs when t-butyl 
alcohol is added to water over the range 
0 < x2 G0.1,  where x2 is the mole fraction 
of alcohol; e.g. 7.76% by weight (x2 = 0-02) 
of t-butyl alcohol increases the viscosity 
by 48.2%. 

Addition of O-l% by weight of PEO to 
water containing potassium iodide (2 x 
1 0 - 4 ~ )  results in a slight shift of ( 3 0  
cm.-l to higher energies of the charge- 
transfer-to-solvent (c.t.t.s.) absorption band 
of iodide ion. When compared with 
concentrations of t-butyl alcohol required 
to give a similar increase in viscosity in 
water, this is a much smaller shift in the 
c. t . t .s. band .3-5 

The relative intensities of the absorption 
bands at  1-556 and 1 . 4 1 6 ~  (assigned 
respectively to “bonded” and “free” O-H)‘j 
in the spectra of HOD (6  M) in D,O were not 
comparably affected by added PEO. Also 
D20 was much less sensitive to addition of 
PEO than to t-butyl alcohol (0 < x2 < 0.03 
or 0 < wt % c 1 1 . 3 )  when compared to 
changes in vis~osity.~ 9’ 

Addition of PEO has little effect on the 
lH n.m.r. spectra of water, and the spectra 
due to the protons of the polymer were 
unaffected by increase in PEO concentra- 
tion. This confirms observations reported 
by Kang-Jen Liu.* In contrast, addition 
of t-butyl alcohol shifts the water proton 
resonance initially to .lower  field^.^ 

Recent summaries of the thermodynamic, spec- 
troscopic and ultrasonic absorption properties of 
monohydric alcohol-water mixtureslO have 
shown that in dilute alcohol solution, the structure 
resembles a liquid clathrate hydrate. However, 
the results for the PEO system indicate neither a 
comparable structure enhancement nor the general 
breakdown of water structure found when methyl 
cyanide is added.12 

The effect of added alcohol and PEO was further 
probed by measuring the intrinsic viscosity, [q], 
and Huggins constant, k’, for the three-component 
system PEO-water-alcohol (Figure). When t- 
butyl alcohol or n-propyl alcohol was added, [q] 
first increased and then decreased to  a minimum 
at x2 = 0-0375 and 0.09 respectively. The 
Huggins constant shows a reversed trend in both 
systems. A similar trend in [q] and k’ occurs for 
aqueous solutions of polyvinyl alcohol containing 
n-propyl alcohol, with a fall in [q] where k’ shows 
an increase at  x2 = 0-09.l Methyl alcohol added 

to aqueous solutions (at pH 3.0) of polymetha- 
crylic acid produces a minimum in [q] near x2 = 
0.1 5.2 
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FIGURE. Variation of inhinsic viscosity and Huggins 
constant with mole fraction of alcohol. x ; water- 
q!wopyl alcohol. 0 ; water-t-butyl alcohol 

Aqueous solutions of PEO exhibit a lower 
critical solution temperature,13 and in this solvent 
the polymer has the gauche ~0nfiguration.l~ In 
this form, molecular models show that alternat? 
oxygen atoms are spaced approximately 4.8 A 
apart. Warner has shownu that this repeating 
distance is extremely important in the structures 
of biochemically important macromolecules, since 
this is the next nearest neighbour distance between 
oxygen atoms in the ice Ih structure. Therefore, 
in aqueous solutions, PEO may be linked substitu- 
tionally into the water lattice. However, no such 
comparisons with the structure of water can be 
drawn in the cases of polymethylene, polytri- 
methylene, and polytetramethylene oxides of high 
molecular weight, all insoluble in water. 

In the three-component systems PEO + alcohol 
+ water, the alcohol initially enhances water-water 
interactions, but i t  is suggested that water-polymer 
interactions are diminished.ls A competition 
between alcohol and polymer for accommodation 
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within the clathrate structures is envisaged. In 
alcohol + water systems, clathrate sites are most 
fully occupied by alcohols when the partial molar 
volumes of alcohol in water are a t  a minimum 
(x2 = 0.15 for methyl alcohol, 0-09 for n-propyl 
alcohol, and 0.0375 for t-butyl alcohol). At these 
values of x2, [q] for polymer-alcohol-water systems 
is found to be a minimum. 

At higher concentrations of alcohols, the simple 
hydrate clathrate structures break up and, 
following the development of an excess ultrasonic 

absorption, a number of equilibria between 
different hydrate clathrates have been envisaged.u 
In these systems, past the minimum in [q], the 
polymer chain is more flexible, and the subsequent 
increase in [q] following the addition of more 
alcohol is expected from the rheology of the 
system.16 

We thank Professor M. C. R. Symons for helpful 
discussions. 
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