
INTRODUCTION

Polyethylene oxide (PEO), sometimes referred to as poly-

ethylene glycol (PEG), is the most familiar of the above men-

tioned polymers. Its low toxicity and pseudo plastic properties

produce unique benefits for all kinds of applications1 e.g., it is

used in contact-lens fluid; detergents and lotions, as adhesive,

as thickener in acid cleaners and for drag reduction, foam

stabilization, lubrication and oil-well flooding. At room

temperature polyethylene oxide is miscible with water in all

proportions. It is interesting to note that poly(methylene oxide)

(PMO), which contains a larger portion of hydrophilic ether

oxygen, is neither soluble in water and nor in poly(trimethylene

oxide) (PTMO). It has been argued that the exceptionally good

water solubility of polyethylene oxide stems from its confor-

mation that allows a hydrating water molecule to bridge two

ether linkages2-4. Upon heating, an aqueous polyethylene oxide

solution eventually becomes hazy, i.e., it exhibits a lower critical

solution temperature (LCST). The LCST is usually called cloud

point or clouding temperature. At the cloud point a micro phase

separation takes place in a polymer-rich phase and a water-

rich phase. It is believed to arise from a breakdown of the

protective hydration sheath of the polymer5,6 in pure water,
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the cloud point of a polyethylene oxide solution is near the

boiling point of water. Addition of most salts lowers this tempe-

rature. Polyethylene oxide has gained popularity, especially

in polymer-micelle research. The isomeric polymers PVME

and PPO are much more hydrophobic than polyethylene oxide,

though they are still soluble in water. For instance, PPO and

PVME are also soluble in all kinds of organic solvents7]

whereas polyethylene oxide is not. In contrast to PVME, the

water solubility of PPO is limited to low molecular weight

samples (mw < 1500).

Florin et al.8 have concluded from a comparison of theore-

tical calculations and experimental viscosity data on PPO that

this polymer (which is rather an oligomer) exists in aqueous

solution as a tightly coiled disk with most of the hydrophobic

methyl groups in the center of the coil. In a polar solvent like

benzene the disk is uncoiled and a looser Gaussian coil confi-

guration is formed. This uncoiling may also play a role in the

binding of PPO chains on the micellar interface. Saeki et al.9

have compared the heats of mixing of PPO with water with

those of polyethylene oxide and concluded that for both polymers

hydrogen bonds between water and oxygen chain atoms are

formed almost quantitatively6. Polymeric aggregates are shell

like structure formed from the self assembly of amphiphiles
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in a solvent. In water these micelles are characterized by

hydrophobic core shielded from external medium from

hydrophilic shell. This particular type of aggregates has been

studied extensively to improve aqueous solubility of hydro-

phobic therapeutic agents2.

The aggregation behaviour in aqueous solutions can be

initiated at a given temperature by increasing the concentration

beyond the critical aggregation concentration. In dilute solution

spherical aggregates are formed while in concentrated solution,

the spherical aggregates are oriented in super structure like

body centered cubic, face centered cubic, hexagonal arrays of

micelle and lamellar structure are formed3-6,8,9.

The present study has been undertaken to investigate in

detail the association behaviour of poly(ethylene oxide) in

aqueous solution using viscosity and density studies. The effect

of temperature and molecular mass on various parameters,

viz.; micellar density, partial specific volume, inter particle

interaction parameters and number of water molecules attached

with the single molecule have been monitored and explained.

EXPERIMENTAL

Density and viscosity measurements: Solutions of diffe-

rent concentration were prepared in water for densitometry

and viscometric studies. Stock solution of polymer was

prepared of 20 g/L. From this stock solution about fifteen other

solutions were prepared by dilution method. Density and visco-

sity of dilute aqueous solution of polymers were determined

in the temperature range of 20-50 ºC, with the help of Stabinger

Viscometer G2 ( SVM3000/G2 ) supplied by Anton Paar. SVM

combines the accuracy of conventional capillary viscometers

with the speed and ease of use of Anton Paar, s world leading

digital density meters.

The instrument has different measuring modes; each has

its own importance. We used M3 mode for our work, in which

viscosity can be measured over wide range of temperature

(with interval of 10 ºC) for a single solution. The instrument

has automatic temperature controlled system. First the sample

cell (ca. 3 mL) was cleaned, washed, dried and then it was

injected through the filling inlet with the help of disposable

syringe and pressing the enter key of the instrument, it auto-

matically start measuring viscosity and density over the given

range of temperature. After 10 min the results were displayed

on the instrument screen. After each measurement the sample

cell were cleaned and dried with the air pump. In order to

measure viscosity and density over a wide range of concen-

tration, we diluted the stock solution and results were obtained

by repeating the above procedure. The instrument directly gave

the values of density, dynamic viscosity and kinematics viscosity.

RESULTS AND DISCUSSION

Density measurement of polyethylene oxide solution:

Density of polyethylene oxide having molecular mass 2000

6000 and 35000 g/mol were determined and plotted as a function

of its concentration (Figs. 1-3). These figures show a little

increase for density as the concentration of polyethylene oxide

increases. The partial specific volume of the aggregates of

polymer (νagg) were determined by relation given below from

the solution density, [9f]
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Fig. 1. Plot of solution density of polyethylene oxide verses temperature

having molecular mass 2 K at different temperature
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Fig. 2. Plot of solution density versus concentration of polyethylene oxide

having molecular mass 6 K at different temperature
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Fig. 3. Plot of solution density versus concentration of polyethylene oxide

having molecular mass 35 K at different temperature

)C)(1( aggsolvaggsolvlnso ρν++ρ=ρ

Thus by plotting solution density of polymer versus its

concentration (Figs. 1-3) the intercept gives solvent density

(ρsolv) and from the slope partial specific volume of aggregates

(νagg) of polymer were obtained. The inverse of the partial
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specific volume gives density of aggregates (ρagg) of polymer.

These results (Tables 1-3) show that there occur somewhat

increase in the partial specific volume of the micelle with

increasing temperature. The effect can be consigned to the

enlargement of polymer chain by increasing the temperature.

This is also supported by the corresponding decrease in

micelle density (ρmic)
10.

Intrinsic viscosity and activation energy: Viscosity measu-

rements were applied to determine the intrinsic viscosities and

other valuable parameters which give helpful information

about the hydrodynamic properties of the polymer micelle10.

For that we first determined the dynamic viscosity of polymer

poly(ethylene oxide) having molecular mass 35 and 6 K directly

from the instrument and was converted to relative viscosity

according to the following formulae.

Relative viscosity 
sov

sol
r

η

η
=η (1)

The relative viscosity ηr was used to determine the specific

viscosity and in turn reduce viscosity was also calculated by

using relation (2) and (3), respectively.

Specific viscosity ηsp = ηr – 1 (2)

Reduce viscosity ηred = ηr – 1/conc. (3)

The intrinsic viscosity [η] and interaction parameter (KH)

for polymer at different temperature were obtained from graph

as per using the Huggins relation given below11

C][KH][
C

2sp
η+η=

η
(4)

Reduced viscosity (ηsp/C) of polymer was plotted against

its concentration (Figs. 4-6) and intrinsic viscosity [η] was

obtained from the intercept and KH from the slope.

When the solution concentration approaches zero, then

the intrinsic viscosity is defined by the following formula12

C
ln0Clim

C
Clim][ rsp

0

η
−=

η
−=η (5)
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Fig. 4. Typical plot of reduced viscosity of polyethylene oxide (2 K) at

30 ºC
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Fig. 5. Typical plot of reduced viscosity of polyethylene oxide (6 K) at

30 ºC

Tables 1-3 shows that values of intrinsic viscosities of

polymer decrease with the temperature which is according to

our expectation (Figs. 7-8). The values of interpartical inter-

action parameter are positive which indicate strong interaction

TABLE-1 

SYNOPSIS OF VISCOMETRIC AND DENSITOMETRIC RESULTS FOR POLY(ETHYLENE OXIDE) (2000) 

T (ºC) ρsolv (g/mL) ρ(soln.) (g/mL) νagg (mL/g) [η] (mL/g) KH (mL/g) WH (g/g) 

20 0.9974 0.9978 1.002205 1.15 0.0015 -0.54 

30 0.9956 0.9963 1.003714 1.13 0.0038 -0.54 

40 0.9923 0.9922 1.007861 1.10 0.0007 -0.56 

50 0.987 0.9884 1.011736 1.08 0.0027 -0.56 

 
TABLE-2 

SYNOPSIS OF VISCOMETRIC AND DENSITOMETRIC RESULTS FOR POLY(ETHYLENE OXIDE) (6 K) 

T (ºC) ρsolv (g/mL) ρ(soln.) (g/mL) νagg (mL/g) [η] (mL/g) KH (mL/g) WH (g/g) 

20 0.9975 0.9977 1.002305 – – – 

30 0.9957 0.9959 1.004117 1.24 0.0001 -0.50 

40 0.99924 0.9925 1.007557 1.17 0.0002 -0.52 

50 0.9888 0.9882 1.011941 1.03 0.0002 -0.46 

 
TABLE-3 

SYNOPSIS OF VISCOMETRIC AND DENSITOMETRIC RESULTS FOR POLY(ETHYLENE OXIDE) 35000 

T (ºC) ρsolv (g/mL) ρ(soln.) (g/mL) νagg (mL/g) [η] (mL/g) KH (mL/g) WH (g/g) 

20 0.9981 0.9979 1.00210 9.00 0.0020 2.60 

30 0.9959 0.9963 1.00370 9.11 0.0010 2.63 

40 0.9923 0.9926 1.00740 8.82 0.0009 2.51 

50 0.9884 0.9887 1.00114 8.35 0.0007 2.32 
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Fig. 6. Typical plot of reduced viscosity of polyethylene oxide (35 K) at

30 ºC
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Fig. 7. Plot of ln [n] as a function of 1/T (K-1) for polyethylene oxide (6 K)
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Fig. 8. Plot of ln [n] as a function of 1/T (K-1) for polyethylene oxide (35 K)

among the aggregation of polyethylene oxide11. This is due to

hydrophilicity of poly(ethylene oxide). By rising temperature

the interaction between the aggregations of polymer decreased

i.e., KH value decreased as the temperature increased. This is

due to the fact that increase in temperature decreases the solvent

quality and hence interaction decreases.

By using intrinsic viscosity, solvent density and partial

specific volume of polymer at a particular temperature, we

have calculated hydration of aggregates of polymer, gram of

water associated with the gm of polymer by applying the

following relation13

)15.2(

][
Wh

−ν

ηρν
=

The values of Wh are given in table which shows that the

values of Wh in both cases decreases as the temperature increases

with some experimental error. It means that at higher tempe-

rature the aggregation of polymer increases and hence hydra-

tion decreases. However the value of hydration increases as

the molecular weight of the polymer increases. Elaborating

more contribution of [η] to hydrodynamic properties of the

micelle, we have also figure out the shape factor (ν) of micelle

by using the values of [η] , Wh and partial specific ν by using

the relation14

ν′

η
=ν

][

The values of shape factor (ν) of micelle indicate that the

aggregates formed are of spherical nature14,15.

The energy of activation Ea for both polymer having

molecular mass 2, 35 and 6 K was calculated using Arhenius

equation given below,

RT/EaA][ =η

Here Ea is activation energy and A is pre-exponential cons-

tant or Arhennius constant a was calculated by plotting ln [η]

versus 1/T. These plots are shown in Figs. 7 and 8. The activa-

tion energy calculated from the above graphs are plotted as a

function of molecular mass in Fig. 9 and tabulated in Table-4,

which shows that activation energy of polymer increases as

its molecular mass increases16.
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Fig. 9. Plot of activation energy as a function of different molecular masses

for polyethylene oxide

TABLE-4 

ACTIVATION ENERGY OF POLYETHYLENE OXIDE 
HAVING DIFFERENT MOLECULAR MASS (2, 6, 35 Kg/mol) 

Molecular mass (Kg/mol) Ea/R (KJ/mol) 

2 1.9340 

6 3.6600 

35 5.7336 
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