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ABSTRACT

The association behavior of hydrophobically modified hydroxyethylcellulose (HMHEC) and
its interactions with two different types of surfactants. sodium dodecyl sulphate (SDS) and do-
decyloxyheptaethoxyethyl alcohol (C\:!EOII)' in dilute solutions have been studied using fluores.
cence spectroscopy. surface tension and viscI.metrictechniques. Unmodified hydroxyethylcellu-
lose (HEC) of the same molecular weight and degree of substitution as the H:\IHEC has also been
examined for the purpose of comparison. Fluorescence data show that the hydrophobic groups of
the HMHEC associate to form clusters above a critical polymer concentration of 500 ppm. Also.
the presence of hydrophobic groups on the polymer enhances the interactions between the poiy-
mer and nonionic surfactants. Surface tension results support this observation. The viscosity
results suggest that the interactions between the surfactant and the polymer affect both inter-
polymer-polymer association as well as chain expansion. Chain expansion due to changes in the
polymer structure of the HMHEC is similar to that observed in a mixed solvent system. The
increased polymer-polymer association in the case of H~fHEC-SDS was found to cause phase
separation. Such association was effectively prevented above the critical micellar concentration
I c.mc. ) of SDS by the polymer bound micelles.

INTRODUCTION

The macromolecular chemistry and technology of water-soluble polymers
have been actively pursued areas due to their ever increasing demand in many
industries. Because of their usage in a variety of processes involving complex
systems containing different chemical species including surfactants, their
characterization and basic information regarding their interactions with other
molecules in the system are important for optimizing their behavior. One of
the major developments in the area of water-soluble polymers is the introduc-
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tion of polymeric surfactants with hydrophobic groups attached to the polymer
backbone. Unusual rheological properties [1] which result from the associa-
tion of hydrophobic groups are the main attractive feature of these polymers.

Hydrophobically modified celluloses have been studied in the past to a lim-
ited extent. Hydrodynamic properties of hydrophobically modified hydroxy-
ethylcellulose (HMHEC) with various alkyl groups have been reported in the
literature [2]. In this investigation our objective is to study the association
behavior of HMHEC and its interactions with ionic and nonionic surfactants.
We have used a fluorescence technique [3 J with pyrene as a probe. in addition
to conventional viscosity and surface tension methods, to investigate the as-
sociation of hydrophobic groups on the polymer as well as their interactions
with surfactant molecules.

EXPERIMEiliTAL

Materials

The hydroxyethylcellulose (HEC) and hydrophobically modified hydroxy-
ethylcellulose (HMHEC) were commercial samples (Natrosol 250GR and
Natrosol Plus) provided by Aqualon (U.S.A.) and were used as received. The
hydrophobic group (C12-C2-1 alkyl) content of the modified polymer was less
than 1 wt%. The polymers were of comparable molecular weights (ca 3'10';)
and had the same degree of substitution (MS = 2.5). Sodium dodecyl sulphate
(Fluka AG, purity 99%) and ethanol were of Reagent grade and used as re-
ceived. Dodecyloxyheptaethoxyethyl alcohol (C1:lEOs) was purchased from
Nikko Chemicals, Japan, and was specified to be 98% isomerically pure. All
measurements were completed within 48 h of solution preparation to avoid any
possible polymer degradation. Triply-distilled water was used for preparing all
solutions.

Methods

Fluorescence measurement
The two pyrene monomer emission bands of interest in the fluorescence

emission spectra obtained are at 373 (Ii) and 384 nm (I;,). Ratios of theif
intensities, 1:.111" were calculated from the spectra. Micropolarity tests were
done for pyrene (ca 2-10-7 moll- i) containing polymer and polymer/surfac-
tant solutions. These solutions were prepared by adding an aqueous saturated
solution of pyrene to stock polymer solutions or surfactant containing polymer,
solutions.
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Viscosity measurements
Viscosity measurements were made using an Ubbelohde suspension t}-pe

capillary viscometer at 25 ~ 0.05 = C. The intrinsic viscosities (1,J, were deter-
mined from Huggins' equation by extrapolation to infinite dilution. The Hug-
gins' equation for nonionic polymers is

'1sp/C=['1J+k'('1J:!C
and the specific viscosity was calculated from

'1sp = (t-to)/to

where '1sp/C is the reduced viscosity, t is the flow time of the polymer solution,
to is the flow time of pure solvent, C is the polymer concentration in g dl-', k'
is Huggins' constant and ['1J is the intrinsic viscosity. No shear-rate correc-
tions were applied to these data.

Surface tension measurements
Surface tension was measured using the Wilhelmy plate method This method

is appropriate when surface ageing effects are significant.

RESULTS AND DISCl'SSI.ON

Micropolarity

Application of fluorescence spectroscopy as a method to study microheter-
ogeneous systems has been well established [3-5}. The technique utilizes a
fluorescence probe, the spectral characteristics of which are dependent on its
microenvironment. Pyrene is a probe that prefers to be in hydrophobic envi-
ronments. As the pyrene molecule experiences a change in its environment,
the relative intensities of the third and first vibrational bands of the monomer
emission are affected. The ratio,I;!/ I I' is a measure of the effective polarity of
the medium where the pyrene molecule is located.

Figure 1 shows the pyrene fluorescence parameter,I;,/I., in the presence of
varying concentrations of HEC and HMHEC. While the micropolarity of py-
rene is insensitive to the polymer concentration in the case of HEC solutions,
a sharp increase in 1;1//1 (decrease in micropolarity) is observed when the
HMHEC concentration exceeds a critical value (500ppm) and reaches a pla-
teau at 2000 ppm.

The results illustrate the association behavior of the hydrophobic groups
attached to the polymer, which is significant above 500 ppm. At lower polymer
concentrations, interactions between the hydrophobic groups are weak or, if
they exist, the resulting hydrophobic microdomains are not large enough to
attract the pyrene molecule and solubilize it.

It must be noted that the maximum value of [;i/ [1 obtained is lower than that
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normally obse~.ed (0.8 to 0.9) for micelle solubilized pyrene. The reason may
be a less ordered packing of hydrophobic groups in the case of the polymeric
surfactant due to the large macromolecular chains attached to them and pos-
sible water penetration [6,7). The hydrophobic clusters formed in this case
cannot strictl~ be compared with regular surfactant micelles where a higher
degree of packing is feasible. The possibility of water penetration into the hy-
drophobic micelle core, wherein the pyrene molecule is completel~. solubilized,
is also expected to be less in the case of micelles.

Figures 2 and :3 show the variation of lit II as a function of surfactant con.
cent ration for C I~EOIt and SOS, respectively. The data presented are for sur-
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Fig. 3. The ratio lJi11 ofpyreneas a function ofSDS concentration in the absence and the presence
of polymers (1000 ppm).

factant solutions containing 1000 ppm polymer along with solutions without
any polymer for comparison purposes. The 13/11 value does not change appre-
ciably below the c.m.c. (7 .S.10-5 and S.10-3M) for surfactant solutions with-
out polymer and increases sharply above the c.m.c. due to the formation of
micelles and pyrene solubilization in them. Addition of the polymers influ-
ences the 13/11 ratio to different extents depending on the type of surfactant
and polymer. The presence of the unmodified HEC has no measurable effect
on the micropolarity characteristics of the nonionic surfactant (C12EOe) and
its micelles. The modified polymer, on the other hand, does produce measur-
able changes in 13/11 at concentrations below the c.m.c. With 80S, both HEC
and HMHEC exhibit interactions with marked increases in 13/11 in the case
of SO8-HMHEC, possibly through the hydrophobic groups of the polymer.

The binding of surfactant molecules to water soluble polymers can take place
either by electrostatic interaction between charged groups or by other inter-
actions leading to the formation of polymer-surfactant complexes. In the case
of nonionic polymers containing hydrophobic groups, the predominating driv-
ing force for the interactions can be expected to be that between the hydro-
phobic groups of the polymer and the surfactant. The resultant bound parts
will become substantially hydrophobic causing the increase in 13/11' The large
13/11 values for polymer-surfactant solutions well below the c.m.c. suggest that
the clusters of hydrophobe and surfactant molecules associat~ to form 'pseu-
do'micelles. The higher 13/11 values for HMHEC-SO8 solutions compared to
those of HMHEC-C12EOe also show that the complexes formed between 80S
and HMHEC are more hydrophobic than those formed between C,zEOI! and
HMHEC.
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Surface tension

Surface tension results obtained are plotted in Fig. 4 as a function of surfac.
tant concentration for CI:!EOs solutions, HEC-C I:!EO~ and HMHEC-CI:!EO/j
solutions. The c.m.c. of CI2EOs is 8-10-'; moll-I and the polymer concentra-
tion used is 1000 ppm. The HMHEC solution itself is quite surface active and
has a surface tension value of 58 dyn cm -I. At very low surfactant concentra-
tions (below 10-" moll-I CI2EOI!), the surface tension ofpolymerjsurfactant
solutions remains invariant. Above 10 -5 mol I -I C I:!EOs' surface tension slowly
decreases and reaches a constant value at about 3.2'10-~ moll-I. In the case
of HEC-CI:!EOd solutions, except at low surfactant concentrations, the results
obtained are similar to those for the pure surfactant solutions.

It is generally assumed that the surface tension of a solution of a weakly
surface active nonionic polymer and a surfactant is a measure of the activity
of the free surfactant molecules in solution and the surface activity of the poly-
mer-surfactant complex is much less compared to that of the surfactant [8].
The results obtained here for the surface active polymer suggest that at low
surfactant concentrations almost all the surfactant molecules are bound to the
polymer. At concentrations above 10 -5 moll-I the surface tension decreases
but is higher than that for the corresponding pure CI2EOs solutions. The higher
surface tension values obtained imply the depletion of CI:!EOtj molecules as a
result of complex formation. The concentration at which micelles begin to form
has also been shifted in the case of HMHEC to a higher surfactant concentra-
tion, ca 3.2'10-~ moll-I, At this concentration the binding sites on the poly-
mer molecule are apparently saturated with surfactant molecules.
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Viscosity

IntrinsiC viscosity in a mixed solvent
Intrinsic viscosity is a function of the hydrodynamic volume [9) of the in-

dividual macromolecule; the changes in macromolecular structure and confor-
mation are reflected in the values obtained for this parameter.

The intrinsic viscosity, ['1.1. ofHMHEC in water-ethanol mixtures is shown
in Fig. 5. Since ethanol is a less polar solvent than water. the hydrophobic alkyl
groups of the polymer are better solvated by the ethanol molecules than the
water in the mixture. Thus ethanol decreases the interaction between alkyl
groups and the resulting less compact polymer structure displays an increase
in the intrinsic viscosity up to 50/50 (v/v) water-ethanol mixtures. It should
also be noted that ethanol itself is not really a good solvent for the polymer
and it would have produced a reduction in intrinsic viscosity but for the pref-
erential solvation of the alkyl groups which causes dissociation of clusters of
the alkyl groups. Low ['1] values obtained at higher ethanol to \vater ratios are
due to these poor solvent characteristics of ethanol overall.

Polymer-nonionic surfactant interactions
Figure 6 shows the reduced viscosities for HEC and HMHEC solutions at a

fixed concentration of 1000 ppm as a function of added C1:!EO~. The reduced
viscosity of HMHEC gradually increases with surfactant concentration and
then decreases in the vicinity of the critical micelle concentration. Minimum
viscosity is observed at a surfactant concentration of 3.26' 10 - 4 moll- I. Above

this concentration the viscosity again increases and approaches the value of
pure aqueous solution at a surfactant concentration of 2.04-10-:1 moll-I. In
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Fig. 6. The reduced viscosity of HEC and HMHEC solutiuns (1000 ppm I as a functiun of added
C':lEO. concentration.

contrast to the above the visCosity of HEC solution is unaltered by the addition
of the surfactant.

The reduced viscosity is a function of hydrodynamic volume, polymer-poly-
mer interaction and polymer-solvent interaction (9). Since the solvent power
of the water is not greatly affected by the presence of the surfactant, the changes
in reduced viscosity can be considered to be due to the changes in the hydro-
dynamic volume of the polymer molecule and the polymer-polymer interac-
tions. In the dilute polymer concentration region the changes in the hydrody-
namic volume are more significant than inter-polymer interactions and the
variation in viscosity reflects the structural changes of the polymer.. The low
viscosity is the result of the compact polymer structure stabilized through the
intra-molecular association of the hydrophobic groups on the polymer. Hence,
the initial increase in viscosity can be attributed mainly to chain expansion
due to the surfactant binding on polymer and the resultant less compact struc-
ture. This chain expansion is similar to that observed for HMHEC in ethanol-
water mixed solvent systems. In the region of the c.m.c. of the surfactant. the
bound surfactant molecules on the same chain associate to form a highly com-
pact structure. The minimum obtained in Fig. 6 is the result of this intra-
molecular (associated) polymer structure and the surfactant concentration
(3.26.10-~ moll-I, C\1EOt;) here corresponds to the onset of free micelles in
the system (:)ee Fig. 4). Further increase in the viscosity in the micellar range
may be due to the dissolution of the hydrophobic groups in micelles which
reduce their association or the bridging of the polymer chain through micelles..
The constant viscosity observed for the HEC-C\:!EOI! system implies a low
degree of binding of the polymer with the individual surfactant molecules or
its micelles.

Figure 'ishows the reduced viscosity of HMHEC as a function of its concen-
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tration at two C1:!EO8 concentrations. The data show that at higher polymer
concentrations the viscosities increase nonlinearly with polymer concentra-
tion. The values are considerably higher than those of pure polymer solutions
in water at all added surfactant concentrations suggesting a polymer concen-
tration dependent inter-polymer association.

Polymer-anionic surfactant interaction (HMHEC-SDSJ
Interactions between HMHEC and 8D8 are rather marked. Addition of 8D8

to the polymer solution increased the viscosity initially as in the case of the
non ionic surfactant; at concentrations above 5-10-5 moll-I 80S the polymer
was observed to precipitate. However, the polymer redissolved at surfactant
concentrations above 5-10-:1 moll-I SD8. The reduced viscosities obtained
after redissolution were very much lower than that observed for the polymer
in water.

The observed behavior for HMHEC-8D8 is very much different from that
of many other uncharged polymer/ionic surfactant systems (8). Binding of
ionic surfactants on uncharged polymers usually leads to the formation of
polyelectrolyte type complexes resulting in increased polymer dissolution and
solution viscosity. This behavior has been confirmed by various investigators
(10-12J for polyethyleneoxide-sodium dodecyl sulphate (PEO-SOS), poly-
vinylalcohol-sodium dodecyl sulphate (PVOH-SDS) and polyvinylacetate-
dodecylbenzene sulphonate (PV Ac-DOBS) systems. The hydrophobic groups
of surfactant molecules in the above systems are normally considered to as-
sociate with polymers with the exposed ionic groups of the surfactant essen-
tially increasing the charge density on the polymer. The large increase in so-
lution viscosity is attributed to the expansion of the polymer coil owing to
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possibly due to the fact that at high polymer concentrations, the polymer bound
surfactant molecules are insufficient in number to form micelles individually.
Under these conditions two hydrophobic microdomains from different poly-
mer chains can rearrange to form micelles yielding a cross-linked polymer
structure.

CONCLUSIONS

The alkyl groups of hydrophobically modified hydroxyethylcellulose
(HMHEC) associate to form micelle-like hydrophobes in water. Fluorescence
probing showed strong interactions between HMHEC and surfactants possi-
bly at the hydrophobic sites of the polymer. Polymer-nonionic surfactant in-
teractions lead to changes in polymer structure in dilute solutions while inter-
polymer-polymer association is enhanced by the surfactant in concentrated
polymer solutions. SDS, the ionic surfactant, at concentrations above its c.m.c.,
reduces the inter-polymer association through micelle formation around hy-
drophobic groups. The presence of a miscible organic solvent also reduces in-
ter-polymer association by preferential solvation of the hydrophobic groups.
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