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Summary
In this paper, we present some preliminary results on the phase behaviour of amphiphilic
polyelectrolytes, derivatives of poly(vinyl benzyl chloride). The phase diagram of these
copolymers contains, depending on the amount of amphiphilic units and on the polymer
concentration, five different domains : an isotropic liquid and isotropic gel, a birefringent gel,
a gel birefringent under stirring and a demixed gel.

Introduction
Polyamphiphiles, or polymers containing among their constitutive units amphiphilic ones,
sometimes differ markedly in their solubility or phase behaviour from their non polymerized
couterparts. The comparison between the properties of free surfactants and surfactants
attached to a polymer backbone is a half-century old field beginning with the pioneering work
of Strauss(1). Strauss gave the name "polysoaps" to highly hydrophobic, but still soluble,
polymers showing a compact conformation due to the intrachain hydrophobic interaction. The
first studies were mainly based on the co-solubility of hydrophobic molecules (2,3). The
phase diagram study of polyamphiphiles is more recent (4-6). For low molecular weight
surfactants, lyotropic mesophases in water are always found when carefully searched for.
A common feature of the low molecular weight surfactants is their ability to form lyotropic
mesophases in water at relatively high surfactant concentrations. However, polysoap
behaviour does not imply the capability to form mesophases in water solution (4). During
polymerization of surfactants in a mesophase, the mesophase can change to another one (7,8),
or remains the same (9-12). The phase diagram is often different, sometimes richer with the
appearance of mesophases absent in the non-polymerized system (5). Mesophases are
generally reported for tail-end type geometries (i.e. the amphiphilic monomer is attached to
the polymer backbone via the hydrophilic end) (4). Only a few cases of mesophases in water
with soluble polysoaps of head-type geometries (i.e. the amphiphilic monomer is attached to
the polymer backbone via the hydrophilic head) have been described (4,6,13,14).
We have recently developed a new family of head-type-geometry amphiphilic polymers (fig
1) based on poly(vinyl benzyl chloride) with a variable and well-controlled molar fraction X
of dimethyldodecylammonium units (15). The second, non amphiphilic co-monomer, is
hydrophobic which is a rather uncommon case for water soluble polysoaps (4,16,17).
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As shown in this communication, our polyamphiphiles display an original phase behaviour
including the formation of lyotropic liquid crystals in relatively dilute aqueous solution where
the formation of liquid crystalline phases depends on the copolymer composition.

Experimental
The synthesis and properties of the polysoaps are described in details elsewhere (15). Here,
we just recall the main steps of the synthesis. Commercially available poly(vinyl benzyl
chloride) is, in general, non-linear and cross-linked. We synthesized our own product using
vinyl benzyl chloride (from Science Polymer Product) at 70°C in toluene with AIBN as
initiator. 1H-NMR and SEC measurements give Mn-15000 and Mw/Mn=2. The polysoaps
are easily synthesized at room temperature in chloroform by the reaction of a tertiary amine
with a chlorobenzyl group. There is no need of an excess of amine if the molar fraction of
dimethyldodecylammonium units per vinyl benzyl group X is lower than 90%.
The polymers obtained were dissolved in water and then freeze-dried. The 'H-NMR
measurements of the resulting material do not indicate the presence of either residual free
dimethyldodecyl amine or of organic solvents used for the synthesis. The water solubility of
these copolymers is limited to samples of intermediate composition (40 <_ X <_ 80). The
corresponding copolymers are named XD. Among these, we studied the phase diagrams of
52D, 68D and 80D for polymer concentrations, Cp, up to 10 wt %.
The phase diagrams were established by visual inspection of the samples with and without
polarizers. The concentration and temperature were systematically varied from 0 to 10 wt %
and from 10 to 90°C by increments of 0.5 wt % and 5°C, respectively. Near the phase
boundaries, additional points have been taken so that the precision of the domain boundaries
given on the figures is ± 0.25 wt % and ± 2°C. Viscosity measurements have been made at
22°C using a Couette geometry rheometer (Low-Shear-30, from Contraves).

Sample preparation
A given amount of freeze-dried polymer was dissolved directly in an adequate amount of
water in a screw-capped test tube equipped with a magnetic stirring bar, and continuously
stirred for at least 24 hours before study. Checks were made to ensure that the glass tube was
not birefringent. For this study, the glass tube is put in a thermostated bath and he bath is itself
placed between cross polarizers.
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Results and discussion
The phase diagrams of the three polymers, namly 52D, 68D and 80D, are shown in fig 2a,2b
and 2c respectively. The 52D sample shows the most complex phase diagram. For Cp <_ 5%
an isotropic liquid phase is observed at all temperatures. Below 40 °C, and for a concentration
between 4 and 6.5 %, a gel birefringent under stirring is formed. When stirring is stopped, a
few minutes are needed to recover the isotropic properties. By increasing the temperature, the
gel is less and less biref ingent under stirring , until it becomes an isotropic phase. By
increasing the concentration above 6.5%, and for the same range of low temperatures, a
birefringent phase is seen. Similarly to the previous case, an increase in temperature leads to
the isotropic gel. Further increase in temperature leads either to an isotropic solution, for Cp <
8%, or to a demixed gel, for Cp > 8%.
The phase diagrams for the 68D and the 80D are qualitatively similar to the 52D, except for
the birefringent phase without stirring which disappears. A general observation is that the
phase boundaries move to higher Cp when X increases.
In some cases, after half an hour heating at high temperature 

(—j 80 °C), the samples do not
appear, after recooling one hour at room temperature, to recover the same state as before the
heating. At low polymer concentration, for which only a liquid phase is seen, an isotropic gel
appears after heating and then cooling to room temperature. However, these samples retrieve
the liquid phase after longer equilibration time at room temperature (between 2 days and one
week). These phenomena are not surprising for polysoaps ; cases of soluble polysoaps
becoming insoluble after freeze drying or polysoaps insoluble at room temperature and
becoming soluble at room temperature after heating, are reported (1,4,18).
At higher concentrations, when a demixed gel is formed at high temperature, the behaviour is
more complex. The demixed gel still remains present after cooling at room temperature, even
after two months. However, the polymer in the demixed gel state, when put in an excess of
water, is resolubilized. It is, however, not ruled out that hydrolysis of the chloromethyl group
with water occurs at high temperatures (19), leading to a partial cross-linking of the system.
We have left samples of a 10 wt % 80D solution for 3 hours at 80°C and solubilized the
demixed gel phase obtained in an excess of water so that the final concentration of the
solution was 3 wt %. The viscosity of this solution was compared to a reference 3 wt % 80D
solution prepared at room temperature (fig.3). We have seen a slight increase in the viscosity
after the heating process and have deduced that reticulation had taken place. However, we can
postulate that the demixed gel is mainly of physical origin and that the cross-linking is only
favored by the greater concentration of polymer in the rich polymer phase of the demixed gel.
Indeed, the transition toward a demixed gel seems independant of the chemical composition
of the polymer (i.e. the amount of unreacted chloromethyl groups in the polymer).
Nevertheless, the origin of the demixed gel should be clarified and future work involving
hydrophobic co-monomers without the chloromethyl groups will be done.
The structures of the birefringent phases are not yet identified. Scattering techniques or cryo-
TEM experiments are needed to determine them. In general, a birefringence without stirring
implies an ordered structure.
Birefringence under stirring of isotropic phases is encountered when vesicles or cylindrical
micelles are present (see for exemple (20) or (21)), and this is consistent with reports on head-
geometry polyamphiphiles forming, under required conditions, cylindrical worm-like micelles
(6,13,14,22-24). It is therefore quite possible that our copolymers form similar structures
which presumably organize in a nematic phase at higher concentrations.
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An interesting feature of the results is that the mesophases appear at a relatively low
concentration (below 10% in weight), in comparison to other systems, and also with other
polyamphiphiles based on quaternary ammonium derivatives (25) .
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