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Palladium catalyzed copolymerization of 3,5-diiodobenzoic
acid with acetylene gas in a basic aqueous medium provides
a high molecular weight (~60 000), zig-zag phenylethynylene
polymer; the polymer has been characterized by a variety of
methods and has a high thermostability, is soluble in basic
solutions and is reversibly switchable from soluble to
hydrogel states in water by changing the pH of the
solvent.

Poly(arylethynylene)1 is an important class of conjugated
polymer exhibiting properties such as photoluminescence,2
electronic conductivity3 and non-linear optical properties.4
These polymers also exhibit exceptionally high quantum yields
of fluorescence in comparison to other conjugated polymers.5
Such properties render the polymer useful for applications in
constructing polymer light emitting diodes (polymer LEDs),6
organic magnetic materials,7 molecular wires and antennas8 and
fluorescence sensors.9 Recently, Nelson et al. have also shown
that an arylethynylene-based oligomer mimics protein folding,
which has exciting potential for biological applications.10

However, the potential applications of these materials for
electronic and optical purposes are often limited by their low
solubility and low degree of the polymerization. The increased
interest in the properties of polyarylethynylene-type materials
has led to the attachment of various bulky substituents by
various groups to increase their solubility in organic solvent.1
Alternatively, Kondo et al. introduced irregularity in the
polymer chain to increase their solubility and degree of
polymerization.11 However, the structural irregularity may also
change its electronic and optical properties. During our studies
of aqueous organic reactions,12 and as part of our continuing
interests in synthesizing arylethynylene-type polymers and
oligomers,13 we recently reported an efficient synthesis of
arylethynylene polymer and oligomers through polymerization
of aryl halides with acetylene gas in an aqueous medium.14

However, the polymers that we generated had the same
limitation of insolubility and low molecular weight. In an
attempt to overcome these difficulties, we decided to explore
the synthesis of water-soluble polyarylethynylenes. Here we
report that the palladium catalyzed copolymerization of
3,5-diiodobenzoic acid with acetylene gas in a basic aqueous
medium provides a high molecular weight, zig-zag arylethyny-
lene polymer [eqn. (1)] which can be processed readily.

Previously, there has been a very limited study of the
synthesis of water-soluble rigid-chain polyelectrolytes in the
literature. The more noticeable advance in this area was the
synthesis of a water-soluble poly(p-phenylene) reported by
Wallow and Novak through the Suzuki reaction,15 and a water-
soluble poly(thiophene) sensor material reported by McCul-
lough et al.16 In the present investigation, the polymerization
was carried out by reacting 3,5-diiodobenzoic acid with
acetylene gas in the presence of a water-soluble palladium
catalyst, cuprous iodide as a co-catalyst, 1 equiv. NaOH and 3
equiv. Et3N in water. The water-soluble palladium catalyst was
generated in situ from palladium acetate and tris(m-sulfophen-
yl)phosphine trisodium salt, as used by Casalnuovo and
others.17 The monomer used in the present study was prepared
according to literature procedure.18 After stirring the reaction
mixture for three days at room temperature, the polymer was
readily isolated by addition of dilute HCl, giving a dark brown
solid in its free acid form. The polymer thus generated has no
substantial solubility in all other solvents tested except in dilute
aqueous NaOH solution. On the other hand, the polymer is
readily soluble in dilute NaOH. Under neutral or slightly acidic
conditions, the polymer becomes a hydrogel which holds water
about eight times of its original weight after centrifuging. It can
be reversibly transformed into the water-soluble and hydrogel
states by changing the pH of the medium [eqn. (2)], which has

potential biomedical and environmental applications.19 It
should be noted that throughout the polymerization process, the
polymer remained soluble in the reaction medium, which is
essential for the formation of high molecular weight poly-
mers.

The polymer thus generated has been characterized by a
number of methods. The two potential types of aromatic
hydrogens exhibited a broad resonance around 8.2–8.4 ppm in
the 1H NMR spectrum (D2O–NaOD). The IR (KBr pellet)
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spectrum displays typical absorption peaks corresponding to
free carboxylic acid (3700–3100 and 1772 cm21) and aromatic
functionality.20 Absorption due to the acetylene stretch vibra-
tion (2100–2210 cm21) is insignificant. Raman spectroscopy of
the aqueous solution of the corresponding sodium carboxylate
salt showed several absorption peaks in the acetylene region,
indicating the presence of polymers with different lengths.21

The UV–VIS spectrum shows two major bands with absorption
maxima at 210 and 288 nm respectively. The molecular weight
(Mw = 66 000 g mol21) of the polymer was determined by
agarose gel electrophoreses relative to double-stranded DNA
markers.22 Trace amounts of even higher molecular weight
polymers were also observed. Thermogravimetric analysis
(TGA) of the polymer showed the expected high thermal
stability of common poly(arylethylene)s.1 The polymer is stable
up to 300 °C. It exhibited a one stage degradation with an onset
decomposition at ca. 400 °C. Differential scanning calorimetry
(DSC) measurements show an endotherm at 100 °C which may
be due to removal of adsorbed water.

In conclusion, we have developed a simple process for
obtaining high molecular mass poly(arylethylene)s. The poly-
mer shows hydrogel properties in its carboxylic form and is
reversibly switchable from water-soluble to hydrogel states.
Presently, we are evaluating the potential applications of such
water-soluble arylethynylene polymers.
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