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The development of polythiophene (PT) derivatives wit
essentially 100% head-to-tail (HT) couplifg<has led to the
discovery of materials that self-assemble both in solution a
in the solid state. Light-scattering studies on regioregular, H
poly(3-dodecylthiophene) (HT-PDDT) show that a supre
molecular organization occurs via intermolecular aggregatio
This solution aggregation is precursive to a microcrystallin
self-assembled structure which has been characterized by X-
studiest2# Polythiophenes possessing this metastable organi
tion evidence high electrical conductiviti€s8 and very small
bandgaps. Previous work in our lab has shown that bc
conformational order and solid state organization in regioregu
PT derivatives are remarkably sensitive to the placement &
nature of the substituent chaih®?-° This sensitivity provides
the opportunity to design new conducting polymers in whic
self-assembly is controlled by environmental factors. Or
remarkable example is HT-2,5-poly(thiophene-3-propionic aci
(3, PTPA). This polymer was designed such that upc
deprotonation, water soluble polythiophene salts are forihec
Both 3 and its partially deprotonated derivativee undergo
protein-like hydrophobic assembly, with subsequent H-bol
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Figure 1. Vials of polymer3 with added base (top): (A} + Has-
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stabilization, to generate a self-assembled conducting polymerNOH; (B) 3 + E4NOH; (C) 3 + PNOH; (D) 3 + BuyNOH. UV-vis
aggregate. Varying the size of the counterion in the carboxylate spectra of the above solutiods B, C, andD (bottom).

polymer changes the effective steric bulk of the substituent.

Small cations favor a self-assembled (purple) state and largeScheme 1Synthesis of Regioregular, Head-to-Tail
cations can completely disrupt the aggregated phase. In fact, 8>0lythiophenes

remarkable chemoselective counterion size-dependent chroma- o

ticity (Figure 1) is observed for polymés. The UV-vis Amax
can be varied over a 130 nm range (from purple to yellow)
simply by changing the countercation.

Initially, we prepared the carboxylate precursor polyr@er
using the Ni(dppp)Glcross-coupling method for the synthesis
of HT polythiophene&:%° This method leads to low molecular
weights M, = 1.5-3.0 K), low yields (<5%), and polymers
that show variable ionic chromaticity. However, the regioregu-
lar oxazoline polythiophene2) (M, = 8 K, PDI = 1.2) is
prepared (Scheme 1) from monorHet in high yields (84%)
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by using a CuO-modified Stille coupling route that has been
adapted from work described by Gronowi#z.Polymer2 is
readily soluble in CHG and is easily purified to obtain the
product as a lustrous red solid. PolynZcarries a carboxylic
acid masked as an oxazoline and is easily modified by a post-
polymerization hydrolysis reaction to give PTP3) (90%) as

a dark purple solid, which can be filtered and used without
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further purification. AlthouglB is not very soluble, we have  BusN* cations that prevent or break up aggregational self-
found that after treatment @&with CsCQ its cesium salt, is assembly. The purple and yellow phase are two distinct phases.
soluble in CROD and the polymer can be characterized'Hy Support of these arguments are found in the well-known
NMR. The ester derivativéd has also been prepared by this thermochromism phenomena found in polythiophene solu-
method and analysis of bothand5 by NMR indicated that tions318where rotational transitions and aggregation can occur
the oxazoline group is cleanly removed and that the polymers from a conformationally disordered coil-like phase in order to
are regioregular with~100% HT couplings. form a ordered rodlike phase as the temperature is reduced. The
Water soluble ammonium salts 6fare prepared by dissolu-  ionochromism found is thought to be an analogous chemically
tion of 3 in aqueous base. For solutions containing ap- induced self-assembly by small cations to give an aggregated
proximately 1 equiv of base for each carboxylic acid residue, rodlike phase or a disassembly ®fo give a coil-like phase.
the cation size-dependent chromatietyis readily apparent  The difference here is that the hydrophobic packing, hydrogen
(Figure 1). The UV-visimax Of 5 can be varied over ap- bonds, and/or salt-pairing drive structural order instead of the
proximately a 130 nm range simply by changing the size of the temperature effects inducing the phase ordering.
ammonium counterion (Figure 1). When PTF3) Was treated We have also found that we could switch between purple
with NH4OH, purple solutions 06 with a Amax of 540 nm and and yellow phases by increasing the amount of,8H in
a significant absorption past 800 nm are observed (Figure 1).solutions of5. At 1 equiv of NH,OH, we have an absorption
If a slightly larger base such as M¢OH is added to3, a at 560 nm only with a significant absorption tailing out beyond
magenta solution results (not shown). More sterically encum- 800 nm. Upon addition of 5 equiv, we observe a growth of a
bered bases such a,KOH and PNOH give red and orange  new absorption at 420 nm, in addition to the 560 nm peak.
solutions for5, respectively. The largest bases, such ag Bu Further increasing the concentration of base suppresses, then
NOH, lead to yellow solutions. Regioregular polyniegives virtually eliminates the 560 nm absorption, with simultaneous
a chemoselective color response to a various analytes includinggrowth of the 420 nm peak. A clean isosbestic point is
alkali metal bases. As the size of the counterion varies from observed, further supporting that a recbil type phase transi-
Li* (0.60 A) to Cg (1.69 A), a 40 nm shift in thémaxis seen. tion, usually observed in thermochromismiasically induced
In addition, purple solutions3(+ NH,OH(aq)) can be treated It appears that excess NBH removes any H-bonds that direct
with BuyNOH (e.g., to give a yellow color response). Yellow aggregational ordering and consequently breaks up the ag-
solutions 8 + BusNOH(aq)) can be treated with “assembly gregate.
cations” such as Z1, Cd", Mn2", etc., which promote Self-assembly in conjugated polymers is highly desirable in
aggregation and lead to purple solids. While a number of order to generate conducting polymers with high electrical
organic bases have been tested, the ammonium base seriesonductivities and large nonlinear optical responses. In addition,
provides a clear size-dependent tuning of the colorimetric chemoselective ionochromic sensing and assembly in water can
response of the conjugated polymer. provide opportunities to make conducting polymer sertséfs
We hypothesize that the purple phase observed in aqueousand nanowire assemblies. It remains to seen if side chain
NH4OH solutions of5 occurs by a hydrophobic supramolecular  induced self-assembly can be used in other conducting polymers,
assembly of the polythiophene backbone, with subsequent ordesuch as polyanilines, polg{phenylenes), and polypyrroles with
being determined by hydrogen bonds and/or salt-pairing of the well-defined structures. However, it is clear that regioregularity
side chaing4 Infrared spectra of neutrd exhibit a peak at  in poly(3-substitutedthiophenes) continues to provide new
1710 cnttwhich corresponds to a hydrogen-bonded carboxylic conjugated polymers with very interesting properties.
acid dimer carbonyl stretching frequency. Upon exposui@ of Acknowledgment. This work was supported by NSF grants CHE-
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