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Thin optically active polyaniline layers have been shown to

function as platforms to induce optical activity in polyanilines

(containing achiral dopants) that are formed by subsequent

electrodeposition.

There has been considerable recent interest in optically active

polyanilines (PAn’s) because of their potential applications in areas

such as chiral sensors, electrochemical asymmetric synthesis and

chiral separations.1 Optical activity has been most commonly

induced into polyaniline emeraldine salts (PAn?HA) via the

incorporation (eqn (1))

ð1Þ

of chiral dopant anions (A2) at radical cation nitrogen sites along

the polymer chains during the oxidative polymerisation of aniline

in the presence of a chiral acid HA, e.g. (1S)-(+)-10-camphorsul-

fonic acid, (+)-HCSA. A range of polymerisation methods had

been successfully employed, ranging from electrochemical2 or

chemical3 (e.g. S2O8
22) oxidation in aqueous solutions or

emulsions, to the use recently4 of the strong electron acceptor

2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in an organic

solvent. The chiral emeraldine salt products can be obtained as

either films or nanodispersions.

It has been suggested2a,b,3b,4b that the optical activity of the

chiral PAn?HCSA materials arises from individual polyaniline

chains preferentially adopting a one-handed helical screw (depend-

ing on the hand of CSA2 employed), with chiral induction being

due to specific electrostatic and hydrogen bonding between

the PAn chains and the enantiomeric dopant CSA2 anions.

Alternatively, as has been elegantly shown for chiral polythio-

phenes,5 the observed optical activity may arise from the formation

of aggregates in which the chiral dopant anion induces a

predominantly one-handed helical packing of essentially planar

polyaniline chains into a chiral superstructure.

We wish now to report a novel and potentially widely applicable

route to optically active polyanilines generated via polymerisation

from achiral reagents, using a chiral emeraldine salt as platform.

This discovery arose during a wider program exploring the factors

controlling the electrochemical synthesis of chiral polyanilines, in

which we speculated whether an initially deposited thin film of

optically active PAn?(+)-HCSA may exert asymmetric induction

during the subsequent electrochemical polymerisation of aniline in

the presence of racemic (¡)-HCSA. This was indeed found to be

the case. A thin film of PAn?(+)-HCSA was electrochemically

deposited at room temperature onto an ITO-glass electrode from

aqueous aniline (0.20 M) in 1.0 M (+)-HCSA, using an applied

potential of 0.9 V (vs Ag/AgCl) and passing 25 mC cm22 charge.

Using the approach previously described by Stejskal et al.6 this

corresponds to a film thickness of ca. 100 nm. After washing with

methanol to remove unreacted reagents, its CD spectrum (Fig. 1b)

exhibited weak bands at ca. 440 and 700 nm associated with

absorption bands seen in this region (Fig. 1a). The film was then

placed in fresh aqueous aniline in the presence of racemic (¡)-

HCSA (1.0 M) and the electropolymerisation continued while

passing a further 100 mC cm22 charge. The emeraldine salt film

grew considerably thicker, as shown by the increase in intensity of

the absorption bands in Fig. 1a. Remarkably, the CD bands for

the film were also observed to increase strongly in intensity

(Fig. 1b), despite the fact that the dopant acid present during the

second aniline polymerisation was racemic HCSA.

Related studies were subsequently carried out in which the

second electropolymerisation was performed in a range of achiral

acids such as HCl and p-toluenesulfonic acid (PTSA). As

illustrated in Figs. 2 and 3, similar marked induction of optical

activity was observed for the PAn?HCl and PAn?PTSA films

grown respectively on top of the thin initial PAn?(+)-HCSA film.

Replacement of both the (+)-CSA2 and chloride dopant anions in

such a composite PAn?(+)-HCSA/HCl film by HSO4
2 via sub-

sequent redox cycling (between potentials of 20.3 and +0.9 V)

gave a PAn?HSO4 film with similar optical activity. The initial

chiral PAn?(+)-HCSA therefore appears to behave as a macro-

molecular asymmetric platform, inducing new polyaniline chains

growing from it to preferentially adopt the same helical hand

(molecular or supermolecular) as itself, irrespective of the nature of

the dopant anion (A2) being incorporated.
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Fig. 1 UV-vis (a) and CD spectra (b) of: (1) a PAn?(+)HCSA film

deposited on ITO-glass at 0.9 V (25 mC cm22 passed), and (2) after

depositing a further PAn?(¡)-HCSA film (another 100 mC cm22 passed).
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This hypothesis was further tested by performing similar

experiments in which the opposite hand of camphorsulfonic acid,

namely (1R)-(2)-HCSA, was employed to grow initial thin films of

PAn?(2)-HCSA (25 mC cm22 charge passed). PAn?(¡)-HCSA

and PAn?HCl films subsequently electrodeposited (100 mC cm22

charge passed) upon these thin PAn?(2)-HCSA films exhibited

mirror imaged CD spectra (e.g. Fig. 4) to those grown on

PAn?(+)-HCSA surfaces.

A series of other experiments was performed in which PAn?HCl

films of increasing thickness were grown upon a thin PAn?(+)-

HCSA film by carrying out subsequent electropolymerisation in

1.0 M HCl using deposition charges varying between 50 and

300 mC cm22. The optical activity of the final emeraldine salts

(estimated from the intensity of their 440 nm CD bands) was

found to increase linearly with increasing film deposition charge, as

seen from the plot in Fig. 5. This indicates that chiral induction by

the initial PAn?(+)-HCSA extends undiminished for deposition of

PAn?HA films varying in thickness between ca.100 and 800 nm

(based6 on the intensity of their 400 nm absorption bands). It is

also significant to note that the CD spectrum of the thickest

composite PAn?(+)-HCSA/PAn?HCl film was very similar in

intensity to that of a PAn?(+)-HCSA film deposited by electro-

polymerising aniline in 1.0 M (+)-HCSA while passing

325 mC cm22 charge (Fig. 5). Both films exhibited ellipticities of

ca. 300 mdeg for their 440 nm CD band, despite the fact that the

dopant anion in the composite film was predominantly (.90%)

achiral Cl2 ions.

The origin of this remarkable macromolecular asymmetric

induction is presently uncertain. Interestingly, Samuelson et al.7

have recently observed related asymmetric induction in the

horseradish peroxidase catalysed synthesis of PAn?(+)-HCSA/

PAA, PAn?(2)-HCSA/PAA and PAn?(¡)-HCSA/PAA nano-

composites{PAA = poly(acrylic acid)} where the polyaniline

chains adopted the same helical hand, irrespective of the hand of

the HCSA employed. This result contrasts with electrochemical2

and chemical3 polymerisation of aniline where the use of opposite

hands of the HCSA acid dopant gives rise to PAn?HCSA salts

with opposite helical hands. The horseradish peroxidase enzyme

must therefore play a critical role, as yet undefined, in inducing a

constant hand on the polyaniline chains. Our observations may

also be compared to the asymmetric polymerisation of achiral

alkylisocyanate monomers to give optically active polyalkyliso-

cyanates (-[OCNR]n-), using optically active anionic metal

complexes as catalysts.8 The presence of the chiral initiator on a

chain terminus was believed to induce a single-screw sense on the

growing poly(alkylisocyante) chains.

We have also considered the possibility that the (+)-CSA2 anion

in the thin initial PAn?(+)-HCSA films could reversibly exchange

on the polyaniline surface during further polymerisation in the

presence of racemic HCSA or achiral dopants, and that the

asymmetric proliferation exhibited may then arise from coopera-

tive effects of the ‘‘majority-rules’’ and ‘‘sergeant-and-soldiers’’

type recently observed in poly(alkylisocyanate)s9 and poly(alkyl-

thiophene)s.10 This latter mechanism appears highly unlikely on

two counts: (i) the maximum possible concentration of (+)-CSA2

in the second-stage polymerisation medium is extremely low

compared to the racemic CSA2 or achiral anion (1.0 M); (ii) in

Fig. 2 UV-vis (a) and CD spectra (b) of: (1) a PAn?(+)HCSA film

deposited on ITO-glass at 0.9 V (25 mC cm22 passed), and (2) after

depositing a further PAn?HCl film (another 100 mC cm22 passed).

Fig. 3 UV-vis (a) and CD spectra (b) of: (1) a PAn?(+)HCSA film

deposited on ITO-glass at 0.9 V (25 mC cm22 passed), and (2) after

depositing a further PAn?PTSA film (another 100 mC cm22 passed).

Fig. 4 CD spectra of: (1) a PAn?(2)-HCSA film deposited on ITO-glass

at 0.9 V (25 mC cm22 passed), and (2) after depositing a further PAn?HCl

film (another 100 mC cm22 passed).

Fig. 5 Dependence of the optical activity of emeraldine salt films on

the deposition charge employed. Each point is the average of duplicate

experiments.

4540 | Chem. Commun., 2005, 4539–4541 This journal is � The Royal Society of Chemistry 2005



recent studies11 we have observed only a small degree of chiral

amplification in the electrochemical synthesis of PAn?HCSA salts

(e.g. the observed optical activity of emeraldine salt films grown in

the presence of 2% (+)-HCSA/ 98% w/v (¡)-HCSA was ca. 1/50

the intensity of an analogous film grown in 100% (+)-HCSA).

Further studies are underway to further elucidate the

mechanism of this unprecedented asymmetric proliferation process

and to extend its potential applications. This discovery should

enable the electrosynthesis of a wide range of optically active

polyanilines without the requirement for optically active active

CSA2 in the outer layers. One can imagine, for example,

electrocatalytic centres such as ferrocenes or porphyrins being

incorporated as the dopant in a chiral polymer environment.
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