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ABSTRACT: Previously we reported synthesis and characterization of water-soluble chiral conducting
polymer nanocomposites via template-guided synthesis. Experimental procedures and parameters need
to be carefully controlled to achieve synthesis of water-soluble nanocomposites. Here, we describe a
modified synthetic procedure with higher molecular weight poly(acrylic acid) (PAA) (MW ~ 250 000) as
a template. This new system allows synthesis of chiral water-soluble nanocomposites over a more broad
range of conditions making the synthesis more reproducible and easier to carry out at large scale. Another
objective of this work is to further understand the underlying formation mechanism of chiral polyaniline
nanocomposites. We carried out a detailed study of how temperature, template, and solvent affect the
final morphology and properties of these nanocomposites. We found that the extent of interaction and
stability of the template/monomer/acid adduct (nanocomposite precursor) and population density of
monomer surrounding the template are crucial in determining the degree of nanocomposite chirality.
Detailed characterization of the nanocomposites and their precursors was carried out by circular dichroism
(CD), UV~vis, FTIR, NMR, and TEM spectroscopy. On the basis of experimental results and synthetic
procedures, a simplified model for the formation mechanism of chiral polyaniline nanocomposite is
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proposed.

Introduction

Conducting polymer (organic/inorganic) nanocompos-
ites were first synthesized by polymerizing monomers
such as pyrrole, aniline, and thiophene in the presence
of various metal oxides.1=3 Water-soluble polymers and
polyelectrolytes have been used as steric stabilizers for
the synthesis of nanocomposites containing conducting
polymers (organic/organic).4~° Organic/organic nano-
composites containing conducting polymers have also
been synthesized by template-guided synthesis.*~° These
nanocomposites have been referred to as colloids or
dispersions depending on their morphology and water
solubility. Nanocomposites have novel charge stor-
age,’11 magnetic,'? and catalytic properties!® and have
potential applications in fabricating optoelectronic de-
vices. Recently, chiral conducting polymer nanocompos-
ites were synthesized electrochemically41> and chemi-
cally'® by polymerizing monomers in the presence of
both water-soluble polymers and optically active acids.
Optically active conducting polymer nanocomposites are
of particular importance to the development of polymer-
based chemical separation materials. They possess both
the optical and electronic properties and have potential
applications as surface-modified electrodes,” 18 station-
ary phases for chiral separations,’® and sensors for
detecting the presence of chiral molecules. Chiral polya-
niline (PANI),2°-22 polypyrrole,?® and polyacetylene,?
polythiophene,?® and poly(phenylenevinylene)?® have all
been synthesized. Chirality from the conjugated back-
bone of conducting polymers is believed to be due to
helical conformation of main chains.?8 In addition, the
helical conjugated polymer was prepared by interaction
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between achiral conjugated polymer and with small
chiral molecules via acid—base interaction.?” Synthesis
of helical (optical active) conjugated polymers is typically
carried out by either polymerizing chiral monomers or
simply introducing small chiral molecules into the
polymer solution knowing that they will interact with
the achiral polymer to form a helical conformation.2%.27
For most applications, it is crucial to have chiral
polymers that are water-soluble or dispersible so that
they can be processed. Therefore, our goal is to achieve
a greater understanding of the underlying formation
mechanism and optimize the synthesis of chiral, water-
soluble polyaniline nanocomposites.

Previously, we reported the template-guided synthesis
of water-soluble chiral nanocomposites using a chiral
camphorsulfonic acid (CSA) as chiral inducing agent and
poly(acrylic acid) (90 000 MW) as a template.'® These
chiral nanocomposites are very stable, and they can be
made into large quantities. The chirality of PAA/PANI/
CSA was induced by the chiral dopant, CSA, and the
chirality remained after we replace the chiral acid with
HCI. We believe the template (PAA) stabilizes the
polyaniline chiral conformation, therefore no longer
requiring the presence of the chiral acid to maintain its
optical activity. We have suggested this template-guided
synthesis is first forming a complex between aniline
(AN), PAA, and CSA. Although it has been established
that CSA helps to generate chiral PANI during aniline
polymerization, the mechanism and reaction conditions
that control chiral PANI formation are still lacking.

In this paper, we carried out template-guided polym-
erization of chiral PAA/PANI nanocomposites using a
simplified procedure based on high molecular weight
poly(acrylic acid) (250 000 MW). This new procedure
allows us to synthesize water-soluble nanocomposites
in a more broad concentration range. To further under-
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Table 1. Addition Sequence of Doping/Dedoping Cycles?

test tube no.

1 2 3 4 5 6 7
1st addition NacCl NaOH NaOH NaOH NaOH NaOH NaOH
2rd addition NacCl NaCl HCI HCI HCI HCI HCI
3th addition NaCl NacCl NaCl NaOH NaOH NaOH NaOH
4th addition NacCl NacCl NaCl NacCl HCI HCI HCI
5th addition NacCl NaCl NaCl NaCl NacCl NaOH NaOH
6th addition NacCl NacCl NaCl NacCl NaCl NacCl HCI
final solution Al Bl A2 B2 A3 B3 Ad

aNaOH = 20 uL of 0.1 M NaOH solution, HCI = 20 uL of 0.1

stand the underlying formation mechanism of chiral
nanocomposites, we studied the PAA/PANI/CSA nano-
composite precursor (PAA/AN/CSA) and the relationship
between chirality and synthesis conditions such as total
concentration, ratio of PAA to AN, solvents, and tem-
perature. On the basis of our experimental results, we
speculate toward a mechanism for chiral formation
within PAA/PANI nanocomposites.

Experimental Section

Instrument and Materials. Aniline, (1S)-(+)-10-camphor-
sulfonic acid, poly(acrylic acid) (250 000 MW), poly(vinyl methy
ether-alt-maleic acid), PMVEMA, and ammonium persulfate
were purchased from Aldrich and were used as received.
Ultrapure water (resistivity, >18 MQ/cm) was used in all
polymer nanocomposite solutions and in all membrane dialy-
sis. Dialysis of polyaniline nanocomposite solution was carried
out by using a Spectra/Por membrane with molecular weight
cutoff at ~3500 Da.

Chiral polyaniline nanocomposites and their precursor were
characterized by UV—vis, CD, FTIR, NMR, and TEM spec-
troscopy. Circular dichlorism spectra (CD) were taken using
a Jasco 710 spectrometer, and the scan rate was 100 nm/min.
The spectra obtained were the average of three scans. The CD
samples were prepared by diluting PANI nanocomposites to
0.7 mM, calculated based on the initial amount of AN monomer
used and 100% conversion rate, and an aliquot was transferred
to a 2 mm quartz cell. UV—vis spectra were measured by a
Perkin-Elmer Lamda 19 spectrometer using the same quarts
cell as CD measurement. The FTIR samples were prepared
by droping diluted nanocomposite solutions on top of a AgF
substrate, and the spectra were obtained on a Nicolet Magna-
IR 750 spectrometer. NMR spectra were measured in D,O with
the 500 MHz Bruker drx 500 spectrometer. Transmission
electron micrographs were taken by a Philips CM-30 trans-
mission electron microscope.

Synthesis of Polyaniline Nanocomposites. In a typical
procedure, 0.3 g of PAA(4.17 mmol, per repeat unit), 0.2 g of
aniline (2.15 mmol), and 0.75 g of CSA (3.23 mmol) were
codissolved in 10 mL of deionized water. The solution mixture
was stirred for 24 h. Then a 5 mL aqueous solution containing
0.49 g of ammonium persulfate (2.15 mmol) was added. Dark-
green water-soluble PAA/PANI/CSA nanocomposite was ob-
tained in a few hours. Spectra/Pro dialysis membrane with
molecular weight cutoff at 3500 Da was used to purify the
dispersible products.

Doping/Dedoping Cycles of Chiral Complexes. A puri-
fied chiral PAA/PANI/HCI nanocomposite solution was diluted
with deionized water to 3.5 mM. 1 mL of the diluted solution
was added to seven different test tubes marked from one to
seven. The doping and dedoping cycles were accomplished by
adding 20 uL of 0.1 M NaOH and 20 uL of 0.1 M HCI to all
seven test tubes in a sequence (see Table 1). UV—vis and CD
spectra were taken after all the additions were accomplished.
Based on this procedure, all seven solutions had the same
volume, concentration, and salt content. This is because after
each doping and doping cycle 40 uL of 0.05 M NaCl was
generated due to reaction between NaOH and HCI. The same
amount of NaCl solution was added to the other test tubes to
balance the salt and volume changes. Between each addition,

M HCI, NaCl = 20 uL of 0.05 M NaCl.
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Figure 1. CD spectra of the as-synthesized and dialyzed
PANI nanocomposites.

Scheme 1. Molecular Structures of the Tetrameric
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the solutions were allowed to equilibrate while stirring for 1
h. 0.1 mL of the final solution was added to a 2 mm quartz
cell and diluted to 0.5 mL before UV—vis and CD measure-
ments were taken. The final PANI nanocomposite concentra-
tion is estimated to be 0.7 mM. The number of moles of PANI
is calculated by assuming the full conversion of AN monomers
to PANI and using its tetramer repeat unit as the PANI
molecular weight. The molecular structures of the doped and
dedoped PANI (tetramer repeat unit) are shown in Scheme 1.
Since the nanocomposites are composed of both PANI and
PAA, we use the concentration of PANI to represent the
concentration of PANI nanocomposite.

Results and Discussion

The as-synthesized PAA/PANI/(+)-CSA nanocompos-
ite dispersed nicely in aqueous solution, and the CD
spectra are shown in Figure 1. There are three peaks;
the peak at 290 nm is due to (+)-CSA and the other
two peaks resulting from chiral polyaniline, one strong
negative peak at 440 nm and a broad peak extending
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Scheme 2. Simplified Schematic Representation of Template-Guided Synthesis Based on Water-Soluble Polymer
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M
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from 500 to 800 nm. These two CD peaks are associated
with the PANI UV—vis absorption at 400 and around
800 nm, respectively. The as-synthesized PAA/PANI/
CSA nanocomposite was then purified by dialysis against
HCI. After dialysis, (+)-CSA was removed, and the CD
peak at 290 nm is no longer observed; however, CD
peaks from PANI remain. Both the CD intensity and
UV—vis absorption due to PANI decrease slightly. This
can be explained by the decrease of nanocomposite
concentration resulting from diffusion of water into the
dialysis tube driven by the concentration difference on
both sides of the tube. This result suggests that the
chiral signal is indeed resulting from chiral polyaniline.
Since there is no chiral centers in either PAA or PANI,
chirality of PAA—PANI is induced by optically active
CSA. Once the polymer’s chiral conformation is formed,
it no longer requires CSA to maintain its chirality.

A TEM micrograph of the as-synthesized nanocom-
posites is shown in Figure 2. In this figure we observe
inhomogeneity of nanocomposite morphology and a
relatively large size distribution where nanocomposite
length ranges from 50 to 300 nm and nanocomposite
width ranges from 30 to 100 nm. Electron diffraction of
the reaction product indicates that the nanocomposites
is completely amorphous (figure not shown). Our previ-
ous study found PAA/PANI nanocomposites to have a
narrow size distribution.?® The reason for this discrep-
ancy may be twofold. First, 90 000MW PAA was used
in the previous study, and 250 000MW PAA was used
in this study. Second, the template-guided synthesis was
carried out with a slightly modified procedure. In this
study AN/CSA was added to a solution containing PAA
and stirred for 24 h. In the previous paper, AN was
added to a solution containing PAA and stirred 24 h;
then, CSA was added just before polymerization. For
both systems, our hypothesis involves optically active
CSA complexing with aniline through acid—base inter-
action. This complex can be considered as chiral aniline
(monomer). The chiral monomers surrounding the PAA
template give rise to a locally higher aniline concentra-
tion. Polymerizing AN/CSA may lead to chiral PANI.
In this paper, we propose a simplified step-by-step
reaction mechanism and design experiments to further

PAA/AN/CSA complex

COOH

PAA/PANI/CSA
Complex

Figure 2. TEM micrograph of PAA/PANI/CSA nanocompos-
ites.

elucidate the formation mechanism of the chiral nano-
composites (Scheme 2).

1. Effect of Overall Concentration. The overall
solution concentration has a significant impact in the
chirality of PAA/PANI/CSA nanocomposites. In this
experiment, we kept the amount of PAA, AN, and CSA
constant and the molar ratio (PAA:AN:CSA = 2:1:1.5)
constant. We vary the overall concentration by adding
different amounts of total solvent (water) from 10 to 120
mL. In all cases, we obtained products that were water-
dispersible, which demonstrates that this synthesis can
be carried out over a much greater concentration range
than the previous study.?® PANI nanocomposite solu-
tions from these reactions were diluted to 0.7 mM before
CD spectra were measured. UV—vis of the absorbance
intensity of these solutions was also measured to ensure
the same amount of nanocomposite was used for each
measurement. The CD spectra of these PANI nanocom-
posites are shown in Figure 3. The CD intensity of PANI
nanocomposite decreases as the total concentration prior
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Figure 3. CD spectra of the as-synthesized PANI nanocom-
posites synthesized under different concentrations.
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Figure 4. Effect of temperature on the chirality of PAA/PANI/
CSA nanocomposites.

to synthesis decreases. PANI CD peaks became almost
invisible when the water added exceeded 30 mL. Note
that the final solution color remains dark green with
water medium exceeding 30 mL. There seems to be a
threshold concentration in order to form chiral poly-
aniline nanocomposites. Below this critical concentra-
tion, chiral PAA/PANI cannot be synthesized. The
optimum synthetic condition found is when the molar
ratio of PAAIAN:CSA is fixed at 2:1:1.5, and the
concentration of PAA is around 1% and 2% CSA which
gave the highest CD signals. Higher concentration
beyond the optimum condition results in slight de-
creases in the chirality. This result suggests the impor-
tance of the overall concentration and the stability of
the PAA/AN/CSA complex that leads to chiral nano-
composites after polymerization.

2. Effect of Solvents. Another way to fine-tune the
interactions among monomer, template, and chiral acid
is through changing the dielectric of the reaction media.
Although there is no problem dissolving the nanocom-
posite precursor (PAA/AN/CSA complex) in solvents
such as ethanol, propanol, and acetone, the oxidant,
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Figure 5. Effect of PAA:AN molar ratio on the chirality of
the PAA/PANI/CSA nanocomposites.
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Figure 6. Effect of template on the chirality of the as-
synthesized nanocomposites (a) PAA, (b) PYMEMA, and (c)
no template.
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Figure 7. CD spectra of PAA/PANI/CSA nanocomposite at
temperature of 20 and 90 °C.

ammonium persulfate, is not soluble in any of the above
solvents. Therefore, we use a mixed solvent system,
which contains 50% water and 50% ethanol, 2-propanol,
acetic acid, or acetone. The rest of the experimental
parameters are kept constant as described previously
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Figure 8. UV-vis (a) and CD (b) spectra of PANI chiral
nanocomposite under repeated doping and dedoping cycles.

in the Experimental Section. The final products from
the mixed solvent systems were viscous solutions and
gave very weak CD signals. These results support that
the interaction between aniline and CSA (acid—base
interaction) plays an important role in the formation of
chiral PANI complexes. This acid—base interaction is
expected to be weaker in the presence of organic sol-
vents, which lower the dielectric constant of the reaction
medium. This reduced acid—base interaction is thought
to contribute to destabilization of the PAA/AN/CSA
complex, thus reducing nanocomposite chirality.

3. Effect of Temperature. High molecular weight
polyaniline is typically synthesized at low temperatures
because low temperatures favor propagation over com-
petitive side reactions.??30 We expect a similar effect
in the synthesis of chiral nanocomposites. We also hoped
that minimizing the side reactions would not only
provide high molecular weight PANI but would also give
high chirality because lower temperatures may stabilize
the polyaniline nanocomposite precursor. CD spectra of
six separate nanocomposites syntheses carried out at
temperatures ranging from 0 to 55 °C are shown in
Figure 4. To our surprise, the highest chirality of poly-
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Figure 9. Infrared spectra of PANI (EB), PAA, and PAA/
PANI nanocomposite. Inset shows the comparison of the
carbonyl peaks between PAA (dash line) and PAA/PANI (solid
line).

aniline nanocomposites is synthesized at 25 °C. Syn-
thesis carried out at 0 °C gave only achiral products.
Raising the temperature also gave nanocomposites with
reduced chirality. Both high and low temperatures favor
the formation of achiral product. We believe that higher
temperatures destabilize the PAA/AN/CSA complex (see
Scheme 2), increase dissociation of PAA/AN/CSA com-
plex, and therefore result in achiral product. We believe
that lower temperatures result in slow chain growth,
allowing smaller sulfate ions from oxidant decomposi-
tion to compete with the optically active CSA before the
chiral PANI is formed. Stability of the PAA/AN/CSA
precursor appears to dominate nanocomposite chirality.

4. Effect of Molar Ratio between PAA and
Aniline. Water-soluble PAA/PANI/CSA nanocomposites
were synthesized with different PAA:AN molar ratios,
and the CD spectra are shown in Figure 5. By increasing
the molar ratio of PAA (monomer unit) to AN from
1.29:1 to 3.23:1, the intensity of the CD peak at 445 nm
decreases from —8.5 to —3.5 mdeg. Since PANI UV/vis
absorbances are the same for each solution, the differ-
ence in CD intensity is due to differences in the
percentage of PANI existing in an optically active
conformation. Because the nanocomposite chirality origi-
nated from polymerizing chiral monomers (AN/CSA) to
form chiral polymer through asymmetric arrangement
of aniline unites, densely populated chiral monomers
surrounding the template results in nanocomposites
with enhanced chirality. When the ratio of PAA to AN
is high, the distance between chiral monomers sur-
rounding the PAA is large, which in turn leads to
nanocomposite with less chirality. If the ratio of PAA
to aniline drops lower than 1:1, products precipitate.
This result suggests that this reaction is not a homo-
geneous polymerization reaction that took place through-
out the solution. Most of the aniline monomers stay
somewhere near the templates. Although the overall
aniline concentration is the same for all solutions, the
local aniline concentration (near the template) depends
on the concentration of the template.

5. Effect of Template. To further exam the effect of
template on the chirality of nanocomposites, we use
poly(vinyl methy ether-alt-maleic acid), PMVEMA, as
a template. Since the template plays an important role
in chiral PANI formation, we expect that the nature of
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the template would also influence chiral PANI forma-
tion. PMVEMA/PANI/CSA synthesis results in nano-
composite with a relatively weak CD signals. CD signals
of the doped PMVEMA/PANI are different from and
weaker than CD signals of PAA/PANI/CSA nanocom-
posites (see Figure 6). This result suggests that the
nature of the template affects the chirality of PANI
nanocomposites

In addition, conventional synthesis of PANI/CSA as
a thin film on a glass substrate was carried out
according to the “1-dip” in-situ deposition method, in
the absence of PAA (template).3! We follow this proce-
dure to synthesize chiral PANI/CSA, except that the
molar ratio was set at AN:CSA = 1:1.5 and the CSA
concentration is at 0.3 M (CSA concentration is at 1.0
M according to the literature procedure). In this experi-
ment, we insert a glass substrate into a reaction beaker
containing aniline monomer and CSA. After initiating
the polymerization reaction with ammonium persulfate,
a PANI/CSA thin film was deposited onto the glass
substrate along with a powdery precipitate inside the
beaker. In contrast to the earlier report,3! the resulting
thin film and precipitate both show no chirality (Figure
6¢), presumably due to lower overall CSA concentration.

Adding PAA template to the above reaction results
in formation of chiral PANI nanocomposites (see Figure
6a). If formation of a CSA/AN complex is the only
important event in chiral PANI formation, then we
expect the absence of PAA to have little effect on the
degree of PANI chirality. The above results suggest that
CSA has a much greater efficiency for generating
optically active PANI in the presence of PAA, and the
presence of PAA is required for chiral PANI formation
under some conditions (see Scheme 2). This results also
suggests that template serves to pull together AN/CSA
monomers in the vicinity of the template and hence
increase the local AN/CSA concentration, thereby giving
rise to chiral polyaniline interpolymer complexes which
leads to formation of nanocomposite.

Stability of Chiral PAA—PANI. In an earlier
experiment, we showed that synthesis of chiral PANI/
PAA nanocomposites at elevated temperature (above 25
°C) resulted in decreased PANI optical activity. Since
DNA and protein lose their helicity by increasing
temperature, we would expect PANI optical activity to
also decrease when it is heated. In fact, the unraveling
of chiral®2 or helical3 polymer conformation at elevated
temperature is commonly observed. To further examine
the stability of our chiral nanocomposites, we carried
out experiments to determine their thermal and chemi-
cal stability. We heated the aqueous chiral PANI
nanocomposites solution up to 90 °C. The CD spectra
of PANI nanocomposites at 20 and 90 °C were basically
identical (see Figure 7). This result supports our belief
that PAA acts as a polymeric scaffold for stabilization
of PANI chirality.

The chiral nanocomposites were also tested for their
chemical stability by repeatedly doping and dedoping
with 0.1 M HCI and 0.1 M NH,OH. Their properties
were monitored by CD and UV—vis spectroscopy (see
Figure 8). The doped PANI peak at 440 nm drops
slightly after every cycle, while the intensity of another
peak between 500 and 800 nm increases slightly. CD
spectra of the dedoped nanocomposite peaks (350 and
770 nm) remained essentially the same through three
doping cycles. Since there is no loss or gain of material
during doping—dedoping cycles, UV—vis and CD spectra
of the doped PANI nanocomposite show slight intensity
changes, suggesting some kind of PANI conformational
change. The exact cause why the CD spectrum of doped
PANINC shows a decrease of CD intensity is not clearly
understood. The above results, however, do suggest as-
synthesized chiral nanocomoposites are robust against
acid and base.

Characterization. FTIR. The FTIR spectrum of
PAA/PANI features vibrational characteristics of both
the PAA and PANI emeraldine base (EB) polymers
(Figure 9). For example, the nanocomposite composed
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of PAA and EB features a carbonyl stretching band at
1707 cm~1, CH,— bending at 1450 cm~!, and C-O
stretching bands coupled with O—H in-plane bending
at 1411 and 1241 cm™1; these bands are associated with,
and only with, PAA 3435 Meanwhile, other bands at 1590
and 1509 cm™! from the stretching of C=C of the
aromatic ring, 1306 cm~! from C—N stretching, and
1166 cm~! from C—H bending are all associated with,
and only with, polyaniline (EB).3637 When we compare
the IR spectrum of the PAA/PANI(EB) nanocomposite
with the pure PAA and PANI, we observe a shift of most
IR peaks from 1 to 10 cm~,which suggests changes of
environment at the molecular level. Inspection of Figure
9 shows the carbonyl peak of pure PAA and PAA/PANI;
the nanocomposite peaks clearly demonstrate a nar-
rower peak indicative of reduced hydrogen-bond inter-
actions between carboxylic acid groups. Presumably,
polyaniline disrupts PAA intra- and intermolecular
hydrogen bonding.

NMR Spectroscopy. The interactions between PAA,
AN, and CSA were studied by H* NMR spectroscopy.
Comparing the TH NMR spectrum of PAA/AN with PAA
and aniline, we have observed that both o and 5 protons
of PAA were upfield shifted, while protons at the ortho,
para, and meta positions of the AN benzene ring were
downfield shifted (see Figure 10). This result suggests
that the interaction between AN and PAA causes
deshielding of AN. Judging from the molecular struc-
tures of PAA and AN (see Figure 10), H-bonding and
acid—base interactions may contribute to the downfield
chemical shift of AN. Addition of CSA to the AN/PAA
solution caused the aromatic protons to shift further
downfield (e.g., protons at the ortho position shift from
7.06, 7.07 ppm to 7.39, 7.41 ppm). Furthermore, the 'H
NMR spectrum of AN/CSA was similar to the PAA/AN/
CSA. This similarity suggests that within the PAA/AN/
CSA complex AN is mainly protonated by CSA.

In addition, we observe broadening of aniline proton
peaks at ortho and para positions in the PAA/AN
solution (Figure 10). Similar broadening of aniline
proton peaks was observed when aniline was complexed
with sodium dodecybenzenesulfonate micelles.3® The
aniline proton peak broadening was attributed to the
inhomogeneous nature of the medium caused by the
presence of micelle, which served as a template, and the
aniline was intercalated with this template.® In our
case we use PAA polyelectrolyte as a template. A
possible explanation for our peak broadening is that AN
monomers bind tightly to the PAA polyelectrolyte. The
dynamics of the AN monomers are more likely to behave
as part of the polymer which results in the shortening
of relaxation time and thereby leads to the broadening
of the proton peaks. As mentioned previously, AN is
thought to be mainly protonated by CSA. It is likely that
the AN/CSA complex interacts with PAA through H-
bonding and that this interaction results in increased
AN/CSA concentration along the PAA backbone. There-
fore, we postulate that both acid—base and H-bonding
interactions contribute to the stabilization of AN/CSA/
PAA complex (Scheme 2).

Conclusion

Chiral PAA/PANI nanocomposites can be synthesized
using a simplified template-guided synthesis procedure.
High molecular weight PAA (MW 250 000) allows for
the synthesis of dispersed chiral nanocomposites over
a more broad concentration range. Stability of the PAA/
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AN/CSA adduct formed prior to polymerization influ-
ences the degree of PANI chirality. Adduct stability is
influenced by reaction temperature and solvent content.
The local concentration (aniline loading) and solution
concentration (total concentration) prior to polymeriza-
tion affect the degree of PANI chirality. We speculate
that the rate of polymerization, competition of CSA with
oxidant degradation products, and an increase in struc-
tural order with increasing AN/CSA concentration affect
the degree of PANI chirality within PAA/PANI products.
IR and NMR studies suggest that PANI and PAA are
intimately mixed at the molecular level. All of the
results are consistent with our proposed mechanism and
that complex formation between PAA, AN, and CSA is
essential for the formation of chiral PAA/PANI.
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