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The morphology of the self-assembly of poly(aniline-co-an-
thranilic acid) copolymers (PAAA) and poly (N-vinypyrroli-
done) (PVP) into particles in DMF/H,O solution and fibers in
sodium hydroxide solution was studied. Not only the solvent
but also the content of PVP affected the morphology significant-
ly. When the content of PVP is zero, no fibers were formed. With
the increasing of the content of PVP, more and more fiber junc-
tions appeared.

Synthesis of nanotubes and other nanostructures of conduct-
ing polymers has recently generated a great deal of interest be-
cause of their unique properties as molecular wires and molecu-
lar devices.! Among the conducting polymers, polyaniline is an
excellent candidate for molecular wires because of its high con-
ductivity, good environmental stability, and convenience of syn-
thesis.?? Different morphologies of polyaniline have been ob-
tained by changing the synthetic method. Polyaniline particles
with needlelike or spherical shapes, for instance, could be ob-
tained by dispersion polymerization in the presence of polymeric
stabilizers.*> Nanotubes or -fibers of polyaniline have been syn-
thesized by using a porous membrane template® or template-free
methods.” And microporous polyaniline has been fabricated by
using the ordered colloidal assemblies as a template.® Hollow
microspheres of polyaniline were also synthesized recently.’
But most polyaniline particles and tubes are all formed in the
process of oxidation of aniline. Then how to make synthesized
polyaniline into different morphologies through changing condi-
tions such as blending with the other organic molecules or poly-
mers has been considerable attention for its facile synthesis.'® In
many cases, the weak interactions such as 77—7* interactions,
hydrogen bonds, ionic bonds are driving forces to fabricate dif-
ferent morphologies of conducting polymers.'"!?> Such interac-
tions of polyaniline with the other polymers will change in dif-
ferent environments which suggested to us that it may be
possible to change these environmental factors to self-assemble
polyaniline into different morphologies. Here, we report the self-
assembly of PAAA and PVP into particles and fibers in different
environments. In DMF/H,O (7:3) solution, PAAA and PVP as-
sembled into microparticles. While they assembled into fibers in
0.1 mol/L sodium hydroxide solutions (Figure 1). In a typical
synthesis, PAAA was prepared with Diaz’s method.'> The
self-assembly of PAAA and PVP was prepared by mixing
PVP and PAAA in DMF/H,0 (7:3) solution or 0.1 mol/L so-
dium hydroxide solution. The concentration of PAAA and
PVP was both 0.5 mg/mL. The prepared solution was dropped
on a clear silicon wafer substrate in order that the solvent dried
in air slowly and naturally.

The SEM micrograph of the self-assembly of PAAA and
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Figure 1. Simplified schematic representation of the self-as-
sembly of poly(aniline-co-anthranilic acid) copolymers and
PVP in different solutions.

PVP prepared in DMF/H,O (7:3) solution is shown in
Figure 2. PAAA and PVP particles were obtained in which the
particle size was evaluated as 0.8-5.0 um. However, no polyani-
line microparticles were observed when PAAA was replaced by
PANI. So it is presumed that the weak interactions such as 7—7*
interactions just like the self-assembling of oligothiophene-
COOH-coated magnetic nanoparticles into spherical aggre-
gates'! and hydrogen bond between carbonyl and carboxyl or
imine groups play an important role in the self-assembly process.

Figure 2. SEM photograph of the self-assembly aggregates of
PAAA and PVP prepared in DMF/H,0 solution. Conditions:
PAAA = 0.5mg/mL; PVP = 0.5 mg/mL.

The SEM micrographs of the self-assemblies of PAAA and
PVP in 0.1 mol/L sodium hydroxide solution are shown in
Figure 3. PAAA and PVP fibers were obtained whose diameter
was evaluated as 1.0-5.0 um. The concentration of sodium hy-
droxide solution affects the self-assembled structures. When
the concentration of sodium hydroxide was from 0.1 to
0.05 mol/L, the morphology of the self-assemblies of PAAA
and PVP did not change much. But when the concentration of
sodium hydroxide was lower than 0.02 mol/L, fibers were not
observed any longer. We also studied the effect of the content
of PVP on the morphology. From Figures 3a—3c, we found that,
with the increasing of the content of PVP, the diameter and mor-
phology did not change much. And among the fibers much more
junctions were observed especially in high content of PVP. Two
fibers are often linked together to form Y-junctions, and these
can, in turn, construct more complicated junctions. When the
concentration of PVP is zero, no fibers were observed (Figure
3d). So we can see that the concentration of PVP plays an impor-
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tant role on the morphology of the self-assemblies. Compared
with the two polymers in DMF/H,0 (7:3) solutions, the carbox-
yl group of PAAA disappeared because of the ionization in the
sodium hydroxide solution. And the main interactions between
the PAAA and itself were possibly ionic bond interactions.
The ionic bonds and the other interactions such as hydrogen
bonds and 77—7* interactions between PAAA and PVP make
the fibers formed together.

Figure 3. SEM photographs of the self-assembly aggregates of
PAAA and PVP prepared in sodium hydroxide solution: [OH™]
= 0.1 mol/L, [PAAA] = 0.5mg/mL, (a) [PVP] = 1.0mg/mL;
(b) [PVP] = 0.5mg/mL, (c) [PVP] = 0.25 mg/mL, [d] [PVP]
=0.

The molecular structure of the resulting self-assemblies was
characterized by Fourier-transform infrared (FTIR) spectrosco-
py. In order to reduce the effect of solvent, a minim solution
of the self-assemblies was dropped on fluorite substrate and
the sample was treated in air and then under vacuum at room
temperature for one day, respectively. For PVP itself, a band
at 1654 cm™! assigned as C=0 stretching vibration and another
band at 1284 cm~! assigned as C-N stretching vibration were
observed. It was found that FTIR spectrum of PAAA, for in-
stance, bands of 1654 and 1140cm™! assigned as C=0 and
C=N stretching vibration, respectively, were identical to that
of PAAA synthesized by a common method.'? The characteristic
bands of both PAAA and PVP were observed in the self-assem-
bled structures. However, The bands at 1654 cm™! correspond-
ing to C=0 stretching vibration in PAAA and PVP turned into
1660 cm~" in DMF/H,O solution and 1663 cm™! in sodium hy-
droxide solution. The band at 1140cm™! (C=N) in PANI was
replaced by 1094cm™! in DMF/H,O solution and 1106 cm™"
in sodium hydroxide solution. Both of the facts indicate that
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Figure 4. UV-vis spectrum of (a) PAAA, (b) Self-assembly
aggregates of PAAA and PVP in DMF/H,O0 solution, (c) Self-
assembly aggregates of PAAA and PVP in sodium hydroxide
solution.
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there are some interactions in the self-assembled structure be-
tween PAAA and PVP.

UV-vis spectrum was used to study the self-assembly of the
PAAA and PVP in DMF solution (Figure 4.). Pure PAAA exhib-
its two absorptions at 320 and 610 nm. We know that the first
peak was ascribed to the 77—7r* transition in the benzenoid
ring.!*!3 The second peak is associated with a benzenoid to qui-
noid excitonic transition.'® Then we found that the self-assembly
of PAAA and PVP in DMF/H,O solution has the similar result
to the PAAA in the UV-vis spectrum at 321 and 611 nm which
indicates that the PAAA backbone structure does not change
much. However, the C=N stretching vibration peak in PAAA
shifted from 1140 to 1094 cm™! from FTIR spectrum. The result
probably indicates that the weak interactions change the elec-
tronic state of PAAA which showed in FTIR. While UV-vis
spectrum did not change much unless the C=N structure change
into C-N* after doping with strong acid.!” In sodium hydroxide
solution, the second peak disappeared probably due to the effect
of the ionization of carboxyl group and alkali solution to PAAA.

In conclusion, PAAA particles and fibers can be produced
by introducing PVP through weak interactions such as 7—7* in-
teractions, hydrogen bonds, and ionic bonds. In DMF/H,0 (7:3)
solution, PAAA and PVP assembled into microparticles. While
they assembled into fibers in 0.1 mol/L sodium hydroxide solu-
tions. The concentration of sodium hydroxide solutions and the
concentration of PVP affect the shape of PAAA fibers signifi-
cantly.
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