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Figure 1 A SEM and TEM (inset) images of PPy nanotubes prepared by using reactive V,O;
nanofibers as templates [/ ; B SEM image of PANi nanotubes synthesized by using

MnQO, nanowires as oxidant to initiate the polymerization of aniline ‘™,
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Figure 2 Schematic of the hard-template synthesis of different conducting polymer nanostructures: (a) Porous
membrane as the hard-template to produce conducting polymer nanotubes and nanowires. Firstly, the growth of the
conducting polymers is guided within the pores or channels of the membrane, and then the template is removed after
the polymerization; (b) nanofibers as the hard-template to produce conducting polymer nanotubes. Nucleation and
growth of conducting polymers took place on nanofiber templates, and then the nanofibers were dissolved or de-
polymerized to obtain nanotubes; and (c) Colloidal particles as the hard-template to produce nanoporous
membranes. The conducting polymer monomers were polymerized in the voids between colloidal particles. When

colloidal particles were removed, a 3-D conducting polymer porous structure remained-*.
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Figure 3 Schematic of the mechanism of the soft-template synthesis of different conducting polymer
nanostructures: (a) micelles acted as soft-templates in the formation of nanotubes. Micelles were formed by the self-
assembly of dopants, and the polymerization were carried out on the surface of the micelles; (b) nanowires formed
by the protection of dopants. The polymerization were carried out inside the micelles; (¢) monomer droplets acted as
soft-templates in the formation of micro-sphere; and (d) polymerization on the substrate producing aligned nanowire
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Figure 4 Pure polyaniline nanofibers can be made by interfacial polymerization. In a typical reaction,
(a) an aqueous solution of acid (1 M HCI) and oxi dant and an organic solution of aniline are brought
together to form an interface. (b) Polyaniline first forms at the interface and then (c,d) diffuses into
the water layer since as-prepared polyaniline is in its hydrophilic emeraldine salt form. (e) The

product is pure nanofibers as shown in the TEM image-'™ .
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Figure 5 A. SEM image of PANIi nanofibers prepared by mixing aniline and ammonium persulfate in an acid
solution in the absence of mechanical agitation. Under stirring, highly agglomerated PANi particles with a
coral-like shape are formed (the inset)!'; B. SEM image of PPy synthesized with 5mol % bipyrrole added
as an initiator, which shows fibrillar morphology. Without the addition of the oligomer, spherical particles

are formed (inset)!'®,
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Figure 6 SEM image of electropolymerized nanostructured conducting polymers on the electrode sites
with deposition charge density of 1. 44 Cecm *™, 3D view: a) PPy film, d) PEDOT film, g) PPy
nanotubes, j) PEDOT nanotubes. Top view: b) PPy film, e¢) PEDOT f{ilm, h) PPy nanotubes, k)
PEDOT nanotubes. High-magnification top view: ¢) PPy film, {) PEDOT f{ilm. i) PPy nanotubes, 1)
PEDOT nanotubes.
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Figure 7 The biomimetic advantages of nanomaterials. Schematic illustration of the mechanism

by which nanomaterials may be superior to conventional materials for bone regeneration'?’.
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Figure 8 Plot of the electrical conductivity of chemically synthesized PANi tubules in

terms of their outer diameter.
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Figure 9 SEM images of conducting polymers after CV measurement on neural electrode: (a) — (d) PEDOT

film; (e) — (f) PPy filmon neural electrode showing delamination on the edge of polymer film; (¢) Higher —
magnification image of (a); (d) Higher-magnification image of (b); (f) Higher-magnification image of (e); (g)
PEDOT nanotubes; (h) PPy naotubes. PPy nanotubes and PEDOT nanotubes remained firmly attached to the
neural electrode after CV measurement. The delamination height was measured as shown in (¢), (d), and ().
The delamination height was 3. 74 1. 3mm for PPy film and 13. 4+ 2. 5mm for PEDOT film (=% Stdv, n=28).
More delamination of PEDOT f{ilm was observed than for PPy film on the edges of electrode sites (p<C0. 0001).
PEDOT and PPy films and nanotubes were electropolymerized on the electrode site with deposition charge
density of 1. 44Cscm ™ ?. CV measuerement was carried out by applying scanning voltage from —0.9V to 0.5V

with scan rate 100mVes 'for 5 cycles™®!.
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Figure 10 DRG explants cultured on conducting-polymer films and nanotubes. Ganglia on PPy film (a) and PPy
nanotubes (c¢) degraded and had shorter and more branched neurites than PEDOT film(b) and PEDOT nanotubes
(d), respectively. The extent of branching is best observed at higher magnification of PPy nanotubes (e) and
PEDOT nanotubes (f). Conducting-polymer nanotubes produced longer neurites than their corresponding films,
with PEDOT nanotubes producing the longest neurites overall (g). Column height represents the mean while error

bars reflect the standard error of the mean for 10 neurites per condition (n=10)%",
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Figure 11 Resistance changes of a nanofiber emeraldine base thin film (solid line) and conventional (dotted line)
film upon exposure to 100ppm HCI vapor in nitrogen (left) and the same fully HCl doped films
exposed to 100ppm NH; vapor in nitrogen (right). R/R, is the resistance (R) normalized to the

initial resistance (R,) prior to gas exposure*l,
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Nanostructure of Conducting Polymers and Biomedical Applications
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o2 S SRS A < 4T .

Abstract; The conducting polymers with the nanostructure are clearly advantageous over their

conventional counterparts because of their huge surface area,

small size and quantum effects.

Conductive polymer nanomaterials have a promise in biomedical application on the basis of the fact that

neural tissue is sensitive to electric field and electrical stimulation. This article reviews various methods

for synthesis of conducting polymers with nanostructure and their applications in biomedical field,

focusing on hard-template, soft-template, template-free synthesis, and the formation mechanism of

conducting polymer nanostructures by these methods. The potential of the conducting polymers with

the nanostructures, such as nanotubes, nanowires, and nanoparticles, as nerve electrode coating

materials and biological sensors are also summarized.

Key words: Conductive polymer; Nanostructure; Neural probe; Biosensor.





