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Abstract: Herein, we use in situ vapor phase polymerization (VPP) of pyrrole (Py) on an oxidant-impregnated ther-
moplastic polyurethane (TPU) matrix comprising a three dimensional eco-friendly sugar particle assembly to produce a
soft, flexible, and conductive polypyrrole (PPy)-TPU hybrid scaffold. The selective removal of sugar assembly yielded
a highly porous skeletal structure, with the effective penetration, diffusion, and polymerization of Py resulting in uniform
PPy formation both on the surface and the inner side of the TPU matrix. The mechanical and electrical properties of the
obtained scaffold were investigated by bending and stress—strain and electrical measurements. The electrical resistance
of the scaffold prepared by 12 h polymerization, equaled 1 MQ and did not significantly change after 100 fold bending.
1In vitro biocompatibility was investigated by MC3T3-E1 cell culturing with cell viability evaluated using the WST assay.
Thus, the soft and flexible PPy-TPU hybrid scaffold produced by VPP might be practically useful, implying that this pre-
liminary investigation needs to be extended to study the behavior of muscle and nerve cells under electrical stimulation.

Keywords: conductive scaffold, polypyrrole, soft/flexible scaffold, thermoplastic polyurethane, vapor phase polym-
erization.
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(a) Dissolved TPU and Oxidant

Porogen extraction

by D.1. water
-

(e) PPy-TPU hybrid coated
sugar assembly

(£) Porous conductive
PPy-TPU hybrid scaffold

(b) Immersion of sugar assembly
into the solution

Figure 1. Optical microscope images: (a) spherical sugar particle;
(b) FTS-TPU coated sugar particle assembly; (c) PPy-TPU coated
sugar particle assembly; (d) sugar extracted porous conductive PPy-
TPU scaffold.
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Scheme 1. Schematic illustration of fabricating a porous conductive PPy-TPU hybrid elastomer using VPP process.
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FTS-TPU 3stolB=eo] 54231 MZQ] =ghajo] Hex}
E9] AW 32A] F3E3}L Y3 (Figure 1(b)), Py VPP ©]
Foll= PPyl EAAQA A4 He Al S wA| Hoh A
RS 8] A|ASH wiA= 7|77t & W PPy-
TPU < 2AZEYS 1T 4 AUrh(Figure 1(d)). Figure
2 AlxE 2AFEL Az P e MAHstE Ko
3 Atk 53] AlxE AEA 2AZEE g fdsa
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Figure 2. Photography of (a) FTS-TPU coated embedded sugar par-
ticle assembly; (b) PPy-TPU coated sugar particle assembly; (c)
porous conductive PPy-TPU scaffold; (d) bending of flexible
porous conductive PPy-TPU scaffold; (e) LED lamp light on.

Figure 3. SEM images: (a) spherical sugar particle; (b) PPy-TPU
coated sugar particle assembly; (c, d) porous conductive PPy-TPU
scaffold.
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Figure 4. SEM-EDS results: (a) EDS elemental mappings of nitro-
gen (red), and sulfur (yellow); (b) EDS spectra from PPy-TPU
hybrid elastomers prepared with FTS oxidant.
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Figure 5. Electrical properties of PPy-TPU scaffold: (a) initial resistance variations as a function of VPP processing time; (b) I-V curve of

PPy-TPU scaffold prepared with 6 h VPP.
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Figure 6. Mechanical properties of PPy-TPU scaffold: (a) S-S curves of various scaffold; (b) relative resistance variations of PPy-TPU-6h
during repeated bending cycles; (c) relative resistance variations of PPy-TPU-12h during repeated bending cycles.
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WST assay
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0D value

Figure 7. WST assay of MC3T3-El cells grown in the TPU-PPy
scaffold.
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