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Intrinsically Conducting Polymers
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Key parameters™:

= |nitial pH;

=  Reactant absolute
concentrations;

* Venancio,Wang, MacDiarmid. Synthetic Metals, 2006;
Wang, Venancio, Sarno, MacDiarmid. Reactive and Functional Polymers, 20009.



Polyaniline/Carbon Black

PANIICE

'?ANIZIC.E;« A TEM bright-field images of core-shell structures of PANI1/CB

(a). In (b): Distorted graphite lattice of CB.
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Conducting Polymers Applications

Energy Conversion and Storage devices

Work Function ~ 4,9 eV *
Grafene Oxide (GO)/Conducting Polymers GO Work Function ™ 4,3 e

» GO ?

» PEDOT:PSS/GO?
»PANI:PSS?
»PANI:PSS/GO

GO Band Gap ~ 3,5 eV hydrophilic

1. Chhowalla, M. et al. ACS Nano, 2010, 4: 3169-3174 2. Song, M. H. Applied Materials & Interface, 4
2014. 6: 2067-2073 3. Jo. W. H, Solar Energy Materials & Solar Cells 2014, 130: 599 — 604.



PANI/GO Nanocomposites

Water-dispersibility
» directly deposited as conductive electrodes
» process does not require further heat treatment
» uniform coating

» more environmentally friendly than organic solvents



Polyaniline

IH

Modified “conventional” chemical synthesis*;
Room temperatura;
Dodecylbenzenesulfonic acid (DBSA);

Ammonium peroxydisulfate;

*Venancio, E.C.; Wang, P.C.; MacDiarmid, A.G. Synthetic Metals
Lemos, H.G.; Santos, S.F.; Venancio, E.C. Synthetic Metals



Experimental - Synthesis of GO

Hummers’ Method

H,S0,, NaNO; and KMNO,

High temperature ~ 982C

Modified Hummers’ Method

H,SO,, NaNO, and KMNO,

Improved Method

H,SO,/H;PO, and KMNO,

Without formation of toxic gases

Temperature ~ 352C

Tour, J.M. et al. ACS Nano, 2010, 4: 4806-4814.



Experimental - Water-Dispersible PANI/GO

PANI/GO and POMA/GO composites

Synthesis “In situ” Synthesis “Mixture’

Proportion GO:monomer

)

Proportion GO:polymer

0.6 wt% 0.6 wt%

1.25 wt% 1.25 wt%

2.5 wt% 2.5 wt%
5.0 wt%

GO was exfoliated by using sonication
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Graphene Oxide Synthesis
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Results — Synthesis of GO
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Results

Synthesis PANI-DBSA
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Results — Synthesis of PANI-DBSA

UV-Vis Spectroscopy
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PANI-DBSA (2nd Doping)

"free-carrier tail" from - 800 nm to the IR region

v

“Expandaded coil”
conformation — greater
interaction among the polarons

~760 nm

~820 gy .
n “Coillike” conformation

~350 nm ~435nm

* n - polaron
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MacDiarmid, A.G. et. al. Chem. Mat. 1995; 7: 443 - 445, 18



Results

Synthesis PANI/GO “In Situ”
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Results — Synthesis of PANI/GO “In-situ”

UV-Vis Spectroscopy
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Absorbance (a.u)

Results — Synthesis of PANI/GO “In-situ”

FTIR analysis Protonation:
o 1725 4620 1225
] W Emerging band at 1463 cm?
] — benzoid unit
E 1574 1463

Shift at 1140 cm™ - C-C
deformation plan

PANI/GO 2.5 wt%
Emerging band about 1238

cm1 - consistent with N-H

PANI/GO 1.25 wt%
" bending and C-N stretching

PANI/GO 0.6 wt%
These spectrum suggest

that the functional groups

. PANI from GO are likely linked on
the nitrogen of PANI
backbone via doping
process
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Lemos, H.G., Santos, S.F., Venancio, E.C. Synthetic Metals 2015; 203: 23-30. 21



Absorbance (u.a)
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Wastewater Treatment

Poly(ethersulfone)/PANI-rGO

&
&

5/8/2018 HV mag = | WD |det — T p— 5/8/2018 HV mag = | WD  det — 1 L1
11:37:33 AM 10.00 kV|10 000 x 12.0 mm|ETD UFABC - CEM/SBC 11:29:09 AM 10.00 kV 3 000 x/10.1 mm ETD UFABC - CEM/SBC

Hugo G. Lemos, Jamile Goncalves, Eduardo L. Subtil — CECS/UFABC



Acknowledgements

«  Hugo Gajardoni de Lemos * Alejandro Zuniga — CECS/UFABC

*  Luis Marcelo Garcia da Silva *  Joseé C. Moreira — CECS/UFABC

e  Edileia Duarte de Oliveira * Marcia T. Escote — CECS/UFABC

- Giulia Maria Rodrigues Alvares * Alexandre C. Lanfredi — CECS/UFABC

e Cleber E. Bauer * Renato A. Antunes — CECS/UFABC

Diego Costa * Mathilde J.G. Champeau Ferreira — CECS/UFABC

* Sydney F. Santos — CECS/UFABC

« André Macedo de Abreu Santa Rosa *  Eduardo L. Subtil — CECS/UFABC

* Yasmin Montero Quispe

» Stefany Rodrigues Saraiva

* Jaqueline Pereira Rosado

* Gabriela Sabino Souza

* Aline Damaris Pereira Alves

Programa de Pds-Graduagdo em Ciéncia e Engenharia de Materiais — PPG-CEM/UFABC
Nucleo de Tecnologias Sustentaveis — NuTS

Rede Agronano - Embrapa o0
Nano ‘/_.g. A FAPESP @CNPC]

En@a NuTS Cientifico e Tecnologico C APES



