Downloaded from orbit.dtu.dk on: Dec 17, 2017

Technical University of Denmark

=
—
—

i

Electrochemical evaluation of pyrolysed high-aspect ratio 3D electrodes for biofuel cell
applications

Amato, Letizia; Hansen, Rasmus J.; Tenje, Maria; Ortiz, Roberto; Gorton, Lo; Keller, Stephan Sylvest;
Heiskanen, Arto; Boisen, Anja; Emnéus, Jenny

Publication date:
2012

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Amato, L., Hansen, R. J., Tenje, M., Ortiz, R., Gorton, L., Keller, S. S., ... Emnéus, J. (2012). Electrochemical
evaluation of pyrolysed high-aspect ratio 3D electrodes for biofuel cell applications. Poster session presented at
63rd Annual Meeting of the International Society of Electrochemistry, Prague, Czech Republic.

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
¢ You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


http://orbit.dtu.dk/en/publications/electrochemical-evaluation-of-pyrolysed-highaspect-ratio-3d-electrodes-for-biofuel-cell-applications(9896bb40-617a-4d74-ba94-e591dbf93a36).html

Electrochemical Evaluation of Pyrolyzed High Aspect
Ratio 3D Electrodes for Biofuel Cell Applications

Letizia Amato?, Rasmus J. Hansen?!, Maria Tenje?, Roberto Ortiz3, Lo Gorton3, Stephan S. Keller!, Arto Heiskanen?, Anja
Boisen!, Jenny Emnéus!
! Technical University of Denmark, Department of Micro- and Nanotechnology, Denmark; 2 Department of Measurement Technology and
Industrial Electrical Engineering, Lund University, Sweden; 3 Center for Molecular Protein Science, Lund University, Sweden

I
1

l..1|||||i

has a wider electrochemical potential window than gold and platinum [2], which is useful in e.g. biosensor applications.
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Electrochemical characterization
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Fabrication of pyrolysed 3Dcarbon electrodes

Both 2D and 3D IDEs were obtained by pyrolysis of lithographically
defined negative photoresist SU-8. A two-step photolithography
process was used to pattern the high aspect ratio pillars on the IDEs,
resulting in a diameter of 1.4 um and aspect ratio ~8.
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Nyquist plots for 2D and 3D carbon CVs of 1 mM ruthenium (lI/11l) hexamine
electrodes in 1mM ruthenium (/i)  chloride in PBS (pH 7) at different scan
hexaammine (RUT) and PBS pH7. Inset: rates on 2D and 3D carbon electrodes

zoom-in of the impedance spectra for IDE. (potentials vs. Ag/AgCl reference
electrode).
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* Interestingly, the semi-circle in the Nyquist plots seems to depend
on the bulk properties of pyrolysed carbon, not on the solution
ive behaviour of the
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(3) 3D layer: SU8 2075 spin-coating and masked irradiation (150 mJ/cm?)
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e The electrodes showed resistance increase due the thin and lon g
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3D high aspect ratio pillars have intrinsically hydrophobic
properties due to their geometry. Furthermore, the surface
chemistry of pyrolysed carbon contributes to the hydrophobicity
of the 3D electrodes. In order to increase the wetting, the carbon
surface was electrochemically modified with carboxylic groups by
diazonium salt chemistry. The carboxylic acid modification of the
pillars resulted in 60% increase in the peak current indicating that
the wetting of the pillars was successful.

,,,,,,,,,,,,, J_ J_ CVs of 5 mM dopamine in PBS

SR (pH7) on pyrolysed carbon
pillars: carboxylic acid-modified
(blue) and bare (red) (potentials
vs. Ag/AgCl RE and sweep rate:

50 mV/s).
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* This high aspect ratio carbon MEMS electrode will be excellent for
biofuel cells applications and for electrochemical biosensing.
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