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Estimating Motion with an Event Camera
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Laser-induced carbonization and graphitization of a transparent elastomer
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Thesis Title

Surface Design on Boron-doped Diamond for Electrochemical Sensor System and CO> Reduction

This thesis discusses surface design to tailor the properties of boron-doped diamond (BDD)
electrodes for specific fields, focusing on sensor systems and CO» reduction.

O3 and free chlorine (FC) are vital disinfectants but their interactions remain unclear. Thus, |
utilize surface termination optimization to develop BDD as a working electrode for simultaneous
detection, shedding light on their interaction mechanism. With the same strategy, BDD is developed
as a quasi-reference electrode (QRE) to replace commercial RE difficult to miniaturize, enabling
this system’s portability. Furthermore, electrochemical CO> reduction reaction (¢CO2RR) is an
effective method for converting CO; greenhouse gas into valuable chemicals. To enhance this
process, I employ surface topography modulation to develop structured BDD as catalysts for
eCO2RR.

Chapter 1 introduces the impact of surface design on BDD and outlines the background and
purpose of this study.

Chapter 2 describes surface terminations optimization on BDD to achieve the simultaneous
detection of O3 and FC. Only hydrogen-terminated (H-T) BDD can exhibit typical peaks for both
species. With it, interactions between O3 and FC are disclosed. At pH below 5, the detection or
degradation rate of O3 is not impacted by FC, while FC can be precisely monitored until O3
depletes. At pH above 6, the O3 peak rapidly vanishes in 5 min due to reactions with OH™ and FC.

Chapter 3 describes the development of BDD to a QRE using the same strategy. The H-T BDD
achieves enhanced stability than oxygen-terminated BDD. It shows minimal potential drift during
open circuit potential tests in KCIl, probably attributed to its higher capacitance due to the
electrostatic adsorption of electrolyte ions on the positively charged surface. The optimized BDD as
a QRE is validated, exhibiting linear responses (R* > 0.99) in detecting concentrations of FC and
dopamine.

Chapter 4 describes the effect of size modulation on eCO2RR activity. Reducing the grain size
to the submicron scale results in similar eCO2RR activity for all BDD electrodes, irrespective of
boron doping levels (B%). The highest selectivity for HCOOH falls within the 70-80% range. This
B%-independent activity can be attributed to the similarly incorporated sp>-bonded carbon (around
50%) in all films due to the reduced size, which functions as active sites.

Chapter 5 describes the effect of shape modification on eCO2RR activity. Compared to flat
BDD, rough-surfaced BDD enables around 1.7-fold increases in current and yield rate for CO
production, attributed to its larger electroactive area while maintaining comparable kinetic
performance. Conversely, porous BDD has the largest real area but exhibits the lowest eCO2RR
activity for CO production, possibly due to hindered diffusion of CO; inside the pores.

Chapter 6 summarizes the results of this study and provides the future perspective.
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