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KEYWORD: MICROPOROUS CARBON/URIC ACID/ASCORBIC ACID/DOPAMINE/OXGEN
SENSOR/HEMIN

This thesis focuses on the analysis of bodily fluids, including uric acid (UA),
ascorbic acid (AA), and dopamine (DA). Abnormal levels of UA, DA, and AA could
lead to specific diseases, and they can be measured by the use of electrochemical
sensors with electrodes modified with various materials. Furthermore, various
disorders may lead to the formation of hemin. Hemin is the chloro-coordinated
prosthetic group of hemoglobin and is produced as a result of heme oxidation,
serving as an oxygen carrier. This work investigates the oxygen reduction reaction
(ORR) using hemin as an oxygen carrier in high-salt concentrations.

The electrode materials, including copper oxide (Cu,O and CuO) and carbon
(CNT and microporous carbon), were investigated for the oxidation of three
molecular biomarkers: ascorbic acid, dopamine, and uric acid in human blood
serum and urine samples. The low-cost microporous carbon (MC) electrode exhibits
significantly better sensitivity and selectivity compared to other commonly used
electrode materials (Cu,0, CuO, and CNT). The voltammetric peaks of AA, DA, and
UA at the microporous carbon electrode become better resolved in an acidic
solution (HCL, pH 1) due to changes in the protonation states of the analyte and the
surface functional groups of microporous carbon. Three well-resolved anodic peaks
of AA, DA, and UA were identified at 0.27 V, 0.53 V, and 0.69 V, respectively, by
comparing the DPV responses of the mixtures with those of the individual species.
The sensitivity and limit of quantitation (LOQ) were found to be 6.8 + 0.2 yA cm™
mM™ and 70.0 uM for AA, 261.4 + 3.4 pA cm™ mM™ and 0.6 uM for DA, and 93.5 +
2.6 pA cm® mM ™ and 5.2 uM for UA. The linear range observed was 100 — 2,000 uM
for AA, 10 — 150 uM for DA, and 10 - 150 pM for UA. The developed sensor was

then validated in a synthetic urine sample, the percentage recoveries determined
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by standard addition methods were 96%, 102%, and 101% for AA, DA, and UA,
respectively, suggesting high accuracy of the method and excellent tolerance to
possible interferences presented in the synthetic urine sample.

Hemin, a protoporphyrin IX containing a ferric iron (Fe*) ion, serves as the O
carrier and has been investigated as an electrocatalyst for detecting dissolved
oxygen (DO) in high salt concentrations by the cyclic voltammetry technique (CV).
The introduction of hemin in high salt concentrations significantly enhances the
electrocatalytic activity for the reduction reactions of oxygen (ORR), because the
ferric iron (Fe®) in hemin shows a strong affinity for oxygen, forming a [(Fe") - O,]
complex. The dissolved oxygen (DO) sensor displayed a linear range in its catalytic
reaction to oxygen, with a detection limit of 11.79 x 107 mol L™! and an electrode
sensitivity of 0.14 pA pM™". The voltammetric response did not show any influence
in the presence of Cl" ions, but it can be affected by ascorbic acid. It can effectively
detect the low concentration range of O, typically found in wastewater.
Furthermore, this sensor demonstrates excellent reproducibility and long-term
stability. It can minimize interference in seawater, although it is worth noting that

ascorbic acid has an impact on DO detection.
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