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JIYAPA SRIPIROM : CARBON FIBER-BASED SENSORS FOR TRACE
ELECTROANALYSIS AND SCANNING PROBE MICROSCOPY, AND A
NOVEL SYSTEM FOR SIMPLE SMALL-VOLUME VOLTAMMETRY.
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CARBON FIBER/ELECTROCHEMICAL ETCHING/ SCANNING TUNNELING
MICROSCOPY/SMALL-VOLUME CELL/VOLTAMMETRY

Miniaturized electrochemical tools are nowadays routinely used for modern
electroanalysis and surface science with electrochemical probe microscopes. The
contributions of this dissertation to these subjects were (i) the establishment of a novel
procedure for the preparation of needle-type carbon ultramicroelectrodes (UMES)
with conical geometry of the exposed conductive carbon surface and (ii) the
development of a novel small-volume three-electrode electrochemical cell that works
with the full spectra of powerful voltammetric trace analysis available for normal
sized cell configurations, in only 15 pL of measuring buffer.

(i) The desired needle-type carbon UMEs were prepared by a simple DC
etching procedure in NaOH solution to provide, in a first step, narrowed single carbon
fibers (CF) with very well-formed nanocones at their bottom. Coating the stems but
not the ends of the tips of the carbon cones effectively with electrodeposition paint
(EDP) layers limited the bare carbon to the foremost end and restricted the faradaic
current response due to interfacial redox activity to exactly this area. The resulting
conical carbon UMEs adequately displayed well-shaped sigmoidal voltammograms of
dissolved Ru(NH3)sCls, which proved the quality of the tapered carbon tips in terms
of redox activity as well as insulation stability. At duty as STM probes, bare CF-tips

imaged a Si (111) surface with atomic resolution in UHV. With a tip-sparing
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insulation in place, tapered UMEs were gained that had the capacity to resolve as
electrochemical scanning tunneling microscopy (EC-STM) tips the atomic fine
structure of a Au(111) surface reconstruction. Also, individual molecules of an
organic monolayer on Au(111l) could be imaged with molecular resolution in
electrolyte environment. Atomic resolution STM imaging with carbon-based scanning
probes is a world-wide novel achievement that opens up opportunities for exciting
electrochemical surface science experiments that cannot be carried out with common
noble metal EC-STM tips.

(if) The novel small-volume electrochemical cell was designed to be simple
and rapid in use, and meant to be compatible with miniaturized carbon and noble
metal working electrodes for common voltammetry, e.g. in the standard addition
mode. The performance level of 15 pL electroanalysis in the novel cell was evaluated
through analytical trials with the common analgesic paracetamol (ACMP). Adjusted
ACMP levels in model samples were well recovered with the deviations from true
values being less than + 5%. Applied to human serum ACMP detection, the strategy
revealed nicely the absence, appearance and clearance of the drug in samples coming
from a volunteer who did not or did ingest a 1000 mg dose of the medicine.
Quantitative measurements on a serum sample taken 1 hour past tablet uptake
revealed and free blood ACMP level that was in good accordance with published data.
In conclusion a miniaturized electrochemical cell has been accomplished that can

accurately handle 15 pL sample volumes for voltammetric quantification.
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