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In Situ Substrate Controlled Electrochemiluminescence Imaging Platform for Bioanalysis
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Electrogenerated chemiluminescence (ECL) is a versatile technique with excellent sensitivity,
no background signal, and flexible temporal control. Additionally, installation with optical device
extends the spatial resolution to micro meter range. ECL reaction occurring through coreactant
pathway require activation by coreactant species which can be electro-generated at the surface of
the electrode. The combination of the two phenomena, ECL and substrate generation, realizes
synergistic approach to sensitive reagent-less detection platform. By giving micro reaction
chamber structure on the electrode surface and collecting enzyme labeled magnetic nanoparticles
to the chambers, additional improvement in sensitivity can be achieved. This doctoral thesis
demonstrated the use of in situ generated substrate for subsequent enzyme reaction immobilized
on solid support and imaging of its resultant light emission for detection of few particles.

Chapter one covered the basic theory and fundamentals of electrochemistry as well as ECL.
Here, the theory behind the electro-generation of enzyme substrate by oxygen reduction reaction
(ORR) at electrode surface was described. Additional topics covered single molecule detection
and nano-sized structures for achieving the detection at such scale and briefly covered the
emerging field of digital biology.

In chapter two, careful consideration was given to the parameters required for substrate
generation and imaging in an effort to construct the reliable substrate generating ECL imaging
platform. The ECL profile of ORR to potential dependence and time dependence were revealed.
The ECL imaging in multi-chambered and non-chambered electrode were also discussed.

To show the potential of highly sensitive ECL detection, the aforementioned technique was
combined with the use of micro size chamber and enzyme modified magnetic nanoparticles for a
construction of sensitive reagent-less sensing system. The constructed system achieved
detection limit of 90 fM catalase with measurement time of 60 seconds in ambient temperature.
Observations were interpreted in view of enzyme kinetics and chemical dynamics within the micro
reaction chamber. The two fundamentals worked in concert for the quenching of ECL signal near
the bottom of the chamber where the electrode was located.

The fourth chapter showcased examples of the in situ substrate generated ECL application in
biosensing. The featured examples include measurement of antioxidant capacity using in situ
generated ROS as target for the antioxidants in food beverages and quenching of ECL image by
ascorbic acid in bi-potential mode.

Fifth chapter summarized the topics covered and ends with conclusions and future remarks on
the in situ ECL imaging technique for bioanalysis.
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