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Electrochemiluminescene (ECL) is the phenomenon that involves electron
transfer reaction between two charged species generated on electrode surface to form
an excited-state that emits light.! The excited state generated in ECL is the same as
that in photoluminescence (PL). However, the absence of light source to get an excite
state allows ECL to be a more powerful analytical tool since it will give a lower
detection limit and higher selectivity.

ECL can be generated by many different ways but the most general
mechanism for ECL generation is annihilation mechanism.* In this mechanism, ECL
occurs by electron transfer reaction between oxidized and reduced species, both of
which are generated at the electrode. Also, two different precursors can be used to
generate ECL generation. This involves cross-reaction between a radical cation of one
species and a radical anion of a different species to produce an excited state. This
mechanism is referred to as annihilation cross-reaction.”” On the other hand, uni-
directional single potential step or sweep can be used to generate ECL along with the
use of a co-reactant.”* A co-reactant produces a strong oxidant or reductant that will
react with an ECL luminophore to generate an excited state via bond cleavage upon
electrochemical oxidation or reduction. Co-reactant allows efficient ECL generation
even in aqueous solution by avoiding water oxidation or reduction and makes ECL a
useful analytical technique for many interesting applications such as enzymatic
biosensors and immunoassays.
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Figure 1. Structure of Ru(bpy)32+ and proposed mechanism for ECL generation.

ECL luminophores can be categorized into two large groups: one is transition
metal-based inorganic complexes and the other is organic compounds. The first ECL
phenomenon was observed in an organic compound, however, inorganic complexes
are the focus of research because of their high ECL efficiency. Since the first
inorganic ECL luminophore was repored in 1972 (Figure 1), there have been many
studies on a variety of different transition metal complexes leading to increased ECL
efficiency. Ru(bpy),*, the first inorganic complex to show ECL has played an
important role in both fundamental studies and commercial applications showing high
efficiency and stability. The Ru(bpy),** moiety has been utilized in many interesting
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systems to label biomolecules and modified to detect metal ions coupled with crown
ethers.>* In addition, there has been some efforts to increase the intensity of ECL
using dendrimetic molecule containing multiple Ru(bpy),** units.’

Besides ruthenium complexes, osmium- and iridium-based complexes have
attracted interest for ECL luminophores. Even though it was reported that ECL
efficiencies of Os(bpy),*" and Os(phen),”* were weaker than that of Ru(bpy);*', a great
increase in ECL intensity was observed by ligand tuning. Os(phen),(dppene)*
showed higher photoluminescence quantum efficiency and the redox behavior was
more stable.* More recently, iridium complexes were found to be easy to tune the
frequency of luminescence (from blue to red) by simply changing the bound ligands.’
Bis(3,5-difluoro-2-(2-pyridyl)phenyl-(2-carboxypyridyl)iridium(III) showed ECL
maximum peak that is substantially blue-shifted from that of Ru(bpy),**, suggesting
possible applications for multi-analyte detection.®

ECL was also observed in semiconductor nanocrystals such as Si.” One of the
interesting features of ECL from Si nanocrystals is the red-shifted ECL maximum
peak compared to PL. maximum peak. This shift is closely related to surface states of
Si nanocrystals.

ECL has found applications in many areas. It has showed its usefulness in the
detection systems of high performance liquid chromatography (HPLC) and capillary
electrophoresis (CE). By attaching ECL luminophores to biomolecules, it can be used
for enzymatic biosensor, immunoassay, and DNA-probe assay.'”'" Also, there has
been an interesting result regarding lasing action driven by ECL."” Recently
tremendous efforts have been made to solid-state light emitting devices as a potential
application of ECL since 1996."
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