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The proposed research aims to develop a method for the generation of electrochemiluminescence, that

is a light emission induced electrochemically, from organic molecules in water, avoiding the use of
organic solvents that are toxic and harmful for the environment.

The aim of the proposed research plan is to develop a bipolar
electrochemical method for the generation of electrochemiluminescence (ECL) from organic molecules
in aqueous solution. 9,10-diphenylanthracene (DPA) was emplyed as a model organic compound to
establish the electrochemical methodology. DPA was incorporated in micelles generated from a
redox-active surfactant and then solubilized in water where, after surfactant oxidation, could be
released in the proximity of the electrode surface due to the cleavage of the surfactant micelles.
Scanning at positive potentials and in presence of a suitable coreactant, such as oxalic acid, DPA
oxidation leaded to the generation of a light emission, namely ECL, in water.
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Electrochemiluminescence (ECL) is a light emission triggered electrochemically. Because only inorganic
complexes can generate ECL in water, the proposed research plan aims to develop a bipolar electrochemical
method for the ECL generation from organic molecules in aqueous solution. Indeed, organic molecules
possess promising properties for analytical applications of ECL due to their high photoluminescence
efficiency and tunable wavelengths for light emission, but their widespread use is hampered due to their

poor solubility in water.

The aim of the proposed research plan is to develop a bipolar electrochemical method for the generation of
electrochemiluminescence (ECL) from organic molecules in aqueous solution. The method relies on the use
of micelles generated by a redox-active surfactant where the organic molecule is entrapped and dissolved
in water. Successively, an electrochemical stimulus causes the cleavage of the micelle and the release of

the organic molecule onto the electrode surface, generating ECL emission.

9,10-diphenylanthracene (DPA) was employed as a model organic compound to establish the
electrochemical methodology. DPA was incorporated in micelles generated from a redox-active surfactant
(11-ferrocenylundecyl trimethylammonium bromide — FTMA) and then solubilized in water where, after
surfactant oxidation, could be released in the proximity of the electrode surface due to the cleavage of the
surfactant micelles. The proposed methodology could be realized either (a) homogeneously, having both
DPA and the coreactant free to diffuse in solution, and (b) heterogeneously, with only DPA immobilized as
a thin gradient film prepared through the aid of bipolar electrochemistry, while the coreactant is solely added

to the measuring aqueous solution.
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Scanning at positive potentials and in presence of a suitable coreactant, such as oxalic acid ((COOH)z2),
DPA oxidation leads to the generation of a light emission, namely ECL, in water. When the homogenous
strategy was adopted, ECL emission was observed by increasing the scan rate, meaning that the fast

cleavage of the surfactant micelles and the concomitant oxidation of DPA allows for light emission in

aqueous solution.
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Homogeneous system to achieve the ECL emission from DPA in water. (a) Schematic representation showing the
reversible cleavage of FTMA micelles after redox reaction for the release of DPA in water; the latter successively
undergoes an oxidation reaction achieving light generation in presence of oxalic acid ((COOH).) as a coreactant.
(b)-(d) Cyclic voltammetries (upper graphs) and relatively ECL emissions (lower graphs) at progressively increased
scan rate (100, 200 and 350 mV s) of an electrolytic solution composed of 0.1 M Li2SO4, 10 mM (COOH)2, pH 6,

and only FTMA (orange line) or FTMA including DPA (FTMA/DPA, blue line).



When the heterogenous strategy was adopted, DPA was deposited as a gradient thin film using the bipolar
electrochemistry technology only by applying a moderate positive potential to allow surfactant oxidation, with
the aim to cleavage the FTMA micelles and release DPA onto the electrode surface. Successively, by adding
the coreactant in the measuring aqueous solution and by applying a more positive potential, DPA oxidation

leads to ECL emission from the film state.
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Heterogeneous system to achieve the ECL emission from DPA in water. (a) Schematic representation showing the
reversible cleavage of FTMA micelles after redox reaction for the deposition of DPA as a gradient thin film by using
bipolar electrochemistry. (b) Optical photograph of a gradient DPA film and (c) its UV-Vis pattern under irradiation.
(d) Absorbance spectra and (e) thickness measurements of a gradient DPA film measured at different areas to

underline the gradient feature of the deposited film.
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