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Shadow Electrochemiluminescence for Ultrasensitive Imaging of
Cells and Single Mitochondria

Electrochemiluminescence (ECL) is a light-emitting process generated by an electrochemical reaction
at an electrode surface.! The most efficient ECL system involves [Ru(bpy)s]?* as a luminophore (kem =
620 nm) with a sacrificial co-reactant tri-n-propylamine (TPrA) at physiological pH and hence it is
suitable for bio-imaging.?2 We will present in this communication a label-free imaging approach named
“shadow ECL” (SECL) of individual biological entities. Indeed, it reflects the negative imprint of the
local diffusional hindrance of the ECL reagents by each cell or mitochondrion (Figure 1a) present on
the electrode surface. For that, the luminophore freely diffuses in the electrolyte. Since light appears at

the vicinity of the electrode in the ECL-emitting layer, the shape of bio-objects deposited or cultivated
on the electrode surface is imaged in silhouette.®
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Figure 1. a) Scheme of the SECL microscopy. SECL imaging of b) single mitochondria and
c) a CHO-K1 cell Scale bar: 20 pm.
This strategy was first used for mitochondria imaging since these organelles can be deposited on glassy
carbon electrodes and imaged in situ.* Then we demonstrated the possibility to record ECL images of
single cells and functional mitochondria with [Ru(bpy)s]** concentrations down to nM and pM.® This
corresponds to a few hundreds of luminophore molecules diffusing around the biological entities (Figure

1b-c). The reported approach opens new avenues for ultrasensitive ECL imaging and ECL reactivity at
the single molecule level.
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Characterization of electrochemical interfacial processes using
Enhanced Raman Spectroscopy (operando SHINERS & TERS)

Raman scattering spectroscopy, which is easy to implement under electrochemical conditions and whose
sensitivity can be increased tenfold using signal amplification methods (Enhanced Raman Spectroscopy:
ERS), is very popular for characterizing materials in operation.

Advanced exalted Raman spectroscopy (TERS) has already demonstrated its ability to characterize
functional materials on the nanometric scale, but its implementation in a liquid medium and under
polarization remains difficult. After the first liquid TERS demonstration in an organic solvent in 2016
by our group, in 2019 we were able to access electrochemical TERS (EC-TERS) mapping with 8 nm
resolution. Our most recent work focuses on the in situ study of the reactivity of electroactive molecular
architectures immobilized by EC-TERS in STM and AFM mode.

In order to extend our diagnostic capabilities to systems operating under drastic conditions, we have also
developed exalted nanoparticle Raman spectroscopy (SHINERS), which was introduced by Tian's group
in 2010 and uses plasmonic nanoamplifiers (Au@SiO. nanoparticles with a core-shell structure)
deposited directly on the materials to be analyzed. The SHINERS technigue has been used in our group
to characterize battery materials in operation and to extract and monitor the dynamics of interfacial
composition.
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