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Benjamin DOPPAGNE
IPCMS Laboratory (CNRS, Univ. Strasbourg)
University of Strasbourg
Hyper-Resolved Fluorescence Microscopy with STEM
PhD thesis director: Guillaume SCHULL (CNRS)

Optical spectroscopies are powerful techniques to obtain precise information regarding the chemical
structure of organic molecules. Therefore, optical signals from single molecules represent the ultimate
limit in terms of chemical analysis. In 1989, Moerner and Kador reported on the first optical detection
of a single molecule, representing the first step towards super-resolved fluorescence microscopies, an
achievement for which they received the 2014 Nobel Prize in Chemistry. Despite many improvements,
the spatial resolution of these optical techniques seems limited to approximately 10 nm, i.e., an order
of magnitude higher than the typical size of a molecule. To go beyond this limitation, I used a Scanning
Tunneling Microscope (STM) to excite the fluorescence of individual chromophores. This approach relies
on the use of tunneling electrons to excite the fluorescence of the molecule, and uses electromagnetic
modes of the tip-sample junction (i.e., plasmons) as amplification cavity. Because these modes are localized within volumes of the order of 1nm^3, we could carry out optical imaging with sub-molecular resolution, a technique that we called «Hyper-Resolved Fluorescence Microscopy» (HRFM). Fundamentally,
this allowed us to explain how and why a single-molecule spectrum, especially its vibronic part, varies
when we adress a sub-part of the molecule. We then showed that HRFM is a valuable tool to trace simple
chemical reactions occuring within the molecule itself and adressed the optical response of charged
species (or molecular trions). In a near future, this approach may allow one to elucidate energy transfer
processes between individual chromophores at play in natural and artificial light harvesting complexes.
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Benoît GROSJEAN
PASTEUR Laboratory (CNRS, ENS Paris, Sorbonne Univ.)
Sorbonne University
Reactivity of Boron Nitride and Carbon Based Nanomaterials With Water
PhD thesis director: Marie-Laure BOCQUET (CNRS)
PhD thesis supervisor: Rodolphe VUILLEUMIER (Sorbonne Univ.)

Recent nanofluidic experiments revealed exceptionally high surface charges at the water interface with
boron nitride (BN) and carbon nanomaterials. The origin of this charging remained unsolved for the
molecular scale is hardly accessible experimentally within nanofluidic devices. This phenomenon presents a strong technological interest as it is currently used to develop a new source of renewable energy. Using molecular simulations at a quantum level, we modeled the interface and proved that the
two materials charged up via adsorption of hydroxides OH- forming a bond with BN but not with carbon, which leads the surface charge to conserve a high unexpected mobility. Moving towards the other
components of the aqueous medium we predicted the dissociation of H2O at the junction of hBN and
graphene sheets, illustrating the potential of those materials for catalysis in mild conditions. Finally, we
determined that H3O+ presented an affinity similar to that of OH- with carbon and BN surfaces, so that
the cation would concentrate in their vicinity and that it strongly reacted with native hBN defects. Within a collaboration framework, this result contributed to obtaining a new microscopy technic allowing
tracking of H3O+ ions at the water/hBN interface at the single molecule and 20 ms scales. These works
pave the way to the identification of highly charged materials for the production of renewable energy and
deconstruct the picture of chemically inert materials as often mentioned in the literature regarding BN
and carbon nanomaterials, by proving their high reactivity with the aqueous medium in mild conditions.
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Correlated electro-optical and TEM studies on single III-N nanowire
heterostructures
PhD thesis director: Bruno GAYRAL (CNRS)
PhD thesis supervisors: Eva MONROY (CEA) & Martien DEN HERTOG
(CNRS)
Semiconducting nanowires (NWs) are promising candidates for future applications requiring extreme miniaturization. This PhD thesis studies, on the one hand, the application of GaN-based NWs for ultraviolet (UV)
photodetection. In this field, we propose a NW design that improves the photoresponse. We demonstrate
the possibility to tune the spectral response of the NWs with bias, to enhance their sensitivity to UVA or UVB
radiation. Furthermore, we show that NWs with a diameter smaller than a certain threshold react linearly to
the incident UV light, so that they are suitable for the fabrication of UV dosimeters. Finally, we have studied
the possibility to tune the UV light emission of a NW that contains a single GaN quantum dot. The structure emits light of longer or shorter wavelength depending on the bias voltage applied at the NW edges.
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Studying in vitro the effect of actin dynamics on membrane tubes
PhD thesis director: Clément CAMPILLO (Univ. Evry-Val-d’Essonne)
PhD thesis supervisors: Cécile SYKES (CNRS) & Sid LABDI (Univ. Evry-Vald’Essonne)
Living cells change their shape in biological processes like division, motility or intracellular trafficking. These
morphological changes rely on a dynamic network of biopolymers, the actin cytoskeleton that interacts with
membranes. In particular, intracellular transport implies the formation of tubular membrane intermediates,
with a radius of 10-100nm, finally destabilised into vesicles. In vivoexamples of actin-dependent formation, stabilisation or scission of such tubes have been reported, but the underlying physical mechanisms remain unclear.
To address this issue, I use in vitroreconstituted systems with a minimal number of compounds to
control the growth of a branched actin sleeve at the surface of preformed tubes. These tubes can be
generated by hundreds on a substrate with which they interact in a controlled way. In the case of tubes
free to fluctuate, I show that actin polymerisation crumples the tubes. Furthermore, binding the tubes
to the substrates allows probing their local nanomechanics by atomic force microscopy. In parallel, I
form membrane tubes using an optically trapped bead. The presence of a tube affects the amplitude of
bead fluctuations at long time scale while an actin sleeve surrounding the tube modifies its short time
fluctuations. Furthermore, depending on network cohesiveness, actin either entirely or locally stabilise membrane tubes under extension. On a single tube, different tube radii coexist over several minutes, and may provide enough time and curvature geometries for other proteins to act on tube stability.
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Synthesis of fluorescent organic nanoparticles for detection of biomolecules
PhD thesis director: Andrey KLYMCHENKO (CNRS)

The ability to detect the ultralow concentrations of biomarkers allows early diagnostics of diseases, effective
treatment, and higher chances of successful recovery. Nowadays, due to the limited brightness of conventional
fluorescent molecular probes, detection of the nucleic acids (NA) biomarkers is performed by multiplication
of target NA with polymerase chain reaction (PCR), and it involves expensive reagents and instruments. Direct
detection of NA in biosamples omitting the step of amplification is necessary for fast and low-cost NA detection.
Our group developed a concept of dye-loaded polymeric nanoparticles (NPs), which are 100-fold brighter than
quantum dots. My PhD project aimed to functionalize those nanoparticles with oligonucleotides and obtain
nanoprobes for NA detection. I found that NPs with an efficiently exposed azide group can be readily functionalized with DNA through a Cu-free “click” reaction. Then, DNA-functionalized NPs were converted into biosensors based on energy transfer (FRET), providing amplified fluorescence ratiometric response to the target DNA/
RNA in solution and at the single-particle level. Finally, I have drastically improved nanoprobes that enabled
detecting a single hybridization event by switching on/off FRET from thousands of dyes in the nanoparticle to
a single acceptor. The limit of detection using obtained nanoprobes was 2 pM, which is comparable to PCR.
The results of my thesis work bring a new approach for simple, fast and effective detection of NA markers. The
nanoprobes constitute a new platform for detecting both RNA and DNA in cells and cell lysate using conventional
instruments without molecular multiplication, which is a resource and cost-effective method for NA detection.
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Maxime HALLOT
IEMN Institute (Univ. Polytechnique Haut-de-France, CNRS, Univ. Lille,
Centrale Lille Institute)
University of Lille
On-chip Li-Ion and all solid state microbatteries growth on 2D and 3D
silicon substrates for connected devices
PhD thesis director: Christophe LETHIEN (Univ. Lille)

Miniaturized sensors for Internet of Things (IoT) application is in expansion since the last 10 years. All solid-state lithium-ion battery is a promising candidate. Nevertheless, in spite of high technological readiness
level, planar micro-batteries suffer from a lack of energy density meaning that it is necessary to develop new architectures to fullfill the performances requirements. 3D structures is needed for such application and this work is focused on the synthesis of positives electrodes with high storage capacity and
high operating voltage by Atomic layer deposition (ALD). In the frame of this work,we will rely structurals and electrochemicals properties by differents characterisations techniques for batteries materials.

