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Reversible photoisomerization within a 2D self-assembled layer of
diarylethene molecules on HOPG
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J-P. Lére-Porte®, F. Serein-Spirau?, L. Simon™
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Email: marion.cranney@uha.fr ; laurent simon@uha.ir

Thiz study comes within the framework of design and study of smart surfaces. They are based
on the seli-assembly of funcionalized molecules on a subsirate, that will respond in a defined way to an
extemnal stimulus. As the use of light to control smart surfaces seems to hold promizing prospects [1],
diandethenes [2] are one of the most appropriate funciionalized molecules for the achievement and
study of smart surfaces.

In this study, we report an in situ reversible photoisomerization within a self-assembled layer of
dianylethene molecules on a graphite surface at the soliddiquid interface. To achieve this aim, a new
dianyiperflucrocyclopentene derivative has been designed and synthesized. Its photophysical properties
have been investigated by a U\V-visible study in solution, confirming its interesting properfies. A
submoleculary resolved scanning tunneling microscopy study shows that both open and closed
isomers form a self-assembled layer on HOPG at the soliddiquid interface, with markedly different
omganizations, as seen in the figure below. In situ UV and visible light imadiations lead to reversible
isomerizations of the molecular self-assembled layer, without degradation and with a conversion ratio of
100%. Using lineary polarnzed light, we prove that this reversible photoizomerization occurs within the
20 self-assembled layer and not in solvent coupled to a molecular desorplion-readsorplion process,
which should have hindered dramatically the use of these diarylethenes for potential applications.
Indesd, we observe a selective isomerization of the domains of closed molecules according to the
direction of polarization of the light. This had already been shown in the case of 3D crystals of
dianylethenes, where there was isomerization when the direction of polarization was aligned with the
moment of molecular electronic transition [3]. Furthermore, the self-assembly of the closed molecules is
improvable by light imadiaticn, leading to expanding closed domains without themmal treatment of the
sample which might damage the molecular layer.
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Figure : Results on the seff-assembly of diandethens ET{TET}); on HOPG dissolved in 1-phenyloctane.
The molecades are able to somernze reversibly within the sef-assembled layer upon exposure to light
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3D printing of micro-actuators made of liguid crystal.
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Humankind always sought to create tools which allow the accomplishment of tasks that would be
difficuli or couldn't be done otherwize. Reproduction of simple movements observable in nature often
require the design of complex tools but that are limited in terms of degree of motion in particular at the
micrometric scale{1]. Among many microfabrication methods, two photons polymerization (TPP),
dedicated in the realization of 30-microstructures, appears as a prime position technique to create new
toolz. Thus, microrobots fabricated by TPP hawve been conceived for applications in nanomedicine,
allowing to consider new strategies for the targeted release of drugs in the system[2] or even in vitro
fecondation[3]. This work aims fo fabricate micro-devices made of liquid crystals with different
molecular alignments. We used a new technigue to programme at the microscale the molecular
conformation in 3D and thus the deformation of our material. Upon heating the sample go from a single
design to several possible deformation (closure, twist. ).
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Figure 1 : Micro-clamps with different deformations wpon heat.
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Adaptive glazing based on photovoltaic spatial light modulators to
improve the energy efficiency of buildings.
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Building efficiency is one of the most important challenges we face in limiting global warming.
The high heat transfer of our cument glazing causes an enomous energy demand which represent 40
% of the total energy consumplion in USA, exceading the consumption of industry (32%) and transport
{23%}'- In this context, new generations of smart glazing technologies (Themochromic, Electrochromic,
Liquid crystals windows._..) are designed to reduce energy consumpfion by modulating transmission of
UV and IR radiation depending on the outdoor climate®.

With this aim, the idea of an optical device called PSLM (Photovoltaic Spatial Light Modulator)
has emerged in the MaCEPY team. In this apparatus, the orentation of a liquid crystal solution in an
inifial twisted nematic configuration can be controlled thanks to a photovaoltaic unit, which gives rise fo
an OFF state and a OM state (Figure 1), i.e. allows the fransmission or not of light depending on the
generated photovoltage. This unusual association shows the possibility of an autonomous device with
fast, confrollable, and stable (short-range of ime) response under light®.

PSLMs operate under DC voltage without a significant loss of performance. Therefore, the
build-up of residual ions in the liquid crystal near the interfaces, which would screen the photo-induced
electric field, appears to be negligible. The origin of the robustness of a PSLM against ion accumulation
is sfill poory understood. In this work, we probe the physical mechanism(s) that ensure the stable
response of a PSLM under illumination by exploring the opto-slectnic properties of PSLM devices based
on different non-conventional lguid-crystal alignment layers. The expected results will provide
knowledge to improve the stability of PSLMs but will also be of interest to other opto-electronic devices
bazed on liquid crystalz, inwhich ionic conductivity hinders the utilization of a DC bias.
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Eigure 1 Scheme of the PSLM in OFF state (left side) and ON sfafe (right side) *
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PHOTOLITHOGRAPHIE DE RESEAUX MAGNETO-OPTIQUE A
PROPRIETES MODULABLES PAR PIEZO-ELECTRICITE

Marwan Fakhry'?, O. Soppera'?, D. Berling*
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{Marwan.fakfrye@iuha fr)
ABSTRACT:

The integration of magneto-optical (MO} components on conventional platfiorms (glass, polymer, 501
or semiconductor] is a technological challenge that has persisted since the first demonstration [1].
Imdeed, MO materials need heat treatments at more than 700°C, incompatible with their integration
within optical chips hawing other functions. It has also been demonsirated that the use of a 1D
structuring acting as a disfributed Bragg resonator enhances MO properties [2]. Our recent works
show the possibility of realizing micro/nano siructured MO networks by deep-UV photolithography at
RT of a nanocomposite with high MO properties based on a sol-gel doped with magnetic nanoparticles
{MPM} and their integrations for applications in guided optics and in free space [3]

Modulation and parameter tunability of MO gratings allow not only a means to adjust for manufacturing
emors but also a mechanism o increase device funciionality.

The goal is to study and control the modulastion of photolithographed magneto-optical nebworks
deposited on a thin layer of piezoelecinic matenal (by applying a voltage). it is more suitable to use
ferroeleciric polymer matenals such as poly (vinylidene fluoride) as they don’t require HT treatment [4].
Ultimately, the objective is the complete reslization at LT of modular non-reciprocal optical
components, hybrid piezo-nebwork MO structures, with a complete study of their properties (piezo,
MO, ME coupling).

Currently, at the early stages of this work, we are focusing on the piezo-electric layer. The main goal is
the ocptimzation of s PE properties, mainly by madmizing the beta phase of the PVDF. Muliple
formulations and coating methods had been wsed, and interesting results had been obtained using
charactenization techniques (FTIR, XRD, AFM, SEM, Proflometer, and Michelson interferometry),
while the topography and roughmess, must also be controlled.

Many other challenges await us, like combining the 2 layers, accurately confrolling the mechanical
variation of the PE layer. and maximizing the faraday rotation of the MO layer.
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Figure 1: Simulation of a nanocomposite MO network (a), AFM image of a photolithographed
network and measurement - simulation of s MO response (b)), the device envisaged to
modulate the MO properties using a piezoslectric layer ().
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In and Out-of-Equilibrium Interaction of Bare and Lipid-
coated Colloidal Particles with Lipid Membranes
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Interachons between mucro- or nano-sized objects and hpid membranes are crocial m many
processes such as enfry of viruses m host cells, dmg delivery or biomedical imaging. From
another perspective, the use of microscopic colloidal probes to extract rheological properties of
a medium close to soft interfaces or membranes already proved to be of relevant accuracy [1].
In thus work, we propose to explore this broad range of interactions between a single colloidal
particle and a lipid membrane by means of optical tweezers, going from a non-contact
mucrorheological approach to non-specifically dnven adhesion leading fo large scale
deformations of the membrane by the particle [2][3] and eventual topological changes. The
experniments are conducted m several lipid membrane geometries, namely solid supported lipid
bilayers and Giant Unilamellar Vesicles (GUVs), using optical bnght field and fluorescence
mucroscopy to image the system The use of both 1soiropic (bare or lipid bilayer-coated) silica
spheres as well as amisotropic rod-like silica particles with sizes of the order of a micron allows
to track not only the translational motion of the particles but also the rotabonal motion upon
energy dissipation in the system associated to the relative motion of the particle with the lipid
membrane such as bilayer mterleaflet fiction or membrane thermal fluctuatons, and
mvestigate on the predicted importance of parameters such as membrane spontaneous curvature
of tension at this scale. The seeking of such results 13 motivated by a need to understand and
control the mteraction of the particles with GUVs i order to tngger active transportation of the

particle-GUV system in a modular swimming approach.
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The remarkable properties of natural composite materials’ (e.g. plant cell wall, animal exoskeleton)
have attracted a wealth of research to understand their structure-properties relations at all length scales
and to design novel materals with superior parformance. However, while nature masters the organization
of anisofropic nanc-objects like nanoceluloses into complex superstructures, the development of
gynthatic nanocomposite materials with complex and prectsely controlled architectures (e.g. helical) has
proven o be difficult due to the lack of sullable approaches for thelr preparation. With respect to the
preparation of multimateral thin films with a high level of control over the spatial positioning of thair
constituents, layerby-layer (LbL) assembly® has gained its merits as a simple and highly versatile
nanofabrication method. Its combination with the grazing incidence spraying (GISY method permits to
design complex (e_g. helical) multilayer films in which the composition and orientation can be controlled
indeapendantly in each layar. In this context my PhD thesis will focus on (1) the LbL/GIS fabrication and
physico-chemical characterization of complex anisotropic nano-hybrid thin films  combining
nanocelluloses with saft polymer bullding blocks and (i) the investigation of their mechanical properties
as a function of thair architecture and preparation conditions.
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Figure : a) (FCHCFYAmM), film assembled by dipping. b) One orented +-CME layer deposited by GIS.
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PLASMONIC INKS WITH CHAMELEON EFFECT
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Due to the vibrant colors produced by their interaction with visible light, metallic nanoparticles
have been used for centuries by artists. Nowadays, colloidal nanoparticles have shown interest mainly
due to their strong size and shape-dependent properties. Indeed, metallic nanoparticies, synthesized by
oxidation-reduction reaction, can appear colored by a phenomenon of surface plasmon resonance.

Moreover, the chameleon can produce and modulate its color thanks to the guanine crystals
present in its epidermis. By analogy, the plasmonic effect, induced by nanoparticles, is influenced by
the interparticle distance. Based on that principle, mechanical or chemical stress can induce, in the
material, a color change by reproducing or increasing the particles spacing.

Figure: The chameleon capable of changing s skin color explain by guanine crystal distance: (a) macroscopic
color change and (b) microscopic comespondence.

Current formulated BIC inks are colored using dyes and pigments. This project focuses on
providing a new generation of more sustainable and environmentally friendly coloring agents by
exploiting the plasmonic effect which characterizes metallic nanoparticles.

Different nanoparticles synthesis methods using chemical batch and continuous flow processes,
have been developed and discussed in this study. Finally, these results open new routes to create inks
allowing to generate fixed colors and color changing, inspired by nature.

Acknowledgements: BIC Ecriture 2000, CNRS, IS2M, Université de Haute Alsace.
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Degradation of Organic Pollutants under Sun Light lrradiation
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The effluents resulting from textile, leather, cosmetics and pigment indusiries, contain organic

dyes, and their release into vanous aguatic systems is responsible for environmental degradation. Such
pollution leads in tum to several humans and animals health izssues, impacting the economy and
affecting the diimate change. Several methods such as physical adsorption, biclogical process, and
chemical oxidation, are applied at large scales, for the wastewster treatment and the dye remowval from
the contaminated agueous medium. However, the Advanced Chadation Processes (AOP), such as:
photocatalytic degradation using heterogensous photocatalytic process, has been found to be a
supenior method, due to itz operational simplicity, its high efficiency toward the organic dyes, its
economic bensfite and its facile mineralization of organic dyes into H20 and CO:. In the present work,
we have designed Z-scheme nanoccomposite such as g-CaMaFe;OulAg:POuE Sepiolite which we have
found to degrade efficiently the organic molecules such as malachite green (MG) dye, under solar light
imadiation. The  photocatalytic enhancement of the magnetic nanocomposite g-
C;MN,/Fe;0,/A0,PO,@5epiclite, in comparison fo others catalysts, such as pure g-CiN.. o-
CsMNL@Sepiclite, and g-CsN./Ag.PO.@Sepiclite, towards omganic dye degradation, under solar light
imadiation, was aftributed to the synergy effects ocowming between Ag:PCs supported by sepiclite clay
and g-CzMs combined with the Fes0.: nanoparticles.

Keywords: Sun Light lmadiation, Z-Scheme, Nanocomposite, Malachite Green, Monte Carlo
calculations.
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Photocatalytic Degradation of Rhodamine B Dye using Hybrid
Nanocomposite BiOCl@Kaclinite under Sunlight Irradiation
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MNowadays, synthelics dyes are considered among the most hazardous organic pollutants,
owing to their complex structures, their stability in agueous medium, and their highly toxicity. In addition,
the environmental pollution due to these organic substances is growing confinuously leading to varous
negative impacts. In the present work, nanccomposite BIOCI@Kaolinite, made of kaolinite supported
Bismuth Owxy Chlonide "BIiOCF photocatalyst, was designed for Rhodamine B dye photodegradation in
water under sun light imadiation. The BIOCI@Kaolinte nanocomposite was found to have high
photocatalytic activity for the remowval of Rhodamine B dye (RhB) from water, with a degradation
efficiency reaching 100% within 35 minutes, indicating that photocatalyst has good potential for
indusirial applications, mainly in the emvronmental and energy sectors. Further, the degradation
efficiency of RhB by using BIOCkEZKaolinite nanocomposite was stable after 5 cycles and the
scavengers tests have shown that the superowide radical, supercxide radicals (O2+), is the main
species responsible of the dye degradation in water. The photodegradation mechanizme involving
various interactions occuming between BIOCI and kaolinite particles, and between RhB molecules and
BiOCkEKaol nanccomposites, were also elucidated by using Monte Caro calculafions.

Keywords: BiCCl, Kaolinite, Co-precipitation, Photocatalysiz, Rhodamine B, Sunlight lmadiation.
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Design of Organically Modified Sepiolite and its use as Adsorbent for
Hazardous Malachite Green Dye Removal from Water
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A novel adsorbent design method, based on organic surface modification and carbonization at
350-500°C, of sepiolite, was used to prepare carbon@sepiclite composites which were used for
hazardous malachite green dye removal from water. Prior to their use as adsorbent, the structure and
the morphology of the carbong@sepiolite composites were assessed by various methods, such as,
Fourer Transform Infra-Red (FTIR) spectrozcopy, Scanning (SEM) and Transmission (TEM) Eleciron
Microscopy, Energy Dispersive Analysis of X-rays (EDAX), and M, adsomplion/desorption isotherms
(BET method). The designed adsorbents showed good adsorplion properties for MG molecules,
reaching a maximum dye adsorbed amount of 119867 mglg at 25°C for the carbon@sepiclite
composites calcinated at S00°C. Further, the kinetics and the equilibrium adsorption isotherms of the
MG molecules from water onto the sepiolite-based composites, were well fitted by, respectively, the
pseudo-second-order model (R? =0.98) and the Langmuir isotherm (R’= 0.94) models, indicafing that
the MG molecules were homogenously adsorbed and formed a monolayer on the organically modified
sepiolite surface. Moreover, the values of the thermodynamic parameters, such as AG, AH and AS
related to the adsorption process, indicated that the adsorpion reaction was spontaneous, feasible and
endothemic. In the overall, the present work offers fadle ways for the design of onganically modified
sepiolite which can be used at large scale as adsorbents for waste recycling.

Keywords: Clay, Malachite Green dye, Sepidlite; Adsorption; Waste.
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BIMETALLIC PHOTOCATALYSTS FOR ARTIFICIAL PHOTOSYNTHESIS
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Carbon dioxide, one of the main greenhouse gas and a key element in global waming, is
rejected by the use of most major fusls. One solution fo its over-production is to recycle CO5 into a
uzeful chemical such as methane, then used as a fuel. Recycling goes through the photo-reduction of
C(y in the gas phase with water, alzo known as artificial photosynthesis. The properties of the reagent
{highest oxidation state and strong bond, the dissociation energy is around 750 kJimol™) and the
compefition with the Hydrogen Evolution Reaction make it necessary to use a catalyst’. Metallic
nanoparfices are known for their paricular interaction with light called Localized Surface Plasmon
Resonance (LSPR), which allows them to be great photocatalysts”. We have recenfly shown that alloy
nanoparticles of gold and platinum dispersed over titanium dioxide were aclive and selective for the
photo-reduction of CO, with water’. We here show that the methane produciion rate can be opfimized
by designing smaller Au-Pt nanoparticles. By studying the effect of the composition of the nancalloy on
the photocatahytic perfiormances, we alzo show that a synergy between gold and platinum can be found
in Pt-rich compoaitions, which yield higher activity and selectivity than the monometallic nanoparticles.
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Scheme of the C0y photo-reduction process
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VERY HIGH-ASPECT-RATIO POLYMERIC MICROPILLARS MADE BY
TWO-PHOTON-POLYMERIZATION
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Micropillars, polymeric microstructures with a high-aspect-ratio (HAR), are of interest to a wide

range of applications, induding drug delivery, dry adhesives that simulate the fibrillar structure of gecko
feet, immunoassay chips for sensing cell response, and mico-slectro-mechanical systems (MEMS)
actuators '3, The mest common fabrication method for HAR (ratio of height to lateral feature size)
microstructures is molding . This method remaine challenging due to it difficulty in demolding the final
structure. On the other hand, solvent evaporation maximizes the adhesion force of HAR micropillars
during the development step due to capillary force. it is therefore difficult to fabricate very HAR polymeric
micropillars without collapsing ¥ (Figure 1-A).
In this work, we present very HAR micropillars by using two-photon polymerization (TPP) which is an
established technique for creafing complex 3D microstructures. Different parameters have been
optimized to overcome the capillary foree (Figure 1-B). These include surface modification, fabrication
parameters such as using different laser power, exposure ime, distance between the pillars, length of
the pillars. As a result of adapting these techniques, we were able to fabricate micropillars with wvery HAR
of 80.

Figure 1: SEM imapges of micropillars obtained by TPP. (&) Capillary force selff-assembled HAR micropillars.
{B) Very HAR micropillars cbtained by using a supercritical G045 dryer.
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Integration of nanostructured sensor for the electrochemical detection
of biomarkers: towards search for life in space
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MNowadays, metallic nanoparficles with vanous shape have been largely used for the fabrication of
new senzors due to their fascinating properties. One particular shape has alfracted much attention
because of its large surface-to-volume ratio and high sensitivity: the dendritic nanostructures. Thesa
anizgotropic nanoparticles are often made of noble metals, such as gold that owns a good
biocompatibility and high plasmonic effect’.

The present work describes a controlled growth pattern-directed organisation of gold fliowerlike
crystals deposited onto gold quartz QCM resonator to achieve large-zcale nanostructured surfaces of
detection. This technique consists first, in the depesition of a nanoporous polymer template, on which
gold crystals are electrochemically grown. Then, the adsorpiion of amino acids on those structures can
be realized by different ways. The detection of the adsorbed molecules onto these nanostructured
surfaces, has been camed out oplically and electrochemically.

The last step of this work focuses on the regeneration of the subsirate that allows the recovery
of the =enszor fo its initial state to continue ancther cycle of detecion of molecules. This device is a first

step before itz integration in a lab-on-chip system.

O W~ W~ B

1] 2] (1] 2 A5

MaKOFAT TESHIRG MAMOSTRUCTURATION AnSTRETICN DETETTION REGEHERATIOH

A
0 ONE B HE B BH H HE H

Figure 1: The different steps of the sensor development based on gold nanoparticles and gold QCM resonator.
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Improvement of heterogeneous plasmonic photocatalysis
performance by coupling gold nanoparticles by TiO»
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Thanks to the localized surface plasmon resonance (LSPR) of metal nanoparticles (MNPs),
plazmonic photocatalysis and photovoltaics have become emerging dizciplines in the field of clean
energy [M]. The use of MMPs can induce the light-to-energy conversion due to the three admitted
photoinduced effects of LSPR: nearfield light enhancement, hot electron transfer and
thermoplasmonic effect. There is much debaie about the effect responsible for LSPR
photocatalysis [02], previous work has highlighted the efficiency of hot electrons in the generation
of Hz and other photocatalytic reactions, however the hot electrons of LSPR have a very short
lifetime {1-100 f=) which limits their involvement in catahysis which requires longer times (ms-s) [03].
In thiz perspective, gold nanoparticles (AuNPs) were functionalized with TiCe nanolayers by sol-
gel, controlled by spin-coating. This approach is easy to implement.

MH-demethylation (MD) reaction of methylene blue (MB) was used az a reference reaction to
investigate the efficiency of the photocatalyvlic process according to parameters such as the
thickness and nature of the inorganic layer on the MNPs. The reaction was followed using surface
enhanced Raman spectrometry (SERS). Comparing the efficiency of the photoreaction with thess
parameiers, we can propose insights into the mechanism responsible for MB ND (near-field light
exaltation andfor hot electron transfer andfor themmoplasmionic effect).
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Figure: N-demethylation of methylene bleu (MB) on the optical near-field of AuNPs@TiO;
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APILLARY F E DRIVEN SELF-ASSEMELY OF 3D PRINTED
HIERARCHICAL STR RES PREPARED BY TWO-PHOTON

POLYMERIZATION
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Hiasrarchical structures in nature have inspired numarous applications in chamistry, biology, optics,

and mechanics, as well as In sclentific research and technical implementations ['l. Among many
microfabrication technigues, two-photon polymerization (TPP) ks a well-established method for creating
complex 30 micro-objects with stimull-responsive and reconfigurable surface properties ®3, TPP-basad
laser printing capillary-assisted self-assembly (LPCS) strategy appears as a convenlent technique for
fabricating periodic structures at the microscale 9. A highly controllable hierarchical microstructure can
be assembled by utilizing capillary force as shown in Figure 1.
This work aims to fabricata periodic hierarchical architectures through two-phioton lasar polymarization
and controlled capillary foree assambly by solvent evaporation. Various assemblies of micropilars with
diffarent configurations can be achieved by adjusting the height, arrangemant, laser power and printing
spead of micropillars to guide capillary forca. This mechanical tunable saif-assembly of microstructures
can be used for surface modification applications, micro-optics, and microfluldics.

Figuwre 1. Controlled caplilary force assembly of micropillars, (A) Top and tlted SEM view of 3D-printed micropdiars
obtained by using a supercritical COs drger. (B} Top and tilted SEM view of capillary-gssisted self-assembly of microplllars.
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Porous materials with functionalized surface for the adsorption of indoor
formaldehyde and acetaldehyde
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Formaldehyde and acetaldehyde are two Volatile Organic Compounds (WVOCs) ubiquitously found in
indoor environment'=. Their indoor presence is rMising more and more concems due to their harmful impact
on the human health. Indeed, the Intemational Agency for Research on Cancer (IRAC) classifies
formaldehyde as a carcinogenic to humans (group 1), and acetaldehyde as a possible carcinogenic to
hurmans (group 2B). Therefore, many efforts are being made to remove these two aldehydes from the
indoor air. Adsorption is one of the most promising methods to decrease indoor concentration of VOCs
because of its efficiency and low-cost. Nonetheless, due to the high volatility, high polanty, and small size
of formaldehyde and acetaldehyde, their adsorpiion requires very specific adsorbents with the appropriate
phys=ical properties (large specific surface area and pore volume) and surface chemistry (polar surface with
functional groups)?. For this reason, the studies are directed to highly microporous materials like activated
carbons, zeolites, or metal omganic framework, with surface modification. In this context, our research is
directed in the development of formaldehyde and acetaldehyde adsorbents made by impregnation of
activated carbons or by electrospinning of polyurethane-based membranes. The materials developed are
functionalized with a crystalline organic molecule which is expected to greatly increase the adsompdion
capacity. For indusirial protection reasons, this molecule will not be specified. The developed materials are
characterized by a large variety of methods (SEM, ¥XRD, TGA, and BET). In addition, the adsorption
capacities of the materialz are determined by dynamic adsorplion experiments under controlled
temperature, relative humidity, and gaseous aldehyde concentration. The first results demonsirate that
under its crystalline form the organic molecule shows no significant adsorption. Howsver, by impregnation
it iz possible to cover the surface of activated carbon with amorphous organic molecule which improve
greatly the adsorption capacity. For acetaldehyde, the adsorption capacity of the impregnated activated
carbons is up to 15 times higher than these of the non-impregnated. Conceming the polymernic membrane,
the direct elecdrospinning of a blend solution containing the organic molecule, the template polymer and
the polyurethane induce a parial recrystallization of the organic molecule. Even with the partial
recrystallization, the functionalized membrane has an adsompion capacity of 0.35 mg g while the non-
functionalized one show no adsorption. In the future, the pohyurethane-based membrane will be
functionalized by impregnation to prevent recrystallization of the organic molecule during the process.
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Photo-induced formation of biobased-vitrimers
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Vitrimers represent for a very promiging class of materiale with selif-healing, recyclable, reprocessable
properties. Accordingly, they have been intensively investigated in the past decade. In this regards, the
incorporation of dynamic covalent bonds in the polymer networks plays a critical role in manipulating
the molecular fransport and viscoelasticity of the materals. Howewver, the path toward more sustainable
polymer maternials is not only focusing on recydability but also finding altematives to replace petroleum-
derived monomer feedsiock by renewable resources. Therefore, it iz highly desirable nowadays to
develop cost-effective reaction conditions like photoactivation that allows to integrate both the dynamic
covalent bonds and bic-based monomers into polymer networks of vitimers. In order to realize this aim,
we herein have developed photopolymerization processes which applied to broad monomer subsirates,
metal-free and photocatalyst-free, and ambient conditions.

Het-prass

Figure 1 : Photochemical formation of biobased monomer, and the product after hot-pressing at 100 °C
for 20 min.
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Virus-Like Particle as a nano-signaling platform to control cell behavior
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Virus-Like Particles (VLPs) are ssif-assembled protein-based nanoparticles that provide versafile
delivery platformes for a varnety of biomedical applications thanks o their biocomipatibility and their ability
to encapsulate therapeutic molecules'”. However, they have not yet been employed in the field of
biomaterials. Here we show that VLPs can be used to dewvelop cell-signaling nanoscaffolds for the
control cell behavior. Using cloning technigues, we fused short bicactive peplides to the C-terminus of
the AP205 coat protein. We produced recombinant parficles expressing adhesion (RGD, YIGSR) and
osteogenic (BMP2) peplides at their surface and purfied them by affinity and size exclusion
chromatography techniques. We show that VILP-RGD parficles stimulate adhesion and spreading of
C2C12 myoblast cells with the same efficacy as native fibronectin whereas VLP-BMP2 parficles do not.
With similar methods, we were able to produce heteromeric particles co-expressing RGD and BMP2
peptides. We showed that the presence of RGDs on our multifunctional paricles can promote cell
adhesion similardy to VP RGD-BMP2. These resultzs demonstrate that it is possible to combine
bicactive peptides on the AP205 partide surface in order to creste multifuncional signaling
nancscafiolds that control different facets of call biology.
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Polymerization induced through the heat generation of gold
nanoparticles under laser illumination
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Localized surface plasmon-induced polymerization of freeradical acndate monomers is an efficient,
=mart, and versafile method for prepaning metal/ipolymer hybnid nanoparticles (MPs) with accurate control
of the thickness and spatial distribution of the pohymer on the NP surface. Despite a growing number of
practical demonstrations, the mechanizm leading to polymerization of the acnyate monomer by localized
surface plasmon resonance is still controversial. Indeed, frough decay processes, the plasmon emitted
light, hot change camiers and heat, in less than tens of ns (Figure 1). I these processes are well-known,
the main difficulty is to discriminate bebween them.
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Figure 1: Plasmonic heat generation time-scale!.

Previous experiments performed in the laboratory, highlighted the photochemical pathway as the main
mechanism under mild imadiation?. The thermoplasmonic pathway was already used to cure InZnO thin
filrris?.

Here, we investigated thermoplazmonic to graft thermopolymer onto gold MPs. Different parameters were
conzsidered to address specifically thermopohlymierization through the plasmionic excitation of NPs such
as the NPs resonances, laser power and regime. Owerall, to generate thermopolymernization through
thermoplasmonic effect, high imadiation condition = required. Moreover, we observed
themopohymernization in ne-pulzed and continuous laser regime with different grafting features.
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SURFACE COLOR ON DEMAND: Chameleon Effect
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Colors affect our everyday life as they provide critical funclions in both recogniton and
communication. Nearly all artifacts of our everyday are manufactured from polymers colored by
dyes. This approach allows an endless varety of colors and the colors of housewares, cloth, cars,
and intenior decoration offered by industry. And yet, each individual item iz produced in one color,
which cannot be changed after its production. This is a serious problem for manufacturers, as
zome goods cannot be sold anymore when their color is outdated. This issue can also cause
tremendous costs and waste if products cannot be recycled and have to be deposed. So, it is of
high interest fo add color-changing swrfaces to the portfolio of manufacturing. In nature,
changing colors are frequently cbserved in the animals world for camouflage by misleading natural
enemies or for courting by standing out from the environment. The most prominent examples are
chameleons that are able to exhibit complex and rapid color changes during social interactions due
to dispersionfaggregation of pigment within dermal chromatophores. A direct copy nature is not
typically practical for everyday items but iz the inspiration of our approach to create color
change in polymeric material.

The idea was to create a novel hybrid material able to color change of surfaces at will. The key
element of thiz novel technology is based on the combination of two phenomena observed in the
nature and transferable to material science: plasmonic and structural colors. The developed
functional nanomateral is composed of colloidal metallic nanoparticles (MPs) that are properly
synthesized and assembled into latex to ensure a variety of plasmonic colors under mechanical
stresses. By changing height and width of a latex film and/or the size of nanostructures
through the shape memory effect, the distance between the nanoparticles are modified
inducing a color change in the composite material [1].
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Figure 1: Basic principle of a colorimetric stress memorny sensor deseloped by Han et al_ [1]. Gold nanoparticle chains
embedded in 3 polymer matnix. Applying stress to the film increases the distance of the gold nanoparticies resulfing in a
color change of the sample. (Reproduced from [1])
To enhance the color palette of thiz stimuli-responsive nanocomposite, ite surface will be later
structured with diverse diffractive nano&micropatterns.
As result, combining the color emission of the nanoparticles with the structural colors will
allow enhancing specific wavelengihs and the paletie of reachable colors. The specificity
mechanical propertiezs of the latex ensure the ouistanding reversibility of color by propery
controlling the reassembly of the nanoparticles inside and on the surface of the material.
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N-rich porous carbon materials using g-CsNs as a new porogen agent
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MN-ich porous carbon (= 20 wi % M) materialz are difficult to prepare without an activation process
owing to their low thermal stability and frend to yield poorly porous materials. Most of the studies related
to “N-rich™ porous carbon materials focused in fact on low N content (e.g. <10 wi%) since carbon
materials with N-heteroatoms have shown metal-free catahtic properties and particular adsorplion
properties.

On the opposite, the synthesis and properties of M-rich porous carbson are barely explored although of
their potentially interesting properfies. Here, we report the first synthesis of N-rich porous carbon (30=
wt % N> 20) with BET surface area ranging between 280 to 600 nrig. Fﬂl’ﬂ'lﬂi[l..ll'pﬂs-& we have
prepared nanccomposites composed of g-C,MN, and C-rich nanodomains.' Graphitic carbonitride (g-
CsMy) is a lamellar compound with semiconductor properfies lamgely studied for photocatalysis
applications. Owing fo its low thermal stability compared to carbon materials and its reactivity with Oz
different than C domains, it was used as a porogen agemt during the confrolled oxidation of the
nanocomposites. It led to N-rich carbon with micro- and mesoporosity without the need for activation
agents. These materials were further characternzed by physicochemical techniques (M. and COs
adsorption, XP5, TEM, and FTIR).
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Lead-free halide perovskites encapsulated in mesoporous silica
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Recently, metal halide perovskites based on lead with general formula ABX,; (A& = Cs,

methylammonium; B = Pb*; X = I, Br or CI) have spectacularly emerged as a promising class of
materials for optoelectronice due to their high efficiency, low cost and easy fabrication. Owing to strong
absomption  coefficients, appropriate bandgaps, spontanecus dissociation of excitons, high defect
immunity, and strong photoluminescence (PL), very effident and record-breaking opioslectronic
devices were fabricated. By the reduction of the size and dimensionality of the perowskite crystals and
the control of surface chemistry, their properties can be tuned and enhanced. Colloidal nanocrystals
(MCs) are generally synthesized in solufion using surface ligands for stabilization. Meanwhile, they
complicate direct integration of the NCs into devices due to hindered charge transfer: additional steps of
purification and surface engineenng are required affecting their stability, cumrently being one of the
biggest obstacles for their deployment. One of the promising ways to increase the stability of perovskite
nancstructures is to use nanoporous matrices with ordered porosity as hosts for their encapsulation.
They can alkow for a fine control of NCs size and shape, protecting their surface and avoiding the need
to use surface ligands. The first examples of such encapsulation of the perovskites began to appear
only wery recenthy.
In spite of outstanding properties, lead-based perovakites have a considerable drawback: toxicity. The
most promiging altermative, less toxic materials are tin- and bizmuth-based perovekites. In this work, we
present the synthesis of new nanocomposites of lead-free perovskites encapsulated in mesoporous
gilica matrices. MA;Bi-Bra NCs, where MA = methylammonium, with a size of 3-7 nm have been
obtained inside the pores of SBA-15 mesoporous zilica (4-8 nm pore diameter) by simultaneous
impregnation of methylammonium and bismuth bromide solutions. UV-Vis and PL specira of the NCs
have been measured. The decrease of pore size leads to the blueshift due fo quantum confinement.
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Synthesis of 2-aminoindenone derivatives through an ynamide
carbosilylation / Houben-Hoesch cyclization 2-step seguence
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While the general synthesis of 1dndenone scaffolds has been extensively studied, the selective access
to heteroatom-substituted indenones and more espedially 3-substituted 2-amino-indenones remains a
challenge’. With this in mind our group has previously developped a method to form 2-amino-indenone
derivatives through a Larock annulation between ynamides and ortho-iodobenzaldehydes®. Given the
moderate regiceslectivity observed in zome cases, we have recently designed a 2-step sequence to
access siylated 2-amincindenones in a highly regicselective manner. The seguence starts with a
silylcyanation of the ynamide® followed by a cyclization via an intramomecular Houben-Hoesch
reaction®. The resulfing 2-amino-indenones could be valorized through iododesilyiation giving access to
various cross-coupling reactions. Interestingly some substrates bearing a sulfonamide allowed the
obtention of stable 2-aminoc-indenimines which could be valorized via transformation of the imino group.
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Engineering Polymer Microparticles by Droplet Microfiuidics
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Most conventional processes for the production of polymer particles imply heterogeneous

polymerization processes (emulsion, suspension) or precipitation processes in a non-sohvent. Although
these processes lead to polymer particles having a different size domain, the size is very sensible to the
operating parameters and cannot readily be adjusted, not fo mention the large particle size disibution
which is often observed. In the last decade microfluidic processes have been considered because of
their unique capacity to generate microdroplets with a very namow size disfribution. Thus, if the
microdroplets generated are polymernzable higuids, it iz possible to obtain polymer particles with wedl-
defined characteristics like size, shape and morphology [1]. Here we present an ovenview of our
developments on microfiuidic processes for the production of sized-controlled polymer microparticles.
Capillary-based flow-focusing and co-flow microsystems were developed fo produce polymer
microparticles of adjustable sizes in the range of 50 to 600 pm with a namow size distribution (CY<5%),
different shapes (spheres, rods) and morphologies (core-shell, janus, capsules). Influence of operating
conditions (flow rate of the different fluid, microsystem characternistic dimensions and design) as well as
material parameters (viscosity of the different fluids, surface tension) was investigated. Empirical
relationships were thus derived from experimental data to predict microparticle overall size, shell
thickness or rods length.
Besides the morphology, we will alzo present microparticles with various compositions and will
emphasize their potential applications: drug loaded microparticles for new drug delivery strategies,
composed inorganic-organic multiscale microparticles for sensorics and liquid crystalline elastomer
microparticles showing an anisciropic reversible shape change upon temperature for thermal actuators
or arfificial muscles.
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Synthesizing honeycomb monolayers from group IV elements (Si, Ge, Sn, Pb) is a great challenge,
as attested by numerous studies. Indeed, these systems are expected to present remarkable electronic
properties, akin to those of graphene!. Whereas the existence of silicene, a honeycomb layer of Si atoms,
is cleary documented, the description of germanene, resulting from the deposifion of germanium on a
substrate, is more complex. Here we deposited gemmanium on a AI{111) single crystal and characierzed
the system by means of surface X-ray diffraction (SXRD), while varous germanene models were explored
by means of density functicnal theorny (DFT) calculations. The comparizon between the 3XRD results and
the atomic structure and themodynamic stability of the different models indicates that the overayer is
not a pure Ge layer, but contains both Ge and Al atoms, that are however amanged in a honeycomiby
structure®3.

GegAliGe Al
Models of Ge layers on Al(111) relaxed by DFT.
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30 Microfabrication by two-photon polymernization (TPP) has become a very popular method to sculpt
the matter at the microscale. One of the today's challenges is to exert a better control on the
processing route and o achieve to bulld relationship between final properties of the material and the
condiicns of fabrication process. We report the use of fluorescence lifelime measurements for
invesfigating two-photon polymesization (Figure 1).° The dependency of the fluorescence lifeime of
Bodipy-C12 with respect to its local environment was exploited to reveal heterogenesity in mult-material
microstruciures based on PETA and PEGDA-7DD. Furthermore, a comelation bebwesn writing
conditions and local viscosity changes within polymernized micrestructures made from PEGDA-TD0 was
e=tablished by investigating the flucrescence lifetime changes of the molecular rotor. Based on these
results, we anticipate that flucrescence lifetime measurement can be successfully applied to explore
kinetics of two-photon polymerzation or probe the 40 character of active 3D structures made by TPP.
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Figure 1 : Molecular rotor as viscosity probe to reveal hetemgeneity in two-photon polymenzed micostructures.
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GRAFTING ON 3D-PRINTED POLYMER USING NITROXIDE-MEDIATED
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Hitroxide-controlled radical photopolymerization (NMP2) iz a well-known and versatile technique
for controlled macromolecular synthesis and surface modification [1,2]. The objective of thiz study is to
complete the understanding of the mechanisms imvolved and to oplimize the results to generate a
grafted layer of high thickness by UV imadiation. After UV polymerization, the chain ends carmy nitroxide
functions which allow the dissociation of the molecule under light iradiation generating the growth of
the chains without addition of photoinitiator. It is then possible o graft monomer layers up to a hundred
micrometers thick. it appears that the imadiation and rinsing condifions have a significant impact on the
efficiency of the grafting. A maxdmum of three grafted layers without addition of photopolymerizable
resin allows to validate the successive growth of chains. A double hydrophilichydrophobic grafing
proves the effidency and the ease of surface functionalization via nitroxides. This behavior is compared
to UV photopolymer containing a classical Momish | photoiniiator. This allows to highlight the
mechanisms involved. i is now easy to imagine systems using this process to answer indusirial
requests, in microfabrication (optical fiber sensors, microfluidic circuits, etc...).
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Fgure: Mechanism of living polymerization from the dissociabion of alkogyamine.

Acknowledgements

The authors thank all the person involved in thiz project and the Agence Nationale de la Recherche
(ANR) for funding ([DYMABIO- AMR-19-CE19-0012).

Reference

1. G. Audran, E.G Bagryanskaya, S.R.A Marque, P. Postnikov, New varants of Mitroxide-Mediated
Polymerization, Polymers MOPI, 2020, 1471481, doiz 10.3390polym12071481.

2. 5. Telitel, J. C. Morris, Y. Guillaneuf, J.-L Clément, F. Morlet-Savary, A. Spangenberg, J.-7 Mabval, J.
Lalevee, D. Gigmes, 0. Soppera, Laser Direct Writing of Arbitrary Complex Polymer Microstructures
by Mitroxide-Mediated Photopolymerization. ACS Applied Materals & Interfaces 2020, 12 (2T).
30778-30786. doi: 10.102 1/acsami.Dc06330.



2 HiFunMar Scientific Days 26 April 2023, Mulhouse

Volatile Organic Compounds adsorption isotherm on functionalized
materials under controlled humidity and temperature conditions
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Chronic exposure to indoor air pollution can negatively affect human health. Among indoor air
pollutants, Volatile Organic Compounds (VOC), such as formaldehyde, can be harmful and can create
long-term health problems [1]). Different materals such as aclivated carbong, zeolites, MOFs, and
hypercrosslinked polymeric resins have been studied to effectively remove airbome VOCs. Most previous
studies were camed out with adsorbents having large specific surface areas and pore volumes which
promote an efficient physisorption. However, the most common adsorbent may be not effective for
removing every VOO in every condiion. In our study, hexanal and foluene, i.e., the 2 most widespread
VOO after formaldehyde in indoor air [2], were studied and their adsorption capacities were determined
on different matenals involving physisorption andfor chemisorption. These materials are polymer
nancfibers or activated carbon (AC) which are funclionalized by depolluting molecules {DM). These DM
contain organic funcions which may react at the gasi=olid interface with certain VOCs. Once the materials
are doped with DM, the amount of DM iz quanfified by LWV-VIS spectroscopy or HPLCAN after extraction
and derivatizafion. Two different polymernc matrices based on polyacrylonitrile (PAN) and polystyrens
(F35), were doped respectively with 13.6 wi% and 3.9 wi% DM by blend elecirospinning. Similarty, 4.5
wi% DM doped AC and pure AC were studied. These materials were then characterized by SEM and
XRD to determine the morphology and the nature of solid phase within the sample.

Onee the matenials were prepared, adsorption isotherm studies were camied out at 23°C and 50% RH.
First, pure crystalline DM adsorbed very negligible hexanal (g < 0.1 mg/g) and did not adsorb any toluens.
Conceming the polymeric matrices, pure PAM adsorbed neither hexanal nor foluens, while pure PS
adsorbs limited amount of hexanal (g = 0.9 mgfg) and toluene (g = 0.5 mg/g). The hexanal adsorplion
capacities (g) on 13.6 wi%: DM doped PAN and 3.9 wi: DM doped PS were slightly higher, with values
of g =14 mglg and q = 6.2 magfg, respectively. These results suggest that the combination betwesn
polymernic matrix and DM enhances hexanal adsorption confirming a potential chemisorpiion.
Nevertheless, VOC adsorptions on polymer-based materials are still low. Conceming the AC matrix, the
hexanal and toluene adsompiion capacities on pure AC and 4.5 wi% DM doped AC can reach up 127 to
200 mafg, being considerably higher than those obiained for polymer-based materials. In this context,
novel approaches are in progress to develop more efficient adsorbenis.
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Stimuli-responsive hydrogels based on weak supramolecular interactions are
potentially useful for a range of biomedical applications including soft surgical
adhesives. We investigated the lingar and non-linear rheological properties as well as
the adhesive properties of two thermoresponsive graft copolymers with inverse
topologies, poly(N-isopropyl acrylamide)-g-poly(N,N-dimethylacrylamide) (PNIPAM-g-
PDMA) and PDMA-g-PNIPAM.[1] Except for their topologies, these copolymers are
analogous in terms of chemistry, architecture (graft), and monomer composition (50 — 50
wt % ). Over a wide range of concentration, they both form homogenous solutions at room
temperature and turn into soft and sticky viscoelastic hydrogels close to body temperature.
We find that the linear viscoelastic properties of these two hydrogels are not discernible
far above the thermal transifion temperature. However, the PNIPAM-g-PDMA. hydrogel
having long thermoresponsive backbones shows a distinctive strain-hardening behavior
in large strains both in probe tack tests and in shear. The inverse topology, PDMA-g-
PNIPAM, shows no hardening and simply softens until failure. This distinction was
observed regardless of polymer concentration (in the entangled regime). We attribute the
hardening to a continuous, load-bearing nanostructure from strong hydrophobic PNIPAM
associations while the softening is due to the easy pullout of short PNIPAM grafts from
separate hydrophobic clusters bridged by PDMA backbones. The findings of this work
highlight the importance of macromolecular design in determining the nanostructure and
thereby the mechanical performance of soft hydrogels for specific applications.

ek,

References:

Y ~

[1] Vahdati, M, et. al., Macromolecules, 2020, 53, 9779.



