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A. MONDAY @ 9h40-10h45/11h15-12h15

A1. Thermoresponsive toughening in phase-separated gels under
Isochoric Conditions

Hui Guo, Cécile Mussault, Nicolas Sanson, Dominigoerdet, Alba Marcellan

Soft Matter Sciences and Engineering (SIMM), ESP@iis - CNRS - UPMC, France

The phase transition of covalently cross-linkeds ggitails a drastic volume-change that makesfitdif

to reveal the role of phase transition on the meiclad toughening independently of the polymer
concentration effect. To clear up this ambiguiggcently we designed [1] covalently cross-linkedsgel
that phase-separate at constant macroscopic vanohguite high level of hydration, i.e. typicallyore

than 80 wt% water. By exploring original networlptdogies, we demonstrated the remarkable asset that
may represent the phase-separation process fgettdesign displaying responsive advanced mecHhanica
properties: excellent fatigue resistance, full keryg and more interestingly remarkable fracture
properties. Beyond the achieved high values otdracenergies (1000 J m-2) for gels with relativiaiyh
hydration level, the gel fracture patterns havehlgipted a systematic crack bifurcation, as commonl
observed in natural rubbers but unreported sanfgels.

[1] H. Guo, N. Sanson, D. Hourdet, A. MarcellanvAdced Materials, 28, 5857 (2016).

A2. Two liquids competing on a glass substrate

Marine Boroccg"? David Quéré;? Christophe Clanét? Charlotte Pellef,Jean-René Authelin

1 Physique et Mécanique des Milieux Hétérogenes\PiY] ESPCI Paris - CNRS, France
2 Laboratoire d'hydrodynamique (LadHyX) - Potyteique - X, France
3 Sanofi-Aventis R&D, SANOFI Recherche, France

When washing dishes, we usually find it much maifécdlt to properly clean a plastic bowl than a
porcelain one. The plastic surface feels greasian the porcelain, which is due to the affinitytoé
considered substrates with the liquids in preséweger or grease). Plastic has more affinity witbage
than water, unlike porcelain. This differential Weg can be measured through the contact anglecastw
the three coexisting phases: solid, water, and oil.

While the study of solid-liquid-gas contact angfastivated numerous experiments, the similar solid-
liquid-liquid systems are far less studied. For expperiments, we filled glass capillary tubes vgilicone

oil, and injected a water drop in the oil, in a g&dry similar to the one Hoffman used in his clesisi
work. The liquid phases are then pushed forwaalsahall velocity, allowing us to measure the efeaft
dynamics on the advancing and receding contaceang|

Surprisingly, we discovered that changing the tingring which the glass had been in contact with
silicone oil only resulted in extreme variationstbé measured contact angles. This is interpreted a
chemical effect, caused by the bonding of a few t@iinated chains, present in the bulk silicone oll
with the glass substrate. Since these chains dygoesent as impurities in a mostly CH3-terminabddd
the bonding reaction's kinetics is slow, yet irmsiade. As t gets larger, so does the advancindaoon
angle of water chasing oil from the glass. Thengffiof the glass substrate for silicone oil evextiiu
becomes so high that the aqueous phase is nobhiaatavith glass anymore. We quantified the vaiagi

of the advancing and receding contact angles ofatemdroplet in silicone oil as a function of the
imposed speed, oil viscosity and composition, andgparameter.




A.3 Accretion Dynamics on Wet Granular Materials

Guillaume Saingier, Alban Sauré&tierre Jop

Saint-Gobain Recherche, Aubervilliers, France
Surface du Verre et Interfaces, UMR 125 CNRS/S@inlbain, 39 Quai Lucien Lefranc, F-93303 AuberviliecCedex, France

Wet granular aggregates are common precursorsnstretion materials, food, and health care pragduct
The physical mechanisms involved in the mixing oy dgrains with a wet substrate are not well
understood and difficult to control. Here, we stuelperimentally the accretion of dry grains on & we
granular substrate by measuring the growth dynaofitke wet aggregate. We show that this aggregate
is fully saturated and its cohesion is ensuredhgydapillary depression at the air-liquid interfatae
growth dynamics is controlled by the liquid fractiat the surface of the aggregate and exhibits two
regimes. In the viscous regime, the growth dynansclimited by the capillary-driven flow of liquid
through the granular packing to the surface ofatlpgregate. In the capture regime, the capture pritlya
depends on the availability of the liquid at theusated interface, which is controlled by the hylatic
depression in the material. We propose a model thidnalize our observations and captures both
dynamics based on the evolution of the capturegiitity with the hydrostatic depression.

A4. Cell-free synthesis of artificial cell models combining soft
matter and biochemical experiments

Filippo Caschera

Gulliver, ESPCI Paris - CNRS, France

The synthesis of artificial cells consists of theegration of three main modules or subsystemgaawer,
metabolism and information. | will present resudts different types of containers that | have stddis
models to build artificial cells based on oil drefgl, fatty acid vesicles and liposomes. First, Il shiow

an oil droplet system out-of-equilibrium undergoifigsion and fission dynamics in iterative manner.
Then, | will present results on fusion of oppositeharged liposomes, which | have further impleradnt
to activate compartmentalized gene expression. Reably, fusion and fission dynamics are necessary t
design a life-cycle supporting evolution of artificcells. Recently, in order to achieve bettertesys
control and design, | have developed methods tpgpechigh yielding cell-free expression systemsrior
vitro protein synthesis, and compartmentalized sdme synthesis, self-assembly and translation.
Looking forward, | aim to integrate the componeuttsrtificial cell applying high-throughput screagi
methods and machine learning algorithms. My higlgestl is to build a life-like system that can show
open-ended evolution, and then find useful appbeoatin biotechnology. | believe this will be pddsi
combining computer algorithms with soft-matter &mchemical experiments.




A5. Light scattering from correlated disordered materials

Rémi Carminati

Institut Langevin, ESPCI Paris, France

Light scattering and transport in disordered méudia been extensively studied. The possibility talt
coherent scattering in optics (speckles) has peavia tool for basic studies in mesoscopic phy€s.
the applied side, methods and techniques havedmazioped for sensing and imaging in complex media
using diffuse light. These techniques are wideldu® probe soft-matter and biological tissues.

The existence of short-range and/or long-rangeiadpatrrelations in the disorder has been veryrofte
overlooked. We will describe recent results illastrg the influence of correlations, including the
formation of subwavelength speckle patterns [1rZ2he depolarization of light by multiple scattegifB].

In the specific case of hyperuniform disorder, wi# show that materials that are both transparent a
optically dense can be designed [4]. On the wahédabrication of photonic materials with a cofied
degree of order, soft-matter bottom up approachghtroffer promising solutions.

| am indebted to R. Pierrat, O. Leseur, Y. De Wilde Krachmalnicoff, K. Vynck and and A. Dogariu
with whom this work has been done.

[1] A. Dogariu and R. Carminati, Phys. Rep. 5592015)

[2] V. Parigi et al., Opt. Express 24, 7019 (2016)

[3] K. Vynck, R. Pierrat and R. Carminati, PhysvRA 94, 033851 (2016)
[4] O. Leseur, R. Pierrat and R. Carminati, Op8¢a63 (2016)

A6. Collagen | matrix capsules for parallelized 3D cell culture

Wafa Bouhle] Nicolas Bremond

Laboratoire des Colloides et Matériaux Divisés (LDMESPCI Paris - CNRS, France

The ongoing development of three-dimensional adtluce techniques enable us to better recapitutate
vivo conditions which are needed for recoveringpghaper cellular function as compared to standafld ¢
culture methods. Despite numerous strategies ofeDculture, a standardized method that wouldvallo
high throughput screening, easy manipulation of rthero-tissues having controlled and reproducible
features is a field of intense investigations. &ulhkmeter liquid core hydrogel capsules developed
recently in our laboratory constitute a relevartl tior 3-D cell culture. The method relies on a co-
extrusion step in air followed by a sol-gel traimitof the shell in a gelling bath. The hydrogetlsh
offers a physical barrier to the cells against naedatal stress during their manipulation. Moreover,
provides a semi-permeable membrane for nutrierdts, and drugs diffusion. On the other side, cells
cannot escape nor enter into the capsules. Theigtiod of these individual compartments at a higtle r
allows high throughput screening applications.

Among different types of cells, epithelial cellgjugre an extracellular matrix as a supporting esvinent

to express its primary proper characteristics: aimeand spreading. These behaviours will be mainly
dictated by chemical composition and mechanicapgrites of the scaffold. To better mimic natural
environment, we implemented collagen | matrix ie tore of the capsules. However, the formation of
such capsules that require the use of differerbiclal dispersions is not straightforward since toe
extrusion may undergo viscoelastic instabilitiebaiiks to a clearer understanding of the underlying
hydrodynamic phenomena that occur in a co-flow kbetwtwo fluids with different physicochemical and
viscoelastic properties, we are able to make cetlagpre capsules.

These results are very promising and will be usee@ricapsulate cholangiocytes. We expect that the
collagen matrix in the core will allow the apicobbspithelial polarity establishment to form cystes




A7. Active vs. passive hard disks against a membrane: mechanical
pressure and instability

Olivier Dauchot

EC2M, Laboratoire Gulliver, ESPCI Paris - CNRS, fe&

At equilibrium, whether global or local, the meclwah hydrodynamic and thermodynamic pressures are
all equal quantities, which inherit each other timeutual properties. In particular equilibrium peee is

a state variable, which only depends on the bulip@ries of the fluid. For active systems, it is
intensively debated whether some form of pressoudddie considered as a state variable, hencermipeyi
an equation of state (EOS). Probing the mechamiedsure exerted on a wall, it was shown that the
existence of an EOS strongly depends on the detdithe dynamics and in general does not hold.
Different conclusions were obtained when considgtire virial pressure defined in the bulk of anwext
suspension. Whether these debated results holddoe realistic system remains anyhow unclear. @n th
experimental side, no direct measurement of mechhquantities have been reported.

Here, we experimentally study the mechanical presexerted by a set of respectively passive isatrop
and self-propelled polar disks onto two differeleixible unidimensional membranes. In the case ef th
isotropic disks, the mechanical pressure, infefreth the shape of the membrane, is identical fahbo
membranes and follows the equilibrium equation tatesof hard disks. On the contrary, for the self-
propelled disks, the mechanical pressure strongpedds on the membrane in use and is thus notea sta
variable. We further observe an instability of thembrane akin to the one predicted theoreticalty fo
Active Brownian Particles against a soft wall.

A8. Dynamics on lubricant impregnated surfaces

Armelle Gas"? Christophe Clanét? David Quéré?

1 Physique et Mécanique des Milieux Hétérogenes\PiY] ESPCI Paris - CNRS, France
2 Laboratoire d'hydrodynamique (LadHyX) - Potyteique - X, France

Trapping a thin film in the roughness of materiaisates surfaces that are partially solid and gibyti
liquid, referred to as a lubricant-impregnated acef Those surfaces have recently raised a giteaesh

for their promising industrial applications. Indeddey proved to drastically reduce the adhesiom of
broad range of liquids, leading to enhance mobiléggd strong anti-biofouling, anti-icing and anti-
fogging properties.

In our talk we focus on the dynamics of liquids such surfaces. Through simple experiments (drops
going down an incline surface or confined in a Helaw cell, dewetting of a thin film), we study
friction and slip in a systematic way. By varyingetviscosity of both the lubricant and the depdsite
liquid by decades, we show the existence of thram source of viscous dissipation that are suceelysi
discussed.




A9. Structural and thermal study of the relaxor ferroelectric
phase in VDF-based electroactive polymers

Francois Bargaif Pierre Paniné Fabrice Domingues Dos SantbSylvie Tence-Girault

1 Matiere Molle et Chimie (MMC), ESPCI Paris - CNRSBance
2 XENOCS
3 Piezotech SAS, rue Henri Moissan, Pierre-Béfitance

The increasing industrial interest for printed anigaelectronics these last years has led to theasing
development of VDF-based electroactive polymersriomerous energy-related applications (sensors,
actuators, capacitors). Among them, poly(VEBI-TrFE), (CH-CF,);0-(CHF-CR)30, copolymers are
known to exhibit ferroelectric and piezoelectricoperties, whereas poly(VDF-ter-TrFE-ter-CTFE)
terpolymers, (CHCF,)s0-(CHF-CFR)30-(CFR-CFCl)o, present relaxor ferroelectric and electrostrestiv
properties with high dielectric constamt ¢ 30-50) and high deformation under electricdiét7%).[1]
These remarkable electroactive properties near @5afe closely related to the semi-crystalline
organization of polymer chains: the FerroelectRE&) phase or the Relaxor Ferroelectric (RFE) phase,
respectively. The FE phase and the Curie transifia to Paraelectric (PE) phase) are now well
understood in copolymers,[2] whereas the structoedlre of the RFE phase and its related thermal
transition to the PE phase still remains uncledeipolymers.[3]

A thermal SAXS-WAXS study (Nano-InXider, Xenocs) radated to DSC, DMA and dielectric
spectroscopy techniques were performed on terpobniéms to investigate the role of CTFE
termonomer units in the semi-crystalline structarel the thermal behavior of the RFE phase. The
incorporation of CTFE units within the crystalliséructure was shown to promote the RFE phase. A
reversible RFE to PE transition was found to odow narrow [0°C, 40°C] temperature range. However,
depending on their size and chemical nature, aéreronomer units, like 1324ze (CHF-CH@#PH4] can

be excluded from the FE crystalline structure, @nasg ferroelectric properties and Curie transitio

[1] Q. Li; Q. WangMacromol. Chem. Phys. 2016, 217, 1228.

[2] F. Bargain; P. Panine; F. Domingues Dos SargoJ;encé-GiraulPolymer 2016, 105, 144.
[3] L. Yanget al. Macromolecules 2014, 47, 8119.

[4] F. Bargainet al. Macromolecules 2017 , 50, 3313.

A10. Drop trampoline

Pierre Chantelot® Martin Coux}? Christophe Clanét? David Quéré?

1 Physique et Mécanique des Milieux HétérogenesMPIV) ESPCI Paris - CNRS, France
2 Laboratoire d'hydrodynamique (LadHyX) - Potyteique - X, France

Superhydrophobic substrates inspired from the l@akhave the ability to reflect impacting wateos.
They do so very efficiently and contact lasts tglic 10 ms for millimetric droplets. Yet unlike atus
leaf most synthetic substrates are rigid. Focusimghe interplay between substrate flexibility diodid
repellency might allow us to understand the dyngmoperties of natural surfaces.

Previous work on flexible superhydrophobic beams highlighted superhydrophobicity enhancement
and contact time reduction by up to a factor 2viater drop impacts. In our experiment, we perform
liquid marbles (a model for nonwetting drops), imigaonto thin (~1Qu m) stretched circular PDMS
membranes.

The bouncing mechanism is drastically modified careg to that on a rigid substrate: the marble @& sh
upwards as it is spread in a disk shape. The cotitae can be tuned by adjusting the fundamental
frequency of the membrane and reduced by a factbrcdmpared to a rigid substrate. We show that
bouncing is driven by inertia and by the substdgtgamics and that the rebound mechanism also esplai
why viscous drops (that would not bounce off adrigjirface) can be repelled.

-10 -



B. MONDAY @ 15h00-16h15/16h45-18h10

B1. Membranes and capsules made through interfacial H-bond
polymer complexation

Mathilde Reyssat Julien Dupré De Baubigny? Corentin Trégou&t’ Thomas SaleZ, Nadége
Pantoustief, Patrick Perrirf, Cécile MonteuXk

1 Gulliver, ESPCI Paris - CNRS, France
2 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France

Biocompatible microencapsulation is of widespreaerest for the targeted delivery of active speties
fields such as pharmaceuticals, cosmetics and @wrotstry. Capsules obtained by the self-assentbly o
polymers at interfaces enable the combination gpeasiveness to stimuli, biocompatibility and sdale

up production. We have recently developed differergthods to produce membranes at oil-water
interfaces, based on H-bond complexations of potgmEnese membranes can be assembled on drops of
various sizes from the micrometer scale using rfligdics or rotor-stator emulsification up to the
millimeter scale using the pendant drop geometrg. N&ve developed different tools to characteriee th
mechanical properties of such membranes, usingoftuatics or interfacial rheology. These membranes,
which can be easily self assembled and dissolvedchmnging the pH, are very promising for
applications.

B2. Cold compression of zirconia granules, role of the binder

Alice Boursier'? Laurence Talinf, Francois Lequeuk Christian Fretign¥y

1 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France
2 Saint-Gobain Centre de Recherches et d'EtudepEen (CREE), Cavaillon, France

The step of compression before sintering is ctificathe mechanical properties of materials liketats

or ceramics, whose zirconia belongs to. The “gtaauhy's” density in particular is an essential patan
that determines the post-sintering porosity anengfth of the material; the density's homogeneigiss
crucial since density gradients lead to the foromatf fractures in the sintered body; the greenylsod
strength is also essential to ensure a successfublding step.

In our case the shaping of zirconia materials islenly compressing zirconia granules, with a typical
diameter of 100um, made by the spray-drying prodessing this industrial process, it is well known
that the addition of a binder increases the mechhmroperties of compressed green bodies and can
either improve or worsen their density. Understagdthe repartition of binders in granules is an
important key to understand how its content andneatan strongly affect zirconia granules compogssi
Indeed different approaches to explain those obhsiens can be used: the role of the binder ingidays
dried granules and its influence on granules' biehawnder compression; the role of the binder at
granules' surface that influences friction betwgeanules and thus impacts the microstructure of the
granular material; the role of the binder in thietion between the mold and the spray-dried granule
which is detrimental for the demolding step. Oun as finally to understand how binders influence th
compression of zirconia granules in order to dgveldormulation that ensures an optimum with thet be
green strength, homogeneity and density possible.

First results have highlighted that two main par@mseexplain the impact of binders in green striengt
and density: the adsorption of binders on zircar@aoparticles and the binders' mechanical propertie
that can be, in a first approach, characterizethby glass transition temperature.

-11 -



B3. Synthesis of comb and bottlebrush polymers by telomerization

Coralie TeuléreRenaud Nicolay

Matiére Molle et Chimie (MMC), ESPCI Paris - CNRSance

Comb polymers and molecular brushes are very &tteator many applications including rheological
modifiers [1], colloidal stabilizations [2] or supeft elastomers [3] to name a few. However, the
synthesis of these sophisticated architecturesatiser complex and requires tedious deprotection-
functionalization sequences and/or metal cata[y#$te an attempt to simplify the synthesis of coarixl
bottlebrush polymers, the Soft Matter and Chemiktbpratory has recently developed a versatile and
robust methodology that allows preparing theseatbjey radical polymerization.

The method developed relies on the use of polymeying pending thiol side groups [5] that are used
initiate the growth of polymer side chains via charansfer reactions. With this approach, neither
complicated functionalization steps nor metal gatsl are required. To exemplify the versatilitytioé
methodology, molecular brushes with different gngftdensities and several chain lengths have been
prepared. In addition, the nature of the pendirmtg sihains can be easily tuned, as exemplified with
methacrylate, acrylate and acrylamide brushes.

1. S. Lee, N.D. Spencesggience 2008, 319, 575.

2. Y. Li, J. Zou, B.P. Das, M. Tsianou, C. Cheltgcromolecules 2012, 45, 4623.

3. T. Pakula, Y. Zhang, K. Matyjaszewski, H-I. Lék,Boerner, S. Qin, G.C. Berrgplymer 2006, 47, 7198.
4. K. L. Beers, S. G. Gaynor, K. Matyjaszewski,.SBeiko, M. Méller Macromolecules 1998, 31, 9413.

5. R. NicolayMacromolecules 2011, 45, 821.

B4. The dynamics of flexible actin filaments in shear flow

Yanan Liy Olivia Du Roure, Anke Lindner

Physique et Mécanique des Milieux Hétérogénes (PMNESPCI Paris - CNRS, France

The rheological properties of complex fluids madeparticles in a suspended fluid depend on the
behavior of microscopic particles in flow. A firstep to understand this link is to investigate the
individual particle dynamics in different flow geetnies. A rigid rod will perform so-called Jeffery
orbits, however when the rigid rod becomes flexdohel Brownian, the behavior in terms of deformation
and rotation is still to be fully understood. Weosh here to address this situation by studying
experimentally the behavior of flexible polymerse\Wse actin filament and combine fluorescent lalgeli
techniques, microfluidic devices and an automatadesto carry out controlled systematical experitsien
and statistical analysis. By increasing either shear rate or the length of filaments, we subseatuen
observe tumbling, buckling, and bending under feswshown in the figure. The evolution and transitio
of these typical dynamics are governed by elastoeris number , comparing viscous forces to elastic
restoring force. We are also interested in theceftd Brownian fluctuation of changing individual
dynamics of filaments.

B5. From flow to fracture in colloidal gels

Gustavo Estevam Gimengglisabeth Bouchadd

1 MMN, Laboratoire Gulliver, ESPCI Paris - CNRSakce
2 Service de Physique de I'Etat Condensé (SPEQ),-CENRS, France

Fracture of colloidal gels is an important issueaimumber of fundamental and applied problems.
However, its direct observation is complicated iy éxperimental challenges of gripping and imposing
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controlled load on a very soft material and the plaxity of viscoelastic processes inducing large
deformations.

To this end, we use two experimental setups preWyodeveloped for the study of biopolymer gels to
investigate the mechanical response of synthetatoh&e clay Laponite RD gels and an analogous
colloidal system composed of Ludox TM-50 silica oparticles. The first device consists in a Hele-
Shaw-like cell with a built-in notch. By connectiaghole over the notch to a water syringe pumjnpwa f
rate controlled crack is initiated. The second @iaf a closed, rigid chamber where the gel sangl
surrounded by an immiscible oil. By sucking the oilt of the chamber, a rate of displacement
proportional to its flow rate is imposed to the-gdl interfaces, and a mode | crack appears at@ino
Both setups are fabricated using microfluidic stisktechnology.

A wide range of behaviors can be observed in tigstems as a function of the solid concentratiah an
ionic strength, from a fluid which flows under lotmlan elastic solid which breaks. The crack opgnin
displacement is obtained from its shape in thevignity, while the displacement field is determihe
using Digital Image Correlation. In this plane ste&onfiguration, it allows for the determinatidntioe
stress intensity factor and the energy release Adse, birefringence in nematic phases of Laponda

be used: observations are carried out through edobsear and circular polarizers. By comparing the
results of various compositions and cracks propagatelocities, we can have insight into the diasige
mechanisms and fracture properties of colloidad.gel

B6. Hydrodynamics of lateral strike in aquatic snakes
Martyna Goral

1 Physique et Mécanique des Milieux HétérogenesMPIV) ESPCI Paris - CNRS, France

Aquatic snakes have to circumvent strong hydrodyoasonstraints during prey capture underwater.
However, unlike most of other aquatic predatorsyttid not develop a specific adaptation to predati

in this media. But surprisingly, more than 200 $peof snakes eat aquatic preys as fish, crustaaaan
some amphibians. We have demonstrated in recerit that the head shape of aquatic snakes has
converged. However, the functional advantage o shiape does not appear to be as straightforward as
we thought. Indeed, by measuring the force apphiedhe head during frontal strike, their head shape
does not seem optimized as expected. However, \yetested for a frontal strike but some of these
aquatic snakes show a different behavioral strateggh is a lateral strike. The hydrodynamics a$th
strike is of great interest to understand how shapelated with strategy used. | will show and lexp

the experiement reproducing a lateral strike usiifiigrent 3D printed models of snakeheads. | wiba
present the results from measurements of hydrodignaontraints associated. The aim is to assess
whether some shapes could be more efficient withadrihe two strategies.

B7. Correlations in intersecting populations: from electrolytes to
pedestrians

Vincent Démery

Gulliver, ESPCI Paris - CNRS, France

How do pedestrians organize in an intersecting [flevg. in a hallway when the two halves of the
population aim at opposite directions? Do peoplékiwg in the same direction form lanes? These
questions can be answered by looking at the ctioakabetween the two populations. The same sitati
is encountered in an eletrolyte under an extertedtec field. Here, the correlations allow one to
compute the conductivity of the electrolyte, whiws important consequences for the applicationdl |
present the tools introduced to quantify the orgation in these systems, and a theoretical caloulaif

the correlations. Finally, | will discuss the lardestance behavior and its dependence on the \&riou
parameters of the models.
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B8. How do particles softness and attractive interactions affect
the structure and dynamics of colloidal glasses?

Maddalena MattiellpMichel Cloitre

Matiere Molle et Chimie (MMC), ESPCI Paris - CNRSance

Soft glasses encompass a broad class of dispensiade of soft and deformable particles arranged at
high volume fraction: emulsion droplets, colloidaicrogels, star polymers, copolymer micelles. These
materials are known to share generic dynamic ptigseimtermediate between solid and liquid, which
make them extremely popular in applications. Howgetlge phase diagram, the nature of the yielding
transition, and the dynamical properties appedretatrongly dependent of the local architecturéhef
particles and their interactions.[1]

In this communication we address the question of liwe interplay between particle elasticity and
specific interactions control the phase diagram twedrheology of soft microgels. To explore thisuis

we use a novel class of associative particles odtdaby decorating the surface of the polyelecteolyt
microgels with functional hydrodrophobic macromomssm The macromonomers have a controlled
architecture and composition allowing a fine tunwfgthe interactions. The phase diagram, the linear
rheology and the flow properties are entirely miedif We will discuss in details the unique phenoaen
that take place in relation with the strength & ithiteractions.

[1] D. Vlassopoulos, M. CloitreZurr. Opin. Coll. Interf. Sci. 2014, 19, 561

B9. How menisci negotiate micropillars?

Daniel Beilharz;? Evan Spruijt,3 Christophe ClanetDavid Quéré?

1 Physique et Mécanique des Milieux Hétérogenes\PiYl ESPCI Paris - CNRS, France
2 Laboratoire d'hydrodynamique (LadHyX) - Potyteique - X, France
3 Institute for Molecules and Materials, Radboudvdrsity, The Netherlands

Wetting liquids trapped inside microtextures hageently attracted attention due to their slippessnor
both insects and liquids. To create such a ligofdged surface, a wetting liquid has to spread on a
textured surface by propagating from one surfaetufe to the next. How this complex microscopic
motion of the meniscus results in simple globaladyits remains poorly understood.

We analyze the complete dynamics of meniscus paiagin micropillar arrays from direct microscopic
observations. It was shown that while the silicoildills the gap between two micropillars (z-dite)

it simultaneously sweeps towards the next pilladifection). We explain both processes of fillinguzd
sweeping x and show how this local negotiationhi® mext micropillar accommodates to global Lucas-
Washburn dynamics.

B10. Elastomeric foams from High Internal Phase Emulsion: a
complex structure

Charles Barrand

Soft Matter Sciences and Engineering (SIMM), ESP@iis - CNRS - UPMC, France

Thanks to the wide range of properties, foams aezlun a lot of application's areas: thermal isohat
(low thermal conductivity), packaging (ability tbsorb impacts), and buoyancy (lightness). Whatalo y
think that make you feel so good when you slee@hmside your mattress!
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In foams, relationship between microstructure (8@dze, interconnections area and wall thicknesd) a
mechanical properties are still not precisely dsdin

The goal of this topic is to understand this relaship. In our special case materials are based on
methacrylate monomers [1] to get elastomeric fowutis low Tg. They are synthesized using emulsions
technique. We are in the special case of highlycentrated emulsion (internal phase is up to 74%hef
total volume), called HIPEs [2] (High Internal PeaSmulsions) in order to get opened interconnected
foams. A first part of formulation is needed to\ad® a wide range of structure. Then, steps otsiral

and mechanical characterizations on polyHIPEs {@r(s from HIPE) should help us to get a better
compression of the part of each component anchtbtfie desired link between structure and mechhknica
properties.

B11. Cooperative strings and glassy interfaces

Maxence Arutkin

Gulliver, ESPCI Paris - CNRS, France

We present a minimal theory of glass formation dasethe ideas of molecular crowding and string-lik
cooperative rearrangements. In the bulk case, waoh scaling expression for the number of pasicl
taking part in cooperative strings as a functiomensity, and we recover the Adam-Gibbs descripdion
glassy dynamics. Then, by including thermal dilatatthe Vogel-Fulcher-Tammann relation is derived.
Moreover, the random and string-like characterthefcooperative rearrangements permit the predictio
of a temperature-dependent expression for the catpe length of bulk relaxation. This theoretical
picture enables the exploration of the influencesafnple boundaries, in various geometries where the
system size becomes comparable to the bulk cooperlngth, such as thin supported films and
nanoparticles made of polymers.

B12. Deformation and shape of flexible, microscale helices in
viscous flows

Marine Daieff* Jonathan PhamAlfred Crosby? Alexander MorozoV,Olivia Du Roure' Anke Lindnef

1 Physique et Mécanique des Milieux HétérogenesMPIV) ESPCI Paris - CNRS, France
2 University of Massachusetts (UMASS), United &at
3 University of Edinburgh, United Kingdom

Studying the interactions of microscopic helicethviiuids is important because of its relevancédth
fundamental science and technological applicatisnsh as swimming microrobots or microflow sensors.
Helically shaped flagella are also exploited by mwming microorganisms to move through their
surrounding fluids. Here we take advantage of pantaneous formation of micro-helices when straight
ribbons detach from a substrate to study experiafignthese helix-fluid interactions. The size okth
ribbons is typically microscopic for the width andnoscopic for the thickness.

Using this system, we plan to study two differeitagions: the deformation of anchored helices unde
flow and the coupling between deformation and fpansof freely transported helices. First we have
studied anchored helices in Newtonian fluids désogi the overall shape of the helix and the viscous
frictional properties. In order to mimic the natueavironment of motile micro-organisms, we curhgnt
extend our research by studying the impact of nemAldnian fluid properties on the mechanics of helix
fluid interactions. In parallel we focus on redugithe size of the diameter and on controlling #regth

of the helices, a necessary condition to studyyfieansported helices.

The overall goal of this study is to design peffectontrolled microscopic model systems to study
fundamental questions related to the interactidrt®mplex microscopic objects with viscous flows.
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C. TUESDAY @ 9nh30-10n45/11h15-12h30

C1.Sliding on a fluid

Marc Fermigier Anais Gauthier, Jean-Baptiste Thomazo, Etienryss$é

Physique et Mécanique des Milieux Hétérogénes (PMNESPCI Paris - CNRS, France

In a water slide, a thin layer of water lubricathe contact between the solid surface and the perso
moving down the tube. The characteristics of théewalides in amusment parks are determined semi
empirically to provide a safe ride to users. Weehperformed laboratory experiments on model systems
made of small solid cylinders either moving dowwater film on an inclined plane, or levitating oin a
film on a rotating horizontal disk. We interpreteie experiments by analyzing the lubrication flow
underneath the cylinder and we show that the balafidorces and torques determines the thickness of
the lubrication layer and the speed of motion.

C2. Isothermal Compartmentalized Digital Detection of microRNA

Guillaume Gineg Roberta MenezeésNeha MehanpuriaKaori Nara Valérie Taly? Yannick Rondelez

1 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France
2 Université Paris V - Paris Descartes, France

MicroRNA are endogenous non coding RNA. Discovez8dyears ago, they have been found to play a
key role in the post-transcriptional regulationgeihes expression. Over 60 % of the human genome may
be targeted by such biomolecules. MicroRNA aredigpémerging as biomarkers with great potential:
firstly, because dysregulation in their physiol@gitevels has been linked to a wide range of desgas
including all types of cancer, as well as to resise to chemo and radiotherapy. Secondly, thegtalgy
present in the blood stream and can be detected fioomalin-treated or frozen tissues as well asifro
minimally invasive liquid biopsies (i.e. blood, ne). Finally, since they are nucleic acids with \kno
sequences, they are amenable to rational and d&sidn of generic detection tests. However, miRNAs
are short sequences and diluted ribonucleic targatsthus are not ideally adapted to existingaliete
methods based on quantitative PCR.

Inspired by molecular programming principles, wealeped a background-free isothermal amplification
technology dedicated to microRNA detection and ¢tieation. This method relies on the rational dgsi

of DNA circuits made of short synthetic DNA strarelsch achieving a specific function (target capture
and conversion, amplification, leak-absorptionfegrorting). The circuit is interpreted by a sepafified
enzymes that catalyze signal amplification fromnoiRINA sequences inputs. This system has proven to
be efficient for the direct microRNA detection frgsgtasma or serum.

We adapted this isothermal amplification method wigital format: the assay now consists in prejgari

a sample with the DNA circuit, enzymatic processamd partitioning the mixture into millions of
picoliter-size identical compartments- so that tdwgets are distributed according to Poisson lafterA
signal amplification, each target-containing conip@&nt exhibits a positive fluorescence signal. This
technology allows the absolute quantification ofmRNA from various biological samples.
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C3. A new approach to microencapsulation active material free of
surfactant and control delivery

Abdulwahed Shglabow

Laboratoire des Colloides et Matériaux Divisés (LDMESPCI Paris - CNRS, France

Microcapsules are widely used now in different agtlons to encapsulate active material because it
have high volatility or high reactivity for exampie industry to produce plastic moulded into a $jpec
mould such as a wind turbine, car chasis, aeroplamgs and also in petroleum production to
encapsulate some additive to increase the effigiefthis product for example the lubricant as &udi

for motor oil and in cosmetic industry to encaptifsagrance and some vitamin for the skin lik@wiin

C for anti-Aging & brighter skin,

The previous procedures have low production, loficiehcy of encapsulation and there is leak from
these capsules and also the low efficiency of sglea

My goal is broduce microcapsules with low cost, dndh level of production for example pilot
production ~ 500 kg / day with size controlled mddmn different active material and polymer shell
dispersed in aqueous or oil phase without freaudastant, to reach complete protection and tolbe &
trigger the release of the encapsulated materthleatight time in the right place and in the rightm by
different mechanisms of release for example pH aesp capsules, Temperature response capsules,
Ultrasonic response capsules, Osmotique presssjpense capsules.

My procedure is based on emulsification by sheatirg different phase free of surfactant but having
favorably interfacial energy and favorably viscpsitio.

C4. Materials with variable permittivity for vibrational energy
harvesting

Mickael Pruvost Annie Colin! Cécile Monteu, Philippe Poulif

1 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France
2 Centre de recherches Paul Pascal (CRPP), PEésaace

The Internet of Things (IoT) aims at connectingrgday physical objects into the Internet withouy an
human interaction. Eliminate the batteries andwitres for providing electrical power to these olgeis

a key to success for I0T. To overcome this problemromising route is harvesting mechanical energy
from ambient vibrations. One way to convert mecbanenergy into electrical power is to use variable
capacitors. A recent approach is the use of polgnh@aded with conductive particles as a variable
dielectric layer. It is necessary to finely conttbhe morphology of the inner network formed by the
particles within an elastic polymer. The aim of gresent work is the development of near percolated
reduced graphene oxide (r-GO) or carbon black (B&york within an elastic polymer matrix. Two
novel emulsions formulations routes are employe@dbieve a fine control over the structure of the
materials. First, r-GO solution is dispersed in¢batinuous phase of an O/W PDMS emulsion. The r-GO
platelets are segregated after water removal betwee PDMS droplets and can form near percolated
networks controlled by the emulsion droplets. la second route, droplets of a BC solution are dégake

in a PDMS matrix. After water removal, BC is comthin the intern surface of pores. We have studied
the dielectric properties of these two types ofatmmposites at rest and under deformation. In itje h
filler concentration situation, the values of thermittivity are giant. The power harvestable witte t
composites has been measured but remains stil{(HdW because of high value of conductivity (higher
than 10-7 S/m). But, the high values of piezoresigt measured in the high filler concentration
situation, open the road to use these materialstfess or strain sensor applications consideteq t
giant responses to mechanical deformations.
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C5. Colloidal particle deposition kinetics in microchannels at high
ionic strengths
Cesare CejagSFabrice Monti: Marine Truchet, Jean-Pierre BurnodfPatrick Tabeling

1 MMN, Laboratoire Gulliver, ESPCI Paris - CNRSafce
2 SANOFI Recherche, France

We use microfluidics to inject a fluid suspension @nalyze the deposition of weakly Brownian p&sc

in a straight channel at small Reynolds numbers anhigh ionic strengths. Under these conditions,
electrostatic interactions are neglected and pewtvall van der Waals interactions describe the
deposition mechanism on microchannel walls. Weutale the deposition profiles and kinetics for aevi
range of physical parameters and confirm agreelmemteen theory and numerical Langevin simulations
as well as experimental results. We demonstratei\aersal dimensionless deposition function describe
by contributions from advection-diffusion transpamd adhesion forces denoted by the value of the
Hamaker constant. The Hamaker constant quanttiee®tder of magnitude of interaction forces between
two surfaces and is traditionally measured usingnfit Force Microscopy. Though precise under
vacuum, it is, however, rather inexact under aqsemnditions due to inherent difficulties linked to
particle manipulation. We demonstrate that thisrafiaidics-based particle deposition technique éesb
us to measure the Hamaker constant of a large it(ypiahparticles under aqueous conditions, a task t
would be a challenge to perform using standard AFM.

Cé6. Supramolecular polyethylenes: synthesis, characterization and
properties

Jérémie LacombeCorinne Soulié-Ziakovic

Matiére Molle et Chimie (MMC), ESPCI Paris - CNRSance

Polyethyene (PE) chains capped with hetero-compitang groups thymine (Thy) or 2,6-diaminotriazine
(DAT) were targeted by a combination of Catalyzdwhi@ Growth Polymerization of ethylene and post-
modification reactions. Low-molar mass (1000-200@ @) supramolecular PE carrying Thy or DAT at
one or both chain ends (PE-Thy, PE-DAT, Thy-PE-TBWT-PE-DAT) were obtained with high
functionalities (> 90%).

These materials were studied by thermal analyses S%iXS measurements. They feature lamellar
morphologies which arise from the microphase séjparaf the polar end-groups and the non-polar
chains induced by dispersion forces. When end-groage not crystallizable (eg DAT), the PE
crystallinity (62%) is not affected. On the conyraassociation of Thy pairs crystallize in planésigh
temperature (180°C) and induce a strong confinermERE chains resulting in a significant decreafse o
PE crystallinity (17%). As observed with homologadsy functionalized poly(propylene glycol) (PPG),
mesoscopic organizations can be driven by the atigsttion of associated Thy pairs. Yet, contraryte
PPG systems, supramolecular PE with non crystalezBAT units are also ordered. This results from
the fact that the clusterization of the H-bondingtsiis frozen by the PE crystallization during og.
Finally, we studied the mechanical properties afsth low-molar mass supramolecular PE and in
particular the impact of the mesoscopic organizestio
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C7. Pairwise frictional profile between particles determines
discontinuous shear thickening transition in non-colloidal
suspensions

Jean ComtetGuillaume Chattg Antoine Nigués, Lydéric Bocquet, Alessandro Sirid,Annie Colirf

1 Laboratoire de Physique Statistique de I'ENS {|LESIS - UPMC - Université Paris Diderot, France
2 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France

The process by which sheared suspensions go thraudramatic change in viscosity is known as
discontinuous shear thickening. Although well-clotgdized on the macroscale, the microscopic
mechanisms at play in this transition are still fppanderstood. Here, by developing new experimenta
procedures based on quartz-tuning fork Atomic Fdviteroscopy, we measure the pairwise frictional
profile between approaching pairs of PVC and camast particles in solvent. We report a clear triaosi
from a low-friction regime, where pairs of part€lsupport a finite normal load while interactingegiy
hydrodynamically to a high-friction regime characted by hard repulsive contact between the paticl
and sliding friction. Critically, we show that thrmal stress needed to enter the frictional regiine
nanoscale matches the critical stress at whichrghakening occurs for macroscopic suspensions. Ou
experiments bridge nano and macroscales, and gréod) needed demonstration of the role of fricion
forces in discontinuous shear thickening.

C8. Elastocapillary adhesion of a soft shell on a rigid sphere

Marie Tanj Hadrien Bense, Maika Saint Jean, Benoit Romaenid Reyssat, José Bico

Physique et Mécanique des Milieux Hétérogenes (PNINBSPCI Paris - CNRS, France

Curiously, soft contact lenses have almost the samature while the shape of patients eyes diffan

one to another. Within which limit do soft lenses@mmodate a mismatch in curvature? To address this
question, we designed a model experiment wheraathstomeric shell is deposited on a rigid sploére
different radius of curvature and coated with atwgtliquid. We measured the maximum size of the
sphere that ensures a perfect matching. This sineell described by a scaling law which generalaes
previous work from Hure et al. [1] and comparesiltay adhesion with the stretching energy indubgd

the change in Gaussian curvature. Beyond this mabsime, various contact patterns are observedh suc
as star-shaped bubbles or blisters.

[1] J. Hure, B. Roman, and J. Bidehys. Rev. Lett. 2011, 106, 174301

C9. Metastability in nematic liquid crystal shells

Kunyun He' Ye Zhou? Juan J. De PabfoAlberto Fernandez-NievésTeresa Lopez-Ledn

1 Gulliver, ESPCI Paris - CNRS, France
2 University of Chicago, United States
3 Georgia Institute of Technology (GATECH), UnitBthtes

Confining a nematic to a spherical geometry indhtaields topological defects. For example, nemati
liquid crystals, constrained to lie parallel to tinéerface of a drop, possess two surface defeatied
boojums. When a nematic is confined to a shell ggomi. e. between two spherical surfaces, a numbe
of different defect structures results from an rieséing interplay between topological constraims a
energy minimization.[1,2] Recent experimental resuln nematic shells suggest that the existence of
energy barriers, which separate one defect cordtgur from the others, can play a determinant nole
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stabilising metastable structures.[3,4] In this kyove show the existence of metastability in nemati
shells. By imposing an external osmotic pressure, cwange the shell average thickness to reach
situations that are energetically unfavorable. \Wgeove two different transition routes along thecpss.
Remarkably, we observe a dramatic transition ircivitine inner droplet is expelled from the shell whe
critical average thickness is reached. We find thatcritical average thickness depends on the ismo
pressure of the outer phase.

[1] V. Vitelli, D. R. Nelson,Phys Rev. E 2006, 74

[2] Fernandez-Nieves, A., Vitelli, \&t al., Phys. Rev. Lett. 2007, 99
[3] Lopez-Leon, T., Koning, Vet al., Nature Phys. 2011, 7

[4] V. Koning, T. Lopez-Leonet al., Phys Rev. E 2016, 94

C10. Adhesion of Hydrogel Films to Living Tissues

Raphaél MichelLaurent Corté

Matiere Molle et Chimie (MMC), ESPCI Paris - CNRSance
Centre des Matériaux (MAT), MINES ParisTech, Feanc

Hydrogel films are particularly interesting as sudites or membranes for medical applications sisch a
drug delivery, cell therapy, wound dressing and dstasis.[1] Their adhesive properties are oftertrabn

to these applications where an intimate contadh Wwing tissues is required. Yet, the microscoar
quantitative phenomena governing this adhesiostédtdittle understood.

In that context, we devise an in vitro experimeasdd on a 90° peel test to measure the adhesion of
model PEG hydrogel films onto porcine liver. Usihgs technique, we compare the influence of various
parameters (contact pressure, contact duratiosydisydration, hydrogel swelling ratio, etc.) oe th
adhesive properties of the films. Combining thessults with swelling measurements and microscopic
observations, we show that the adhesion betweeroggtfilms and tissues is strongly governed by the
transport and distribution of fluid across the ifdaee.

Building on this knowledge, we investigate how tresence of nanoparticles at the hydrogel-tissue
interface can enhance this adhesion as recentigwised by Leibler and coworkers.[2]

This study provides valuable guides to design adadgms relevant for clinical practice.

[1]. M. Mehdizadeh, J. Yandfacromol. Biosci. 2013, 13, 271.
[2]. @) A. Meddahi-Pelle, A. Legrand, A. Marcelldn,Louedec, D. Letourneur, L. Leibleingew. Chem. Int. Edit. 2014, 53,
6369; b) S. Rose, A. Prevoteau, P. Elziere, D. Het)rA. Marcellan, L. Leible\ature 2014, 505, 382.

C11. Leidenfrost drops are intrinsically self-propelled !

Ambre Bouillant Timothée Mouterde, Philippe Bourrianne, Chrisglanet, David Quéré

1 Laboratoire d'hydrodynamique (LadHyX) - Potjteique - X, France
2 Physique et Mécanique des Milieux HétérogenesMPIY] ESPCI Paris - CNRS, France

When a drop is brought close to a surface sigmiflgahotter than the fluid's boiling point, an it&ting
vapor layer forms and prevents the liquid from wettthe surface. In this so-called Leidenfrost effe
the absence of solid/liquid contact provides a uaimobility for these kinds of soft hovercrafts.

We carry out experiment where we held drops abdvet plate using needles. As the drop evapordtes, i
detaches from the needle, and accelerates: it isrépevard. Looking at the quadratic-like trajecssr of
levitating drops on silicon wafer heated at T = @50we measure the constant acceleration for variou
drop radius. We report the existence of two reginies large drops, drop acceleration plateaus to
typically 1 mm/s2, whereas below a critical radidsgp acceleration increases significantly and heac
typical values of a hundred mm/s2, that were nported before to the best of our knowledge. Wenihte
to understand the existence of these two regimesogiulsion.
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Over drop evaporation, viscous entrainment by tlapov beneath the drop and thermocapillary
instabilities may induce dynamics inside the drdjpe flow should beaxisymmetrical, which was
confirmed by PIV measurements. However, we observeeak in the internal motion symmetry below a
critical radius Rc, which coincides with the radibslow which drops are remarkably accelerated. The
drop starts to roll which propels it forward in thaling intended direction, explaining the surpriy
high value of the acceleration. As the break in ety is non-deterministic, Leidenfrost drops self-
propel isotropically.

We perform interference-imaging experiments todptimlight the bottom interface geometry. The ldui
vapor interface beneath the drop is deformed imsmmetric fashion and tilted of an angle of a few
mrad, introducing a horizontal component of thecéothat holds drops in levitation which generates
propulsion.

C12.Early stage of large ribosomal subunit assembly in E.coli: a
single molecule study

Laurent Geffroy’ Thierry Bizebard, Ulrich Bockelmanh

1 Nanobiophysics, ESPCI Paris - CNRS, France
2 Expression Génétique Microbienne, CNRS - Univémaris 7, France

Ribosome assembly is still poorly understood inespf many efforts. In vitro reconstitution studlesve
shown that this process is highly cooperative aadsswith the binding of a few ribosomal (r-) peivis

to rRNA, but how these early binders act is unknowhis work focuses on the initial phase of the
assembly of the large subunit of the E. coli ribbep which involves 23S rRNA, five r-proteins and
assembly helper proteins.

We prepared a 79 nucleotide-long region of 23S rR&ompassing the binding sites of the early
binders L24 and L4 (these proteins were suppliedhleygroup of Takuya Ueda, University of Tokyo).
Force signals are measured in a DNA/RNA dumbbeifigaration using a dual-beam trap. We measure
upon unwinding the rRNA fragment without added enotor in the presence of either L4 or L24 or both
Without protein, the rRNA fragment unfolds by a seqce of steps that involve three distinct
intermediates. With L4 and/or L24, the same intatliates are observed but they unfold at signifigantl
higher forces. For instance, the most probable Idimig force of the second intermediate, is 10.7313
14.9 and 16.4 pN, without protein or in the pregeat L4, L24 or both, respectively. We localise the
binding sites of the two r-proteins on rRNA withts nucleotides and observe pronounced cooperativity
in their binding. We conclude that L4 and L24 actoncert to mechanically stabilise this regior28%
rRNA.
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D. TUESDAY @ 14h30-15h45/16h15-17h15

D1. Large strain viscoelastic dissipation during interfacial rupture
in laminated glass

Matteo Ciccotti* Paul Elzieré, Etienne Barthet,Costantino CretohCecile Dalle-Ferriér

1 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France
2 Saint-Gobain Recherche, Aubervilliers, France

In the dynamic rupture of laminated glass, it isesial to maximize energy dissipation. To invesig
the mechanisms of energy dissipation, we have expatally studied the delamination and stretchihg o
a polymeric viscoelastic interlayer sandwiched leetwglass plates. We find that there is a velauity
temperature domain in which delamination frontsppigate in a steady state manner. At lower velagitie
fronts are unstable, while at higher velocitiess folymer ruptures. Studying the influence of the
interlayer thickness, we have shown that the maoms work of fracture during the delamination loét
interlayer can be divided in two main componeni$:g near crack work of fracture which is related t
the interfacial rupture and to the polymer defoiorain the crack vicinity. (2) A bulk stretching wo
which relates to the stretching of the interlayehibd the delamination front. Digital image cortela
measurements showed that the characteristic lexogile over which this stretching occurs is of thaeo

of the interlayer thickness. Finally, an estimateh® bulk stretching work was provided, based on a
simple uniaxial tensile test.

D2. Crystallization of self-propelled hard-discs: a new scenario

Guillaume Briand Olivier Dauchot

EC2M, Laboratoire Gulliver, ESPCI Paris - CNRS, fe&

At low density, assemblies of self propelled péescare prone to a number of novel collective bairay
which are specific to these intrinsically out-ofuddprium systems. The high density phases of activ
matter have been much less studied. Either theitgessreens the activity and the liquid freezes
according to equilibrium scenarii or activity doratas and new phases are prone to develop is an open
question of major importance. Here we experimepntatkle this issue in the specific case of viluate
polar hard disks which are a model of self-promeparticle. We show that increasing density thesgua
continuous crystallization of equilibrium disksrisplaced by a specifically active scenario. Clisstar
dense hexagonally-ordered packed discs spontaiyefmusi, melt, split and merge leading to a highly
intermittent and heterogeneous dynamics. No coargéas observed. Increasing further the densitg, th
clusters span a finite fraction of the system sizé the structure becomes similar to that of aqrgstal.
However the system is never frozen: the clustersia@eently melt from place to place forming droplets
of active liquid which rapidly propagate across slystem. This state of affair remains up to thénbg
possible packing fraction questioning the stabivtyhe crystal for active discs.
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D3. Digital microfluidics for growing unculturable micro-organisms

Mathieu De La Motte Saint Pietrdean Baudry

Laboratoire des Colloides et Matériaux Divisés (LDMESPCI Paris - CNRS, France

Micro-organisms that are not yet culturable repneseughly 95% of the microbial population. Tapping
into this vast diversity will allow us to comprelteour natural environment and it can also be a @fay
discovering new antibiotics. The usual approachctdturing a micro-organism is to dilute the
environmental sample many times in a synthetic meuhtil a pure culture of said micro-organism is
obtained. However with this method the complexifytioe natural medium that makes the growth
possible of the overwhelming majority is lost.

The aim of our project is to use droplet based ofiigcidics to study and grow soil micro-organismatth
are not yet culturable. Micro-droplets are usethagoreactors and inside them we are recreatingamic
habitats that can be found in the natural envirarinbg encapsulating entire communities from thé. soi
The size of droplets enables communication betweaiero-organisms unlike in bulk solution.

After incubation, droplets can be observed in tirenfof a monolayer inside a glass chamber to stiuely
result of interactions. Droplets can also be brokersequence the micro-organisms that have grown
inside.

Preliminary results show that interactions at tlegel may promote growth and that some micro-
organisms from the soil can only be cultured ingidedroplets.

D4. Dynamics of confined droplets in a rough medium

Ludovic Keiser Armelle Gas, José Bico, Etienne Reyssat

Physique et Mécanique des Milieux Hétérogénes (PMNESPCI Paris - CNRS, France

The dynamics of confined droplets has been extehsstudied during the last decades, in the fopsste
of the fast development of digital microfluidics. the field of oil recovery, numerous phenomend kea
the emulsification of petroleum while transportexioss a reservoir, e.g. viscous fingering or srifép-o
The understanding of the peculiar dynamics of cmdi droplets and emulsions is thus of crucial
importance.

In this study, we focus on the dynamics of viscand non-wetting droplets of oil confined in a vetic
Hele-Shaw cell filled with a less viscous surfactswitition. The oil droplets are denser than theeags
solution and move at constant speed driven by tyralhe surfactant solution completely wets thelsyal
and a thin lubrication film separates the oil dréqesn the walls. For a cell with smooth walls, twain
dynamical regimes are characterized as the gapekeatthe walls is varied. Viscous dissipation isbu
to dominate either in the droplet or in the lubtima film. A sharp transition between both regimes
observed and successfully captured by asymptototefao

For a cell with rough walls, that transition is fmlto be dramatically altered. We show that drapes a
generally much slower in a rough Hele-Shaw celgomparison with a similar smooth cell. Building up
on the seminal work of Seiwert et al. (JFM 2011)fiom deposition by dip coating on a rough surface,
we shed light on non-trivial friction processesutéag from the interplay of viscous dissipationthée
front of the drop, in the lubrication film and inet bulk of the drop.

-23 -



D5. Self-Assembling Photonic Materials

Pavel Yazhqut Joshua RicouvierRomain Pierraf,Rémi Carminatf, Patrick Tabeling

1 Laboratoire Microfluidique, MEMS, Nanostructuré8IMN), ESPCI Paris - CNRS, France
2 Institut Langevin, ESPCI Paris, France

We explore the possibilities of fabricating photomaterials using the self-organisation of softtaradt
the optical wave lengthscale. Hyperuniform matsrja| being disordered systems with suppressed long
scale fluctuations have been demonstrated to eéxpiiential applications for disordered photonic
materials production.[2] In our project we studjammed packing of oil droplets in water. The dréple
are produced in a PDMS microfluidic chip and digetssembled in a microfluidic channel. By varying
the fluid pressures we manage to sharply contebtioplet production and thereby govern the strattu
properties of the obtained material. The pseudd&mMonolayer of droplets) are investigated. Ouultes
show that at appropriate experimental conditiorgpléts self-organize in hyperuniform patterns. Our
electromagnetic simulations also show that the iobth material can be transparent while staying
optically dense. As far as we know, the proposetena is one of the first examples of experimdgtal
made hyperuniform materials. We hope that our stughill help to establish a new way of disordered
photonic materials production.

[1] S. Torquato, F. H. StillingeRhysical Review E 2003, 68, 041113.

[2] W. Man, M. Florescu, E. P. Williamson, Y. He, B. Hashemizad, B. Y. Leung, P. J. SteinhaPdbc. Natl. Acad. <ci.
U.SA. 2013, 110, 15886.

D6. Intéraction intrus élastique-milieu granulaire

Panagiotis-Georgios Karagiannopoylgselyne Kolb

Physique et Mécanique des Milieux Hétérogénes (PMNESPCI Paris - CNRS, France

Dans le cadre du stage M2, on étudie expérimen&leret numériquement le cas d'intéraction
fluide/structure entre une fibre élastique et uhemigranulaire. Différents cas de sollicitatioreslthtrus

sont prises en compte et la déformée pour chagueedy chargement est representé numériqguement. Des
parametres géometriques et matériels sont exaraurésettte étude afin de bien déterminer leur eble
leur impact sur le basculement de la tige. Lesétbfiits régimes observés pendant le déroulement de
I'éxpérience sont interprétés en focalisant sugautia régime de basculement de la tige sans preard
compte la phase initiale de I'éxperience durantidlig la tige reste droite et la phase finale duran
laguelle on observe des effets types avalanche.coegparaisons de comptabilité et concordance des
simulations numériques avec les expérimentaleserorot la déformée de la tige, la déflexion maxemal

du bout de la tige et I'angle de I'encastrement &veosition droite initiale.

D7. Synthesis of vitrimers from high-density polyethylene via
reactive melt processing

Trystan DomeneciMax Rottger, Rob van der Weegen, Antoine BregilRenaud Nicolay, Ludwik Leibler

Matiere Molle et Chimie (MMC), ESPCI Paris - CNRSance

Combining the processability of thermoplastics wiith mechanical properties and chemical resistahce
thermosets into a single material has been longltgaafter in polymer science. Such a material ceone
life in 2011 with the invention of vitrimers, whichre permanent organic networks capable of flow,
shaping and self-healing at high temperatures giroassociative covalent exchange reactions. The
concept of vitrimer is highly attractive since itopides a new way to improve the properties and

=24 -



recyclability of polymers, and could benefit froram synthetic routes that involve industrially-prodd
precursors. Here, we extend the vitrimer librarywiolely produced polymers. This new approach is
based on two main findings: the metathesis of dioxalanes, and its implementation into high-density
polyethylene (HDPE) thermoplastic backbone. Vitnigmare synthesized in two steps: functionalization
of HDPE backbone with pendent dioxaborolane groaps, metathesis-based crosslinking through the
addition of a bis-functional dioxaborolane. Botlepst are conducted through reactive melt processing.
We obtain insoluble materials that can be extrudad compression molded several times at high
temperature. The dioxaborolane metathesis readidast and does not require the use of catalysts i
order to process or recycle these materials. Theltneg vitrimers show improved chemical resistance
high temperature dimensional stability and envirental stress cracking resistance compared to their
thermoplastics precursors. At the same time, teayain easily reprocessable and recyclable, as edpos
to non-dynamically crosslinked materials.

D8. Poroelastic Indentation of Mechanically Confined Hydrogel
Layers

Jessica Delavoipiéré&yvette Tran, Emilie Verneuil, Antoine Chateauniso

Soft Matter Sciences and Engineering (SIMM), ESP@lis - CNRS - UPMC, France

We report on the poroelastic indentation resporigéio hydrogel flms geometrically confined within
contacts with rigid spherical probes. Grafted neksdliffering in their glass transition temperaturehe
dried state were considered. Time-dependent changié® indentation depth under a constant applied
load were monitored over time as a function of filre thickness and of the radius of curvature of th
probe using optical interferometry. The results analysed within the framework of an approximate
contact model derived within the limits of confinedntact geometries. From this approach, scaliwg la
for the characteristic poroelastic time and theildayium depth are obtained. We show that this ntode
adequately describes the poroelastic indentatidmawer of the hydrogel films as far as the glass
transition of the water plasticized network is lwatered below room temperature.

D9. Friction at the interface between a solid self-assembled
monolayers and liquid polymers or solid metal nanotips

Joshua Mcgraw

Gulliver, ESPCI Paris - CNRS, France

The friction between a solid and a liquid was histlly assumed to be so large that fluid molecures
contact with a solid boundary were stuck. Thus, dlessical no-slip boundary condition was applied.
With the advent of micro- and nano-fluidics in tlast decades, however, this boundary condition has
been observed to fail in many instances. Partigylas will be discussed here, a slip boundary terd

is observed when unentangled polystyrene (PS) defs@in a hydrophobic, alkylsilane self-assembled
monolayer (SAM). This boundary condition can furthere be tuned over an order of magnitude by
subtly changing the SAM, indicating that the fricti between solid and liquid is highly sensitive to
atomic level details. We have also investigatedftittion between these same SAMs and a solid metal
tip of nanoscopic dimensions. Remarkably, this agasolid/solid friction is velocity dependent ove
two orders of magnitude in the velocity, and cardéscribed in terms of a distribution nanocontagte
very weak stiffness compared to the expected onmépal/solid contacts.
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D10. Improving wind turbines starting with flexible blades

Vincent Cognet,Sylvain Courrech Du Pont, Benjamin Thiria

Physique et Mécanique des Milieux Hétérogénes (PMNESPCI Paris - CNRS, France

Wind turbines benefit from decades of technologobevelopments and are currently close to the Betz
limit of maximal efficiency. However the starting these turbines is still a challenging issue. @pting

for high efficiency and having an early start leéolsontradictory calibrations of the turbine. Aarsup

the angle of attack of the wind on the blade is mhigher than 45 degrees. Increasing the fluiduerq
around the rotor in order to lower the startingawmelocity means increasing the pitch angle. Coselgr
high efficiencies are characterized by low pitclylas.

Concerning small wind turbines, nearly all havethm®i engine for starting nor variable pitch angle
because it is not cost effective. In addition theg often located near places of energy consumptioin

do not experience optimal wind conditions. Thushiese areas of low and unstationnary wind velagitie
it is vital to have a low starting velocity andasf transitional regime, to avoid frequent and ltiding
periods” or down periods.

A solution to that issue is to replace active flaggassive variable pitch angles using chordwisdlile
blades. This idea is inspired by studies on fishnmswing, insect flight and plants reconfiguration.
Flexibility of insects wings is a way to rediretietaerodynamic force and to increase the thrughdn
same line of thought, reconfiguration reduces ttag dorce on plants.

We explore experimentally and theoretically howitbde blades improve starting performance of a wind
turbine without damaging the efficiency in operatidhe criteria to evaluate the starting of théirug

are the starting wind velocity and the initial decation. Experiments show that a moderate blade
flexibility improves significantly the starting dermance of the turbine. We discuss these resalts i
details, pointing out the scaling laws at stakenfiederate blade flexibilities.
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Adsorption of high molecular weight polyacrylamide on siliceous
materials

Jennifer Fusier,Jean-Baptiste D'espinose De Lacaillerie, NicolasmsBn, Francois Lequeux, Hela
Bessaies-Bey

Soft Matter Sciences and Engineering (SIMM), ESP@iis - CNRS - UPMC, France

Polymers are used in a large range of applicatiocijding petroleum industries in oil recovery t&yss.
They are used to obtain high viscous fluids injgédterock containing oil. On production well, injemn

of such fluids leads to loss of injectivity. Difeart assumptions could explain this behavior; onghein

is the adsorption of high molecular weight polymensthe surface of rocks reducing the permeakuility
the porous media. Our work focuses on the undeaistgnand characterization of the adsorption of
polyacrylamide on siliceous materials. Polymershwiirrow molecular weight distribution have been
specially synthesized for this study with seveiaés and charges.

Firstly the adsorption of polyacrylamide onto seVesiliceous surfaces has been investigated witl to
organic carbon measurements. It confirmed thatathsorption of neutral polyacrylamide and partially
hydrolyzed polyacrylamide require the presencdwhaum groups at surface of particles.

Besides the competition of adsorption between idiffemolecular weight neutral and negatively chdrge
polyacrylamide has been studied by Size Exclusibmo@atography. It evidences that adsorption is
always in favor of the highest molecular weightreweth delayed addition.

We are also interested in measuring the thicknkadsorbed polymer at surface of siliceous matebal
interferometry technique. The properties of solutsuch as the ionic strength and the concentration
polymers is varied. The dynamic of competition kegw polymers and the impact of layer thickness is
also explored. Moreover these experiments are letedk to pressure measurements during injection
experiments on sintered siliceous materials.

Dynamic covalent polymers as viscosity modifiers

Thibault DerouineauNga Nguyen, Renaud Nicolay, Ludwik Leibler

Matiére Molle et Chimie (MMC), ESPCI Paris - CNRSance

It is still a challenge in many industrial applicats, e.g. cosmetics, inks, adhesives, lubricgamtings,
etc., to control the rheological properties of arigaormulations. Here, we describe a new apprdach
control the viscosity of organic solutions as action of temperature. For that purpose, two fumalo
monomers were synthesized and copolymerized separay reversible addition-fragmentation chain
transfer (RAFT) polymerization to prepare two sg#tsomplementary random copolymers. The polymers
were designed to display temperature dependanermsokffinity in mineral oils, while the functional
monomers were chosen to enable fast dynamic cdvelahanges without the need for any catalyst.
Rheological studies of the linear viscoelasticityd glow behavior as a function of temperature were
performed to exemplify the efficiency of this systéo control the viscosity of organic solutions.anks

to the reversible association of the copolymersbbyonic ester transesetrification, these formutetio
exhibit a significant increase of the relative wisity at high temperatures. The rheological behaofo
the formulations is also fully reversible and reproible over several warming-cooling cycles.
Temperature sensitivity and viscosity change canntmnaged by changing the composition, the
molecular weight and the functionality of the copoérs.
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Adhesion of unvulcanized polar elastomers

Valentine Hervio

Soft Matter Sciences and Engineering (SIMM), ESP@iis - CNRS - UPMC, France

Elastomers are used in several industrial apptinat{such as tires, seals etc) for their good ptigseof
reversible elasticity and mechanical strength. Mafsthem are unsaturated and apolar polymers (to
provide water impermeability), and their adhesiand autohesion) properties have been widely studied
An experimental set-up has been developed in daleharacterize the adhesion properties of differen
materials: the probe-tack. It consists in bringingether the two surfaces under a fixed compressive
pressure and contact time, and measuring the tbeteneeded to separate them at a fixed separaten
The analysis of the results gives indications réigar the debonding mechanisms and the adhesive
properties of the material.

Hamed and al identified several process and méatpasmeters having a great influence on the
autohesion properties for apolar rubbers such atacbtime, debonding speed, temperature, elasgdmer
molar mass, and the material's thickness and rasghn

In order to exhibit high tack properties, the rutsbeeed to fulfill three main conditions: the twaofaces
must come into intimate molecular contact; someridiffusion of polymer chains across the interface
must occur and the material must show good breatireggth properties in its uncrosslinked state.
During our study, we focus on the adhesion of ucemized polar rubbers, for fuel tanks applicatiand

aim at identifying the parameters influencing tliaesion of such polar soft materials. For this sale
need to understand the physical and chemical mesharoccurring at the interface when bringing these
types of materials together. The influence of thiecentration of polar groups and their orientabarthe
interdiffusion of the polymer chains, as well as #ffect of fillers (especially the tackifying resheed to

be studied.

Takeoff, flight and landing of self-jumping micro-droplets

Pierre LecointreTimothée Mouterde, Christophe Clanet, David Quére

1 Physique et Mécanique des Milieux HétérogenesMPIV) ESPCI Paris - CNRS, France
2 Laboratoire d'hydrodynamique (LadHyX) - Potyteique - X, France

Nanotextured superhydrophobic surfaces may selbventondensing water: growing droplets coalesce
and the release of excess of surface energy catt reshe departure of the merging drop. Consiugri
that surface energy is converted into kinetic epetige jumping velocity U of the merged drop belgave
like the inertio-capillary velocity and scales 4$-1/2). It has been reported that droplets witdius
greater than 10 um can depart from the substra®wBthis critical radius, internal viscous dissipa
might impede the motion. However, recent studieehmoved that jumping can occur for much smaller
droplets radii, down to 500 nm, which was also soméd numerically. Through experimental work, we
investigate the coalescence-induced jumping phenomen a silicon surface patterned with an array of
nanocones. Our experiment consists in simultangdiisiing the coalescence of two growing droplets
from above and the jumping motion of the resultingplet from aside. We measure the jumping velocity
U of droplets with radius between 1 pm and 1 mm.

We show that the capillary-inertial scaling law gaws jumping down to 5 pum until the velocity
decreases with decreasing radius until 1 pm. Waetiigethe possible origin of the dissipation cawgsin
this decrease and show that internal viscous d@iBeip plays a significant role, unlike friction and
adhesion. Balancing inertia, surface tension asdowis dissipation gives a prediction that matche q
well experimental data. Then, we characterize ligatfof small droplets (r<20 um) that is goverriad

air viscosity. We finally understand what prevetitsse drops from bouncing when they come back on
the substrate.
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Direct observation of remarkable nanoparticle evolution during
aqueous dissolution of polymer/drug particles

Ralm Ricarte

Matiere Molle et Chimie (MMC), ESPCI Paris - CNRSance

Amorphous solid dispersions (SDs), metastable lslesidan active pharmaceutical ingredient and a
polymer excipient, can significantly enhance thaiesmys solubility of hydrophobic drugs, but the
mechanism is not well understood. To resolve thisbiguity, we explored the dissolution of
hydroxypropyl methylcellulose acetate succinate NKIIAS) SDs in phosphate buffered saline (PBS).
Light scattering measurements of HPMCAS solutidmewsed the polymer forms a mixture of ~10 and
~100 nm sized structures (assigned to linear amdlently coupled polymer chains, respectively) athb
PBS and tetrahydrofuran. The measurements alsordgrated that PBS is a poor solvent for HPMCAS
at and below 37 °C, suggesting the solvent indubes polymer to associate with itself or other
hydrophobic species in solution. In vitro dissatatiof HPMCAS SDs — containing either phenytoin or
probucol as the encapsulated hydrophobic drugPBS8 was studied using a combination of cryogenic
transmission electron microscopy (both bright-figtchging and electron diffraction) and small-anyte
ray scattering. These tools revealed that HPMCA& ciag form <100 nm amorphous nanopatrticles in
solution. A direct correlation between the SD disson profiles and nanostructure evolution was
uncovered for both drugs, implying that a significgortion of the drug measured in the supernatant
during the dissolution assay is retained in thenfof nanoparticles. Drug identity, loading, andy&ied
concentration influenced nanopatrticle size, shapd,lifespan. These discoveries confirm that pensis
nanostructures are important for enhancing drugrsapuration during SD dissolution.

Synthesis of vitrimers from high-density polyethylene via reactive
melt processing

Antoine Breuilla¢ Trystan Domenech, Max Roéttger, Rob van der Wegenaud Nicolay, Ludwik Leibler

Matiere Molle et Chimie (MMC), ESPCI Paris - CNRSance

Combining the processability of thermoplastics with mechanical properties and chemical resistahce
thermosets into a single material has been longtgaafter in polymer science. Such a material ceone
life in 2011 with the invention of vitrimers, whichre permanent organic networks capable of flow,
shaping and self-healing at high temperatures giroassociative covalent exchange reactions. The
concept of vitrimer is highly attractive since itopides a new way to improve the properties and
recyclability of polymers, and could benefit froram synthetic routes that involve industrially-prodd
precursors. Here, we extend the vitrimer librarywiolely produced polymers. This new approach is
based on two main findings: the metathesis of dioxalanes, and its implementation into high-density
polyethylene (HDPE) thermoplastic backbone. Vitnigmare synthesized in two steps: functionalization
of HDPE backbone with pendent dioxaborolane groaps, metathesis-based crosslinking through the
addition of a bis-functional dioxaborolane. Botlepst are conducted through reactive melt processing.
We obtain insoluble materials that can be extrudad compression molded several times at high
temperature. The dioxaborolane metathesis readidast and does not require the use of catalysts i
order to process or recycle these materials. Theltieg vitrimers show improved chemical resistance
high temperature dimensional stability and envirental stress cracking resistance compared to their
thermoplastics precursors. At the same time, tkeyain easily reprocessable and recyclable, as edpos
to non-dynamically crosslinked materials.
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Synthesis of nanostructured latexes via mini-emulsion
polymerization in aqueous media, leading to water-resistant,
hydrophobic films

Maissa FarrouxCorinne Soulié-Ziakovic

Matiére Molle et Chimie (MMC), ESPCI Paris - CNRSance

Nanostructured latexes synthesized by mini-emulgiotymerization enable the easy preparation of
waterproof, hydrophobic films with good mechanipabperties. Films are formed by water evaporation
under ambient conditions without the use of coatgsaids (organic solvent), which might impact the
film formation and properties and have environmetamsequences. We demonstrate that lipophilic
additives such as UV-filters can be encapsulatedearcore-shell. Depending on the nature of thétiadd
and the stage it is incorporated during the muéps latex synthesis, films with different spediies and
properties can be obtained. Finally, it is posstbléune the mechanical behavior of the films bgeky
choosing the monomers constituting the core andhle# of the latex and their ratio.

Soap bubble: a curvature sensor of wet surfaces

Manon L'estimé

Physique et Mécanique des Milieux Hétérogénes (PMNESPCI Paris - CNRS, France

A hemispherical soap bubble on a curved substiatetaneously moves toward the most concave
regions. By doing so, it minimizes the surface akthe soap film, which is the driving mechanisro.
understand the velocity of the bubble, we firstgtthe friction forces opposing the motion in tlese of

a bubble moving along an inclined plane under gya®n the long term, we will study the geometry-
driven motion of bubbles on model surfaces withc#meshapes.

Dynamics of 2D bubbles in a Hele-Shaw cell

Benjamin Reichert Marie-Caroline Julliert,Axel Huerre? Isabelle CantatOlivier Theodoly

1 Gulliver, ESPCI Paris - CNRS, France

2 Garbin Research Group-Flow and Dynamics of Sdttét, London, United Kingdom

3 Institut de Physique de Rennes (IPR), Univedst®&®ennes 1 - CNRS, France

4 Adhesion & Inflammation Laboratory (LAI), INSERMCNRS - Université de la Méditerranée - Aix-Malisdl, France

Droplet-based microfluidics is a growing field afteequiring an accurate synchronization for aut@ahat
systems. The question we address is the predictiarbubble velocity pushed by a surrounding liggad

at a fixed mean velocity. Our understanding ofdiieamics of travelling bubbles or droplets in coeti
geometries has been steadily refined since theepiomy work of Taylor and Saffman, who derived
analytically the velocity of a quasi-2D bubble upidepth-averaged Hele-Shaw equations [Q. J.
Mech.Appl. Math. 12, 265 (1959)]. All the refine@ported models, which take into account the
dissipation at the meniscus, are 2D [Cantat.,Phygs 25,031303 (2013)]. However, predicting
accurately bubble velocity calls for a full knowmgd of the dissipation mechanisms at play, which
requires determining the full 3D profile of a tréimg bubble, mostly close to the walls. The expemtal

set up is a microfluidic system in which bubblesiflin fluorinated oil (FC-40) in a Hele-Shaw georyget

in a total wetting case, i.e. there is a lubricatitm of fluorinated oil between the bubble ane tiall.
We reported recently an experimental characteamadi the lubrication film thickness with an acaya
of 2 nm using RICM [Huerre et al., Phys. Rev. L&it5, 064501 (2015)]. In the present work, the teibb
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velocity is measured in order to link the film tgpaphy to the bubble velocity. We show that Tayor
Saffman model over-estimates the bubble velocitythe present work, we propose a model that takes
into account both the viscous dissipation in thenis@ and the 3D topography of the lubrication film
Remarkably, this model allows recovering the experntal bubble velocity without any fitting
parameter.

Droplet generation with quasi 2D flow

Joshua Ricouvier Pavel Yazhgut,Indrajit Chakraborty,Alexander Leshansk&/Patrick Tabeling

1 Laboratoire Microfluidique, MEMS, Nanostructuré8IMN), ESPCI Paris - CNRS, France
2 Technion - Israel Institute of Technology [Haifé]T), Israel

The development of digital microfluidics has attetconsiderable interest towards generation dilfig
monodisperse microdroplets. T-junction and axisytnimestep emulsification devices have become an
essential element of most of microfluidic chips.spige its importance, theoretical analysis of debpl
formation in such devices is still incomplete deecomplexity of physics involved. We focused on
droplet generation for two examples of quasi-20v8o The effect of various experimental parameters,
such as channel geometry, flow rates, surfacederand fluid viscosities, was thoroughly investeght
Our results show that the experimental system éshviarious distinct regimes (squeezing, dripping a
jetting regimes) and point out the effect of coafiment on the transitions. Quasi-2D flow equatidizsa

us to perform numerical simulations and to complagen with experimental results.

The Microflusa project receives funding from therd&pean Union's Horizon 2020 research and
innovation programme under Grant Agreement No. 8848

Capillary Descent

Joachim Delanngy David Quéré;? Christophe Clanét

1 Physique et Mécanique des Milieux HétérogenesMPIV) ESPCI Paris - CNRS, France
2 Laboratoire d'hydrodynamique (LadHyX) - Potyteique - X, France

Capillary rise is a remarkable and historical pmeapnon which can be observed after contacting a
surface of water with a small capillary tube. Thoguid generally rises spontaneously against gravity
going up typically to several centimeters. The na@i$m driving the liquid has been studied for more
than 500 years and it is of course well understoagillary rise occurs because the liquid wetstibe.

We choose to invert this system by playing with sheface properties of the tube. To do so, we iteat
inner wall with an aerophilic material so thatgtriow air that ‘wets' the tube. Hence, after fglisuch a
tube with a liquid and placing it into a liquid dpwe can observe a capillary ‘descent’ when the tig
brought at the surface of the bath.

By tracking the position of meniscus along the dascwe can follow the temporal evolution of the
interface. We observe at first a linear regimdpfeed by the relaxation to the equilibrium positélence
inverting water and air produces new kinds of dyieanthere a constant velocity for the interface¢aad

of a diffusion-like dynamics), which we analyze ahsicuss.
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Tanner vs. Marangoni: who spreads the fastest?

Nicolas Lavielle

Physique et Mécanique des Milieux Hétérogénes (PMNESPCI Paris - CNRS, France

Thirty-eight years ago, Tanner studied the sprepdih droplets on solid surfaces. The radius of a
spreading droplet was found to scale with timeht® power 1/10, which can be understood by writing
that the dynamics of spreading is governed by digna of Laplace pressure.

Hereby, we show that spreading of a liquid droplat be accelerated as follows: First, a thin licfuird

of surface tensiop+ is coated on a solid surface. Then, a droplet ®#cond miscible liquid with a lower
surface tension- is deposited on the coated surface. Figure lesdive radius of the spreading droplet as
a function of time. Initially, spreading follows maer's law; but an unexpected regime promptly ajgpea
with the following scaling: r ~ t 1/4. This fastrgpding regime is attributed to the presence afdignt

of surface tension. This Marangoni spreading isoagganied by instabilities close to the spreading
contact line, as shown in Figure 1b.

To give an example of application: Let us consiael-milimeters race of spreading droplets (under th
volume category of half a microliter): The Marangdriven candidate would cross the finish line afie
minutes, whereas it would take more than 2 hourghi®one running for Tanner's team.

Optical characterization of titanium dioxide dispersion for sun
protection

Aurore Bournigault-NuguetSandrine Couderc, Jean Baudry

Laboratoire des Colloides et Matériaux Divisés (LDMESPCI Paris - CNRS, France

In the make-up field, the visual qualification iftem more determining than physical quantification.
However, in order to optimize the formulation preg@nd enable innovation, it is sometimes essential
understand visual caracteristics. Then, the omgimicroscopic phenomena of scattering and absorpti
more or less desired, has to be understood andditd macroscopic observations. The approach sf thi
work consists in simplifying the complex systemgenerally emulsions and/or dispersions - to idgntif
the optical influence of each ingredient in theafiproduct. As a first step, a simple dispersion of
colloidal titanium dioxide in oil is considered. &loptical properties of this system depend on timérast

of refractive indices, the size and the concemmnatf the particles, according to Mie scatteringatty.
Size has been measured with dynamic light scatferirhe optical repartition of light between
transmittance, reflectance, absorption and scagidras been measured thanks to an integratingespher
Yet, it is currently difficult to measure high rattive indices of particles because of multiplettecang.

A specific set-up, similar to an Abbe-type refrantder, has been developed. The experimental
measurements are compared to Mie scattering theamder to predict the behaviour of the particdesl

to apply it to sun protection by titanium dioxidarpcles at nanometric scale.
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Early stage of large ribosomal subunit assembly in E.coli: a single
molecule study

Laurent Geffroy! Thierry Bizebard, Ulrich Bockelmanh

1 Nanobiophysics, ESPCI Paris - CNRS, France
2 Expression Génétique Microbienne, CNRS - Univémaris 7, France

Ribosome assembly is still poorly understood inespf many efforts. In vitro reconstitution studlesve
shown that this process is highly cooperative aadsswith the binding of a few ribosomal (r-) peiis

to rRNA, but how these early binders act is unknowhis work focuses on the initial phase of the
assembly of the large subunit of the E. coli ribusp which involves 23S rRNA, five r-proteins and
assembly helper proteins.

We prepared a 79 nucleotide-long region of 23S rR&iompassing the binding sites of the early
binders L24 and L4 (these proteins were suppliedhleygroup of Takuya Ueda, University of Tokyo).
Force signals are measured in a DNA/RNA dumbbaeifigaration using a dual-beam trap. We measure
upon unwinding the rRNA fragment without added enotor in the presence of either L4 or L24 or both
Without protein, the rRNA fragment unfolds by a sence of steps that involve three distinct
intermediates. With L4 and/or L24, the same intehiates are observed but they unfold at signifigantl
higher forces. For instance, the most probable Idimig force of the second intermediate, is 10.73.13
14.9 and 16.4 pN, without protein or in the pregeat L4, L24 or both, respectively. We localise the
binding sites of the two r-proteins on rRNA withtd nucleotides and observe pronounced cooperativity
in their binding. We conclude that L4 and L24 actoncert to mechanically stabilise this regior28%
rRNA.

Boundary conditions control the onset of elastic turbulence in a
curved microchannel

Lucie Ducloué"? Sandra LerougeAnke Lindnef

1 Matiére et Systemes Complexes (MSC), Univeritds VIl - Paris Diderot - CNRS, France
2 Physique et Mécanique des Milieux HétérogenesMPIM ESPCI Paris - CNRS, France

The control of the onset of elastic instabilitiasvisco-elastic flows is of great industrial imgorte. In
curvilinear flows, the elastic instability is gowexd by a balance between normal stresses in tiokeafhal

the curvature of the streamlines. The critical fleate for the onset of the instabilities in thoseved
channels is well established as a function of lilnd parameters and flow geometry.

We focus on the boundary conditions as a possil@dans of tuning this onset, and explore more
specifically the influence of boundary complian®e fabricate PDMS micro-channels of controlled
curvature by using standard soft lithography teghes: standard (ie rigid) channels are obtained by
bonding the PDMS to a glass slide; compliant chiwéh the same geometry are produced by bonding
the PDMS onto a layer of soft PDMS gel depositedaoglass slide. In both types of channels, we
measure the critical shear rate for the onset efitistability in the flow of visco-elastic polymeri
solutions.

Surprisingly, we observe that the critical shede f@r the onset of the instability is lowered thet
presence of the compliant gel layer. This resutbisust when the radius of curvature of the chanisel
varied. Such gel layers have been experimentathyato delay the onset of elastic instabilitieother
geometries (torsional flow between parallel platek)wever, for a planar Couette flow, the effectiod
coupling with a soft boundary on the flow of a wasslastic liquid has been theoretically shown to be
either stabilizing or destabilizing depending oe fhuid and solid relaxation times and the thiclaes

the solid layer. Our results thus provide a firstight on the complexity of this coupling in curwadco-
elastic flows.
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Organic nanocomposites hydrogels: thermo-toughening induced by
phase separation

Cécile MussaultAlba Marcellan, Dominique Hourdet, Nicolas Sanddni Guo

Soft Matter Sciences and Engineering (SIMM), ESP@lis - CNRS - UPMC, France

By covalently crosslinking water-soluble polymesaft elastic materials with defined shape can be
designed displaying very interesting swelling aneviag properties. They are involved in many
applications such as superabsorbents or contastdeiowever, an important issue is that thesdielas
materials are generally brittle.

An interesting way investigated to reinforce thechmsmical properties of hydrogels is to introduce
physical interactions into a hydrophilic covalenbD-Betwork.[1] To this extent, thermoresponsive
polymers, leading to hydrophobic interactions antdddds, have been used to design original networks
where physical interactions can be switched “oi/bfy temperature.[2] Such innovative hydrogels,
designed with a 3D hydrophilic network grafted wittacromolecular side-chains exhibiting a Lower
Critical Solution Temperature (LCST) in aqueous raddr reverse topology), have shown a dramatic
and reversible enhancement of their mechanicalgrtigs upon heating. This reinforcement is attedut
to the thermoresponsive polymer phase separatiole wie water-soluble macromolecular counterpart
allows the hydrogel to keep its volume integrity.[3

Based on this strategy, hydrogels made from twoyrpets exhibiting opposite thermoresponsive
behaviors, LCST and UCST (Upper Critical Solutioaniperature), were designed. These hydrogels
demonstrate a reversible double thermo-respondmase transition thereby modifying their swelling,
rheological and mechanical properties. These naaHizophrenic hydrogels pave the way of
thermoresponsive hydrogels use on a broad rangengderature. Modifications of hydrogels topology,
performed by changing thermoresponsive polymertgrablar mass while keeping the same hydrophilic
covalent network, were also investigated to betteterstand the stucture/properties relationshipbesfe
new hydrogels with temperature.

[1] G. Miquelard-Garnier, S. Demoures, C. CretonHdurdet,Macromolecules 2006, 39, 8128.
[2] H. Guo, A. Brilet, PR. Rajamohanan, A. Marce]lal. Sanson, D. Hourde®plymer 2015, 60, 164.
[3] H. Guo, C. Mussault, A. Brllet, A. Marcellan, Bourdet, N. SansoMacromolecules, 2016, 49, 4295.

Spray-dried collagen for injecting dense collagen scaffolds with
tunable mechanical properties

Milena Lamal,2 Cédric Boissiére,2 Francisco Fernandes,2 Madassif,2, 3 Alba Marcelldn

1 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France
2 Laboratoire des Colloides et Matériaux Divisé6NID), ESPCI Paris - CNRS, France
3 Institut Langevin, ESPCI Paris, France

Type | collagen is an abundant protein producedlbgnammals. Present in all soft and hard body&ss
(skin, bones, cartilage, tendon, etc.), collageaviges tunable mechanical strength and elasticity
according to the desired function. The collagenrixdberefore supplies a major structure that pnéve
the human body from collapsing under mechanicatisation.

The collagen molecule is soluble at acidic pH aglttassembles to form fibrils at physiological gBbth
states (molecule and fibril) have lyotropic propest when concentration increases, collagen beHiees

a liquid crystal. Body tissues are actually forntddifferent patterns of self-assembled collagénil§.
Amid such structures, cholesteric collagen phasegarticularly relevant in living tissues suchdasmis

or tendon. Insufficient local collagen concentratmr failure to organize collagen fibrils in thequered
architectures impacts dramatically tissue functiibjmand is behind numerous pathologies.

Thus there exists a large range of possible agpita for biomimetic and injectable collagen-based
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materials - especially in filling tissue defectsg(ewrinkles) and maxillo-facial surgery, among eth
conditions. Biomimetic collagen scaffolds imply higollagen concentration so that the biomaterial ca
be integrated by the body. However, when collagencentration increases, its viscosity increases
beyond the injectability threshold.

How to combine biomimetism and injectability of 20@ollagen-based hydrogels?

Here we propose to synthesize dense collagen lmadpray-drying an acidic collagen solution. After
injection into the targeted defect, collagen moleswvill self-assemble to reproduce the charadteris
features of the tissue under physiological condgioThe aim of this study is to link collagen
concentration, injectability, gel morphology andaianical properties post-fibrillogenesis. Biomimeti
collagen scaffolds with tissue-like mechanical gnies will be tested in vitro then in vivo. In theng
term, we aim at creating a library of biomimeticanjectable collagen hydrogels, enabling targéiedy
tissue repair via minimally invasive procedures.

Mechanophores for the detection of stress in soft materials

Yinjun Chen Costantino Creton

Soft Matter Sciences and Engineering (SIMM), ESP@iis - CNRS - UPMC, France

Macroscopic toughness is strongly related to thigyabf materials to transfer forces away fromraken
bond to a large number of neighboring bonds. Intrarochemistry, the detection of bond forces and
bond breakage can be done with mechanophores, vanetpolymers responsive (color change) to
mechanical stimulus. Spiropyran (SP) as a mechamepls incorporated into multiple network
elastomers acting as cross-linker. SP can be &etiviato a merocyanine (MC) isomer under various
loading conditions and generate changes in opgigakls. Analyzing the optical signals of MC allotes
reconstruct the spatial distribution of moleculances in soft materials.

Micro mechanics of bio-based binders for insulation glass wool

Raphaélle Kulig'? Etienne Barthet Alessandro BenedettdPierre Salomaon

1 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France
2 Saint-Gobain Recherche, Aubervilliers, France

Insulation glass wool consists of an assembly aggfibers with micrometric diameter (typically thjio

10 pm) arranged into a structure similar to woa.ehsure adequate mechanical stiffness of glas$ woo
panels, a binder (= a highly crosslinked polymsralso incorporated to create permanent joints detw
fibers. In order to meet growing environmental eanes, new bio-based binders have been recently
developed at Saint-Gobain. However, the new glasd panels suffer from a loss of mechanical stgfe
upon ageing which is detrimental for the ease sfailtation. This behaviour is attributed to the stoie
sensitivity of the new binder. However, the cortiela between binder microscopic joints mechanias an
the macroscopic stiffness of glass wool panelstils uclear and impedes the optimization of the
industrial product. Our work aims at understandhig relationship and consists in a multiscale appin:

1. At the microscopic scale, characterizing themeccal properties of different binders upon ageing

2. At the macroscopic scale, establishing the imelahip between the binder micro mechanics and the
macroscopic properties of the glass wool panels.

Up to now, this study has been focused on the bioHaracterization which is based on three micro
mechanical tests: micro pillar compression, tensdst on micrometer-thick beams and substrate
curvature measurement.
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New bio-inspired Type | collagen-based materials for tissue
engineering: from mineralized to transparent tissue substitutes

Chrystelle Salameh? Elora Bessot, Flore Salviat Jean-Marie ChassdtRémi Carminatf, Alba
Marcellan? Marco Faustint, Clément SanchezNadine Nassif 2

1 Laboratoire de Chimie de la Matiére Condenséeates (LCMCP), CNRS - UPMC - Collége de FrancenEea
2 Institut Langevin, ESPCI Paris, France

3 Service de Biostatistique et d'Epidémiologie staue Roussy

4 Soft Matter Sciences and Engineering (SIMM), EBP&is - CNRS - UPMC, France

This research work is based on a bio-inspired amgbravhere “the living” is at the heart of the prexef
elaboration. The tailored-process is simplified andovative. Depending on the target tissue (bone
substitutes or cornea implant), hybrid or organatemals are implantable. By adjusting the coneiuin

and mode of type | collagen' concentration useainbierials can form hierarchical architectures lsimi

to those described in biological tissues in vivoisl now well-known that collagen exhibits lyotropi
properties in vitro. This protein forms crystaltiq phases under certain conditions of concentraditd

pH. The collagen molecule consists in a triplexh&lhich organized to form fibrils approximately 100
nm in diameter and several microns in length (délpend du tissu). When the precipitation of fibisls
performed under diluted conditions, a loose fiaryl gel is obtained; conversely, working at a high
concentration gives access to the dense collagétcesa Moreover, mixing this protein with biomiaér
ion precursors typically (CagPH,O, NaHPO, and NaHCGQ) leads to the mineralization of the
collagen.Through the control of the chemical angsptochemical features, we are able to finely tilnge
structural and functional properties of these galabased materials from an acido-soluble state to
dense one building. The custom-made materials miimc extracellular matrices' structure of some
targeted dense connective tissues, namely comsjpireéd transparent collagen matrices and compact
bone-inspired mineralized collagen matrices.Thebaation process of these different types of
biomimetic collagen matrices as well as the stmatfuoptical and mechanical characterizations are
presented in the poster.

New bioreactors and milifluidic systems for sampling electroactive
bacteria

Bettina Roellingef Philippe Poulairf,Nicolas Bremond,Jerdme Bibette

1 Laboratoire des Colloides et Matériaux Divisé8NMD), ESPCI Paris - CNRS, France
2 Centre de recherches Paul Pascal (CRPP), Pésaace

In 2012, 80% of the energy production in the wadanes from fossil energy which includes gas, fuel o
coal. However, those resources are polluting anddd while the humanity has a greater need famthe
At the same time, we can use biomass as an altenaty to create clean energy. Optimizing this
process is nowadays an attractive challenge. AtLtB®ID laboratory we are interested in Geobacter
sulfurreducens anaerobic respiration. Because Ge&mbanable the electron transfer between organic
matter and its environment [Bond, D. R. & Lovley, R. Appl. Environ. Microbiol. 69, 1548-1555
(2003)], we have developed a core/shell bead thatlacn bacteria, surrounded by a conductive hydroge
membrane. When this bead is placed in a mediumetgzbin oxygen and rich in nutrient, bacteria can
grow and form an electroactive biofilm [Reguera, &.al. Appl. Environ. Microbiol. 72, 7345-7348
(2006)]. We will use this bead as an electroderoiento probe the electrical current provided by th
bacterial colony. Since it is possible to make nuwue beads in a very short time, this system can be
parallelized with sub-cultures obtained from ongiah sample. The next step of this project will be
consequently the development of a milifluidic systdhat makes such kind of measure possible. Finally
it will allow us to select the most efficient lirgga Probing biodiversity is, in this manner, a keynt to
better extract energy inside the biomass.
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Synthesis and mechanics of novel double network elastomers

Ludovic Feige Costantino Creton

Soft Matter Sciences and Engineering (SIMM), ESP@iis - CNRS - UPMC, France

Recent studies in hydrogels and elastomers hawerstitat simple elastic networks can be significantl
reinforced mechanically (in stiffness and toughhégsembedding them into an extensible elastic imatr
that does not macrophase separate with the nef@@Kin this configuration the well-crosslinkedhstic
network is swollen in successive steps into monomvaich is subsequently polymerized. The resulting
composite material contains a minority volume fi@actof prestretched polymer which is percolating
through the material, and a majority componenti@&ftshable and sparsely crosslinked polymer.

The enhancement has been attributed to the possitiil breaking the bonds in the bulk of the more
crosslinked and highly stretched minority networkile avoiding crack propagation through the less
crosslinked and unstretched majority network.[3] dther words the stiff network would act as a
reinforcement, providing stiffness and the sofiwvaek would provide extensibility.

All the materials tested so far are isotropic amel $tiff network is continuous and percolating. Yes
fabrication method is not very practical to indigdize. Therefore, we currently explore new straedo
apply this general concept to different classematierials than simple elastomers or gels.

(1) Gong, J. p.; Katsuyama, Y.; Kurokawa, T.; OsatiaAdv. Mater. 2003, 15 (14), 1155-1158.

(2) Ducrot, E.; Chen, Y.; Bulters, M.; Sijbesma,RR; Creton, C. Science 2014, 344 (6180), 186—189.
(3) Brown, H. R. Macromolecules 2007, 40 (10), 383%18.

Spreading of complex fluids for cosmetics

Christophe KusinagAnnie Colin

Soft Matter Sciences and Engineering (SIMM), ESP@iis - CNRS - UPMC, France

Most cosmetics are complex fluids (i.e. emulsics@d dispersions, gels). Their unusual mechanical
response has a profound effect on the efficiendh®itosmetic product and the consumer feelingsiglur
application. It is essential to understand theasasp of spreading of these materials in order tonige
their composition. Scientifically, numerous paraengetmust be taken into account to simulate the vivo
spreading with vitro experiments. The quality af formulations is driven by their rheological prapes

at rest, but also by the variations of these pitogevhile spreading. These are directly connetietie
drying effect (evaporation of the water containedhe sample) and to the microstructure modificetio
occurring via the spreading shear. However, thesgsipochemical phenomena are still not well
understood. In this study, we develop an innovasystem allowing to simulate the spreading of a
formulation on the skin and to examine the microdtire of the deposit formed during the spreading
motion and overtime at rest. We use a Blade-Coatppgoach consisting of a U-shaped blade to simulat
back and forth motions similar to the spreading dbrmulation using a human finger. The shape ef th
blade upon touching the substrate indicates théempforce during spreading. Flow diagrams aretbuil
depending on rheological properties of the formaitet (i.e. yield stress, viscosity ...), spreadmetpcity,

and applied force. The thickness of the deposagdrlis measured using the fluorescence of addaexd di
Both force, velocity, and yield stress are foundbéocritical parameters in the formation of a layéilm

on the skin.
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Structure and properties of hydrogels having permanent and
transient crosslinks

Jingwen ZhapCostantino Creton, Tetsuharu Narita

Soft Matter Sciences and Engineering (SIMM), ESP@lis - CNRS - UPMC, France

Hydrogels are polymer networks swollen in water #melr solid-like and liquid-like properties atttac
academic and industrial interests. Thanks to thigin water content and biocompatibility, hydrogats
good candidates for biomedical applications suckisgzsie engineering, artificial cartilage, vessalsg
prosthetic joints, etc. However simple chemicallpsslinked hydrogels are typically fragile and not
suitable for industrial applications requiring ate@ mechanical toughness.

Various mechanically reinforced hydrogels have besported in these last 10 years, and one of the
successful strategies relies on the introductiotwof types of crosslinking points, permanent (ceul
and transient and reversible (non-covalent). Dutirggdeformation of the gel, when the transientdson
break, they dissipate strain energy and redistilbatal forces, preventing the irreversible ruptofe¢he
permanent bondss.

Although the dynamics of physical and chemical getswell understood, new questions arise when the
two cross-links coexist, such as the dissipatioirarisms, which is a prerequisite to understana the
large deformation and fracture properties.

To answer these questions, we have developed acdusglink gel having a chemical network (Poly
(acrylamide-co-1-vinylimidazole) crosslinked by mgdenebisacrylamide and a physical network (the
coordination bonds between 1-vinylimidazole andndion metal ions). We performed uniaxial
stretching experiments with the same initial stredte of 0.06s-1 to characterize the nonlineag@ar
strain) behavior of the dual cross-linked gels Wi+, the tensile stress-strain curves showedandtic
increase in stiffness as well as in toughness. Al ftarried out systematic fracture experimenta in
single edge notch geometry over a range of stregtds (0.0003-0.3s-1), we found that the initiation
fracture energy increase monotonously with strate and the crack propagates in a controlled way at
velocity nearly proportional to the stretch rate.

Fracture of interpenetrated networks: from bond scission to
macroscopic fracture

Juliette SlootmanCostantino Creton, Nadege Pantoustier, Nicolas@a

Soft Matter Sciences and Engineering (SIMM), ESP@lis - CNRS - UPMC, France

Soft but tough materials are of great interest dngineering applications and in life sciences. Bulk
cohesion of a soft and tough material is ensureah®mical bonds [1]. Molecular detection of bond
scissions is a key parameter to understand tHisrdamechanism. The bond scission can be detegted b
incorporating mechanically activable molecules iptdymer network architectures. Mechanochemistry
corresponds to the use of mechanical energy torgenehemical and physical property changes.
Molecules undergoing reactions in response to mrechilforces are called mechanophores. Some of
them change their spectral absorption propertiekjding a change in color or become fluoresceneund
loading. Taking advantages of recent advances irchamchemistry, we aim to enhance the
understanding of fracture mechanisms at the mae@dale and more precisely to study quantitatively
the opening and propagation of a crack. Accordmghe work done by E. Ducrot [2], the use of a
dioxetane cross-linker enables bond breakage dmtecBy recording light emission during crack
propapagation, this method would link fracture aicroscopic scale to bond scission at the nanoscale.
We prepare multiple network elastomers — Single 3Bduble DN or Triple TN Networks — as model soft
and tough materials to introduce a controlled foact of breakable bonds. The dioxetane
mechanoluminescent cross-linker is relevant toeaghidynamic information during crack propagation.
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We will also incorporate another mechanophore elioker which can provide post- mortem bond
breaking mapping based on the fluorescence quemghienomenon.

[1] C. Creton; M. CiccottiRep. Prog. Phys., 2016, 79, 046601
[2] E. Ducrot;Y. Chen; M. Bulters; R.P. Sijbesma;@etonScience 2014, 344, 186.

Experimental study of confined bubbles/droplets dynamics
submitted to a temperature gradient

Alexandre MansyrBenjamin Reichert, Marie-Caroline Jullien

Gulliver, ESPCI Paris - CNRS, France

Two-phase flows studies strongly benefit from tiheeegence of microfluidics, offering building block
experiments or model systems. Our understandinfpeodynamics of travelling bubbles or droplets in
confined geometries has been steadily refined she@ioneering work of Taylor & Saffman [Taylorcan
Saffman, Mech.Appl. Math. 12, 265 (1959)]. The gaheonsensus is that whatever the geometry of the
system, the viscosity ratio of the two phases erlibundary condition at the interface, the lubricat
film thickness separating the non-wetting menisénasn the wall is hydrodynamically determined
[Bretherton, J. Fluid Mech. 10, 166 (1961) ; Hodgesl., J. Fluid Mech. 501, 279 (2004); Cantatys?h
Fluids 25, 031303 (2013)]. All these models are PEedicting droplet velocity call for a full knovdge

of the dissipation mechanisms at play, this reguitetermining the full 3D profile of a travelingogitet,
mostly close to the walls. We reported recentlyegperimental characterization of with an accurafc® o
nm [Huerre et al., Phys. Rev. Lett. 115, 06450118)D In a current project the full topography of a
travelling low viscous droplet is experimentally asared and compared to models, in the objective to
formally link the film topography to the dropletloeity [Reichert et al., in preparation 2017].

The question we address in this poster is the teffieadding a Marangoni stress at the interfacestaot
with a simple configuration, i.e. disregarding theer phase viscosity, we first focus on the dyrenaf
bubbles. A thermocapillary stress (generated usimgpe optimized heating resistors) is applied to a
traveling bubble pushed by the surrounding medamg@aring the results with the ones obtained without
a thermocapillary stress, will allow us modeling ttontribution of a constant Marangoni stress baund
condition at the interface.
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