NEWSLETTER

Training in Bio-Inspired Design
of Smart Adhesive Materials

No. 6/ September 2018
Dear All,
we are approaching the end of the third year period of our BioSmartTrainee project. During the last decade all our
excellent fellows have been successfully working on their individual projects and created a lot of great results. In
the last two newsletters we shortly presented the results within the WP 1 and WP2 incl. the ESR projects of Ugo
Sidoli (ESR 1), Maria Villiou (ESR 2), Marco Dompé (ESR 3) and Aurélie Féat (ESR 11), Francisco Cedano (ESR 4),
Mehdi Vahdati (ESR 5), Vaishali Chopra (ESR 6) and Justine Tavera (ESR 7). In this newsletter we would like to
present the projects related to WP 3 incl. of the works of Victor Kang (ESR 8), Maciej K. Chudak (ESR 9), and Dimitris
Mintis (ESR 10).
The 3rd project year ends with the Joint Dutch Network Event, which was held in Wageningen connected to the 12th International Symposium
th
st
on Polyelectrolytes (August 27 – 31 ). The special Session 3 on “Polyelectrolyte complexes and adhesion” was organized by EU ITN
“BioSmartTrainee”. Our young fellows (lecturers e.g.: U. Sidoli, “Bio-inspired polymeric surfaces with controllable underwater adhesion
properties”; M. Dompé, “A novel bioinspired underwater adhesive using complex coacervation - a systematic study”; J. Tavera, “Tuning
adhesive properties of solvent-borne PSAs with ionic crosslinks”) presented their results as oral contributions.
In the 4th project year we will have 2 important events. The first is the Joint UK Network event in Cambridge from 18th-20th March 2019. The main
focus of this event lies on the networking with COST ENBA. The 2nd BioSmartTrainee International
Conference on Adhesion in Aqueous Media:From Biology to Synthetic Materials (AAM 2019)
will take place from 9th-12th September 2019 in Dresden, Germany. The steps to prepare a
successful meeting are already under processing. Information will be coming soon at our
Finalization of the 3rd project year
BioSmartTrainee webpage www.biosmarttrainee.eu and www.AAM2019.org.
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I cordially invite you to the AAM2019 in Dresden and I am looking forward to meeting you!

EVENTS

With my best wishes, Alla Synytska

Aug 2018: 1st International Conference,
JDNE, Wageningen, The Netherlands

IMPRESSIONS

Aug 2018: Management Meeting,
Wageningen, The Netherland
March 2019: Joint UK Network Event
Cambridge, UK
Sept 2019: AAM 2019, Dresden,
Germany

Further information
are available at:

picture left above: presenter Marco
Dompé: „A novel bioinspired underwater
adhesive using complex coacervation - a
systematic study”
picture middle: presenter Justine Tavera:
“Tuning adhesive properties of
solvent-borne PSAs with ionic crosslinks”
picture left below: Marco Dompé and
Mehdi Vahati at poster session
picture right below: Dimitris Minits (left)
and a guest at poster session
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ESR PROJECTS

ESR Projects

In this newsletter we would like to
summarize the research work in

WP 3 (FLUID BIOMECHANICS)
In WP 3 we focus on the mechanisms of
wet adhesion. We study the performance and properties of natural
adhesive organisms to identify relevant
structural adaptations underlying
adhesion in wet environments (ESR 8,
CAM). The investigations involve
detailed morphological studies as well
as targeted experiments capable of
probing the mechanisms underlying
animal's adhesion (chemical versus
physical attachment). These studies are
complemented by fluid mechanics
experiments and calculations addressing water removal mechanisms
between an adhesive and the substrate
and on water uptake in the material to
clarify its effects on the mechanical
properties of the adhesive (ESR 9,
TU/E). In particular, experimental
setups are designed and built to study
dewetting between soft rubber
surfaces, followed by the development
of numerical models capable of
reproducing important features of the
dewetting process. In addition, molecular simulations are performed aiming
at the modelling of polymer
polyelectrolyte conformations and
water transport in order to gain insights
into the mechanism of wet adhesion
(ESR 10, UPatras). Simulations at
several levels (atomistic and coarsegrained) provide important molecularlevel information about the dynamics,
structure and solubility of weak
polyelectrolyte chains in solution as a
function of degree of ionization, chain
length and temperature. They also
enable a direct comparison of predicted transport properties (such as
diffusion coefficient and viscosity) with
experimental measurements.

ESR 8: Ki Woong (Victor) Kang,
University Cambridge
„Biomechanics of animal
adhesion in wet environments“
The main objective of ESR 8's research
Biomechanics of animal adhesion in wet
environments is to characterize the
adhesive performance and mechanisms
of reversible adhesion under wet
conditions in natural attachment
systems and to reveal structural
adaptations and underlying principles.
To do this, the fellow investigate
invertebrate organisms such as limpets
(Patella vulgata) and net-winged midge
larvae (Blephariceridae) that are able to
attach strongly and locomote in wet
environments. The approach generally
involves a detailed morphological study
to understand the types of structures
(often in micro- or nano-length scales)
present in the adhesive organs. Once the
morphology is established, the fellow
conducts experiments to probe the
mechanisms underlying the study
animal's adhesion – are glue-like
adhesives secreted for chemical
attachments, or is the adhesion based
on physical interactions such as van der
Waals forces or suction? Various
experimental techniques (e.g., high
resolution force measurement set-ups,
interference reflection microscopy,
sensitive pressure transducers, highspeed videography, microrheology) are
used to probe the mechanisms behind
adhesion in biological systems.
During the course of ESR 8's research,
m a ny co l l a b o rat i o n s h ave b e e n
established to address the highly
interdisciplinary research questions.
These collaborations include partners
from within the BioSmartTrainee
network (ESR 5 at ESPCI, ESR 6 at INM),
as well as researchers from another EU
network, COST Action European
Network of BioAdhesives (ENBA).
Upcoming research work/next steps:
The primary focus for the short-term
future is to continue making interesting
discoveries on the mechanisms of
adhesion in limpets and net-winged
midge larvae. Furthermore, design
principles from biological attachment
o rga n s a re b e i n g e va l u a t e d fo r

incorporation into synthetic systems to
create bioinspired attachment devices
with enhanced performances on
challenging substrates.

© picture left and right above, picture left
below: Ki Woong (Victor) Kang; picture right
below: Burrard Lucas

ESR 9: Maciej Chudak,
TU Eindhoven
„Fluid mechanics of adhesion to
wet surfaces“
Obtaining high adhesion and friction
between two wet surfaces, such as car
tires on wet asphalt, requires removing
the squeezed liquid to allow for dry
contact. For specific material combinations such as water on certain hydrophobic solids the liquid can be susceptib l e t o d r y s p o t fo r m a t i o n a n d
dewetting. The dynamics of that
process decides whether the car tire
will stick to the road or start aquaplaning.
An experimental setup was designed
and built to study dewetting between
soft rubber surfaces. An elastomeric
hemisphere is pressed into a thin flat
elastomer layer with liquid in between
[see figure panel (a) page 3]. Using
reflective interference contrast microscopy the liquid film thickness can be
determined as a function of time. Panel
(b) on page 3 shows an example of
dewetting after dry spot formation in a
circular contact spot. Additionally a
numerical model was developed which
reproduces important features of the
dewetting process. ESR 9 is collaborating with ESR 6, studying dewetting on
patterned surfaces prepared by ESR 6.
Panel (c) on page 3 shows an example of
dry spot evolution on a glass substrate
featuring a square array of micron-sized
photopolymer pillars.
Upcoming research work/next steps:
Current research focuses on the growth
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dynamics and shape evolution of the
dry spots. Moreover, the dewetting
process often give rise to trapped
liquid which lowers the dry contact
area between the surfaces. Next steps
will focus on the dynamics of trapped
liquid droplets.

© all pictures: Maciej K. Chudak

ESR10: Dimitris Mintis,
University of Patras, Greece
„Molecular modelling and
simulation of polymer and
polypeptides with controllable
and adaptive adhesion properties in wet environment“
ESR 10 has carried out extensive
modelling, by employing Molecular
Dynamics (MD) and Coarse-Grained
(CG) techniques, to gain valuable
insights into the dynamics, structure
and solubility of weak polyelectrolyte
chains in solution. In addition, the
phenomenon of coacervation which
occurs under certain conditions when
oppositely charged polyelectrolytes
are mixed in the solution was investigated by contacting very demanding
simulations to examine the behaviour
of the oppositely charged
polyelectrolyte chains in the dilute
phase as well as in the coacervate
phase. The study of ESR 10 so far has
revealed:
- the profound pH sensitivity of weak
polyelectrolytes: when fully ionized,
the conformation of the polymer is
highly elongated while when not
ionized the conformation is highly
coiled. This has been quantified by
calculating the average radius of
gyration Rɡ and average end-to-end
distance Ree of the polymer. The ratio
2
2
R ee / R ɡ as a function of chain size
(number of monomer units or degree

of polymerization N) in the range N=20100 showed that at zero degree of
ionization the molecular chain behaves
2
2
as a sphere-like molecule (R ee / R ɡ ≈ 3 –
4 ) and when is fully ionized it behaves
2
2
as a stiff flexible molecule((R ee/ R ɡ ≈ 6 8).
- the solubility increases as the degree
of ionization increases and decreases
as the degree of branching increases
- the diffusion coefficient D of the
center-of-mass of weak polyelectrolytes increases with temperature
and salt variation and decreases as the
degree of ionization increases
- the degree of complexation between
oppositely charged polyelectrolytes in
solution is dramatically affected by
environmental conditions, such as pH,
salt concentration and temperature.

·
·

Upcoming research work/next steps:
So far, the ESR 10 has extensively
studied the behaviour of weak
polyelectrolytes in dilute/semi-dilute
and concentrated solutions; currently,
he is working towards modelling weak
polyelectrolyte brushes in solution to
study the effect of salt concentration,
temperature as well as molecular
weight and stereochemistry. ESR 8
plans to finish up his thesis by
examining polyelectrolyte gels in
solution with polyelectrolyte brushes.

The project leading to this
application has received funding
from the European Union’s Horizon
2020 research and innovation
programme under the Marie
Skłodowska-Curie grant agreement
No. 642861.

www.AAM2019.org
9th - 12th September 2019
Dresden, Germany
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