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Our research is focused on probing
and understanding how nano-
/meso-/micro-structures in complex
composites of natural materials
manifest themselves in macroscopic
material properties and
functionalities.



Nano-scale tools:
AFM, Small-Angle X-ray Scattering: SAXS, etc.
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Macro-scale tools:
Physica MCR 300 Rheometer, etc.




Soft condensed matter:

Materials which are easily deformable by external stresses,
electric or magnetic fields, or even by thermal fluctuations.

Soft materials are typically shear-thinning, i.e. they possess a threshold yield stress below
which thay are elastic materials, and above which they are viscous fluids (Viscoelasticity).

These materials typically possess structures which are much larger than atomic or
molecular scales; the structure and dynamics at nano-/meso-scopic scales determine the
physical properties of these materials.

The goal of soft matter research is to probe and understand
how nano-/meso-structures translate into macroscopic
properties and behaviors.

Researchers study natural, synthetic and biological materials in this context.

Interests extend from fundamental physics to technological applications, from basic
materials questions to specific biological problems = Multidisciplinary field.

The tools used include light, X-ray, Neutron scattering, microscopy, rheometry,
microfluidics, special purpose table-top experiments, numerics, theory.



The founder of soft matter science:
Pierre-Gilles de Gennes

French physicist : 1932 —2007,
Nobel Prize laureate in physics in 1991



Food is Soft Matter



Biomatter is Soft Matter

Cell elasticity and deformation
in flow

Colloidosome
deformation in
microfluidic flow

Unprotected drop
coalesence in
microfluidic flow




Current trends in Soft Matter Science:

Major examples:

Active Matter and links/analogies to biology:
Active nano-/meso-structures (Bacteria, rotating colloidal particles, activated
drops, etc). Biomimicry: Learn from bionature, apply in materials science.
Self-assembly, including Janus and «patchy» particles:
Guided interactions on nano-/meso-scale («Colloids with valence»).
Soft Matter in Confined Environments:
Soft and/or active matter inside porous structures. Microfluidics. Drops.
Etc.
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Monodisperse
emulsions




Monodisperse
emulsions




Table-top experiment:
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Soft in processing,
can be hard in use
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The nano-/meso- structures behind clayey muddy behaviour
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Some modern applications based on
From design to function.

Oil recovery

clay nano-/meso-structures:

Oil refining Medicine/pharmacy
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Toothpaste ]
Paints
Cosmetics Household
products
Rubber Plastics
strengther
Chocolate




Polymer-nano-composite materials

Nano-structures

Tools:
(Synchrotron) X-ray scattering
Neutron scattering



Running projects in the lab:

2016-2020: Research Council of Norway (RCN) NANO2021 project number 250619 “Graphene Nano-
Clay Systems” is an RCN grant of 6 MNOK in total. 1 postdoc based at NTNU is employed in this project.
Project manager is Prof. J.O. Fossum from Dept. of Physics NTNU.

The collaboration partners in this project are from NTNU, IFE-Kjeller, Univ. Oslo, Univ. Manchester (UK),
and from Chalmers Univ. of Technology (Sweden). The Univ. Manchester group is in the Physics Dept. and
is led by Prof. Sir Konstantin Novoselov who received the Nobel Prize in Physics 2010 for his work on
graphene. The Chalmers Univ. Tech. group is led by Prof. Aldo Jesorka in the Dept. of Chemistry and
Chemical Engineering.

2016-2020: RCN FRINATEK project number 250728 “CO, Capture and Retention by Smectite Clays” is an
RCN grant of 9 MNOK in total. 1 researcher based at IFE-Kjeller, and 1 PhD student based at NTNU is
employed in this project. Project manager is Senior Scientist K.D. Knudsen, IFE, who is also Adj. Prof. at
Dept. of Physics NTNU. The collaboration partners are from IFE-Kjeller, NTNU, Univ. Copenhagen - Niels
Bohr Institute Denmark, and from Univ. South Florida USA (Prof. Juergen Eckert).

2017-2020: M-Era.Net (administrated by RCN NANO2021) project number 272919 “Fabricating cellulose
nanocomposites for structural coloration” is a grant of 7 MNOK in total. 2 postdocs based at NTNU and 2
postdocs based in Lisboa are employed in this project. Project manager is Prof. J.O. Fossum from Dept. of
Physics NTNU. The collaboration partners in this project are from NTNU, IFE-Kjeller, Giamag Technologies
(magnetic technology), Borregaard AS (nanocellulose technology), Snghetta AS (architecture and design),
NOVA Universidade Lisboa Portugal (Materials science, Prof. Maria Helena Godinho), and from Instituto
Superior Técnico for Research and Development in Lisboa Portugal (Physics, Prof. Carlos Manuel dos
Santos Rodrigues da Cruz).



Schematics of wetting of four different surfaces. The largest contact
area between the droplet and the surface is given in flat and micro-
structured surfaces, is reduced in nano-structured surfaces, and is
minimized in hierarchical (nano-micro) structured surfaces. This
contains the principle of the so-called self-cleaning Lotus leaf effect,
depicted to the left.

Natural and biomimetic artificial surfaces for super-hydrophobicity, self-cleaning, low adhesion,
and drag reduction, B. Bhushan, Y. C. Jung, Progress in Materials Science 56, 1-108 (2011)



Peacock feathers: Brown pigment + nanostructures



A 2
When light falls on a thin film, the waves reflected from the nz V ¢
upper and lower surfaces travel different distances depending
on the angle, so they interfere.




The plum throated
Continga bird gets
its vibrant colors
from a nanoscale
network of keratin.



Butterfly wing at different magnifications reveals
mesostructured chitin acting as a diffraction
grating



Examples from wikipedia:



Polydopamine (PDA) shell layers
+ core polystyrene (PSt) particles



Chameleons can change their color in less than 1 second



The most intense blue
known in nature: African
Pollia condensata berries

Dumanli, A. G., Kamita, G., Landman, J., van
der Kooij, H., Glover, B. J., Baumberg, J. J.,
Steiner, U. and Vignolini, S. (2014),
"Controlled, Bio-inspired Self-Assembly of
Cellulose-Based Chiral Reflectors."
Advanced Optical Materials.

doi: 10.1002/adom.201400112



Self-assembly:

Making a macroscopic sample (i.e. about 102° nanoparticles)
by physically picking up and moving nanoparticles into place,
one by one, would take about 300 million years, even if the
time for moving individual particles could be made as short as
1 millisecond.
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S Self-assembly:
Emergent patterns, more is different




Human made design: How nature works:
Top-down Self-assembly Bottom-up Self-assembly

Scientific challenge of nanostructured self-assembly:
Combination of Top-down and Bottom-up:

Another pile of rocks






Liquid Crystalline Phases Characterization

Order Parameter = O.P.
= Angular distribution function
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Irving Langmuir (Nobel Prize in Chemistry 1932): 1st experimental ‘ ( '

work in 1938 on liquid crystal structures in a clay suspension.

J. Chem Phys. 6, 873 (1938)



LCPC = Liquid Crystalline Phases Characterization *

Order Parameter (0<0.P.<1) =
Angular distribution function

Isotropic
Phase (O.P. = 0)

Nematic
| Phase (O.P. > 0)

Particle concentration
Electric fields
Magnetic fields

Etc.

Self-organization



The most common and most used
synthetic clay: Laponite

Colloidal gels: Clay goes patchy, Observation of empty liquids and equilibrium gels in a colloidal clay,
W. K. Kegel & H. N. W. Lekkerkerker, B. Ruzicka, E. Zaccarelli, L. Zulian, R. Angelini, M. Sztucki, A. Moussaid,
Nature Materials 10, 5-6 (2011) T. Narayanan and F. Sciortino, Nature Materials 10, 56-60 (2011)



Langmuir 1998, 14, AT18-1723

One sample for each point

On Viscoelastic, Birefringent, and Swelling Properties of
Laponite Clay Suspensions: Revisited Phase Diagram

A. Mourchid,* E. Lécolier, H. Van Damme, and P. Tevitz*
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