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Program Summary: International Workshop on Soft & Complex Matter 

Norwegian Academy of Science and Letters, Oslo, Norway, October 15-16, 2015 

 

Time Thursday October 15 Friday October 16 Time 
  

Norwegian Academy of Science and 

Letters 

 

Drammensvegen 78 Oslo 

 

 

Silvia Vignolini: Cellulose 

Photonics: From nature to 

applications 

0900 - 0920 

Maria Helena Godinho: 

Hierarchical wrinkling on soft 

elastomeric particles 

0920 - 0940 

Mile Ivanda:  

Silicon Nanostructuring for 

Advanced Applications  

0940 - 1000 

Adrian Rennie: Can we make 

useful metamaterials from soft 

matter with self-assembly and 

directed assembly? 

1000 - 1020 

 

Discussions 1020 - 1040 

Daniel Bonn: Drop impact 1040 - 1100 

Reidar Lund: Crystallization in 

Self-assembly: From Confinement 

Effects to Nanotubes 

1100 -1120 

Kenneth D. Knudsen: CO2 

absorption in porous structures: The 

use of scattering techniques 

1120 - 1140 

Geir Helgesen: Magnetic control 

of microparticles and propulsion 

induced by oscillating magnetic 

fields 

1140 - 1200 

1600 - 1740 Registration  Workshop Lunch 1200 - 1320 

1740 - 1800 Jon Otto Fossum: Introduction. Paul Dommersnes: Particle 

assembly guided by electric fields 

1320 - 1340 

1800 - 1820 Kristian P. Olesen: Desert Control 

1820 - 1840 Carl Fredrik Gyllenhamar: Natural 

Clay, formation and compaction versus 

Laboratory generated Synthetic Clay 

Jon Otto Fossum: Intercalation 

and Retention of CO2 in Smectite 

Clays promoted by Interlayer 

Cations: An effective (?) and cheap 

(?) way of CO2 capture. 

1340 - 1400 

1840 - 1900 Discussions 

1900 - 1920 Adrian Rennie: Challenges in Water 

Treatment and Supply - Physics in the 

environment 
Discussions 1400 - 1500 

Jon Otto Fossum: Closing 1500 - 1520 

1920 - 1940 For Arne Skjeltorp: Paul 

Dommersnes: Intro to SME:  

GiaMag Technologies A/S 

Final discussions 1520 - 1600 

Departure 

 

1600 - 

1940 - 2000 To be decided  

2000 -  Workshop Dinner 
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Thursday October 15: 

 

1600 - 1720 Registration 

 

1720 -1740 Jon Otto Fossum, NTNU, Trondheim, Norway: Introduction. 

 

1740 -1800 Kristian P. Olesen  

Desert Control, Norway: 

 

New possibilities in Liquid NanoClay (LNC) treated dry lands 

 
The patented mixing process splits the clay particles into individual flakes and adds air bubbles on 

both sides of the flakes. LNC is applied using 6,7% of water of the volume of land treated. The mix is 

allowed to saturate down to normal root level, ranging between 40 - 60 cm deep. Around 40 liters of 

water and 1 kg of clay are used per square meter, to saturate the soil down to a depth of 60 cm. The 

flakes bind to the surface of the sand particles, tremendously increasing soil water and plant nutrient 

holding capacity.  LNC gives the sand particles a clay surface layer of 0,15% expansive clay flakes, 

by volume. In a treated square meter down to a 60 cm depth, this gives the sand particles a clay 

surface area of 800,000 m2. Once the soil is saturated down to normal root level, the LNC treatment is 

concluded. LNC is a catalyst for the fungus [1], which is the main cause of the increased growth. 

Converting bare sandy soils to green plant covered land lowers the surface temperature around 15°C. 

This has a cooling effect of 320 – 360 MW/km2. Changing desert to the green land also reduces CO2 

emissions by between 15 – 25 tons/hectare. 

 

[1] International Plant Science Center - The C. V. Starr Virtual Herbarium: Hidden Partners: 

Mycorrhizal Fungi and Plants  - http://sciweb.nybg.org/science2/hcol/mycorrhizae.asp.html 
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1800 - 1820 Carl Fredrik Gyllenhamar   

Independent Consultant, Norway: 

 

Radioactive waste in Kazakhstan, inherited from the USSR 

 
About 800 million tons of radioactive waste has been accumulated in Central Asia, more than half in 

Kazakhstan. From 1949 to 1989, 456 nuclear tests were carried out on the Semipalatisk (city of 

Semei) testing ground (86 air explosions, 30 ground explosions and 340 underground). Six nuclear 

research reactors and one breeder reactor (Aktau) were operated in addition to mining for uranium 

ores. 

 

Kazakhstan has about 18 to 20% of the world’s uranium reserves, but most of the mining have ceased.   

 

Kazakhstan has and is developing legislation to regulate radioactive waste management, but is faced 

with a rather chaotic situation inherited from the Soviet period. In addition, Kazakhstan has plans to 

build new nuclear power plants that will need uranium from their mines as well as generating more 

waste.  

 

Lake Koshkar-Ata, just north of Aktau, initially a periodic lake rich in natural salt, now one of the 

largest industrial tailings in the world occupying an area of approximately 77 square kilometres. There 

are large uranium deposits with more than 30 uranium mines. The Koshkar-Ata depression was 

chosen as a convenient location to accumulate radioactive and toxic waste from the chemical industry. 

It is however estimated that the tailing pond will dry out within a few years due to high evaporation 

and the lack of water, with no more waste water flowing in from the shut-down factories. In the 

southern part of the hollow, a 12- to 14-square km section is already exposed to the air. This part has 

the highest concentration of contaminants, covered with solid waste giving off high levels of 

radioactivity. Constantly swept by strong winds, there is a serious risk of pollutants being dispersed 

Large amounts of phosphoric gypsum, a by-product of fertilizer production, were discharged into the 

lake. The gypsum has formed a crust on the surface, preventing dusting and the escape of radon. As a 

result, dispersal of dust-blown substances and radon emissions are limited, and local scientists 

conclude they do not currently constitute a health hazard. Phosphoric gypsum is itself weakly 

radioactive and therefore not being used in the construction industry. 

 

However, the biggest threat for the general public is the radioactive dust in the ground that is 

constantly being swept by strong winds in particularly during winter in this dry climate where 

temperature vary from +30 to - 40 degree C. So far the only proposed solution that we know about is 

to cover it with non-polluted mined clay. 

 

1820 - 1840 Discussions 
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Thursday October 15 continued: 
 

1900 - 1920 Adrian Rennie  

Uppsala University, Sweden 

 

Challenges in Water Treatment and Supply - Physics in the environment 

 
In many countries the provision of a pure water supply still poses technical and economic challenges.  

There is a need for technologies that can be used without expert supervision in small communities: 

they should also be inexpensive to operate.  Recently we have been studying a flocculating agent from 

the seeds of Moringa trees [1]. These offer a promising route for village scale treatment in African 

countries and there is extensive interest in the transfer of colloid science in to a practical technology.  

The project also raises interesting questions about (a) the fractal dimensions of flocs formed in 

concentrated dispersions under the influence of significant flows and hydrodynamic interactions as 

well as (b) adsorption of proteins [2] and other biological molecules. 

 

There is now interest in developing complementary technologies to be used in water treatment for 

disinfection and for removal of dissolved heavy metals.  The use of readily available natural products 

is also of interest in Europe for environmentally friendly treatment of drinking water and of waste 

water.  The combination of seed products with other surfactants offers possibilities for development of 

separation processes.  One could envisage uses of similar technology in mineral processing, paper 

making and oil industries. 

 
[1] M. S. Hellsing, H. M. Kwaambwa, F. M. Nermark, B. B. M. Nkoane, A. J. Jackson, M. J. 

Wasbrough, I. Berts, L. Porcar, A. R. Rennie Structure of flocs of latex particles formed by addition of 

protein from Moringa seeds, Colloids and Surfaces A: Physicochem. Eng. Aspects 460, (2014), 460-

467. 

[2] H. M. Kwaambwa, M. S. Hellsing, A. R. Rennie, R. Barker Interaction of Moringa oleifera seed 

protein with a mineral surface and the influence of surfactants Journal of Colloid and Interface 

Science 448, (2015), 339-346. 

 

1920 - 1940 For Arne Skjeltorp: Paul Dommersnes 

GIAMAG Technologies A/S 

 
GIAMAG Technologies develops high-gradient magnet systems composed of permanent magnets and 

specially designed magnetic shielding masks. Applications include magnetic separation and 

manipulation of nano- and micro-particles. 

 
http://www.giamag.com/ 

 

1940 - 2000 To be decided  

 

2000 -   Workshop Dinner 
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Friday October 16: 
 

0900 - 0920  Silvia Vignolini  
Department of Chemistry, University of Cambridge, UK 
 

Cellulose Photonics: from nature to applications 
  

Nature’s most vivid colours are produced when light repeatedly scatters against periodically organized 

interfaces within nanostructured materials. This brilliant iridescent colouration is frequently used in 

many insect and animals but also in different species of plants.   

One of the most striking example is the colour of Pollia fruits [1] is the results of chiral multilayered 

structures composed of cellulose micro-fibrils, which from a layered structures.  In each component 

layer, cellulose micro-fibrils lie parallel to one another, with successive layers offset from each other 

at a small angle, so that the direction of the parallel-aligned micro-fibrils changes consistently, 

rotating from one layer to another and producing an intense colour-selective reflection.  

Biomimetic with cellulose-based architectures enables us to fabricate novel photonic structures using 

low cost materials in ambient conditions [2-4]. Importantly, it also allows us to understand the 

biological processes at work during the growth of these structures in plants. 

In this work the route for the fabrication of cellulose-base architecture will be presented and the 

optical properties of cellulose artificial structures will be analyzed and compared with natural one. 

  

[1] S.Vignolini et. al Pointillist structural color in Pollia fruit PNAS 109, 15712 (2012). 

[2] S. N. Fernandes et. al Structural Color and Iridescence in Transparent Sheared Cellulosic Films 

Macromol. Chem.  Physic. 214, 25-32 (2013) 

[3] A. G. Dumanli et. al Digital Color in Cellulose Nanocrystal Films, ACS Appl. Mater. 

Interfaces ACS Appl. Mater. Interfaces  6 (15), pp 12302 (2014) 

[4] A. G. Dumanli et. al Controlled bio-inspired self-assembly of cellulose-based chiral reflectors, 

Adv. Opt. Mat. 2, 646 (2014) 
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Friday October 16 continued: 
 

0920 - 0940  Maria Helena Godinho  

Departamento de Ciência dos Materiais and CENIMAT/I3N Universidade NOVA de 

Lisboa, Portugal 

 

Hierarchical wrinkling on soft elastomeric particles  

 
A. C. Trindade, J. P. Canejo, S. Fernandes, P. Almeida and M. H. Godinho 

Departamento de Ciência dos Materiais and CENIMAT/I3N, Faculdade de Ciências e 

Tecnologia, Universidade NOVA de Lisboa, Caparica,  Portugal 

 

Hierarchical wrinkling can be written on demand in soft elastomers by the action of UV light. A 

surface consisting of a thin and stiff layer on a soft layer/substrate can develop a periodic folding 

deformation when a compressive stress is applied at the interface of the two layers. This results in 

patterns of corrugated peaks and valleys on the surface, which, depending on the precise origin of the 

buckling process can result in folds, wrinkles or cracks. In this work we describe results concerning 

the synthesis and the experimental method to prepare micrometric wrinkled elastomeric spheres and 

films. A simple route to transform the surface of these objects into hierarchical labyrinth-wrinkled (1st 

and 2nd order buckling) will be presented. The interpretation of the 1st order buckling will be given in 

terms of models developed for objects made of a thin stiff film on the top of a soft curved substrate. 

The 2nd order buckling, of the order of 100 nm, and the ‘‘crack’’ pattern, which appears at the sites of 

stress concentration provided by the wrinkles, will be discussed in the framework of the Grinfeld 

instability. 

The results obtained will be presented with the objective of open new horizons on the practical 

applications of these soft functional materials. 

 

[1] Trindade, A. C.; Canejo, L. F. V.; Patrício, P.; Brogueira, P.; Teixeira, P. I. C.; Godinho, M. H. 

Journal of Materials Chemistry 2012, 22, 22044-22049.  

[2] Trindade, A. C.; Canejo, J. P.; Pinto, L. F. V.; Patrício, P.; Brogueira, P.; Teixeira, P. I. C.; 

Godinho, M. H. Macromolecules 2011, 44, 2220-2228. 

[3] Avó J., S.N. Fernandes, Godinho M.H. Macromolecular rapid communications, 2015, 36 (12), 

1220-1220 
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Friday October 16 continued: 
 

0940 - 1000  Mile Ivanda 

Center of Excellence for Advanced Materials and Sensing Devices, Ruđer 

Bošković Institute, Zagreb, Croatia 

 

Silicon Nanostructuring for Advanced Applications  

 
L. Mikac(1), V. Đerek(1), E. D. Głowacki(2), N. S. Sariciftci(2), M. Ivanda(1) 

(1) Center of Excellence for Advanced Materials and Sensing Devices, Ruđer Bošković Institute, 

Bijenička c. 54, Zagreb, Croatia 

(2) Johannes Kepler University Linz, Linz Institute for Organic Solar Cells (LIOS) / Institute of 

Physical Chemistry, Altenbergerstraße 69, 4040 Linz, Austria 

 

Inorganic semiconductor materials have for a long time been a standard member of electronic devices 

with silicon being the material of choice for most applications. Introducing structuring in silicon has 

proven to be advantageous for its many properties and applications. Introduction of silver nanocrystals 

in the porous silicon is promising for Surface Enhanced Raman Sppectroscopy (SERS). Here we 

present the results on preparation of stable and uniform SERS solid substrates using macroporous 

silicon (pSi) with deposited silver and on the devices based on heterojunctions of porous silicon 

formed by anodisation in HF-based electrolytes and organic thin films formed by vacuum evaporation. 

Macroporous silicon is produced by anodisation of p-type silicon in hydrofluoric acid. The as prepared 

pSi is then used as a template for Ag depositions. The noble metals were deposited in three different 

ways: by immersion in silver nitrate solution, by drop-casting silver colloidal solution and by pulsed 

laser ablation (PLA). Substrates obtained by different deposition processes are evaluated for SERS 

efficiency using methylene blue and rhodamine 6G at 514.5, 633 and 785 nm. Substrate 

concentrations detected in most of the cases were in the nanomolar range suggesting that it may be 

possible to detect lower analyte concentrations when using porous instead of crystal silicon template. 

Heterojunction interfaces between organic and structured silicon substrate in devices show promise in 

using advantages of both materials simultaneously.  For inorganic part of the heterojuction we choose 

porous silicon due to its compatibility to established CMOS technology and its enormous surface area 

being presented to thin organic films. For organic part of the junction we investigated the applicability 

of various organic semiconductor thin films for optoelectronic applications. Our porous silicon-based 

devices show optical response and moderate sensitivity in the infrared spectral region. 

 

1000 - 1020  Adrian Rennie 

Uppsala University, Sweden 

 

Can we make useful metamaterials from soft matter with self-assembly and 

directed assembly? 

 
As demands for advanced materials increase, there is a need to explore the behaviour of new materials 

and novel manufacturing and processing technologies.  The development of specific microstructures 

and the combination of different components, one of which might be simply voids, can be used to 

provide unconventional mechanical or electromagnetic response in various systems.  Particular shape 

and states of aggregation of particles could, for example, provide conducting networks in combination 

with other useful properties.  Nanoparticles dispersed as colloids provide an obvious starting point to 

use as building blocks for these materials but systematic study and use is not widespread for this 

purpose.  Processing of these products will present challenges to preserve the required structures.  The 

talk will speculate on what may be feasible. 

  

1020 - 1040  Discussions  
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Friday October 16 continued: 
 

1040 - 1100  Daniel Bonn 

University of Amsterdam, Netherlands 

 

Drop Impact 

 
Drop impact has many applications ranging from inkjet printing to the reconstruction of a crime scene 

using bloodstain pattern analysis (BPA). I will show how the maximum diameter of an impacting drop 

can be understood on the basis of a competition between capillary, viscous and inertial forces, and 

how this knowledge can be implemented in BPA. 

 

1100 - 1120  Reidar Lund 

  Department of Chemistry, University of Oslo, Norway 

Crystallization in Self-assembly: From Confinement Effects to Nanotubes 

 
Hierarchical self‐assembly in biological and soft matter sciences is a fascinating topic that provides 

accurate control over nanostructure and material properties. The driving force behind self‐assembly 

responsible for e.g. micelle formation of amphiphilic molecules, i.e. molecules with both hydrophobic 

and hydrophilic domains, is usually considered to be the interfacial tension leading to a minimization 

of hydrophobic contact. However, it has been increasingly recognized that molecular packing into 

crystalline or gel-like order may strongly influence or even dominate self-assembly processes. 

In this presentation we will show two examples where crystallization play a major role. First we will 

present results from an archetypical amphiphilic surfactant system, n‐alkane‐poly (ethylene oxide) 

(Cn‐PEO) which forms spherical micelles with crystal-like n-alkane cores In water [1,2]. We show the 

Laplace pressure, regulates the melting point similarly to hard-confined systems also following the 

Gibbs-Thomson relation [1]. In the second example we will discuss the self-assembly of sequence-

defined amphiphilic block peptoids, i.e. peptidomimetic polymers, which contains crystallizable side-

groups. We show that, driven by crystallization, the system forms fundamentally different 

nanostructures in the form of nanotubes not found in any other polymer system [3]. 

 

[1] Zinn, T., Willner, L. & Lund, R. Phys. Rev. Lett. 113, 238305 (2014). 

[2] Zinn, T., Willner, L., Pipich, V., Richter, D. & Lund, R. ACS Macro Lett. 4, 651–655 (2015). 

[3] Sun, J., Xi, J., Lund, R, Downing, K.H., Balsara, N.P. and Zuckermann, R. submitted (2015) 
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Friday October 16 continued: 
 

1120 - 1140  Kenneth D. Knudsen 

Physics Department, Institute for Energy Technology, Kjeller, Norway 

 

CO2 absorption in porous structures: The use of scattering techniques 

 
K. D. Knudsen (1,2),  L. Michels (2),  P. A. Sobas (1),  G. N. Kalantzopoulos (1),   

G. Helgesen (1), J. O. Fossum (2) 

(1) Physics Department, Institute for Energy Technology (IFE), Kjeller, Norway 

(2) Department of Physics, NTNU, Trondheim, Norway 

 

In connection with the possible subsurface storage of CO2 it is important to understand the processes 

taking place inside the porous structure where CO2 is confined. Of particular interest are interactions 

that may occur with the material (“cap-rock”) that is meant to seal the CO2-containing subsurface 

region. It is known that shale cap-rocks often have a dominant fraction of pores with sizes below 100 

nm. Details at this small scale concerning interactions between CO2 and solid matrices are hitherto 

largely unexplored. However, there are indications that when supercritical CO2 is introduced into a 

solid adsorbent, the attractive molecule-solid forces, enhanced by strong nanopore field effects, can 

create a region near the solid surface where the local adsorbate density is significantly different from 

that of the bulk.  

One manner of obtaining information about the interaction between CO2 and the surrounding matrix is 

through scattering experiments. Small-angle scattering, employing either x-rays or neutrons, can give 

valuable insight into processes taking place in the 1-100 nm range. Small-angle x-ray scattering 

(SAXS) is a relevant method in this respect, but the neutron analogue (SANS) can have advantages in 

some cases. We have recently made investigations of CO2 absorption in different types of porous 

nanostructures, including clay materials, using SANS as one of the techniques. An in-situ setup is now 

available, allowing controlled introduction of supercritical CO2 under varying pressure and 

temperature (up to 450 bar and 125 degC). 

 

1140 - 1200  Geir Helgesen 

Physics Department, Institute for Energy Technology, Kjeller, Norway 

 

Magnetic control of microparticles and propulsion induced by oscillating 

magnetic fields 

 
Magnetic micro- and nanoparticles can be collected and controlled by use of external magnetic fields 

from current carrying coils or permanent magnets. Use of constant magnetic fields will induce a 

dipole-dipole aggregation of particles, which gives limited possibility for control of their motions. By 

applying a constant magnetic field gradient, magnetic particles are forced to move in an externally 

controlled direction at a fixed speed as determined by their particle size, susceptibility, the liquid 

viscosity and field strength and gradient.  However, this is of limited usefulness for many applications 

since the direction and speed of motion are difficult to control using permanent magnets. This 

challenge can be bypassed by using tri-axial, oscillating magnetic fields, which can propel 

microspheres in arbitrary directions at controlled velocities. Examples of these techniques will be 

presented. 

 

1200 - 1320  Workshop Lunch  
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Friday October 16 continued: 
 

1320 - 1340  Paul Dommersnes 

  NTNU, Trondheim, Norway 

 

  Particle self-assembly driven by electric fields 

 
Dynamic self-assembly of materials require energy input, either by an externally applied field 

(physics) or internal forces (chemical reactions in biological self-assembly). Electric field driven self-

assembly is controlled by two effects: induced dipole-dipole particle interactions and electro-

hydrodynamic flow induced interactions. Here we will briefly present some of the activies at NTNU 

on electric field driven assembly, including structured complex liquid drops, capsule formation and 

“active matter” systems. 

 

1340 - 1400  Jon Otto Fossum 

  NTNU, Trondheim, Norway 

 

Intercalation and Retention of CO2 in Smectite Clays promoted by Interlayer 

Cations: An effective (?) and cheap (?) way of CO2 capture. 

   
CO2 is regarded one of most unwanted greenhouse gases. Currently a lot of research time and money 

is invested in finding and developing new materials and solutions for CO2 filtering, capture, transport 

methods, and long term storage. For example, large projects are underway focusing on Capture, 

Sequestration and Storage of CO2 (CCS) in underground reservoirs. In materials science several new 

and "old" materials are being developed and revisited for these purposes, and it still is an open 

question which is the best solution to this interconnected complex problem. Recently we estimated 

that smectite clay easily can take up 15% of its weight of CO2 [1], and that the clays need to be heated 

above ambient conditions in order to release the captured CO2 again. Clays are nano-porous materials 

with about 1000 (km)^2 of available surface area in 1m3 clay sample.  Our recent work has shown 

that it is not the clay surfaces that attract CO2 but rather the charge compensating ions that are 

attached to the surfaces [2]. The most conservative estimate we can do is thus that clays with standard 

cations such as Na+ capture 0.23 tons of CO2 per (m)^3, which already is a high number considering 

that the density og liquid CO2 is about 0.75 tons/(m)^3. There is clearly room for improvement in CO2 

capturing by clays, by replacing Na+ with more sophisticated ions with high affinity for CO2. Clays 

are cheap and they are everywhere. Open questions are: Does this mean that clays are the “best” 

materials for CO2 capture?, and what impact can that have on research into other materials for this?. 

Answer: We do not yet know the answers, which among other factors must consider the total CO2 cost 

balance in synthesizing new materials, contra mining natural clays etc. 

 

[1] X-ray Studies of Carbon Dioxide Intercalation in Na-Fluorohectorite Clay at Near-Ambient 

Conditions, Henrik Hemmen, Erlend G. Rolseth, Davi M. Fonseca, Elisabeth L. Hansen, Jon Otto 

Fossum and Tomás S. Plivelic, LANGMUIR 28, 1678 (2012) 

[2] Intercalation and Retention of Carbon Dioxide in a Smectite Clay promoted by Interlayer Cations, 

L. Michels, J.O. Fossum, Z. Rozynek, H. Hemmen, K. Rustenberg, P.A. Sobas, G.N. 

Kalantzopoulos, K.D. Knudsen, M. Janek, T.S. Plivelic, G.J. da Silva, SCIENTIFIC REPORTS | 5 : 

8775 | DOI: 10.1038/srep08775 (2015) 

 

1400 - 1500  Discussions  

 

1500 - 1520  Jon Otto Fossum : Closing 

 

1520 - 1600  Final discussions 

 

1600 -   Departure 
 


