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Oral Presentations 

 
SESSION 1 

 

  

Structure and morphology of polyfluorenes in solutions and the solid state. 
 

Matti Knaapila  

Department of Physics, IFE Kjeller, Norway 

 

This account provides a state of the art overview of polyfluorene structure and phase behaviour in 

solutions and the solid state. This presentation covers key aspects of the hierarchical intra- and 

intermolecular self-assembly starting at the molecular level and extending up to larger length scale 

structures. This includes crystallization, alignment on surfaces and texture. Many central ideas are 

highlighted via structural archetypes. Recent theoretical treatments for understanding these structural 

properties are discussed and the implications for opto-electronics and photophysics are described [1]. 

 

[1] M Knaapila & MJ Winokur, Adv. Polym. Sci. 2008 212 227 
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New light on an old problem: The boundary of flowing liquids 
 

Max Wolff  

Division for Material Physics 

Department of Physics and Material Science 

Uppsala University 

Uppsala 

Sweden 

 

The solid-liquid interface introduces anisotropy to a fluid and represents a singularity that may result in 

distinct properties as compared to the volume. For a static liquid this fact manifests in, for example, 

tuneable absorption for molecules at functionalised interfaces. For flowing liquids the discontinuity at 

the interface is quantified by a phenomenological number called slip length. To understand the 

microscopic origin of slip the knowledge on static samples has to be complemented by measurements 

under shear. Neutron scattering under grazing incident beam geometry will certainly play a major role 

in this context. In this presentation the possibilities offered by surface sensitive scattering techniques 

for the field are evaluate. 

 

In the first part slip in simple liquids will be related to the structure at the solid-liquid interface. For 

hexadecane the amount of slip measured by complementary techniques can not be explained by a 

depleted layer (two-fluid model). In the second part the focus will be on complex liquids. For a 

micellar system information over a large range of length scales is extracted from data collected under 

grazing incident beam geometry. The anisotropy introduced by the interface enforces a rearrangement 

of the micellar structure. It turns out that micelles prefer to grow epitaxial at an interface terminated 

attractively for the micelles corona. From diffuse scattering information on the lateral correlation length 

involved can be extracted. Micelles crystallizing at different germs start orienting but loose long range 

correlations with increasing overlap of the crystallites. This structural information is related to changes 

in the viscosity. For in situ measurements under shear load, we have combined the technique of neutron 

reflectivity with rheology. It turns out that shear is aligning the crystallites but decreases the long range 

correlations. After stopping the shear a slower relaxation of the crystalline structure is found close to 

the attractive interface. This effect relates well to the molecular dynamics that were found faster in the 

vicinity of a repulsive interface. 
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Nanoporous materials from block copolymers 
 

Sokol Ndoni 

Department of Micro and Nanotechnology, Technical University of Denmark 

Building 124, Frederiksborgvej 399, 4000 Roskilde, Denmark 

 

Nanoporous materials derived from self-assembled block copolymers are fascinating and hold great 

promise for many advanced nanotechnological applications. A number of examples of such materials 

will be presented, in which the structural information obtained by small angle x-ray and neutron 

scattering at different stages of preparation and modification, is essential. 

 

 

 

 

 

 

Studies on protein layers and films 

 
Mika Torkkeli  

Department of Physis 

Laboratory of Electronic Structure 

University of Helsinki 

Finland 

 

The presentation outlines studies on two groups of film forming proteins: Class II Hydrophobins from 

fungus Trichoderma reesei and preliminary results  of S-layer protein SlpA from Lactobacillus brevis. 

While not having a great deal in common, both share an ability to spontaneously form ordered two-

dimensional lattices-hydrophobins at the air-water interface and S-layer proteins on bacterial surface. 

This makes them interresting from the point of view of nanobiotechnological applications. X-ray 

diffraction is a facile method to obtain information of such few nanometer thick films. The speech 

shows this for the two select examples with the emphasis of how it complements microscopic 

techniques.  
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SESSION 2 

 
WAXS and Rheological Studies of Dynamic Column Formation in Na-FLHC Clay 

Particles 
 

Z Rozynek, B Wang, M Zhou, and J O Fossum 
Department of Physics, NTNU, Høgskoleringen 5, NO-7491, Trondheim, Norway 

E-mail: rozynek@ntnu.no 

The dynamic chain and column formation of 5wt.% clay particles suspended in silicone oil has been 

studied using synchrotron Wide Angle X-Ray Scattering (WAXS) technique and rheometry. The 

anisotropic arrangement of particles described by the global order parameter S has been investigated. 

The WAXS data have also allowed distinguishing between the chain and column formation processes 

by comparison of the change of WAXS angular plots maxima with the current density growth in 

function of time. The saturation time ts (after which there was no change in the system observed) was 

estimated. In addition, the rheological properties of the ERF have been measured including the static 

yield stress.   
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Applications of SAXS in the Colloidal Industry 
 

Caterina Camerani 

Chemical Analysis 

Eka Chemicals AB 

445 80 Bohus, Sweden 

caterina.camerani@akzonobel.com 

 

At Eka Chemicals, a chemical company within the Akzo Nobel concern, synchrotron radiation SAXS 

technique is used both as a quality control and an advanced research tool for investigating the 

chemistry and the mechanisms used in colloidal silica applications. Two cases are presented here: the 

determination of nanostructures for flocculation of paper fibers and the kinetics of aggregation and 

gelation in silica dispersions. In the first project, SR-SAXS at Max-lab, Lund, Sweden, and photon 

correlation spectroscopy techniques are used as complementary techniques to analyse nanoparticles 

with different length/width ratios, degree of branching and with or without surface modification in 

order to determine which structure would lead to the best dewatering in the wet-end of paper machines. 

The second project seeks to mimic the conditions during which colloidal silica nanoparticles are 

coagulated into stable gels after the addition of an accelerator for the grouting of geological media. 

Time resolved Synchrotron Radiation Small Angle X-ray Scattering (SRSAXS) technique with a 

stopped flow cell as the sample injector has been employed at the Elettraôs SAXS beamline in Trieste, 

Italy, in order to really capture the very onset of gelation and to investigate the structural evolution 

during sol-gel transition and gel aging. SR-SAXS measurements were performed on different colloidal 

systems, both mono- and polydisperse sized, in combination with different salts (NaCl and K2CO3). In 

all the colloidal + salt systems included in this study, changes are still observed even after the gel time. 

The formed agglomerates show the same size evolution independent of the accelerator used within the 

length scale measured in our experiment. The possible aggregation mechanisms are discussed by 

considering the fractal dimension and the Invariance during gelation. 

 

 

 

 

Analytical scattering functions of polydisperse, multilayered hard spheres  
 

M. Nayeri, M. Zackrisson, and J. Bergenholtz  

Dept. of Chemistry, Univ. of Gothenburg, SE-41296Göteborg, Sweden 

 

The scattering intensity from the Percus-Yevick equation for hard spheres is recast in a form suitable 

for numerical and analytical treatment. Analytical expressions are derived for i) multilayered spheres 

and ii) core-shell spheres with constant shell thickness, with Schulz-distributed radii interacting as 

effective hard spheres. The models are tested against small-angle X-ray scattering experiments on a 

microemulsion system. 
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SESSION 3 
 

 

 

A small-angle scattering investigation of protein interactions and solution structure 
 

Peter Schurtenberger 

Adolphe Merkle Institute, University of Fribourg, CH-1700 Fribourg, Switzerland 

 

 

The understanding of protein solutions, their dominant interactions and their complex phase behavior is 

an important topic that has greatly profited from comparisons with colloid model systems. Initially, 

these developments were primarily driven by to attempts to better understand and improve protein 

crystallization. However, issues of interparticle interactions, aggregation, cluster and dynamical arrest 

in protein solutions have to be seen in a broader context, since they are of central importance to a 

variety of topics ranging from cluster formation in various diseases to the production of novel food 

systems. Understanding interparticle interactions in protein solutions is for example of central 

importance to gain insight into the origin of protein condensation diseases such as Creutzfeldt Jakob, 

Alzheimer, Parkinson or cataract, the leading cause of blindness worldwide. The eye lens proteins 

gamma-crystallin and alpha-crystallin are particularly interesting and important, as they are ideally 

suited for an attempt to use well-defined proteins with easily tuneable interaction potentials as model 

systems for colloids as well as because of their biological and medical relevance for cataract formation. 

Here I will present results from a study of the structural and dynamic properties of these lens protein 

solutions up to concentrations corresponding to those found in the eye lens using small-angle neutron 

(SANS) and X-ray scattering (SAXS) combined with light scattering, rheological measurements and 

molecular dynamics simulations. I shall discuss the results in the context of simple models from colloid 

science and demonstrate that they indeed allow us to interpret the complex protein phase diagrams. 
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New rational methodologies for constructing polymeric materials at multiple length 

scales  
 

N. Houbenov,
a
 A. Nykänen,

a
 J. Ruokolainen,

a
 H. Iatrou,

b
 N. Hadjichristidis,

b
 C. F. J. Faul,

c
 and 

 

O. Ikkala 
a 

 
a
Department of Applied Physics, Helsinki University of Technology, Puumiehenkuja 2, FI-02150 

Espoo, Finland 
b
Department of Chemistry, University of Athens Panepistimiopolis Zografou, 157 71 Athens, Greece 

c
School of Chemistry, University of Bristol, BS8 1TS UK 

 

Email: houbenov@focus.hut.fi 

 

We describe the combination of several organization principles to allow for rational construction of 

tailored materials spanning multiple levels of hierarchy. Using DNA-like interactions [1],
 
discotic 

liquid crystals [2], helical rod-like (calamitic) liquid crystals and block copolymer self-assembly [3, 4], 

ionic self-assembly [4, 5], and disk-rod packing frustration, mesoscale fibrils with macroscopic length 

are demonstrated, which enable the formation of open porous fibrillar networks, as seen in Nature. The 

new constructs were achieved by complexation of the anionic 2ǋ-deoxyguanosine 5ǋ-monophosphate 

(dGMP) with the cationic lysine residues of a coil-rod-coil triblock copolypeptide poly(L-lysine)-

block-poly(ɔ-benzyl-L-glutamate)-block-poly(L-lysine) (PLL-b-PBLG-b-PLL) to encode structural 

information of a polymeric material in the dried solid state [6]. To study the network structure and the 

structural periodicities of the material we have combined cryo-Transmision Electron Microscopy 

(TEM), Small-Angle X-ray scattering (SAXS), and Wide-Angle X-ray Scattering (WAXS). An 

essential ingredient here is the combination of two different types of mesogens, i.e. the G4-disks 

(formed from 4 dGMP molecules), and PBGL -helical rods, and the influence of their 

incommensurability on directing supramolecular hierarchical structure formation.  

The present concept is the first combination of a G4 motif and block copolymer self-assembly. Instead 

of using biosynthetic schemes, which pose challenges to allow long and pure poly(G)-domains and are 

challenging to yield sufficient amounts of materials for materials-specific applications beyond 

biochemistry, our synthetic supramolecular route can easily be scaled up to large quantities. 

 

[1] Davis, J. T.  Angew. Chem. Int. Ed. 2004, 43, 668. 

[2] Davis, J. T.; Spada, G. P. Chem. Soc. Rev. 2007, 36 (2) 296-313. 

[3] Floudas, G.; Papadopoulos, P.; Klok, H. A.; van der Meulen, G. W. M.; Rodriguez-Hernandez, J.  

Macromolecules 2003, 36, 3673. 

[4] Hanski, S.; Houbenov, N.; Ruokolainen, J; Chondronicola, D.; Iatrou, H.; Hadjichristidis, N.; Ikkala, 

O. Biomacromolecules 2006, 7, 3379-3384. 

[5] Ozer, B. H.; Smarsly, B.; Antonietti, M.; Faul, C. F. J. Soft Matter 2006, 2, 329. 

[6] Houbenov, N.; Nykänen, A.; Iatrou, H.; Hadjichristidis, N.; Ruokolainen, J.; Faul, C. F. J.; O. 

Ikkala Adv. Funct. Mater. 2008, 18, 2041. 
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X-ray scattering and reflectivity studies of films at solution-air interfaces 
 

Kristian Kjær,  

Copenhagen, 

Denmark 
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SESSION 4 

Formation mechanism of mesoporous silica - dynamics from 1 nm to 1 ɛm 

Peter Linton
1
, Adrian R. Rennie

2
, Malin Zackrisson

1
 and Viveka Alfredsson

1
 

1.
 Physical Chemistry 1, Lund University, Sweden , 

2.
Department of Physics and Materials Science, 

Uppsala University, Sweden and 
3.
 Adolphe Merkle Institute, University of Fribourg, Switzerland 

 

We report on the mechanism of growth of mesoporous silica (SBA-15, plane group p6m). In-situ 

studies of the formation using ultra-small angle x-ray scattering (USAXS) and small angle x-ray 

scattering (SAXS) covering length scales from 5 to 10000 Å, complemented with UV-VIS and TEM 

provide unique data on particle growth coupled with information regarding the progression of the 

mesostructure formation and the micellar evolution. 
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SAXS studies of DNA self-assembled structures 
 

Cristiano L. P. Oliveira and Jan Skov Pedersen 

Department of Chemistry, Centre for mRNP Biogenesis and Metabolism and iNANO Interdisciplinary 

Nanoscience Center, University of Aarhus, Denmark 

 

Felicie F. Andersen and Birgitta R. Knudsen 

Department of Molecular Biology, University of Aarhus, Denmark 

 

Elizabeth Irish and Thom LaBean 

Departments of Physics, Chemistry, and Computer Science, Duke University, Durham, North Carolina, 

USA 

 

Ebbe S. Andersen and Jørgen Kjems  

Danish National Research Foundation: Centre for DNA Nanotechnology (CDNA) at The 

Interdisciplinary Nanoscience Center (iNANO) and Department of Molecular Biology  

 

For over 20 years, DNA has been recognized as a useful construction material for nanotechnology 

because of its readily programmable molecular recognition and predictable local geometry. Many 

artificial, self-assembled DNA nanostructures have been reported using various geometric structures 

and functionalities, including one- and two-dimensional periodically patterned structures, three-

dimensional polyhedra, DNA computers, and mechanical devices. Three-dimensional structures in 

particular open new gateways to the development of future materials for continued technological 

advances. Such structures fulfill an important goal of nano- and bio-technology by presenting new 

solutions for analytical, industrial and therapeutic challenges. Although the specific base pairing of 

DNA presents a very precise way of controlling assembly of nanoscale structures, unwanted side 

products may not be completely avoidable. In this respect the visualization and analysis of these 

structures is a very important issue, in order to confirm and judge the conformation of the formed 

structures. Electron microscopy techniques are one of the major tools in this respect permitting the 

direct visualization of the structures in real space. However, one of the intrinsic limitations of this 

technique is the requirement for fixation and staining of the samples, which both might lead to artifacts. 

On other hand, the small angle X-ray scattering (SAXS) technique permits the study of the structure in 

solution giving information on a large ensemble of the structures simultaneously. Also, advanced 

model tools permits the building of real space models of the studied particles. We performed SAXS 

experiments on self-assembly 2D and 3D DNA structures. Employing several analyses and modeling 

approaches we were able to obtain the three-dimensional structure and structural dimensions, and 

polydispersity levels for the studied structures in solution. 
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Self-Assembly of Amyloid Peptide Fragments and Block Copolymers 
 

I.W.  Hamley  

Dept of Chemistry, University of Reading, Reading RG6 6AD, UK 

Email: I.W.Hamley@reading.ac.uk 

 

There has been great interest recently in the fibrillisation of peptides, especially the amyloid beta (A) 

peptide which is involved in diseases such as Alzheimerôs.
[1]

 We have recently commenced a study of 

the self-assembly of peptides and peptide copolymers based on a fragment KLVFF, corresponding to 

the core region of A(16-20). A  self-assembly is driven by inter-molecular -sheet self-assembly into 

fibrils. A primary objective of our work is to identify fragments that bind to amyloid fibrils and disrupt 

fibrillisation. We are also interested in peptides and peptide/polymer conjugates as hydro- and organo-

gelators. 

Our peptides and peptide copolymers are prepared by automated solid phase peptide synthesis. PEG is 

attached to create diblock copolymers via use of Tentagel resins. I will present results on the self-

assembly of peptides including KLVFF,
[2]

 hydrophobic variants FFKLVFF
[3]

 and AAKLVFF
[4, 5]

 and 

PEGylated diblock copolymers of these peptides.
[6-8]

 A fascinating range of self-assembled structures 

are being uncovered including fibrils, lyotropic liquid crystal phases in concentrated solution and 

microphase-separated structures in the melt and dry states. Self-assembly is studied in water for 

hydrophilic peptides and peptide copolymers and in organic solvents for hydrophobic peptides. 

Characterization methods for self-assembled morphology identification include SAXS, SANS, SEM, 

TEM and SPM. Gelation at higher concentration is also discussed. Secondary structure is probed using 

congo red staining, circular dichroism, fluorescence and FTIR spectroscopy. Very recently we have 

discovered a novel twisted ribbon fibril structure by adding 
2
-amino acids to the N terminus of 

KLVFF to give A AKLVFF,
[9]

 and the fascinating structural properties of this will be discussed. 

 

[1] I. W. Hamley Angew. Chem., Int. Ed. Engl. 2007, 46, 8128. 

[2] M. J. Krysmann, V. Castelletto, A. Kelarakis, I. W. Hamley , R. A. Hule, D. J. Pochan, 

Biochemistry 2008, 47, 4597. 

[3] M. J. Krysmann, V. Castelletto, I. W. Hamley Soft Matter 2007, 3, 1401. 

[4] M. J. Krysmann, V. Castelletto, J. M. E. McKendrick, I. W. Hamley , C. Stain, P. J. F. Harris, 

Langmuir 2008, 24, 8158. 

[5] V. Castelletto, I. W. Hamley , P. J. F. Harris, Biophys. Chem. 2008, 139, 29. 

[6] M. J. Krysmann, I. W. Hamley , S. S. Funari, E. Canetta, Macromol. Chem. Phys. 2008, 209, 

883. 

[7] I. W. Hamley , M. J. Krysmann, V. Castelletto, L. Noirez, Adv. Mater. 2008, 20, 4394. 

[8] I. W. Hamley, M. J. Krysmann, G. E. Newby, V. Castelletto, L. Noirez, Phys. Rev. E 2008, 57, 

062901. 

[9] V. Castelletto, I. W. Hamley , R. A. Hule, D. J. Pochan, Angew. Chem., Int. Ed. Engl. 2009, in 

press. 
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Poster Presentations 
 

 

 

P1:  
 

Small Angle X-ray Scattering Studies of Double Responsive Co Doping TiOx 

Nanorods 
 

Baoxiang Wang*, Zbigniew Rozynek, Henrik Hemmen, Elisabeth Lindbo Hansen and Jon Otto 

Fossum*  

Department of Physics, Norwegian University of Science and Technology, Trondheim, Norway. 

*email: Baoxiang.wang@ntnu.no and  Jon.fossum@ntnu.no 

 

Electrorheological (ER) fluids and magnetorheological (MR) suspensions show dramatic and reversible 

rheological changes when the electric or magnetic field is applied. The suspensions change from 

viscous liquids to viscoplastic solids in the order of milliseconds under the external magnetic or electric 

field. The dramatic rheological changes are closely associated with a change in microstructure. At zero 

field strength, the microstructure is isotropic. Upon the application of the external field, the particles 

aggregate into columnar structures. In present work, a serial of Co doping TiOx nanorods are 

synthesized by a simple wet chemical method and characterized by the small-angle x-ray scattering 

(SAXS), field emission scanning electron microscopy (FESEM), and rheometer etc. Co doping TiOx 

nanorods exhibit double responsive properties under external magnetic or DC electric field. Oil 

suspensions of Co doping TiOx nanorods exhibit a dramatic assembly when submitted to a strong DC 

electric field or magnetic field and aggregate to forms chains like structures along the direction of 

applied field. The two-dimensional SAXS images from chains of anisotropic shape particles exhibit a 

marked anisotropy SAXS patterns, reflecting the preferential guided self-assembly of the particles 

under the external field. The electrorheological (ER) effect is investigated with the suspension of Co 

doping TiOx nanorods dispersed in silicone oil. The doping also can increase the ER effect obviously 

compared with that of undoping TiOx nanorod.   

 

1. Parmar K. P. S., Méheust Y., Schjelderupsen B. and Fossum J. O.  Langmuir 2008, 24, 1814-1822. 

2. Meheust Y., Knudsen K. D. and Fossum J. O. J. Appl. Cryst. 2006, 39, 661. 

3. Wang B. X., Zhou M., Rozynek Z., and Fossum J. O. J. Mater. Chem. 2009, Accepted. 

 

mailto:Jon.fossum@ntnu.no
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P2: SMALL -ANGLE  X-RAY SCATTERING STUDY ON THE FRACTAL 

PROPERTIES OF SINTERED POROU NIOBIUM  
 

L. Skatkov
1
 & V.  Gomozov

2
 

1
 PCB ñArgoò, 4/23 Shaul ha-Melekh Str. 84797 Beer Sheva, ISRAEL 

2
 National Tekhnical University, 21 Frunze Str, 61002 Kharkov, UKRAINE 

 

 The fractal geometry of different natural and artificial objects was a subject of active investigation 

during last few years. The present communication reports an experimental study of the surface fractal 

dimension D of porous solid niobium obtained by vacuum sintered niobium powder. Here we present 

observation of modified Porod law and also give stipulations of the obtained surface dimension which 

are based on the employment of the independent method of Hg porosimetry. The SAXS indicatrixes 

were registered by a small-angle X-ray diffractometer using slit-like collimation of the primary X-ray 

beam; during their treatment the SAXS intensity for each scattering angle was transformed to point-like 

collimation. As a result of this collimation distortions caused by the finite height and width of the 

primary X-ray beam as well as by spectral non-monochromatizations were eliminated, so desmearing 

was not necessary. The SAXS absolute intensity was measured vs. a calibrated standard due to Kratky 

[1]. For each X-ray measurement condition the small-angle diffractometer background curve was also 

calibrated. The reproducibility error of this curve in the range of scattering angles investigated as well 

as that of the SAXS experimental indicatrixes was 1,5% to 2%. The SAXS indicatrixes were treated 

according to a special program which included background curve subtraction through the use of a 5-

point cubic interpolation technique in the vicinity of every experimental point. The permissible error in 

the above subtraction technique  in accordance with digital simulation data did not exceed 4% to 5%. It 

corresponds to an error in the determination of D of less than 0,1. The nature of the angular 

distribution, asymptotes and integral parameters ( invariants ) of the SAXS indicatrixes, which were 

used to determine the morphology of the electron density scattering inhomogeneities, were analysed. 

As the experimental samples appeared a contain a polydisperse system of those inhomogeneities, the 

tangent technique was used for treatment of the SAXS indicatrixes; this technique made it possible to 

divide the whole set of scattering inhomogeneities into some arbitrary dimensional fractions with a 

weighted average rms dimension in the following ranges: less than 2,5 nm, 2,5 to 10 nm; and over 10 

nm. According to earlier researches [2] the SAXS in the objects being investigated was due mainly to a 

branching labyrinth system of open micropores formed as a result of vacuum sintering of niobium 

powder granules and displayed as the surface roughness up to an atomic scale. As it was pointed out by 

Wong [3],complete treatment of the data by SAXS, as well as by any method based on reflected 

radiation, is not unique. Another independent method should be used to support the measurements of 

the fractal dimension. That is why we made use of Hg porosimetry. Results of SAXS  agree very 

closely with those of Hg porosimetry. The surface dimensions D are stated to be of the order 2, 84 

which is a stipulation of a highly developed porous structure. Our results provide experimental support 

to the SAXS theory developed earlier [4]. 

 
[1] P.G. Cheremskoy, Methods of Investigation of Solid State Porosity (Energoatomizdat, Moscow, 1985 ). 

[2]. B.I.Bayrachny, P.G.Cheremskoy, V.P.Gomozov, L.G. Murovtsev, L.I.Skatkov Poverkhnost ( 1991 ), 1, 108. 

[3] Po-zen Wong, Phys.Rev.B ( 1985 ) 32, 7417. 

[4] J.Feder, Fractals ( Plenum, New York , 1988 ). 
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P3: LIQUID CRYSTALLINE ORDERING IN GRAVITATIONALLY SETTLED AND 

EVAPORATING AQUEOUS DISPERSIONS OF CLAY NANOPLATELETS STUDIED BY 

SMALL ANGLE X -RAY SCATTERING  

 

ELISABETH LINDBO HANSEN
1*

, EDUARDO NOVAIS DE AZEVEDO
2

, YVES MÉHEUST
3

, HENRIK 

HEMMEN
1

, BÅRD MARTIN KJELLING
1

, JON OTTO FOSSUM
1**

, DO YOUNG NOH
4

, CHAN KIM
4

, 

SHASHIDHARA MARATHE
4

, IN WHA CHO
4

, MARIO ENGELSBERG
5 

 
1 Department of Physics, Norwegian University of Science and Technology, Hoegskoleringen 5, N-7491, Trondheim, 

Norway.  
2 Programa de Pós-Graduação em Ciência de Materiais and Departamento de Física, Universidade Federal de 

Pernambuco, 50670-901 Recife, Pernambuco, Brazil.  
3

Geosciences Rennes, Université de Rennes 1, UMR CNRS 6118, Rennes, France.  
4

Department of Materials Science and Engineering, Gwangju Institute of Science and Technology, 261 Cheomdan-gwagiro 

(Oryong-dong), Buk-gu, Gwangju 500-712, Republic of Korea.  
5

Departamento de Física, Universidade Federal de Pernambuco, Cidade Universitária, 506701-901, Recife, Pernambuco, 

Brazil.  

*elisabeth.hansen@ntnu.no **jon.fossum@ntnu.no  

 

We study liquid crystalline phases in dispersions of synthetic sodium-fluorohectorite clay 

nanoplatelets suspended in saline water. It has previously been demonstrated that sedimentation in 

Earthôs gravitational field size-separates initially isotropic aqueous sodium-fluorohectorite dispersions 

into several strata [1], of which some are markedly birefringent when observed between crossed linear 

polarizers. Such visual observations between crossed polarizers combined with small and wide angle x-

ray scattering studies have shown that these birefringent phases consist of on average standing platelets 

[1], where the plateletsô face normals are distributed in the horizontal plane. Quantitative order analyses 

based on the x-ray data are difficult since the size of the scattering volume likely averages out the 

orientation over several domains, and because the ordered phase studied cannot be uniquely identified 

as a classical uniaxial nematic. In the current work, the previously utilized size-selecting gravitational 

sample sedimentation procedures [1] were combined with a slow partial evaporation of the water and 

we observe that these combined processes lead to a striking increase in the overall attainable order. 

This is evidenced both by birefringence orders of monodomains in the upper parts of 2 mm diameter 

glass capillaries and by calculated values for the order parameter S
2
, based on our previously developed 

method [2], reaching values as high as 0.91. Small angle x-ray scattering profiles indicate that this new 

and highly ordered phase is indeed an extended true uniaxial nematic where the clay platelets are lying 

face down and where the commonly preferred direction of greatest order corresponds with the average 

direction of the plateletsô face normals. Relatively broad yet marked peaks in the small angle x-ray 

scattering profiles of these samples may be identified as possible pre-transitional features of a nematic-

to-columnar phase transition [3].  

 

[1] J.O Fossum, E. Gudding, D.d.M. Fonseca, Y. Meheust, E. DiMasi, T. Gog and C. Venkataraman. Observations of 

orientational ordering in aqueous suspensions of a nano-layered silicate. Energy 30, 873-883 (2005).  

[2] Y. Meheust, K.D. Knudsen and J.O. Fossum. Inferring orientation distributions in anisotropic powders of nano-layered 

crystallites from a single two-dimensional WAXS image. J.Appl.Cryst. 39, 661 (2006).  

[3] A.V. Petukhov, D. van der Beek, R.P.A. Dullens, I.P. Dolbnya, G.J. Vroege and H.N.W. Lekkerkerker. Observation of a 

Hexatic Columnar Liquid Crystal of Polydisperse Colloidal Disks, Phys. Rev. Lett. 95, 077801 (2005).  
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P4:  

ISOTROPIC-NEMATIC INTERFACES I N SUSPENSIONS OF NA-

FLUOROHECTORITE SYNT HETIC CLAY  
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, NILS I  RINGDAL
1
, EDUARDO NOVAIS DE AZEVEDO
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1
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1
Department of Physics, The Norwegian University of Science and Technology, Hoegskoleringen 5, N-

7491, Trondheim, Norway. 
2
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Colloidal suspensions of platelet-shaped anisometric synthetic clay Na-fluorohectorite (NaFh) in 

saline water exhibit coexisting isotropic and nematic phases, due to gravitational separation and 

ordering of the polydisperse particles [1]. In this work we have studied the ordering of the NaFh 

platelets near the isotropic-nematic (I-N) interfaces, where a sharp horizontal layer appears. We have 

also studied the magnetic field response of a liquid nematic region situated between the I-N interface 

and the viscous nematic gel. In our investigations we have utilized four complimentary experimental 

techniques: Visual observations of birefringence, Magnetic Resonance Imaging (MRI) and synchrotron 

X-ray Scattering, both Wide Angle (WAXS) and Small Angle (SAXS).  

 

We find that the particles are lying horizontally at the interfaces, i.e. with the mean particle director 

along the vertical direction, perpendicular to the isotropic-nematic interface. This is different from the 

orientation in the bulk nematic phase, where the particle directors are spread out in the horizontal layer. 

With externally applied magnetic field, we observe a reorientation of the particles in the liquid nematic 

region. As previously observed [2], our clay platelets reorient in strong magnetic fields so that their 

plate normal becomes perpendicular to the magnetic field lines. By using a combination of magnetic 

field and sample rotation, we show that the entire liquid nematic region can be made uniaxially 

nematic,  

 

[1] Fossum J. O., Gudding E., Fonseca D. d. M., Meheust Y., DiMasi E., Gog T., Venkataraman C. (2005). Observations of 

orientational ordering in aqueous suspensions of nano-layered silicate. Energy 30, 873-883. 

[2] De Azevedo E. N., Engelsberg M., Fossum J. O., de Souza R. E. (2007). Anisotropic Water Diffusion in Nematic Self-

Assemblies of Clay Nanoplatelets Suspended in Water. Langmuir 23, 5100-5105. 
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The layer-by-layer technique used in our research is based on the attractive electrostatic 

force between a charged surface and an oppositely charged polyelectrolyte. This deposition method 

was shown to be especially suitable for preparation of polyelectrolyte multilayers (PEM) as stable and 

functional supports for various bio-mimetic systems. Here, results from an investigation of the 

interaction between chitosan/heparin PEM films and small unilamellar lipid vesicles (SUV) are 

presented. The membranes were composed of a mixture of zwitterionic POPC and its cationic 

counterpart E-POPC thus having a positive surface charge density. Surface Plasmon Resonance (SPR) 

was applied to continuously monitor the self-assembly process of physisorption of subsequent PE 

layers and to report the deposition efficiency and dynamics. It has been observed that the thickness of 

each following PE layer is increasing for the first 12 deposited layers. Also the deposition of a 

terminating lipid bilayer was successfully examined on top of the PEM films, both with chitosan and 

heparin as the uppermost PE layer. The lipid layer could be totally removed by detergent application 

without damage to its PEM cushion. The PE film itself was studied by atomic force microscopy (AFM) 

in its dry and also in its fully hydrated state. Currently, neutron reflectivity is being applied to further 

investigation of the multi-layer structure of the composite film and its hydration. Initial results confirm 

the successful deposition of the layers and give structural information about the system. Experiments 

with confocal microscopy and applying SFS (sum frequency spectroscopy) are under preparation. 



19 

 

P6:  

 
THE AQUEOUS PHASE BEHAVIOR OF POLYION -SURFACTANT ION  

COMPLEX SALTS MIXED WITH  NONIONIC SURFACTANTS  

 

John Janiak, Salomé Santos, Lennart Piculell and Karin Schillén 

Physical Chemistry 1, Lund University, P.O. Box 124, SE-221 00 Lund, Sweden 

 

The aim of this project is to understand the phase and association behavior of soluble complexsalts in 

aqueous solution. They consist of poly(acrylates) (PA-) and a cationic surfactant ion of CxTA+ and are 

denoted CxTAPAy, where x is the number of carbons in the surfactant chain and y is the number of 

monomer units (or degree of polymerization) in the polyacrylate [1].The solubility of the CxTAPAy 

complex salts in water varies and it increases when the complex salt is composed of a surfactant with 

short alkyl chain and a longer polyion [2]. In order to make the complex salts soluble, forming a 

composite self-assembled macromolecular aggregate, nonionic surfactants of the type CiEj (where E 

stands for poly(ethylene oxide),PEO) are added. 

The project is divided into two parts: a) initial phase studies of ternary mixtures of C16TAPAy, 

nonionic CiEj surfactants and water, b) investigation (main part) of the dilute solution properties of 

these new composite self-assembled structures at different temperatures are investigated by using 

dynamic and static light scattering, small-angle X-ray scattering, cryotransmission electron microscopy 

and isothermal titration calorimetry. Both the PEO-length of the surfactant (C12E5, C12E8) and the 

length of the polyion in the complex salt are varied, keeping the alkyl chain length of the surfactant ion 

constant (i.e. x = 16). The degree of polymerization of the polyacrylate is either y = 25 or 6000. This 

contribution will present the results from the ongoing phase studies and from dynamic light scattering 

measurements. 

 

[1] Svensson, A.; Piculell, L.; Cabane, B.; Ilekti, P. J. Phys. Chem. B 2002, 106, 1013. 

[2] Svensson, A.; Norrman, J.; Piculell, L. J. Phys. Chem. B 2006, 110, 10332.  
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The structure and dynamics of plant and wood cell wall were studied by Small-angle and Wide-angle 

X-ray scattering (SAXS, WAXS). Microcrystalline cellulose (MCC) was made from different plant and 

wood material using mild acid hydrolysis, and the structure of MCC and original samples were 

compared. In the plant cell wall parallel cellulose chains form partially crystalline microfibrils. The size 

and the shape of the cross-section of the crystalline part and packing of the microfibrils were 

characterized by SAXS and the crystallinity and the size of the cellulose crystallites were determined 

by WAXS. For never-dried Silver birch samples were made tensile tests and dehydration experiments 

in situ with X-ray scattering measurements. 

The SAXS measurements for spruce wood, cotton linter, flax fibres, and birch, spruce and flax pulp 

were done at MAX-lab in Lund, Sweden. WAXS for these samples and the corresponding MCC 

samples were measured at University of Helsinki. The combined tensile tests and WAXS 

measurements for never-dried Silver birch samples were performed at HASYLAB in Hamburg [1]. In 

birch and spruce wood the width of the crystalline region of the microfibril was about 3.0 nm and for 

cotton linter and flax fibres the width was larger, 4.0-7.0 nm. The width of the crystallite was larger in 

MCC than in the original samples. For most samples also the length of the crystallite was larger in 

MCC than in the original material. However, the longest crystallites were found in spruce wood (36 

nm). The crystallinity of MCC samples ranged from 54 to 65 %. The SAXS-results of spruce wood and 

never-dried Silver birch were analysed using a model of 2-D paracrystal as an interference function and 

the microfibrils were modelled as cylinders with circular cross section. The diameters of the cross 

sections were 2.4-2.6 nm and the mean distance between microfibrils ranged from 3.4 to 4.4 nm. The 

SAXS intensities of cotton linter and flax were analyzed without interference function and using 

elliptical cross section for the cylindrical microfibrils. The deformations of the cellulose crystallites and 

the amorphous matrix during dehydration of the Silver birch samples were detected as shifts in the 

position of the diffraction peaks and the amorphous halo. The width of the diffraction peak increased 

17 % in the cellulose chain direction indicating an increase of strain and disorder in the microfibrils. 

The mean microfibril angle describing the helical orientation of the microfibrils was about 14 degrees 

and during the tensile test the angle diminished whereas no change was observed during drying. 

 
1. Peura M., Andersson S., Salmi A., Karppinen T., Torkkeli M., Hæggström E. and Serimaa R., 

2009, Changes in nanostructure of wood cell wall during deformation, Advances in Material 

Science of Wood, Materials Science Forum 599, doi:10.4028/0-87849-354-9.126 
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It is well known that block copolymers exhibiting a sufficient repulsive interaction between the blocks 

spontaneously microphase separate into well-defined geometries. The size of these domains are 

typically in the nanometer range which is the order of the individual polymer chain dimension, leaving 

such systems as interesting templates to study fundamental effects of confinement on the polymer 

dynamics.  

 In this project we are currently studying a series of well-defined asymmetric poly(isoprene)-b-

poly(dimethylsiloxane) (PI-PDMS) block copolymer of different molecular weights but with a small 

constant fraction of the PI block. The dynamics of the block copolymers has first been studied by 

broadband dielectric spectroscopy, which in this case gives specific access to both the global end-to-

end vector relaxation (normal mode) as well as the local alpha relaxation dynamics of PI. The results 

show that both the normal mode and the alpha relaxation are accelerated and broadened in the confined 

relative to the pure homo polymer state [1]. Here the local segmental alpha relaxation was successfully 

interpreted in terms of the expected density profile of the interface of A-B type diblock copolymers and 

the corresponding distribution of relaxation times calculated according to the Lodge-McLeish model 

[1].  In order to learn about the dynamics in this system in detail, we have performed experiments using 

NSE and SANS on partially deuterated PI-PDMS block copolymers having a composition of about 

20% PI. The results show that the structure block copolymers are ordered as cylinders in hexagonal 

crystalline structures. Using a mixture of 24/76 % h-PI-d-PDMS / h-PI-d-PDMS mixtures, we also 

have been able to isolate the signal from a single PI chain confined in the micellar cores of the system. 

This was verified by SANS where it was seen that, as anticipated from the contrast calculations, the 

scattering from the ordered domains completely disappears at 120 °C where there is no net contrast 

between the PI mixture and PDMS .  The results show rather novel features, compared with the 

homopolymer response. The confined PI polymer exhibits a fast relaxation at short times and slow tail 

at large times. We can tentatively model the behaviour by taking into account interface fluctuations and 

confinement effects, which we for simplicity assume to be statistically independent.  The latter is 

modelled by considering a Rouse chain grafted to interface where it is only allowed to undergo 2-

dimensional centre of mass diffusion. 

 

1. R. Lund; L. Willner; A. Alegr²a; J. Colmenero and D. Richter ñ Self-Concentration and 

Interfacial Fluctuation Effects on the Local Segmental Dynamics of Nanostructured Diblock 

Copolymer Meltsò Macromolecules (Communication to the Editor) 41, 511 (2008) 
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Hierarchical assembled biomineralized composites are abundant in nature. It is well known that a 

composite of proteoglycans and amino acid chains mixed with inorganic minerals can create shells and 

bone with a complex microstructure. This study is of the interaction between pig gelatine and calcium 

strontium phosphates and has produced results showing interesting hierarchical structures resembling 

hollow cylinders and sheets with dimensions ranging from the nanometer scale to a few centimetres.  

These structures are completely self-assembled from a gelatine-strontium chloride gel interfacing a 

trisodiumphosphate base at ambient temperatures, 

 These structures have been studied using SEM, Synchrotron x-ray sources, FTIR, Raman, real time 

observations and pH measurements. The results show a three dimensional hierarchical assemblies that 

have a complexity matching biomineralization found in nature.  
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When designing novel protein drugs it is generally desirable to control the release profile of the drug. 

In the case of pharmaceutical insulin, the goal is to mimic the pancreas insulin release profile in order 

to avoid hypoglycemia. One way to achieve this is by controlled, reversible self-assembly, e.g. by 

covalently attaching a hydrophilic component to the insulin molecule.  

Here we present a SAXS study of two insulin analogues developed for intravenous self-assembly that 

are modified with either the fatty acid, palmitoyl or the bile salt derivative, lithocholyl. Our preliminary 

results show that both insulin analogues have a tendency to self-associate, but the degree of self-

association appear to be highly sensitive to the salinity of the media. Furthermore, our results show that 

the lithocholyl-insulin form considerably larger aggregates then the palmitoyl-insulin analogue.  

A second focus of this work has been to study the complex formation between the two insulin 

analogues and human serum albumin (HSA). Human serum albumin, the most abundant transport 

protein in the blood serum, binds a variety of structurally diverse hydrophilic compounds, including 

fatty acids. Our preliminary SAXS results, further, show that HSA binds both insulin analogues and, 

consequently, has a solubilizing effect. This observation indicates that the HSA may play important 

role for the pharmacokinetic of these and related insulin analogues.   
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Protein-surfactant interactions have been studied extensively for decades due to their importance in 

many biological, pharmaceutical and industrial systems. Many systems of protein-surfactant have been 

characterized by thermodynamic and biochemical measurements but, very little information is known 

about the structure and shape of the formed complexes. In this work the denaturation and complex 

formation of Acyl-coenzyme A-binding protein (ACBP) by SDS molecules were characterized using 

small angle X-ray scattering and thermodynamic measurements. Applying a model fitting procedure 

based on the Monte Carlo approach and molecular constraints, the micelles and the protein-micelle 

complexes could be represented for a range of surfactants and protein concentrations. 

 

 

 

 

Protein 

Head 
Groups 

Core 


