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Oral Presentations

SESSION 1

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

Matti Knaapila
Department of Plsics, 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 hierarchicanthtra
intermolecular selbssembly strting 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 undergtdnedia structural
properties are discussed and the implications for-elgctronics and photophysics are described [1].

[1] M Knaapila & MJ Winokur, AdvPolym. Sci. 2008 212 227



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 solidliquid interface introduces anisotropy to a fluid and represents a singtiteitsnay result in
distinct properties as comparedttee volume. For a static liquithis fact manifests in, for example,
tunedle absorption for molecules fainctionalised interfaces. For flowing liquids thesabntinuity at
the interface isquantified by a phenomenological number caliigp length. To undetand the
microscopic origin of slip the knowledge on statamples has to be complemenbydmeasurements
under shear. Neutron scattey under grazing incident beageometry will certainly play a major role
in this context. In this presentation thessbilities offered by surface sensitive scattgritechniques
for the field aresvaluate.

In the first part slip in simple liquids will be related teethtructure at the sohejuid interface. For
hexadecane the amount of slip measured by complemetetdmgiques can not be explained by a
depleted layer (twefluid model). In the second part the focus will be on complexiids. For a
micellar systemnformation over a large range of length scales isaeie¢d from data collected under
grazing incident beargeometry. The anisotropy inttaced by the interface enforcagearrangement
of the micellar structure. It turnsubthat micelles prefer to groepitaxial at an interface terminated
attractively for tle micelles corona. From diffuseattering informatin on the lateral correlationrigth
involved can be extracteMicelles crystallizing at different germs starienting but loose long range
correlations with increasing overlap of the crystallites. This structural informatretated to changes
in the viscosity. For in situ nesurements under shear load,vaee combined the technique of neutron
reflectivity with rheology. It turns out thathear is aligning the crystallites but decreases the long range
correlations. Afterstopping the shear a sloweslaxation of the crystalline structure is found close to
the attractive interface. This effect relates well to the molecular dynamics that werefésterdin the
vicinity of a repulsive interface.



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 saffisembled block copolymers are fascinating and hold great
promise for many advancednotechnological applications. A number of examples of such materials
will be presented, in which the structural information obtained by small anglg 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 Il Hydrophobins from
fungus Trichodermaeesei and preliminary results ofl&er protein SIpA from Lactobacillus brevis.
While not having a great deal in common, both share an ability to spontaneously form ordered two
dimensional latticetiydrophobins at the awater interface and-Byer prdeins on bacterial surface.

This makes them interresting from the point of view of nanobiotechnological applicatienay. X
diffraction is a facile method to obtain information of such few nanometer thick films. The speech
shows this for the two select ewmples with the emphasis of how it complements microscopic
techniques.



SESSION 2

WAXS and Rheological Studies of Dynamic Column Formation in N&LHC Clay
Particles

Z Rozynek, B Wang, M Zhou, and J O Fossum
Department of Physics, NTNU, HagskoleringeiN&-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-Ray Scattering (WAXS) technique and rheometry. The
anisotropic arragement of particles described by the global order parameter S has been investigated.
The WAXS data have also allowed distinguishbeween the chain and column formation processes

by comparison ofthe change of WAXSangular plots maxima with theurrent eénsity growthin

function of time. The saturation time; (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.



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 @ncynchrotron radiation SAXS
technique is used bothsaa quality control and an advanced essk tool for investigating the
chemistry and the mechanisms used in colloidal silica applicaflovo cases are presented here: the
determination of nanostructures fdodculation of paper fibers anthe kineticsof aggregation and
gelation in silica dispersions. In thedfirproject, SRSAXS at Maxlab, Lund, Sweden, and photon
correlation spectroscopy tedhnes are used as complementtgghniques to analyse nanoparticles
with different length/width ratiosgegee of branching and with awithout surface modification in
order to determine which structure wolded to the best dewateringtine wetend of paper machines.
The second project seeks tonmc the conditions during whicleolloidal silica nanoparticlesire
coagulated into stable gels after the iadd of an accelerator for thgrouting of geological media.
Time resolved Synchrotron Radiation SmaAlhgle X-ray Scattering (SRSAXShechnique with a
stopped flow cell as the sample injector has been empkyted t h es SAXS bédamlineaird Trieste,
Italy, in order to really capture the very onsétgelation and to investigathe structural evolution
during solgel transition and gel agin@R-SAXS measurements weperformed on different colloidal
systemsboth mone and polydisprse sized, in combination withifferent salts (NaCl and 4CQs). In

all the colloidal + salt systems includedthis study, changes aséll observed even after the gel time.
The formed agglomeras show the same size evolutiodependent of the accelerator used within the
length scale measured in our experiméltie possibleaggregation mechanisms are discussed by
considering the fraat dimension and the Invariandaring gelation.

Analytical scattering functions of polydisperse, multilayered hard spheres

M. Nayeri, M. Zackrisson, andJ. Bergenholtz
Dept. of Chemistry, Univ. of Gothenburg, 8E296G06teborg, Sweden

The scattering intensity from the Perévsvick 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) coreshell spheres with constant shell thickness, with Settistzibuted radii interacting as
effective hard spheres. The models are tested agamagkangle Xxray scattering experiments on a
microemulsion system.



SESSION 3

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

Peter Schurtenberger
Adolphe Merkle Institute, University of Fribourg, €H00 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 systetadly,

these developments were primariljiveén 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 cerdrtdnogpto 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 fotein condensation diseases such as Creutzfeldt Jakob,
Alzheimer, Parkinson or cataract, the leading cause of blindness worldwide. The eye lens proteins
gammacrystallin and alpheacrystallin are particularly interesting and important, as they are ydeall
suited for an attempt to use wekfined 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 | will present results from a studytbe structural and dynamic properties of these lens protein
solutions up to concentrations corresponding to those found in the eye lens usirgngheatieutron
(SANS) and Xray scattering (SAXS) combined with light scattering, rheological measuremehts an
molecular dynamics simulationisshall 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



New rational methodologies for constructing potlmeric materials at multiple length
scales

N. Houbenov? A. Nykanen? J. Ruokolainen? H. latrou,® N. Hadjichristidis,” C. F. J. Faul’ and
O._Ikkala ®

®Department of Applied Physics, Helsinki University of Technology, Puumiehenkuja021%0
Espoo,Finland

’Department of Chemistry, University of Athens Panepistimiopolis Zografou, 157 71 Athens, Greece
°School of Chemistry, University of Bristol, BS8 1TS UK

Email: houbeno@focus.hut.fi

We describe the combination of several organization principledlaw for rational construction of
tailored materials spanning multiple levels of hierarchy. Using BIK&\ interactions [1]discotic
liquid crystals [2], helical rodike (calamitic) liquid crystals and block copolymer satlsembly [3, 4],
ionic selfassembly [4, 5], and dislod 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 aniidice o X y g u a-mansphosphate5 N;j
(dGMP) with the cationic lysine residues of a aoi-coil triblock copolypeptide poly(ilysine)
blockpoly(o-benzytL-glutamateiblockpoly(L-lysine) (PLL-b-PBLG-b-PLL) to encode structural
information of a polymeric matial in the dried solid state [6].0 study the network structure and the
structural periodicities of the material we have combined -@namsmision Electron Microscopy
(TEM), SmaltAngle X-ray scattering (SAXS), and Widengle X-ray Scattering (WAXS).An
essential ingredient here is the combination of two different types of mesogens, i.e.-dek<54
(formed from 4 dGMP molecules), and PBGCa-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 copolymassethblylnstead

of using biosynthetic schemeshich pose challenges to allow long and pure pohg@pains and are
challenging to vyield sufficient amounts of materials for matespkscific applications beyond
biochemistry, our synthetic supramolecular route can easily be scaled up to largéeguantit

[1] Davis,J. T. Angew. Chem. Int. E@004 43, 668.

[2] Davis, J. T.; Spada, G. Bhem. Soc. Re2007, 36 (2) 296313.

[3] Floudas, G.; Papadopoulos, P.; Klok, H. A.; van der Meulen, G. W. M.; Rod+idgeremndez, J.

Macromolecule003 36, 3673.

[4]Hanski, S.; Houbenov, N.; Ruokolainen, J; Chondronicola, D.; latrou, H.; Hadjichristidis, N.; Ikkala,
O. Biomacromolecule200§ 7, 33793384.

[5] Ozer, B. H.; Smarsly, B.; Antonietti, M.; Faul, C. FSaft Matter2006 2, 329.

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

Ikkala Adv.Funct. Mater.2008 18, 2041.



Study of Flow Induced Alignment of Dispersed Kaolinite Particles

in a Cylindrical Pipe Using High Energy X-Ray Diffraction

S. Junaid S. Qazi *, Adrian R. Rennie & Jeremy K. Cockeroft i
* Department of Physics and Materials Science, Uppsala University, Box 330, S-751 21 Uppsala, Sweden.

Email: Junaid Oazif@fvsik..se

* Department of Chemistry, University College London, 20 Gordon Street, WC1H 0AJ London, UK

Previous studies of flow alignment [1, 2, 3, 4]
have been extended to use angle dispersive
diffraction of high energy (46.8 keV) X-rays to
map alignment distribution in complex flows of
concentrated clay dispersions. In this talk we will
present methods to evaluate data and initial results
for flow through a uniform pipe and a constricting
nozzle. Typical raw data from a single 50 x 50
um® spot is shown in Figure 1. Simple models are
used to remove background and provide a
parameterization of intensity. Figure 2 shows the
results of a fit to the data in figure 1. Asymmetry
in peaks is similar to that observed by Meheust et
al [5]. The intensity and position of peaks in the
scattering as a function of the location of the pipe
in the X-ray beam is used to calculate the order
parameters which provides a measure of alignment

of particle under flow. This is shown in Figure 3.

Reference:

[1] S.M. Clarke, A R. Renme, P. Convert, Europhys. Lett. 35
(1996) 233-238.

[2] Simona Bare, Jeremy K. Cockroft, Sally L. Colston,
Andrew C. Jupe and Adrian R. Renmnie, J. Adppl. Cryst.
(2001). 34, 573-579.

[3] Ramsay J. D. F. and Lindner P.. J. Chem. Soc. Faraday
Trans., 89 (1993) 4207.

[4] A. R. Rennie, S. Bare, J. K. Cockeroft, A. C. Jupe. J Colloid
Interf. Sci. 203 (2006) 475-482.

[5]1 Y. Meheust, K. D. Knudsen, J-O. Fossum, J. Appl. Cryst.
39, 661-670 (2006).
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Fig. 2. Diffraction intensity for the (001) peak 1s
fitted as a function of azimuthal angle @ with two
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Fig. 3. Data from vertical scans across the
uniform pipe. Higher values of P> at the ends
shows strong wall effects. The values are
similar at 12 mm and 42 mm down the pipe
which shows that the particles retain their
alignment under flow. Shift of data points at
42 mm 15 because of some tilt m the pipe
while mounting.




X-ray scattering and reflectivity studies of films at solution-air interfaces

Kristian Kjeer,
Copenhagen,
Denmark

Many small-angle scattering experiments are conducted on systems in solu-
tion. Then, even though the individual scatterers may be of low symmetry,
the over-all symmetry is spherical.

At the solution-air intertace the symmetry is broken. Amphiphilic molecules
may organize in monolayer Langmuir films at the interface. Here all the enti-
ties have the same projection on the vertical axis orthogonal to the interface.
The vertical structure of such a monolayer can be characterized by measur-
ing the specular reflection (XR) of X-rays from the interface, wherein rays
reflected from different depths will interfere con- or destructively, causing
pronounced modulations in the resulting reflectivity R w»s. incident grazing
angle ;. Inversion of the data yields the laterally averaged electron density
profile p(2) — on an absolute scale, since R(«;) is also measured on an abso-
lute scale.

The scattering angles are ‘small’, 2a; < 10° for film thicknesses of 20 to 100 A
say.

Concerning the lateral structure, any 2D-‘crystallinity” will give rise to Bragg
peaks in the scattered intensity [(26,,,a,) at specific horizontal Bragg an-
gles 26, = 25’2;‘ . Since in the vertical direction the monolayer exhibits
no crystalline repeat, the Bragg intensity [ (Qﬂﬁg?a r) extends vertically as
a Bragg rod: A smooth function of the vertical scattering angle a;. From
the Bragg rod intensity profiles we may deduce the 3D structure of the 2D-
‘crystalline’” fraction of the film.

Examples will be presented ranging from simple lipids to proteins.

10



SESSION4

Formation mechanism of mesoporous silicady nami cs from 1 nm t
Peter Linton®, Adrian R. Rennie?, Malin Zackrisson® and Viveka Alfredssort

L Physical Chemistry 1, Lund University, SwedérDepartment of Physics and Materials Science,
Uppsala Uriversity, Sweden artiAdolphe Merkle Instituteniversity of Fribourg, Switzerland

We report on the mechanism of growth of mesoporous silica {BBAplane group p6m). {situ
studies of the formation using uksmall angle xay scattering (USAXS) ahsmall angle xay
scattering (SAXS) covering length scales from 5 to 100806omplemented with UWIS and TEM
provide unique data on particle growth coupled with information regarding the progression of the
mesostructure formation and the micellar etiolu

11
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SAXS studies of DNA selassembled 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. Anderserand Jgrgen 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 constructionahfaternianotechnology
because of its readily programmable molecular recognition and predictable local geometry. Many
artificial, selfassembled DNA nanostructures have been reported using various geometric structures
and functionalities, including oreand two-dimensional periodically patterned structures, three
dimensional polyhedra, DNA computers, and mechanical devices. -@iimeasional structures in
particular open new gateways to the development of future materials for continued technological
advances Such structures fulfill an important goal of naramd bictechnology by presenting new
solutions for analytical, industrial and therapeutic challengébough the specific base pairing of

DNA presents a very precise way of controlling assembly of s@le 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 microspy 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, wdtitimight lead to artifacts.

On other hand, the small anglerXy 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 Hding of real space models of the studied particles. We performed SAXS
experiments on sedissembly 2D and 3D DNA structures. Employing several analyses and modeling
approaches we were able to obtain the tdliseensional structure and structural dimensjoand
polydispersity levels for the studied structures in solution.

12



Selt-Assembly of Amyloid Peptide Fragments and Block Copolymers

.W. Hamley
Dept of Chemistry, University of Reading, Reading RG6 6AD, UK

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

There ha been great interest recently in the fibrillisation of peptides, especially the amyloid ) ta (A
peptide which is involved in diseases such as AlzhésHéMe haverecentlycommenced a study of

the selfassembly of peptides and peptide copolymers based on a fragment KLVFF, corresponding to
the core region of (16-20). AP selfassembly is driven by intenolecularf-sheet selassembly into

fibrils. A primary objectve 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 asamgbdoogane
gelators.

Our peptides and peptide copolymers are prepared by autoswditt@phase peptide synthesis. PEG is
attached to create diblock copolymers via use of Tentagel resins. | will present results on the self
assembly of peptides including KLVF# hydrophobic variants FFKLVE# and AAKLVFF* % and
PEGylated diblock copolymers of these pepttfi&sA fascinating range of selfssembled structures

are being uncovered including fibrils, lyotropic liquid crystal phases in concentrated solution and
microphaseseparated structures in the meftdadry states. SeHssembly is studied in water for
hydrophilic peptides and peptide copolymers and in organic solvents for hydrophobic peptides.
Characterization methods for seldsembled morphology identification include SAXS, SANS, SEM,
TEM and SPM. @lation 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 addp?pamino &ids to the N terminus of
KLVFF to give BABAKLVFF,® and the fascinating structural properties of this will be discussed.

[1] I. W. HamleyAngew. Chem., Int. Ed. En@007, 46, 8128.

[2] M. J. Krysmann, V. Castelletto, A. Kelarakis, I. W. Hamley , R. A. Hule, D. J. Pochan,
Biochemistry2008 47, 4597.

[3] M. J. Krysmann, V. Castelletto, I. W. Ham|8pft Matter2007, 3, 1401.

[4] M. J. Krysmann, V. Castelletto, J. M. E. McKendrick, I. W. Hamley , C. Stain, P. J. F. Harris,
Langmuir2008 24, 8158.

[5] V. Castelletto, I. W. Hamley , P. J. F. Hari@sophys. Chem 2008 139 29.

[6] M. J. Krysmann, I. W. Hamley , S. S. Funari, E. €#m Macromol. ChemPhys.2008 209,

883.

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

[8] [. W. Hamley, M. J. Krysmann, G. E. Newby, V. Castelletto, L. NoiRkgs.Rev. E2008 57,
062901.

[9] V. Castelletv, I. W. Hamley , R. A. Hule, D. J. Pochangew.Chem., Int. Ed. EngR009 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 Hansenand Jon Otto
Fossum*

Department of Physics, Norwegian University of Science and Technology, Trondheim, Norway.
*email: Baoxiang.wang@ntnu.no andbn.fossum@ntnu.no

Electrorheological (ERfjluids 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 theaixteagnetic 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 colunar structures. In present work, a serial @b doping TiOx nanorodsire
synthesized by a simple wet chemical method and characterized by theasghalikray scattering
(SAXS), field emission scanning electron microscopy (FESEM), and rheomet&oetltping TiOXx
nanorods exhibit double responsive properties under external magnetic or DC electri©ifield.
suspensions dfo doping TiOxnanorodsexhibit a dramatic assembly when submitted to a strong DC
electric field or magnetic field and aggregate tarferchains like structures along the direction of
applied field. The twalimensional SAXS images from chains of anisotropic shape particles exhibit a
marked anisotropy SAXS patterns, reflecting the preferential guidechssdnbly of the particles
under tle external fieldThe electrorheological (ER) effect is investigated with the suspensi@o of
doping TiOx nanoroddispersed in silicone oillhe doping also can increase the ER effect obviously
compared with that of undoping TiOx nanorod.

1. Parmar K. PS., Méheust Y., Schjelderupsen B. and Fossum LaBgmuir2008,24, 18141822.

2. Meheust Y., Knudsen K. D. and Fossum JJQAppl. Cryst2006,39, 661.
3. Wang B. X.,Zhou M.,RozynekZ., and Fossum J. Q. Mater. Chem2009, Accepted.
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P2 SMALL -ANGLE X-RAY SCATTERING STUDY ON THE FRACTAL
PROPERTIES OF SINTERED POROU NIOBIUM

L. Skatkov' & V. Gomozov
'PCB AAr goo, -Melekh®Str. 847% Bder Shewa, ISRAEL
% National Tekhnical University, 21 Frunze Str, 61002 Kharkov, UKRAINE

The fractal gemetry 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 sintergum 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 porosifitetr$AXS indicatrixes

were registered by a smahde X-ray diffractometer using slitke collimation of the primary Xay

beam; during their treatment the SAXS intensity for each scattering angle was transformedlikepoint
collimation. As a result of this collimation distortions caused by the fireight and width of the
primary X-ray beam as well as by spectral mannochromatizations were eliminated, so desmearing
was not necessaryhe SAXS absolute intensity was measured vs. a calibrated standard due to Kratky
[1]. For each Xray measurement cotidn the smalangle 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 indicatriredrested
according to a special program which included beamlgd curve subtraction throughe use of a b

point cubic interpolation technique in the vicinity of every experimental point. The permissible error in
the above subtraction technique in adewrce with digital simulation data did not exceed 4% to 5%. It
corresponds to amrror in the determination ob of less than 0,1The nature of the angular
distribution, asymptotes and integral parameters ( invariants ) of the SAXS indicatrixes, whach wer
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 SAHBadtrixes; 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 sunfacghness up to anahic scaleAs 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 uniqueéAnother independent method should be used to support the measurements of
the fractal dimension. Thas why we made use of Hg porosimetBesults 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 exgafisupport

to the SAXS theory developed earlier [4].

[1] P.G. Cheremskoy, Methods of Investigation of Solid State Porosity (Energoatomizdat, Moscow, 1985 ).
[2]. B.l.Bayrachny, P.G.Cheremskoy, V.P.Gomozov, L.G. Murovtsev, L.l.Skatkov Poverkhnost), 19908.
[3] Po-zen Wong, Phys.Rev.B (11985) 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 ', EDUARDO NOVAIS DE AZEVEDO °, YVES MEHEUST , HENRIK

1 1 Rl 4 4
HEMMEN ", BARD MARTIN KJELLING ', JON OTTO FOSSUM , DO YOUNG NOH’, CHAN KIM *,
SHASHIDHARA MARATHE . IN WHA CHO . MARIO ENGELSBERG °

! Department of Physics, NorwegidJniversity of Science and Technology, Hoegskoleringen-B94, Trondheim,
Norway.

2 Programa de Pé&raduacdo em Ciéncia de Materiais and Departamento de Fisica, Universidade Federal de
?ernambuco, 5067001 Recife, Pernambuco, Brazil.

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

Department of Materials Science and Engineering, Gwangju Institute of Science and Technology, 261 Cheagidan
gOryongdong), Bukgu, Gwangju 50/12, Republic of Korea.

Departamento dé&isica, Universidade Federal de Pernambuco, Cidade Universitaria, 56800,LRecife, Pernambuco,
Brazil.

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

We study liquid crystalline phases in dispersions of synthetic seffiuiomohectorite clay
nanoplatéets suspended in saline water. It has previously been demonstrated that sedimentation in
Eart hés gr av i-separatesanitialy isotropi@ dqueous sodiflmorohectorite dispersions
into several strata [1], of which some are markedly birgém 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 platelet:
[1,wher e t he plateletsd face normals are distribt
based on the-ray data are difficult since the size of the scattering volume likely averages out the
orientation over several domains, and because theam¢phase studied cannot be uniquely identified
as a classical uniaxial nematic. In the current work, the previously utilizededzeting 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 grdameter 55 based on our previously developed
method [2], reaching values as high as 0.91. Small angg gcattering profiles indicate that this new
and highly ordered phase is indeed an extended true uniaxial nematic where the clay platelegs are lyin
face down and where the commonly preferred direction of greatest order corresponds with the average
direction of the plateletsd face nor mal sray Rel a
scattering profiles of these samples may be idedtd possible prgansitional features of a nematic
to-columnar phase transition [3].

[1] J.0 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-lepeoed silicate. Energy 30, 8883 (2005).

[2] Y. Meheust, K.D. Knudsen and J.O. Fossum. Inferring orientation distributions in anisotropic powders-laf/agt
crystallites from a single twdimensional 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, PRgs. Lett. 95, 077801 (2005).
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Colloidal suspensions of platelsthaped anisometric synthetic yl&la-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 isotropieematic (4N) interfaces, where a sharp horizontal layer appears. We have
also studied the magnetic field response of a liquid nematic region situated betwedhittierface
and the viscous nematic gel. In our investigations we have utilized four coampdiry 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 interfaoeswith the mean particle director
along the vertical direction, perpendicular to the isotro@matic 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 magfietit 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 CQB8&&ations of
orientational ordering in aqueous suspensions of-feyered silicateEnergy 30, 87883.

[2] De Azevedo E. N., Engelsberg M., Fossum J. O., de Souza R. E. (B6@0tropic Water Diffusion in Nematic Self
Assemblies of Clay Nanopklets Suspended in Watémangmuir 23, 5106105.
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The layerby-layer technique used in our research is based on the attractive electrostatic
force between a charged surface and an oppositely charged polyelecirblgteleposition method
was shown to be especially suitable poeparation of polyelectrolyte multilayers (PEM) as stable and
functional supports for various bmimetic 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 EPOPC thus having a positive surface charge density. Surface Plasmon Resonance (SPR)
was applied to continuously monitor the satsembly process of physigption 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 wasuccessfully 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 focoesgopy (AFM)
in its dry and also in its fully hydrated state. Currently, neutron reflectivity is being applied to further
investigation of the muHiayer structure of the composite film and its hydration. Initial results confirm
the successful depositicof the layers and give structural information about the system. Experiments
with confocal microscopy and applying SFS (sum frequency spectroscopy) are under preparation.
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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 12423 00 Lund, Sweden

The aim of this project is to understand the phase and association behavior of solubéxsaitaph
aqueous solution. They consist of poly(acrylates)-JRAd a cationic surfactant ion &xTA+ and are
denoted CxTAPAYy, wherg is the number of carbons in tiserfactant chaimndy is the number of
monomer units (or degree of polymetion) n the polyacrylate [1The solubility of the CxTAPAy
complex salts in wateraries and it increases when tt@mplex salt is composed of a surfactant with
short alkyl chain and a longer polyion [2h order to make the complex salts soluble, forming a
conposie selfassembled macromoleculaggregate, nonionic surfactants of the type CiEj (where E
stands for poly(ethylene oxid®EO) are added.

The project is divided into two parts: a) initial phase studies of ternary mixtures of C16TAPAy
nonionic CiEj sufactants and water, b) investigation {maart) of the dilute solution properties of
these new composite s@fsembled structuseat different temperatures amevestigated by using
dynamic and static light scattering, srratigle Xray scattering, cryjtoansmissiorelectron microscopy
and isothermal titration calorimetrpoth the PEGength of the surfactant (C12E5, C12E8) and the
length of the polyion in the complesalt are variedkeeping the alkyl chain length of the surfactant ion
constant (i.ex = 16). The degree opolymerization of the polyacrylate is eithgr 25 or 6000:This
contribution will present the results from the ongoing phase studies and framidyight scattering
measurements.

[1] Svensson, A.; Piculell, L.; Cabane, B.; llelRi,J. Phys. Chem. B0O02 106, 1013.
[2] Svensson, A.; Norrman, J.; Piculell, L.PhysChem. B200G 110,10332.
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X-ray diffraction with standard laboratory
equipment is used to investigate the size and
shape of dispersions of both plate-like and
spherical colloidal particles while dispersed
in a liquid. Analysis of the diffraction
pattern gives quantitative information about
the size and shape of crystals from the
width of the Bragg peaks according to the
Debye-Scherrer formula. This method has a
particular advantage in determining the
thickness of plate-like particles.
Comparison with dysnamic light scattering
allows the determination of the thickness of
adsorbed stabilisers. The measurements.
data analysis and evaluation will be

discussed in the poster.
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Figure 1. X-rav diffraction pattern from Ni(OH):
dispersions.

Data for two samples — gold colloids and nickel hydroxide particles will be presented.

Figure 1 shows data for Ni(OH), particles and the 001 peak is much broader than the others

clearly indicating that this forms as thin plates. The advantages and limitations of the method

will also be discussed in this poster and compared to other experimental techniques.
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The structure and dynamics of plant and wood cell wall were stiieSmaHangle and Wideangle
X-ray scattering (8XS, WAXS). Microcrystalline cellulose (MCQGvas made from different plaahd
wood material using mild acid hydrolysis, and the structdré@C and original samples were
compared. In the plant cell wall parallel cellulose chains form partially crystafiiorofibrils. Thesize
and the shape of the cressction of the crystalline part andagking of the microfibrils were
characterized by SAXS and the crystallinity and the size of the cadldrystallites were determined
by WAXS. For nevedried Silverbirch samples were made tensilstseeand dehydration experiments
in situ with X-ray scattering measurements.

The SAXS measurements for spruce wood, cotton linter, flax filares birch, spruce and flax pulp
were done at MAXab in Lund, Sweden. WAXS fothese samples andetlcorresponding MCC
samples were measured at University of Helsinki. Tdmmbined tensile tests and WAXS
measurements for nevdried Silver birch samples were perfeed at HASYLAB in Hamburg [1]in
birch and spruce wood the width diet crystalline region of the inrofibril was about 3.0 nm anidr
cotton linter and flax fibres the width was larger,-4.0 nm. The width of the crystallite wadarger in
MCC than in the original samples. For most samples aksdetigth of the crystatk waslarger in
MCC than in the original material. However, the longegstailites were found in sprucgood (36
nm). The crystallinity of MCGamples ranged from 54 to 65 ¥he SAXSresults of spruce wood and
neverdried Silver birch wex analysed usg a model of 2D paracrystal as an interference function and
the microfibrils were modked as cylinders with circulacross section. The diameters of the cross
sections were 2:2.6 rm and the mean distance betweeicrofibrils ranged from 3.4 to 4.4 nrifihe
SAXS intensities of cotto linter and flax were analyzedithout interference function and using
elliptical cross section fahe cylindrical microfibrilsThe deformations of the cellulose crystallites and
the amorphous atrix during dehydration ofhe Silver birch samples were detected as shifts in the
position of the diffaction peaks and the amorphdwdo. The width of the diffraction peak increased
17 % in the cellulos chain direction indicating aincrease of strain and disorder in the micnolfgh
The mean microfibk angle describing the helicakientation of the microfibrils was about 14 degrees
and during the tesile test the angle diminish&tereas no change was observed during drying.

1. Peura M., Andersson S., Salmi A., Karppinernrorkkeli M., Haeggstrom 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:10.462B3d9354-9.126

21



P10:

Single Chain Dynamics of Polymers Confiad in Segregated Block Copolymer
Mesostructuresi a NSE & SANS study.

Reidar Lund ", Lutz Willner 2, Olaf Holderer®, Michael MonkenbuscH, Juan Colmenerd and
Dieter Richter *

'Donostia International Physics Center, University of the Basque Countrgjn,Sp IFF,
Forschungszentrum Jillich, GermafyCNS, Garching, Germany.
* reidar_lund@ehu.es

It is well known that block copolymers exhibiting a sufficient repulsive interaction between the blocks
spontaneously microphase separate into -defined georetries. 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 \defined asymmetric poly(isoprenb)
poly(dimethylsiloxane) (RPDMS) block copolymer of different molecular weights but with a small
constant fraction of the Pl block. The dynamics of the block copoby/mas first been studied by
broadband dielectric spectroscopy, which in this case gives specific access to both the glabal end
end vector relaxation (normal mode) as well as the local alpha relaxation dynamics of PI. The results
show that both the norrhmode 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 interfaceBfyppe diblock copolymers and

the corresponding distribution of relaxation times calculated accorditigetbodgeMcLeish model

[1]. In order to learn about the dynamics in this system in detail, we have performed experiments using
NSE and SANS on padily deuterated PPDMS 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 ¥ lkd-PDMS / hPI-d-PDMS mixtureswe 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 coetgly disappears at 120 °C where there is no net contrast
between the Pl 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 talil
atlarge 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 tafade where it is only allowed to underge 2
dimensional centre of mass diffusion.

1. R.Lund;L . Wil lner; A. Al e gr 2 aSeltQoncenratibonmedn er o and

Interfacial Fluctuation Effects on the Local Segmental Dynamics of NanostructuredkDiblo
Co p ol y meMacrdhmledulsgGommunication to the Editodl, 511 (2008)
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Hierarchcal assemblediomineralizedcomposites are abundant in natuiteis well known that a
composite of proteoglycans and amino acid chained withinorganic minerals can creatéells and

bonewith a complex microstructurd his studyis of the interaction between pig gelatine and calcium
strontium phosphatesnd has producegksults showingnteresting hierarcleal structures resembling

hollow cylindersand sheets with dimensionanging from the nanometer scale to a few centimetres.
These structures are completely sssembled from a gelatistrontium chloride gel interfacing a
trisodiumphosphate baseambient temperatures,

These structures have been studied using SEM,hsgtnmon xray sources, FTIR, Raman, real time
observations and pH measurements. The results show a three dimensional hierarchical assemblies tha
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 hypoglyemia. One way to achieve this is by controlled, reversibleassémbly, e.g. by
covalently attaching a hydrophilic component to the insulin molecule.

Here we present a SAXS study of two insulin analogues developed for intravenasssaibly that
aremodified with eitheithe fatty acidpalmitoyl orthe bile salt derivativdithocholyl. Our preliminary
resultsshow that both insulin analogues have a tendency tasstfciate, but the degree of self
association appear to be highly sensitive to thaisabf the media. Furthermore, our results show that
thelithocholyl-insulin form considerably larger aggregates therptimitoytinsulin analogue.

A second focus of this work has been to study the complex formation between the two insulin
analoguesrad 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 preliminarySAXS results further, show that HSA binds baitisulin 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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Proteinsurfactant interactions have been studeatensively for decades due to their importance in
many biological, pharmaceutical and industrial systems. Many systems of fmatiziotant have been
characterized by thermodynamic and biochemical measurements but, very little information is known
aboutthe structure and shape of the formed complexes. In this work the denaturation and complex
formation of Acylcoenzyme Abinding protein (ACBP) by SDS molecules were characterized using
small angle Xray scattering and thermodynamic measurements. Appdyingdel fitting procedure
based on the Monte Carlo approach and molecular constraints, the micelles and thenicetigin
complexes could be represented for a range of surfactants and protein concentrations.
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