MICROSYMPOSIA

frequency of one pattern every 135 ms (25 ms of acquisition time and
110 ms of readout time). The results show a complex sequence of
reactions including the formation of several intermediate phases,
which then lead to the formation of a simple biphasic product of small
round particles of TiC embedded in a large grained NiAl matrix. A
possible synthesis mechanism has been proposed to explain the
formation of this composite. In order to determine if both combustion
modes lead to the same synthesis mechanisms, recent results on the
same reaction studied in explosion mode using time-resolved neutron
diffraction will be presented and compared with the time-resolved X-
ray diffraction results.
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Hydrophobic Polyelectrolytes: Combined Small-angle Neutron
and X-ray Scattering Studies

Michel Rawiso?, Jérome Combet?, Francois Boué®, “Institut Charles
Sadron (CNRS-ULP), Strasbourg, France. ‘Laboratoire Léon
Brillouin (CEA-CNRS), CE Saclay, France. E-mail: rawiso@ics.u-
strasbg. fr

The structure of salt-free aqueous solutions of highly charged
hydrophobic polyelectrolytes was investigated using high-resolution
small-angle neutron and X-ray scattering. The choice of one technique
rather than another was driven by the contrast between the solvent
(H,O and/or D,0) and the species (macroions and/or counterions) we
want to look at. Various architectures of sulfonated polystyrene
macroions with distinct sulfonation rates as well as distinct
counterions were considered.

We will present scattering results that show strong evidence for
the existence of necklace conformations with dense charged
aggregates connected by stretched chain parts. Such conformations
have been predicted on the basis of scaling arguments for weakly
charged polyelectrolytes under poor solvent conditions [1] and have
been confirmed by low-resolution small-angle X-ray scattering studies
[2] and molecular dynamics simulations [3]. They result from the
balance between the tendency to precipitate, the electrostatic repulsion
and the entropic degrees of freedom. It was however suggested that
fluctuations should impose a severe obstacle in observing these
necklace structures [4]. Here, we are more concerned with quenched
polyelectrolytes and the non-sulfonated sequences may form
microdomains. The resulting shape could therefore be similar, though
the physical case is not the one theory was made for.

[1] a) Dobrynin A.V., et al., Macromolecules, 1996, 29, 2974; b) Dobrynin
AV, et al.,, Macromolecules, 1999, 32, 915.[2] a) Essafi W, et al. , J. Phys. II,
1995, 5, 1269; b) Baigl D., et al., Europhys. Lett., 2003, 62, 588. [3] a) Micka
U., et al., Langmuir, 1999, 15, 4033; b) Micka U., et al.,Europhys. Lett., 2000,
49, 189. [4] Limbach H., et al, Europhys. Lett., 2002, 60, 566.
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Absolute calibration forms a valuable diagnostic tool for the
detection of artifacts in SANS and SAXS experiments. This lecture
emphasizes the importance of placing data on an absolute scale, in
units of cm™ and reviews the methods available to accomplish this. In
order to minimize the time associated with calibration, emphasis is
placed on the development of strongly scattering standards which may
be run in brief time periods, and special attention is paid to those that
can be used for both neutron or X-ray experiments. Independent
calibrations of such standards may be tested by comparison with the

theoretical relationship between the x-ray and neutron cross sections.
The use of absolute units is not essential for measuring the spatial
dimensions, though the cross section is a sensitive indicator of
whether an appropriate structural model has been chosen. Thus,
scattering from colloidal micellar solutions may be modeled by core-
shell structures as a function of a set of parameters such as the
inner/outer radius etc. On an arbitrary scale, it is possible to produce
excellent fits of the shape of the scattering, which may be in error by
orders of magnitude in intensity. Absolute calibration allows such
artifacts to be recognized, and to restrict the model parameters to those
which reproduce the observed cross section. Conversely, even an
approximate (£ 25%) calibration is sufficient to confirm the
assumptions of the structural model chosen. The utility of absolute
calibration in small angle scattering will be illustrated by examples
comparing model calculations and experimental data from a range of
polymeric and colloidal systems.
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DNA forms aggregates with electrostatically neutral

phospholipids in the presence of metal cations or cationic surfactants.
These aggregates can be used as nonviral vectors for DNA transfer
and expression in cells [1, 2]. Synchrotron small-angle X-ray
diffraction (SAXD) shows the formation of condensed lamellar phase
L,° of periodicity d~7-8 nm with DNA monolayers intercalated
between lipids bilayers due to interaction of DNA with unilamellar or
multilamellar liposomes from saturated and monounsaturated
phosphatidylcholines in the presence of divalent cations (Ca®", Mg>").
Lipid bilayer thickness was determined by analyzing small-angle
neutron scattering (SANS) curves of unilamellar liposomes according
to three shells model, which devides the bilayer into two polar head
group regions separated with nonpolar hydrocarbon region [3]. The
inter-helical DNA-DNA distance d(DNA)~4-6 nm was observed in
aggregates formed with multilamellar liposomes. Applying repeated
heating-cooling process, reflection from DNA helices organization
disapeared.

[1] Lasic D.D., Liposomes in Gene Delivery, 1997. [2] Zhdanov R.I., Kutsenko
N.G., Fedchenko V.1, Vop. Med. Khim., 1997, 43, 3. [3] Kucerka N., Kiselev
M.A., Balgavy P., Eur. Biophys. J., 2004, 33, 328.
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Type 1 restriction-modification (R-M) systems encode
multisubunit/multidomain enzymes. Two genes (M & S) are required
to form the trimeric 160kDa methyltransferase that methylates a
specific base within the recognition sequence and protects DNA from
cleavage by the endonuclease. SAXS revealed an unusually large
structural change in the methyltransferase following DNA binding;
this involves a major repositioning of the subunits of the enzyme,
resulting in a 60A reduction in the dimensions of the enzyme on
forming a complex with DNA.

The type I R-M enzyme M.Ahdl has been prepared in two
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protonated/deuterated states (S and M subunits protonated, S
deuterated and M protonated) for which SANS data has been collected
in a number of H:D solvent contrasts in the presence and absence of
DNA. A4b initio shape determination of this contrast matched data has
allowed us to determine the change in subunit positioning that occurs
on DNA binding and how this results in the 60A reduction in the
dimensions of the enzyme.
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Surfactant stabilized magnetic liquids of different concentrations
and compositions have been studied by small-angle scattering using
polarized neutrons and synchrotron x-rays. Magnetic liquids or
ferrofluids are colloidally stable dispersions of homogeneously
dispersed magnetic nanosized particles with e.g. cobalt or magnetite
cores in suitable liquid carriers. Magnetosomes are intracellular
nanosized magnetite crystals, covered by protein and lipid membranes
formed by biological mechanism in magnetotactic bacteria.

The structure and size distribution of core-shell particles and of
magnetic aggregates are studied in diluted ferrofluids. Interparticle
interactions are induced in concentrated fluids (up to 6 vol% magnetic
crystals) by an applied external magnetic field that gives rise to
ordering of the core-shell particles.

Co particles are arranged in pseudocrystalline hexagonal planes
with the magnetic moments aligned parallel to the [110] direction.
Magnetite based ferrofluids show orientation effects with decreased
order comparing to Co based fluids, because of their lower magnetic
interaction. In case of higher concentrated magnetosomes, particles
are aggregated in finite segments of chains which were found aligned
in the direction of the external field.

[1] Wiedenmann A., et al., Phys. Rev. E, 2003, 68, 031203. [2] Hoell A., et al.,

Physica B, 2004, B 350, ¢309.
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