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Titanium dioxide nanoreactor

Tiny particles of titanium dioxide (TiO:) are found as key ingredients in
wall paints, sunscreens, and toothpaste; they act as reflectors of light or
as abrasives. However with decreasing particle size and a corresponding
change in their surface-to-volume ratio, their properties change so that
crystalline TiO; nanoparticles acquire catalytic ability: Activated by the
UV component in sunlight, they break down toxins or catalyze other
relevant reactions.

Now, Dr. Katja Henzler and a team of chemists at the Helmholtz Centre
Berlin have developed a synthesis to produce nanoparticles at room
temperature in a polymer network. Their analysis, conducted at BESSY I,
Berlin's synchrotron radiation source, has revealed the crystalline
structure of the nanoparticles. This represents a major step forward in
the wusage of polymeric nanoreactors since, until recently, the
nanoparticles had to be thoroughly heated to get them to crystallize. The
last synthesis step can be spared due to the special environment inside
the PNIPAM network.

The Henzler team's polymeric nanoreactors consist of a polystyrene core {&

surrounded by a network of PNIPAM chains. A titanium compound was
added to an ethanolic solution of the polymer colloids, which did trigger
the formation of small titanium dioxide particles within the PNIPAM
network. The BESSY II experiments showed that the chemists were able
to control the speed of these processes while at the same time affecting
the quality of the nanocrystals that had formed.

Using the novel combination of x-ray microscopy and spectroscopy
(NEXAFS-TXM, U41-SGM) at BESSY II, Henzler and the microscopy team
were able to show that the nanoparticles are homogeneously distributed
over the polymeric nanoreactors. The researchers examined their
samples in a cryogenic aqueous environment, which prevents artifact
formation due to sample drying. Their analysis showed that the
nanoparticles have a crystalline structure. "The nanocrystals have a
tetragonal anatase structure and this crystalline structure is a key to their
catalytic performance. Additionally, our new analytic method allows us to
control the quality of the synthesized particles so that we can optimize
them for relevant applications,” says Katja Henzler.
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The Helmholtz-Zentrum Berlin fiir Materialien und Energie (HZB) operates and develops large scale facilities for research
with photons (synchrotron beams) and neutrons. The experimental facilities, some of which are unique, are used annually by
more than 2,500 guest researchers from universities and other research organisations worldwide. Above all, HZB is known
for the unique sample environments that can be created (high magnetic fields, low temperatures). HZB conducts materials
research on themes that especially benefit from and are suited to large scale facilities. Research topics include magnetic
materials and functional materials. In the research focus area of solar energy, the development of thin film solar cells is a
priority, whilst chemical fuels from sunlight are also a vital research theme. HZB has approx.1,100 employees of whom some
800 work on the Lise-Meitner Campus in Wannsee and 300 on the Wilhelm-Conrad-Réntgen Campus in Adlershof.

HZB is a member of the Helmholtz Association of German Research Centres, the largest scientific organisation in Germany.
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