











There’s lots to be done: apart from expediting the process from idea to product, in the
future ever more new sectors and companies are to be introduced to the nano field.
Branch-level industrial dialogue between representatives from politics, the economy and
associations helps to find areas of application for economic areas not catered for so far.
As well as dialogue, the action plan also promotes so-called leading innovations which
the Federal Government hopes will generate a high degree of growth and employment.
In the field of lighting technology, these include the “NanoLux” project and the OLED
Initiative: whereas NanoLux is essentially preparing the way for energy-efficient light-
emitting devices in the automotive industry, the OLED Initiative wants to create the tech-
nological basis for organic light-emitting devices as a cheap, large-scale lighting option.

Small and medium-sized enterprises in particular often prove to be especially innovation-
friendly. They receive support from the action plan by means of funding and structural
measures, such as the “NanoChance” programme for start-ups. And the Federal Govern-
ment is also pooling its activities with regard to potential risks. A steering group under
the direction of the Federal Ministry for the Environment is assessing the chances and
risks involved in dealing with nanomaterials. In the context of nano dialogue, experts
from industry and society evaluate dangers as well as perspectives and also discuss tomor-
row’s research needs — to engender yet more discoveries in the land of ideas.

2 Nanotechnology in Germany

> Dexterity required: Start-ups involving young
nanoscientists - here the view through a
transparent, conductive film - are the cenirepiece

of the NanoChance funding programme.
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3 Research from the very beginning

Plumbing the depths -
Research from the very
oeginning

The most important research organisations

“There’s plenty of room at the bottom,” claimed the American physicist and Nobel Prize
winner, Richard Phillips Feynman, in December 1959. This lecture is considered to be
the founding document of nanoscience. In Germany, many non-university research
establishments are busy exploring Feynman’s so-called “room at the bottom”. They are
trying to identify the potential and options opened up by the nano world and harness
them for mankind. We should like to introduce you to the most important research
organisations.
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Impervious to wind, weather and scratching: nanoparticles

make paintwork and other surface materials more robust.



The Leibniz Association (WGL)

Polymaths are thin on the ground nowadays. The sheer volume
of knowledge is too vast for one single person to cope with. Three
hundred years ago, things were different. One of the people who
demonstrates this best is Gottfried Wilhelm Leibniz (1646-1716)
who was a groundbreaking political scientist, mathematician,
historian, philosopher and poet. The French Enlightenment
thinker, Denis Diderot, said of him that he alone had brought
Germany as much glory as “Plato, Aristotle and Archimedes
together”.

Today, an entire science organisation is necessary to achieve what
a single polymath could manage in the 17th century. The Leibniz
Association (WGL) carries over the standards of its namegiver
into the present day. Founded in the 199os, the organisation today
combines 83 research institutions, addressing issues of importance
to society as a whole. They provide infrastructure for science and
research as well as research-based services — liaison, consultancy,
transfer — for the public, policy makers, academia and business.

Leibniz researchers are active in the fields of science, engineering
and environmental science as well as economics, social science,
infrastructure research and the humanities.

The nano sector plays an important role in the portfolio of the
Leibniz research cluster: WGL institutes carry out basic research
and close-to-market research in nanotechnology. Focus areas
can be found in nanomaterials research — significant actors in-
clude the Institute for New Materials INM, Saarbriicken), Solid
State and Materials Research (IFW, Dresden), and Polymer Re-
search (IPF, Dresden). A second focus area is surface processing,
at the Institute for Surface Modification (IOM, Leipzig) and the
Research Centre Rossendorf (FZR), for example. Basic research
in solid state electronics is undertaken by the Paul Drude Institute
(PDI) and application oriented work in optoelectronics and high
frequency technology is performed at the Ferdinand Braun Insti-
tut fiir Hochstfrequenztechnik (FBH), both in Berlin.
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New benchmarks: fully automatic wafer steppers, such as this one at the Ferdinand Braun Institute,

pass light onto semiconductor wafers coated with photoresist. Their high precision makes it possible to

produce circuits on the micro- and nanometre scale.
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The Helmholtz Association of German Research Centres (HGF)

Hermann von Helmholtz (1821-1894) possessed one character-
istic every researcher can do with: boundless curiosity. His name
stands for the whole palette of scientific research. He was an ex-
ponent of science as a bridge builder between medicine, physics
and chemistry. His groundbreaking research and developments
linked together theory, experimentation and practical application.
So there are good reasons why the Helmholtz Association —
Germany'’s largest science organisation — bears his name.

Fifteen scientific-technical and medical-biological research centres
are combined under the umbrella of the Helmholtz Association.
It is their task to pursue long-term research goals for society.
Helmbholtz scientists investigate the basis of human existence —

with the objective of preserving and improving it. To this end,
they identify and address the major, pressing issues thrown up by
society, science and industry by means of cutting-edge, strategic
research programmes in six areas of research: energy, earth and
environment, health, key technologies, structure of matter, and
transport and space.

In the nanosciences, HGF focuses on material-related issues
and nanoelectronics. In this context, outstanding work is done
by the two research centres in Karlsruhe (FZK) and Jiilich (FZJ).
However, research and development in nanomaterials and layer
systems also takes place at the Research Centre Geesthacht (GKSS)
and the Hahn Meitner Institute (HMI) in Berlin.
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Impressive panorama - a Grand Canyon made of aluminium oxide. Analysing materials and

surfaces is just one of the many fields of work covered by German nano research.

The Max Planck Society (MPG)|

Entropy, radiation law and thermodynamics — these are all con-
cepts closely associated with Max Karl Ernst Ludwig Planck. The
physicist, who was born in Kiel in 1858 and died in Gottingen

in 1947, was one of the most important scientists of his day. His
epoch-making lectures on quantum theory redefined the physical
view of the world of 19oo. He was awarded the Nobel Prize for
this research in 1918. One of his mottos was “insight must pre-
cede application”.

This is the guiding principle the Max Planck Society (MPG), the
successor organisation to the Kaiser Wilhelm Society (KWG),
chose to adopt when it was founded in 1948. It is the holding

society for 78 Max Planck institutes and research establishments.
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The Max Planck Society essentially performs basic research in
natural science, social science and the humanities. It works
together with university institutions — but maintains its indepen-
dence. It concentrates on transdisciplinary research objectives
which other research establishments involved in basic research
are unable to take on.

The work of Max Planck institutes (MPI) produces significant basic
insights into new approaches to nanotechnological research.
For years, the Stuttgart institutes for Solid State Research and
Metals Research and the MPI of Microstructure Physics in Halle,
for instance, have been active in the fields of nanomaterials,
supra-molecular systems, characterisation procedures and new
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7 Opportunities and risks of nanotechnology

Acting responsibly -
Opportunities and risks
of nanotechnology
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Researching responsibly

Progress opens up enormous opportunities but also has inherent dangers. The nano-
technology future is not totally risk-free, either. It is important not to play down these
risks without actually exaggerating them. What is certainly clear is that we have to ensure
that we can calculate — and thus control — the toxic potential undeniably present in nano-
materials. An objective and open attitude is the way to a safe future.

In the future field of nano, the Federal Government tries to engage in dialogue with the
public. The “Nano Initiative — Action Plan 2010”, which was started in 20006, saw the
birth of the first unified, cross-departmental approach which also emphasises responsible
and secure handling of nanomaterials. At the heart of this initiative is a cluster combin-
ing the projects NanoCare, INOS and TRACER: the Federal Government, academia
and industry are developing new, standardised procedures to improve assessment of the
danger potential of nanoparticles, and involving the public, too. Funding up to 2009
totals approximately eight million euros.

® The NanoCare project focuses on examining primary particles and agglomerates
and the way they behave in biological media and systems. State-of-the-art analytical
methods from the most diverse institutes are used to characterise the nanoparticles.

® The INOS project is geared to developing methods based on in vitro testing to evaluate
the danger potential of engineered nanoparticles. The hazard analysis is based on a
comprehensive investigation of the behaviour of nanoparticles in various cell culture
media and the changes they undergo.

® Carbon nanotubes (CNT) and carbon nanofibres (CNF) are already considered to
be some of the 21st century’s key materials. In central fields of technology, such as
chemistry, the automotive industry, aeronautics and aerospace, they are achieving
technological breakthroughs. Emerging industrial manufacture of carbon nanotubes
is likely to open up other fields of technology and pave the way for a multitude of
mass applications. The objective of the TRACER project is to draw up recommenda-
tions for handling potential end products during manufacture, processing and use.



Dealing so openly with the opportunities and risks inherent in
these miniscule particles is creating a positive climate in Germany
which favours nanotechnological developments. On the basis of
such social approval, the huge potential of this cross-discipline
technology can be exploited to the full — which puts wind in the
sails of researchers in their everyday work. And this would seem
to be necessary, because existing technologies have been hitting
the wall for some time. Climate change is an eloquent example,
given that traditional methods of energy production — based on
burning fossil fuels — have contributed to bringing it about. And
new, workable solutions also have to be found for the continuing
pollution of the earth by industrial society’s waste products.

Nanotechnology is one of the most promising pacemakers for
the future. From 20235, at the latest, the vast majority of all signifi-
cant new developments will be related to this field of technol-

ogy. There are not a few people who think the tiny particles with
the big impact will point the way out of today’s technological
cul-de-sac. Take energy as an example: The Nobel Prize winner
Richard Smalley ascribed a key role to nanotechnology in solving
the energy issue. High-capacity energy storage or cheap electric-
ity from sunlight — we have come a long way in implementing
these technological visions. Nanoparticles will also make it pos-
sible to develop new materials that simply disintegrate at the end
of their product lifespan without toxic side effects — almost like
organic material.

Nanotechnology offers great opportunities, and we are making
the risks associated with the particles calculable. This is the only
way of ensuring that the future dividends inherent in the nano-
cosmos will pay off one day.

A\

Maximum security: when it comes to opportunities and risks, research has a particularly important function.
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# % Nano links

www.research-in-germany.de
The central internet portal of the research and innovation location Germany

www.bmbf.de/en/nanotechnologie
Nano website of the Federal Ministry of Education and Research

www.nanonet.de
Link to “Techportal Nanotechnology” platform

www.nano-map.de
Technology Centre database of the Association of German Engineers (VDI)

www.nanoforum.org
Forum for European nano initiatives and activities

www.nano-ev.de
Website of the “Nanotechnology and School” association

http://cordis.europa.eu/nanotechnology
Website of the European Research Commission CORDIS

www.nanotruck.de
Roadshow on the fascinating world of nanotechnology

www.nanoreisen.de
Interactive adventure into the world of the micro- and nanocosmos

www.nks-nano.de
National contact point on nanotechnology, advising on European research funding

Wwww.nanoingermany.com
Presentation of German participants in international nanotechnology trade fairs

http://bildung-beruf.nanonet.de
Educational opportunities in the field of nanotechnology

http://nanobildung.tech-map.de
Topography presentation of educational opportunities in nanotechnology
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