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About NTNU NanolLab

NTNU Nanolab was established by the Board of NTNU in 2004 as the university's coor-
dinating initiative within nanoscience and nanotechnology. The mission given to NTNU
NanolLab was to:

- coordinate nanotechnological research and capital investments at NTNU

- build, equip and operate a new state-of-the-art laboratory for nanotechnological
research and education

- promote a new 5 year MSc program in nanotechnology

The initiative currently comprises departments at five faculties: The Faculty of Natural
Sciences and Technology, The Faculty of Information Technology, Mathematics and
Electrical Engineering, The Faculty of Engineering Science & Technology, The Faculty
of Medicine and The Faculty of Arts,and is run in close cooperation with SINTEF.

Visit us at www.ntnu.no/nanolab/
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NTNU NanoLab 2004-2008

The first five years of NTNU NanolLab have
resultet in the establishment of nanoscience
and nanotechnology on the strategic agenda
of research, higher education and innova-
tion at NTNU. Nanotechnology is expected
to contribute significantly in many areas of
research and industrial applications, e.g.
materials for sensor technology, materials
for cleaner combustion, membranes for
separation of gases, and targeting of
nanomedicine for diagnostic and thera-
peutic applications. While still in the start-
up phase, the scale of resources and scien-
tific commitment bodes well for the ambi-
tion of developing nanotechnology at NTNU
more broadly to inter-national recognition.

The first five years have been marked

by design and construction of research
infrastructure hiring of permanent scientific
staff, as well as shifting part of the scientific
profile of NTNU towards nanotechnology. A
MSc degree in Engineering in Nantotechnol-
ogy has been developed, and the number of
applicants is promising.

In March 2005 the Board of NTNU granted
145 MNOK for the construction of a cross-
disciplinary cleanroom facility. It was ex-
pected that this facility would enable NTNU
to become a national centre and an inter-
national team player in nanotechnology. In
2005 the contract for construction of the

first part of the integrated laboratory, the
area for chemical methods, was signed. The
official opening of this part of the laboratory,
by Professor Astrid Laegreid, Pro Rector
Research and Innovation, in March 2007
was a significant milestone. The plans for
the remaining area of the 700 m? laboratory
were finalized during the autumn of 2007.
The construction of a new building, adjacent
and connected to the chemical section,

was started in January 2008. In May 2009,
the second significant milestone will be the
opening of the entire laboratory, designed
to host numerous interdisciplinary research
activities. The goal is to enable nanotech-
nological research emerging from classi-
cal disciplines such as physics, chemistry,
biology and engineering disciplines such as
microelectronics and materials science and
engineering. The laboratory infrastructure is
expected to support both basic and applied
science, enabling development within areas
spanning from medicine to space technology,
from energy and environment to materials
science, and from generic competence
building to innovation. Efficient and stable
operation of such an advanced facility
requires a highly qualified technical staff, as
well as well designed workflow. The hiring
of technical staff has started, and by the
end of 2008 three highly qualified engineers
were employed. NTNU NanolLab also has a
high awareness of HES challenges related

www.ntnu.no/nanolab

Thomas Tybell, director of NTNU NanolLab,
Bjorn Torger Stokke, chairman of NTNU
NanoLab's board, Erik Wahlstrem, acting
director of NTNU NanoLab.

Photo: Ida Hederstrom
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to nanotechnology, e.g. exposure of various
nanomaterials. A compulsory user course
on HES issues has been established. The
goal is to have continues focus on good lab-
oratory practice in order for the lab to be an
excellent and safe workplace for students,
researchers, and technical staff.

Alongside the establishment of the research
infrastructure, positioning nanotechnology
on the strategic research agenda has
largely contributed to the success so far.
The involvement of the scientific staff has
been essential in this effort. We were also
happy to welcome three new faculty mem-
bers to NTNU, hired specifically to streng-
then the nanotechnology initiative within
central fields for NTNU. Professor Helge
Weman was appointed at the Department of
Electronics and Telecommunications,

and focuses on nanophotonics and

optical devices based on nanowires.
Associate professor Pawel Sikorski at the
Department of Physics investigates how
nanostructured materials harvested from
nature can be employed in specific applica-
tions. Associate professor Fride Vullum,
recently appointed at the Department of
Materials Sciences and Engineering, focus
her research on efficient lithium batteries
and photo-voltaic materials. Furthermore,
various departments at NTNU have hired
new scientific staff within nanotechnology
related to their scientific domain. Totally this
adds up to a strong scientific environment,
with essential team players in our continuous
efforts towards excellence.

The NTNU NanoLab facility has been planned
in a national context from start. The process
profile has been developed in cooperation
with SINTEF. We also enjoy collaboration
with other key national stakeholders in the
field. In order to be strong both nationally
and internatio-nally, we are in the process
of establishing a national network for micro
and nano processing: Norwegian Micro and
Nano Fabrication Facilities (NMNF). The
participating laboratories will have comple-
mentary state-of-the-art infrastructure,

providing a strong national basis for nano-
technological research. NTNU has also
been awarded the role as coordinator of the
new national research school “Nano-
technology for Microsystems”, in which
NTNU NanoLab will be a key resource.

We would especially like to highlight one
event in 2006, the welcome of 30 students
to the new interdisciplinary MSc in
Engineering in Nanotechnology. From the
start the students were introduced to
current challenges and possibilities in
different fields such as nanoelectronics and
bionanotechnology, as well as ethical and
health issues. They rapidly picked up speed,
not only with the curriculum, but also with
extra curricular activities such as forming

a student association, Timini hosting new
“classical festivities” such as the Bucky
Ball. This program has established itself as
a program recruiting resourceful students,
and thus contribute to increase the interest
for natural sciences in general. We anticipate
that the graduates of this program will
provide strong resources to existing and yet
unborn Norwegian industry. Moreover, the
new infrastructure will allow the students,
at the MSc level within both nanotechnology
and related topics of other study programs
at NTNU, to get training on state-of-the art
nanotechnological tools.

A key activity has been to promote nano-
technological activities at NTNU. To this ex-
tent, organizing the annual NTNU Nanolab
Users Meeting has been an important
instrument. These meetings focus on the
cross-disciplinary possibilities nanotech-
nology can offer. In 2006, 40 researchers
gathered for the first meeting, and in the
following years we have enjoyed increasing
attendance. A highlight of the outreach
activity was the hosting the symposium 1st
Nanotechnology@NTNU in conjunction with
the awarding in 2008 of the first Kavli Prizes
in Nanoscience. The official Kavli lecture by
one of the laureates in Nanoscience, Louis
E. Brus, was given at NTNU, and our sym-
posium also hosted the other Kavli Laureate

Sumio lijima as well as other distinguished
nanoscientists; Flemming Besenbacher
from Aarhus University, Thomas Bjgrnholm
from Copenhagen University, Thomas
Ebbesen from Université Louis Pasteur,
Herman Gaub from Ludwig Maximilians
University Munich, Hans Mooij from the
Kavli Institute of Nanoscience, Delft Univer-
sity of Technology and Michael Roukes from
the Kavli NanoScience Institute at California
Institute of Technology.

The management of NTNU Nanolab grate-
fully acknowledge the sincere dedication
and motivation shown by the various parties
in their contribution to establish nanotech-
nology at NTNU. To some extent, a dream is
in the process of coming true. The volume of
the investment, the high expectations, and
recognition of the broader responsibilities
associated with the field are all factors
indicating the commitment so far. Although
significant achievements are identified, it

is actually from now on that we are in posi-
tion to contribute significantly to the field

of nanotechnology. It has been a long and
rewarding road from the publication of the
report “Nanotechnology at NTNU 2003". The
former rector of NTNU, Eivind Hiis Hauge
will in this annual report reflect on what is
realized so far and the road a head.

Finally, we strongly encourage the scientific
community to take the opportunity to join

in this ongoing scientific and technological
journey towards excellence in nanotech-
nology.

Bjern Torger Stokke
[Chairman of NTNU Nanolab)

Thomas Tybell
[Director of NTNU Nanolab)

Erik Wahlstrgm
[Acting Director of NTNU NanoLab)
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Eivind Hiis Hauge wasn't quite sure what kind of offspring he would bring to life when he fostered the nanotechnology research area at NTNU. But he
figures that the new kid on the block will be a healthy one! Photo: Arne Asphjekk/NTNU Info

Science for the passionate

Nano research will only succeed if we find
enthusiasts who are willing to see beyond
their own disciplines.

In 2002, a new rector took charge at NTNU.
His name was Eivind Hiis Hauge. He was 64
years old and a professor of theoretical
physics. One of his first efforts as rector
was to appoint a committee. It was a highly
professional committee, loaded with heavy-
weights, with participants from four countries
and several disciplines. Their job was to
discuss how the emerging field of nanotech-
nology should be handled at NTNU. The
committee’s report and recommendations
came the following year. The rest, as they
say, is history.

You could say Eivind Hauge is history too, in
the sense that he has now joined the ranks
of the emeriti and no longer has any insti-
tutional power to exercise - not for studies,
strategies, committees, study programs

or laboratories. But this child he helped
conceive he still keeps an eye on. And if he
doesn’t say so himself: It is a very promising
child indeed.

Why this interest in nanotechnology?

- It was perhaps mostly due to the fact
that | had changed research in the 1980s.
From being involved with statistical physics
| went to work on electron transport in small
structures. The electrical engineering group

had gotten itself a fine, expensive MBE
machine (Molecular Beam Epitaxy), which
could create layered structures for electro-
nics purposes. This should be interesting
stuff, and the group wanted to have physi-
cists on the team. But the physicists were
reluctant: They had enough to do with

their own research, thanks. | found that
quite vexing, so | said I would try. It was a
demanding, but fun change. The structu-
res were becoming smaller and smaller,
and dimensions were shrinking below one
micrometer, on the way down to the nano-
metre. In that realm quantum mechanics

is needed to understand what is happening,
and that makes it really interesting. It didn't
go quite as hoped with the MBE project. The
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research labs of the National Telephone
Company and The Norwegian Defence Re-
search Establishment wanted to have their
own machines, and funding for ours became
difficult. But as a theorist, | was not as
bothered by tight funding. | had a sabbatical
year in the U.S. in 1988/89 and was a
researcher in residence in Delft in 1992,
and came in contact with some of the best
groups in nanotechnology. Then | under-
stood that great things were about to
happen in this field, at least in electronics
and physics. Later, materials and biology
came into the picture.

So when in 2002 you had the power and
authority, you thought ...?

- That it was wrong that the country’s
most prestigious technology institution
didn’t have a research and educational
strategy for such an important area! And
that the subject was so large and complex -
and also so expensive experimentally - that
it would never grow organically from below,
as a kind of grassroots movement. In that
kind of situation it is essential that the top
management the initiative, put the structure
and framework in place, and create oppor-
tunities. That way all the scientific enthusi-
asts, the guys and girls “in the trenches”,
could come and realize their own projects.
The Research Council of Norway eventually
had the idea to establish national efforts in
several areas, it created major programs
and wanted to have NTNU as one of the
engines. That gave us the opportunity to
take a chance and be on the offensive: The
board went along with a commitment to
nanotechnology, we set aside some funds of
our own, hired competent people and initia-
ted projects. From there, the ball began to
roll -- slowly.

What kind of vision did you have at the
time?

- Nothing precise. It was quite obvious
that there would be important innovations
in physics, chemistry, electronics, biology,
materials and medicine - but no one could
know precisely what. And the subjects are
so intertwined: A step forward in one area

can provide opportunities for breakthroughs
in a completely different area. History also
shows how closely the interaction has been
between technological developments and
basic research. Actually, it is meaningless
to talk about nanoscience and nanotechno-
logy as if they were two completely different
disciplines; there is no clear distinction
between them. Interaction across discipli-
nes is also essential and has proved to be
extremely fruitful. The guy who sits with his
very focused basic research and the woman
who dreams up the most fantastic visions -
they are both needed in nanoscience. Infinite
views frequently end up in ditches, but still:
Without drive and enthusiasm, and without
imagination, we'd never get anywhere.

What do you see as the challenges ahead?

- Some are trivial, related to equipment.
We are talking about expensive and complex
equipment, and you cannot hand it over to
students to run it. There will certainly be a
need for more technicians, among others.
But the most important thing is to see sci-
entific opportunities together, and explore
them together, both researchers and stu-
dents. The quality of our students is impres-
sive, and that is obviously an inspiration for
teachers. So all we need to do is to find good
projects to put the students on. NTNU's na-
notechnology education hasn't yet found its
optimal form. With so many parties involved,
it is difficult to get all the courses, labora-
tories and lectures to fit together. Maybe a
separate program of study won't be the right
way in the future? But I'm not very concer-
ned about this, it will work out somehow.

Can NTNU’s nanotechnology group be
internationally cutting edge?

- Right now it's too new. But why not? It
will be demanding, and it won't happen on
its own -- but it can be done. The Centre for
the Biology of Memory is an example. The
Moser husband-and-wife team and their
research didn't exactly fit into the main
institutional strategies, but the manage-
ment at NTNU recognized the outstanding
qualities of the team, and helped provide
the framework. Now the centre attracts the

world’s best scientists. It could happen here
again, and the nano group is starting to
attract some very good people in some
areas. It's important that we are thinking:
What can | use his expertise for?” “What
can she and | do together?” That we crawl
up from our own scientific hole, take a deep
breath and look around us. That we make
an effort to understand some of the other
subjects - maybe even have a little respect
for people who are not researchers.

People are pretty busy, aren’t they?

- All good scientists always have too
much to do! And yes, it is difficult to think
in an interdisciplinary way, it is difficult to
learn new dialects. So our first reaction will
tend to be: “Don’t come here and bother me
with new opportunities!” It's important that
we look up and see that it's possible to get
things done when we work together. That
the framework of NTNU Nanolab is now
here, and that it is possible to steer work
in that direction. Everything will depend on
enthusiastic scientists working together and
finding their niches in this incredibly diverse,
global field of research: nanoscience.
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Establishment of Cleanroom Facilities

The construction of the cleanroom facilities
has been one of the core efforts of NTNU
NanolLab since the activities started. The
work sprung out of the report Nanotechno-
logy at NTNU given by an advisory committee
of international experts in 2003. Since then,
the the planning of the cleanroom has been
carried forward by three committees in
conjunction with NTNU’s Technical Division.
As mentioned above, the first part to be
built was the cleanroom area for chemical
methods, which was opened for users in
2007. The planning of the larger cleanroom
area has been an ongoing process since
2005 until 2008.

Great emphasis has been put on designing
a flexible infrastructure that may easily be

adapted to future demands. In addition to
specialized equipment, the facility includes
general support laboratories, offices and
meeting areas. During 2008 the revised
plans for the cleanroom infrastructure were
finalised. The cleanroom was finished De-
cember 2008 and the complete facility will
be commissioned during the spring of 2009.

A major part of the establishment of the
NTNU Nanolab’s infrastructure is the build
up of efficient and safe routines, including
a competent staff. By the end of 2008 three
engineers were hired, and the work to put
the laboratory into operation in a safe and
knowledgably manner had been initiated.

The entire cleanroom area will cover over

700 m? and is designed to be GMOII: 2 com-
patible. The facilities will be organized in
several zones equipped for various purposes:

Area for chemical methods

Area for physical methods

Area for bionanotechnological methods
Area for characterization

Area for education

These areas will hold cleanness between
class 10.000 and 100 and offer vibration free
zones down to VC-E. The laboratories will be
furnished with state-of-the-art equipment
for nanotechnological research within prio-
ritized areas, complementing the facilities of
SINTEF's MiNaLab in Oslo.
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The area designated for chemical methods

has been especially equipped for structuring

and characterization of nanomaterials and
nanoparticles. Available processes / instru-
mentation include:

Chemical syntheses:
Wet chemical methods (dip / spin / spray
coaters, microwave oven)
Hydrothermal syntheses (high tempera-
ture ovens, autoclaves)
Nanoparticle separation (centrifuges,
ultrasound)
Chemical Vapour Deposition (MOCVD)

Nanoscale characterisation:
Atomic force microscope (AFM)
Scanning electrochemical microscope
(SECM]
Particle size determination (from 2 nm)

View from the cleanroom area for chemical
methods. Photo: Anne Stare

The area designated for physical methods
has been planned as a fully equipped thin
film growth / processing laboratory with
emphasis on diversity in materials and high
resolution work. The following methods will
be available in the fully furnished laboratory:

Thin film growth: sputter deposition, plas-
ma enhanced chemical vapour deposition
(PECVD), e-beam deposition, metalli-
sation.

The FIB in the cleanroom area for physical methods. Photo: Ida Hederstrém

Lithography methods: Dual beam focused
ion beam etching system, DUV-lithogra-
phy, e-beam lithography and nanoimprint
lithography.

Etching methods: wet etching, dry etching
[Reactive ion etch, inductively coupled
reactive ion etch (ICP-RIE], plasma
etchingl.

During 2008 the upgraded e-beam litho-
graphy machine based on a Hitachi 4300-SE
with laser interferometric stage was instal-
led temporarily at the old cleanroom at the
Department of Electronics and Telecom-
munications. Another important purchase
has been the ICP-RIE which will be installed
during spring 2009. Otherwise the main
focus has been on the purchase process of
a dual beam focused ion beam system, in
conjunction with a high resolution SEM with
STEM capabilities, which will fulfil the needs
of nanostructuring, 3D slice and view as well
as TEM sample preparation.

The area dedicated to bionanotechnology
will incorporate tools for nanoscale
fabrication based on biological methods or
fabrication using biological materials. Key
activities will include work on nanostructu-
red surfaces functionalized with biological
molecules for applications in sensors and
devices, work on biopolymers, studies rela-
ted to drug delivery and fabrication of new
contrast agents for medical imaging and
characterisation of single molecules and
nanostructured biomaterials. The facilities
will also allow work with cells and micro-
organisms.

The area for characterization is planned to
host among others, the following facilities:

High resolution Scanning Electron
Microscope (SEM)

Two darkrooms for optically demanding
characterisation and manipulation
(combined AFM/optical microscopy,
spectroscopy, optical tweezers).

AFM suitable for wafer inspection.
Smaller process monitoring equipment.

The area for education is separated from
the research area and allows for full
photolithography processing. This area will
also serve experimental processing, and be
equipped with:

Maskaligner for photolithography
Wet processing equipment
Education STMs and AFMs

In addition to the cleanroom areas, the
infrastructure includes supporting and
technical facilities, laboratories for chemical
and biological work, as well as offices,
meeting rooms and areas for seminars.
Installation of a fibre drawing tower has
also been planned in conjunction with the
laboratory.

The laboratories will be open to all
resear-chers interested in nanotechnology,
at NTNU, SINTEF and other Norwegian
re-search organisations.



Study Program in
Nanotechnology

A part of the assignment given to NTNU
NanolLab in 2004 by Board of NTNU was

to initiate a 5-year Master program in
nanotechnology. Thus, in 2006 NTNU's
master’s program in nanotechnology was
launched for the first time. An aim of the
program was to give the students a solid
broad background in the basic scien-tific
fields that merge within nanotechnology.
This has led to a cross disciplinary curri-
culum, with many different Departments
and Faculties. The program appeared to be
very attractive, with 1430 applicants for the
30 places offered. How is the situation now?

Professor Bjgrn Erik Christensen, head of
the board of Master’s program in nano-
technology says it has been a challenge to
put together a program consisting of so
many different subjects.

- We are lucky to have so many great
students that do not let themselves be
frustrated by all the changes we have to
make during evaluation. The students are
very committed to their field of study. Their
feedback has helped us develop a better
program in nanotechnology, says
Christensen.

One of the challenges of making this new
cross disciplinary program has been that
every faculty wants to have a say in how
much the students should learn within the
various topics included in the curriculum.
Should they learn more physics? More
nanoelectronics? An important challenge

Bjorn Erik Christensen.
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in making this program has been to ensure
that the students learn enough within the
various scientific disciplines so that they end
up as highly qualified nanotechnologists.

- In addition to the courses already
offered at NTNU we had to create brand
new, specialized courses. When every
student is to have one nanorelated course
each semester whilst having the right
subject combination and the correct progress,
it has lead to some reorganizing. | think,
however, that we have everything in place
now, though we will always have to evaluate
as we go along, Christensen says.

Like many others, Bjgrn Erik Christensen
is very happy that the cleanroom of NTNU
NanoLab now is finished and ready to

be used by the students of the program
from the autumn of 2009. He hopes many
interesting nanoprojects for students will
emerge that include experimental work in
the cleanroom. The “hands-on” policy of
NTNU NanoLab, allowing the students to
handle advanced equipment themselves will
give them excellent training.

A new MSc program in nanotechnology
was launched in 2006.

The nanotechnology students scored the
highest on their exams out of all the pro-
grams at NTNU. According to Christensen,
this might be because nanotechnology is
the hardest program to be accepted in to.
However, the nanostudents have been very
efficient in creating a nice study environ-
ment, and there has been hardly any drop
outs so far, says Christensen. However, he
still sees challenges ahead with regards to
maintaining the program’s reputation and
quality.

- The biggest challenge is to always offer
the subjects most relevant for nanotech-
nologists as well as obtaining a well co-
ordinated schedule. As some subjects have
students from several different programs,
it may be a challenging job for the lecturers
to set up their curriculum so that everybody
learns exactly what they need. We still have
some work to do in this respect with the
brand new courses of the program. Another
challenge is that the nanostudents do not
belong to one specific department. Thus,
there may be a conflict of interest when the
board of the program asks for the best



quality possible and the departments are
faced with the financial costs.

Christensen is, however, not concerned
that the students will suffer from the lack
of a home department. In his opinion they
are privileged to have the opportunity to get
insight in all of these scientific areas. With
all these departments involved, this might
well be the largest cooperative project at
NTNU right now.

Getting impulses from all these different
scientific communities must be very inspi-
ring and useful for the coming generation
of nanotechnologists. With NTNU NanoLab
open, the infrastructure is in place. If the
cleanroom is filled with activity and the
organization of the program runs smoothly,
the future of this master’s program looks
very bright. And to students on other
programes:

- You don't have to be enrolled in the
master’s program in nanotechnology in
order to work with nanotechnology at
NTNU. Several other study programs offer
nano-relevant specialisations and projects
that will involve work in NTNU NanolLab's
cleanroom, ensures Christensen.

Marianne Sandvold is on her second year
of the Master program in nanotechnology
and has been elected president of the
student organization Timini. They work
with improving the social environment for
nano students, particularly with giving new
students a good welcome. Timini also acts
as the student’s representatives in matters
regarding the study program. Marianne
thinks her time so far at NTNU has met her
expectations.

- Yes, | think so. At least academically.
| was expecting a challenging program
which would allow us to study across diffe-
rent scientific fields. At this point | feel that
my expectations have been met. | have to
admit that [ was hoping for better lecturers,
but that is more in general for the university,
rather than specifically for the nanotechno-
logy program, says Marianne.
There has been some discussion about
the nanotechnology students not having a

Marianne Sandvold, head of Timini.
Photo: Ida Hederstrom

“home department” like other students at
NTNU, but Marianne doesn’t see this as a
big problem. The only drawback is that the
students don’t have anyone between the
head of the faculty and themselves when
they want to communicate something.
They do however have representatives in
the study program council and so far have
been able to present all their issues there.
She also points out that they've had a good
connection with Jo Esten Hafsmo, who is
head of the Study Section at the Faculty

of Natural Sciences and the voice of the
nanotechnology students.

When asked what she has enjoyed the most
so far in the program, Marianne has one
favourite.

- It has been fun to work with nanoequip-
ment in the course “nanoverktgy”. It is quite
unique that students in their second year
already get to handle so advanced instru-
ments themselves. It makes it easier for us
to understand how things work which is very
motivating.

Marianne really likes her study program,
both the curriculum and the social side of it.

In her first year, she was a bit disappointed
by some of the lecturers. She felt that the
lecturers were teaching because they had
to, not because they wanted to. But now, in
her second year, the lecturers have impro-
ved. She feels that the introduction course
to nanotechnology also needs improvement.
Itis supposed to work as a motivation and
give an insight to what's ahead. However,
the course has no clear curriculum and she
thinks there really should be a visit to the
laboratory involved.

Since the Master program in nanotechno-
logy was established in 2006, the students
have to be active in evaluations and give a
lot of feedback to the Board for the study
program. Marianne explains that there have
been many changes along the way.

- There have been many discussions and
many things have been changed. Subjects
have been merged, and later separated
again, upon the student’s request. Some
subjects could maybe be placed differently,
but we understand that this is a new pro-
gram that has to go through some changes
before settling properly. Another area of
improvement is the information given to se-
cond year students regarding their choice of
specialization for the following three years.
A better job should be done on informing
about this in the future, says Marianne.

The students are very enthusiastic about the
new NanolLab. They've had access to two
labs at the existing cleanroom, but this will
be something totally different. During their
fourth year, the students will be allowed
inside the NanolLab, something they are
looking forward to. Marianne finds it exciting
that NTNU has put so much effort into this
program and nanotechnology in general.
Itis nice to see that this actually happened
instead of remaining as another idea on

paper.

As a second year student, Marianne is now
glad to see that she is working on more
subjects related to nanotechnology, and she
has great expectations for the last three
years of her study program.



- | expect the program to narrow down as
| proceed to the third year. | am now in my
fourth semester and | have more and more
nano related subjects and | hope even more
are ahead. | also hope that the industry
opens its eyes to nanotechnology and come
to visit us at NTNU. There is a job to be done
in marketing the new opportunities, be-
cause nanotechnology is relevant for many
areas of the industry. That is what makes
nanotechnology so exciting, that the field is
so wide. But | think people will notice the
nanotechnologists here at NTNU, especially
when we graduate and start working. That is
still in the future, says Marianne Sandvold,
head of Timini.

www.ntnu.no/nanolab

Student activities; Eirik Timo Bge Vilpponen becomes acquainted with the teaching STEM in the
cleanroom. Photo: Roya Deghan.
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Strategic Positions

NTNU NanoLab is strongly committed to its
founding vision of opening nanotechnology
to cross disciplinary research at NTNU. In
2003 an advisory committee of international
experts recommended four broad areas of
research as particularly relevant:

nanostructured materials
bionanotechnology
nanoelectronics, photonics and
magnetism

nanotechnology for energy and the
environment

In 2004 the board of NTNU allocated three
academic positions as a strategic means
to promote the research activity within the
three first of these four areas. How is pro-
gress? We have asked the staff members
hired for this purpose to tell us more.

Associate professor

Fride Vullum

Fride Vullum has her Ph.D from Tulsa
University (USA). Why Tulsa? Well, they
rewarded her performance in long distance
running with scholarships and she was fas-
cinated by their research on nano materials.
She joined NTNU as a post doc. late 2005,
and was offered a position as associate
professor at the Department of Materials
Science and Engineering in September
2008. Drawing on her past experience, she
has initiated research on lithium batteries
and solar cells. Noting that these are areas

Associate professor Fride Vullum.
Photo: Ida Hederstrom

of strong commercial interest and conside-
rable research internationally, she explains
her approach:

- Lithium batteries consist basically of
three parts: the anode, the cathode and
the electrolyte. Much research is focused
on improving the characteristics of each of
these components. | believe we have our
best chances with a total system approach.
In other words, we will consider how the
potential of nanotechnology can be exploited
to optimize the characteristics of the com-
ponents to give over all better batteries.

This sounds like a good idea. But isn’t it
rather obvious? Isn’t that what everybody
would be doing?

- The goal may be simply stated, but
reaching it is actually far from trivial. It
requires the combined efforts from several
areas of detailed study. For example, in the
design of cathodes, you obviously wish to
improve the mobility of Li-ions and reduce
diffusion length. In practice there could be
trade-offs here, in particular when other
characteristics such as storage capacity and
safety are taken into account. This is just
one example. In fact, there are many options
and choices required when you start analy-
sing the complete battery in real detail. And
then there is always the challenge of finding
solutions that can be produced industrially
at realistic prices. | think the state-of-the-
artis now such that the time is right for
organized efforts at the total system level.

Solar cells based on silicon would seem
to be another well established area of
research. How can NTNU NanolLab expect
to raise its head in the crowd?

- The point here is that we are not
starting from scratch. Research on silicon
is a well established area at our university.
NTNU NanolLab offers an expansion of this
activity into a broader choice of processing
techniques. As an example, | am looking
forward to see what we can achieve using
chemical vapour deposition (CVD) to synthe-
size new materials for third generation

photovoltaics in addition to thin film
deposition on conventional silicon wafers to
improve the efficiency of light conversion.

Fride has clear ambitions. How does she
view the realism of her aims in view of the
recourses at NTNU NanoLab?

- The laboratory has reached a high stan-
dard in instrumentation and professional
skills. It remains to be seen if we manage
to keep the level of funding sufficient to
fill some remaining holes, and maintain
state-of-the-art standard over time. The
research we are initiating now will surely
produce some interesting publications, but
establishing NTNU NanolLab more broadly
as a research centre at international level
will depend on the quality of our work and
the support for the laboratory in the long
run, | think.

In the long run . .. With a half-marathon
at Thr 16 min Fride knows all about the
importance of concentration of effort and
consistency of purpose.

Associate Professor
Pawel Sikorski

Pawel Sikorski has been involved in the
NTNU Nanolab project since 2005. He
arrived at NTNU in 2002, having completed
his PhD in physics at University of Bristol,
UK, in 2001, and graduated from Wroclaw
University of Technology, Poland, in 1998.
At NTNU he works with both physics and
bionanotechnology, and at times he feels

Associate professor Pawel Sikorski.
Photo: Ida Hederstrom



torn between these two fields. But that just
reflects the broad cross-disciplinary nature
of nanotechnology:

- The new thing about nanotechnology
is that on nm-scale the traditional borders
between the different research disciplines
fade. Nanotechnology is a science that cros-
ses the borders of many other sciences,
including physics, chemistry, biology and
biotech-nology,and material science. This
is mirrored in the curriculum for the of
NTNU's master in nanotechnology study
program (MTNANOJ. We can achieve a lot,
if we combine challenges from, for exam-
ple medical field, with the nanotechnology
insights from the physical and
engineering sciences here at Glgshaugen. It
is exciting and challenging.

Pawel’s own work is a good example -
combining inspiration from nature with the
resources of NTNU NanolLab to produce
nanowires. These “wires” are 150 nm

in diameter and can be up to 1 cm long.
The fabrication process is based on using
biological templates (template is a kind of
“mould”) harvested from a sea worm called

Sea Mouse and colours produced by its
nanostructured spines and hairs.
Photo: Florian Mumm

Sea Mouse. This animal is covered with
spines and hairs, each of them having a very
special internal structure. They contains
thousands of nanochannels ordered inain a
densely packed array, extending the length

of the spine/hair. The service to the Sea
Mouse of this structure is that the spines
refract light in rainbow-like beauty. The
service to Pawel is that the structure can be
used as a template for production of nano-
wires. The trick is to fill the channels with
organic or inorganic material, from which
he would like to make nanowires. The next
step is to dissolve and remove the material
of the template. If all goes well he is then

left with a fair supply of nanowires.

Spine wall

Channel alighment

High magnification SEM micrographs showing
a dense array of nanochannels.
Photo: Florian Mumm

Zn0 nanowires.

Photo: Florian Mumm

Sure enough, all does not go well easily,
but Pawel is optimistic:

- Our results are encouraging, and the
perspectives are open ended. The nearest

www.ntnu.no/nanolab

applications of nanowires are in electronics.
I think we can achieve a lot by using or
imitating biological systems in our producti-
on of such components. But that is only one
aspect. In fact, plants and animals consist to
a great extent of nanostructured materials,
and | am very confident that in a fusion

of medical and biological research with
physics at the nano level we find opportuni-
ties beyond our present imagination. NTNU
NanolLab will be a key resource for this type
of cross-disciplinary research.

From the visionary clouds Pawel sees
some down to earth challenges:

- We face on one hand the need to
engage in a broad cooperation, not only
within NTNU but also including SINTEF
and industry. The students will get valuable
experiences by working with projects within
different industries, and this also shortens
the way from our research to industrial
applications. Personally, | have fruitful
cooperation with research groups in UK,
Finland and Japan, and will seek to broaden
the international framework of our scientific
cooperation.

While stressing the need for broad coope-
ration, Pawel also thinks it will be impor-
tant to concentrate the efforts:

- Nanotechnology is a demanding field
of research. NTNU NanoLab will offer a
very powerful infrastructure with first class
instrumentation and a highly qualified staff.
This allows the scientists to spend more
time doing research. But if we shall gain
international recognition, we cannot cover
everything. If we can keep NTNU NanoLab
up to date, and if we are able to agree upon
a few niches we can put our combined efforts
into | am certain that we will succeed! It is
an exiting time. The train is leaving now, he
says.

Pawel Sikorski hopes that more researchers
at NTNU will get on board the train and he is
excited to see what discoveries will be made.
And he is sure that amazing discoveries

will follow.
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Professor Helge Weman

Helge Weman came from the Swiss Federal
Institute of Technology in Lausanne (EPFL)
to NTNU in September 2005 and brought
many years’ experience from research

in nanotechnology within photonics and
electrooptics with him. Together with

Prof. Bjgrn-Ove Fimland he uses the MBE
(Molecular Beam Epitaxy) machine at the
Department of Electronics and Telecommu-
nications to produce free standing nano-
wires with carefully controlled parameters.
Helge explains:

- The nanowires are typically 10-100 nm
in diameter, and several micrometers long
(Figure 1a). We can control the composition
and crystalline structure both axially (Figure
2) and radially (Figure 1b). Or | should say,
we are learning to control the parameters
more and more accurately to produce nano-

wires with the desired characteristics.

(b)

Figure 1 (a] SEM image of GaAs based core-
shell nanowires grown by MBE at NTNU. (b)
Schematic diagram of a radial p-i-n junction
designed for a new nanowire solar cell project.

And where does the desire come from?

- | produce nanowires to demonstrate in
practice the characteristics that calculations
from quantum mechanics predict in theory.
The better we do this, the better we can pro-
duce components for practical applications.
The linkage to theory is essential. Without
theoretical guidance there are too many
possibilities. We can now also measure
the electro-optical properties of individual
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Figure 2 (a) Dark field TEM image of a GaAs/
GaAsSb nanowire quantum dot. It is revealing
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a cubic phase GaAsSb quantum dot inserted
between GaAs barriers of different hexagonal
polytype crystal phases. [b) Micro-photolu-
minescence from a single GaAsSb nanowire
quantum dot. For more details see: D.L. Dhee-
raj et al., Nano Letters 8, 4459 (2008).

nanowires in a new nanophotonics lab |
have set up at NTNU, which together with
structural characterization at the atomic
level gives the necessary feedback for the
growth. Basically | work with gallium arse-
nide (GaAs) and additions of other elements
to demonstrate for example quantum me-
chanical effects by measuring the light from
a nanowire with a single quantum dot inside
(Figure 2b). Basic research, in other words.

But you see practical applications on the
horizon?

- The early applications will be in micro-
and opto-electronics where we shall see
nano scale components perform with far
better performance and less energy than
present designs. Improved lasers, solar
cells, various sensors are also foreseeable.
And then there are some more exotic possi-
bilities. Single photon emitters for example,
a light source with controlled emission of
quantum bits - that could enable quantum
-communication and -computing in the
future, and in the mean time, a nice gift to
researchers in quantum optics.

Changing the subject. You have experience
from first class nanotechnology labora-
tories in several countries. What do you
think about the potential for success at
NanolLab?

- After a start-up period with the usual
challenges, NTNU Nanolab now has instru-
mentation and staff at an international level.
The important thing as we move on is of
course that we must keep the lab at this ad-
vanced level. We must also develop a strong
culture of documentation so that scientists
can save time by learning from the practical
experience of others. Taking the most out
of a central resource like NTNU Nanolab,
requires a bit more collective effort than the
traditionally individualistic university appro-
ach, says Weman.

And do you see the cooperative spirit de-
veloping? - and more broadly, the attitude
to nanotechnology?

- We used to be a limited group of
specialists centred on the technology itself.
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Figure 3: Professor Helge Weman (left], PhD student Fervin Moses (middle] and post doc Thang Ba Hoang (right] in the new cryogenic “nanophotonics”
lab at the Department of Electronics and Telecommunications. In this lab light can be measured from single nanoparticles down to low temperatures
[-271 Celsius], time-resolved [pico seconds), and at high magnetic fields (11 Tesla). Photo: Hailong Zhou

Now there is a growing “awakening” that
nanotechnology will affect research and
have applications across the spectrum from
biology and medicine to electronics and me-
chanical engineering. "Cross-disciplinary” is
moving from a vision to reality. People show
an interest in wanting to meet now. Through
students and researchers there will be a

lot of cooperative work done across the
different subjects. Eventually | believe we
must specialize in a few niches to produce
top international scientific research here

at NTNU NanoLab. From a broad base we
should be able to make the right choices as
we move on.

Helge Weman is well established interna-
tionally. He has his PhD from University

of Linkdping, 1988 followed by post doctor
research at University of California, Santa
Barbara. From 1994 he was invited profes-
sor at NTT Optoelectronics Lab, Japan. He
then held a position as project leader on
optoelectronic quantum wire components
at Swiss Federal Institute of Technology
[EPFL), Lausanne, 1996-2005. He is clear on
the international perspective of his efforts:

- Close international contacts are always
essential in advanced research. A perso-
nal network is indispensable, and formal
arrangements can be very useful to secure

resources. | am pleased that we have been
invited to join a consortium of some of the
most successful research groups on nano-
wires in Europe to apply for an EU research
grant. It is a step in the right direction for
NTNU NanolLab, says Helge Weman.
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Highlights

Nanostructured Ferroelectric
Materials

Perovskite oxides are an important group

of ceramic materials with the common
formula ABO,. Several perovskites such as
I:’bTiO3 and KNbO3 are ferroelectric, mea-
ning that they exhibit a spontaneous electric
polarization that can be switched by an
external electric field. Other perovskites are
multiferroic, meaning that they exhibit both
ferroelectric and ferromagnetic properties.
BiFeO, is a multiferroic material which has
gained huge interest in the recent years
because of its ferroelectric and antiferro-
magnetic behaviour.

In the drive to miniaturize electronic
components, sensors and other devices,
nanostructuring of materials become
increasingly more important. Nanostructu-
res of ferroelectric materials are used in a
variety of applications such as non-volatile
ferroelectric random access memory,
nanoelectromechanical systems, nanoscale
capacitors, advanced sensors, energy-
harvesting devices, photonic crystals and
in photocatalysis. For such applications

to become wide-spread in the future, it is
desirable to fabricate the nanostructures
by cost-effective and large-area methods.
This favours chemical bottom-up methods
in contrast to physical top-down methods
such as lithography. So although control-
ling the growth of such nanostructures is a
challenging task it has a high potential for
future use.

The Inorganic Materials and Ceramics
Research Group at the Department of Ma-
terials Science and Engineering, headed by
Professor Mari-Ann Einarsrud and Profes-
sor Tor Grande, has studied the growth and
properties of nanostructures of ferroelectric
perovskites since 2003. The main efforts
have been in synthesizing one-dimensional
nanostructures of PbTiO, and KNbO,, and
in studying finite size effects in BiFeQ,. The
PhD students Per Martin Rgrvik and Sverre
Magnus Selbach, and post doc Guozhong
Wang have been the main contributors to
this work.

For controlled growth of I:’bTiO3 nanorods,
we have developed a hydrothermal synt-
hesis method to grow nanorods on SrTiO,
substrates. Hydrothermal synthesis is a
relatively simple method to obtain crystal-
line material at much lower temperatures
compared to other synthesis methods. In
the synthesis procedure an amorphous Pb-
TiO, precursor was mixed with a surfactant
and heat treated at 180 °C in the presence
of a single-crystal SrTiO, substrate. Hierar-
chical nanostructures of PbTiO, nanorods
were obtained by controlling the synthesis
parameters (Figure 1). The anisometric
growth of the nanorods is proposed to occur
by self-assembly of cube-shaped or facetted
nanocrystals.

Figure 1. SEM images of PbTiO, nanostructu-
res grown on single-crystal SrTi0, substrates
by a hydrothermal method. Growth on three
different substrate orientations is shown: (a)
[100]-oriented substrate, [b] [110]-oriented
substrate, and (c] (111]-oriented substrate.

The domain configuration of these PbTiO,
nanorods has been studied by transmis-
sion electron microscopy (TEM) and
piezoresponse force microscopy (PFM] in
collaboration with the TEM group at the
Department of Physics (Professor Randi
Holmestad) and the Oxide Electronics group
at the Department of Electronics and Tele-
communications (Professor Thomas Tybell).
The as-synthesized nanorods were shown
to have the polarization direction in the
longitudinal direction. After annealing the
nanorods above the Curie temperature

(490 °C] the crystallographic orientation
changed and the polarization was found
along the radial direction. A hysteresis curve
measured by PFM is shown in Figure 2,
demonstrating the ferroelectric nature of
the nanorods.
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Figure 2. Hysteresis curve measured by PFM
on a single PbTiO, nanorod.

Atemplate-assisted method has been
developed for the preparation of PbTiO,
nanotubes, using porous alumina mem-
branes as templates in which a Pb-Ti sol
was infiltrated. After subsequent drying and
annealing, and removal of the template by
immersion in NaOH, I:’bTiO3 nanotubes were
obtained (Figure 3). The template-assisted
method is an easy method to obtain nano-
tubes of perovskite oxides, but necessitates
high-temperature treatment to crystallize
the material and typically produces poly-
crystalline tubes.

Our group has also developed a hydrother-



mal method for synthesizing orthorhombic
single-crystalline KNbO, nanorods, by
reacting Nb,O, in a KOH solution, using a
surfactant as structure-directing agent.
High-quality KNbO, nanorods were only
obtained in a narrow window of synthesis
parameters. The phase transition tempe-
ratures for the orthorhombic to tetragonal
and tetragonal to cubic transitions of the
nanorods were significantly lower than that
of the bulk KNbO3 materials, reflecting a
finite size or disorder effect.

Figure 3. SEM image of PbTi0, nanotubes
made by a template-assisted method.

A detailed study on the strong size-depen-
dent properties of the multiferroic com-
pound BiFeO, has been conducted using
X-ray diffraction and differential scanning

a displacive process. The decrease in the
Néel temperature can be rationalized from
decreasing Fe-0-Fe angle due to increasing
displacements of Fe, and increasing Fe-0
bond lengths. Both microscopic structural
changes leads to decreasing overlap of Fe
3d eg and O 2p orbitals, and antiferromag-
netic ordering vanishes at lower temperatu-
res. Combined with recent observations of
increased magnetization of nanoparticles,
these are promising results with respect to
the possibility of making small multiferroic
nanostructures for technological applica-
tions.

These basic research studies have shown
the ability of relatively simple chemical
methods to synthesize nanoparticles and
hierarchical nanostructures of a technologi-
cally important group of ceramic materials.
We have also shown that the properties of
the nanostructured materials differ from
their bulk counterparts, which is important
in applications. A list of publications can be
found at the group’s homepage (http://www.
material.ntnu.no/ceramics/publications).

calorimetry. Nanoparticles with
mean diameters of

o
~

11 - 86 nm were made by calcining
a polymeric BiFeQ, precursor at

o
o

various temperatures. When the na-
noparticle size decreased, the polar
distortion of the unit cell decreased,
the polar displacements of Bi** and

Fe’ relative to the oxygen sublattice

e
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increased, and the Néel tempera-
ture (the onset of antiferromag-
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polar displacements of cations and
decreasing unit cell distortions

sheds light on the microscopic

origin of finite size effects in ferroelectric
nanoparticles. Ferroelectricity disappears at
small dimensions due to loss of cooperative
ordering of cation displacements, but polar
displacements on a local scale prevail. The
origin of finite size effects is decoupling of
ferroelectric moments, hence ferroelectri-
city is lost through disordering rather than
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Figure 4. Size-dependent properties of BiFeO,
nanoparticles as function of the nanoparticle
diameter (d). Pseudotetragonality c/a (in red)
is @ measure of the unit cell distortion along
the polar direction c. Polar displacements of
Bi and Fe along the c-axis are the origin of
ferroelectric polarization in BiFeO.. Inset: The
antiferromagnetic ordering temperature Ty.
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Synthesis and Applications of
Carbon Nanotube
Based Composites

Building nanoarchitectures by controlling
atomic assembly to manipulate material
properties has opened great opportunities
for fabrication of novel structured mate-
rials with improved material properties

and stabilities. Nanomaterials with well
controlled nano-structures/-architecture
have become increasingly important for
catalysis and they are expected to play a
key role in the development of new and
renewable energy, such as catalysis for
biomass conversion, electrochemical energy
storage and conversion (lithium-based
batteries, supercapacitors and fuel cells).
The presence of organized nanostructures
is also critical factor for novel solar cells. In
recent years a range of novel nanostructu-
red catalytic materials have been developed
in the Catalysis group at the Department

of Chemical Engineering. These materials
are now beginning to be investigated for the
application within the following areas of new
and renewable energy:

Hierarchically organized carbon nanotubes
(CNTs) and nanofibers [CNFs] have been
prepared by CVD methods. These CNTs and
CNFs have provided superior activity and
stability of an array of metals (Pt, Pd, Au, Ni,
Co and their alloy nanoparticles) and metal/
oxides (Pt/CeQ,, Au/TiO, nanoparticles) utili-
zed in many different reactions. An efficient
preparation method has been developed to
deposit nanoparticles on CNTs and CNFs
with high dispersion and good stability. The
CNTs and CNFs can also be used as catalyst
supports for applications within hydrogen
storage in organic hydrides and as electro-
des in fuel cells and other electrocatalytic
devices.

Carpets or arrays of vertically aligned CNTs
and CNFs on different substrates have been
prepared by plasma enhanced CVD and ca-
talytic CVD. The focus has been on develop-
ment of a scalable method for synthesis of
aligned CNTs on different metal foils such
as Ti, stainless steel, Cu, as well as graphite
foils, carbon papers, carbon felts and metal
wires. The CNTs and CNFs have also coated
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with TiQ, and gold nanoparticles by a colloid
method in order to tune the properties and
stabilities of the composites. The properties
of the hierarchically structured composites
can be tuned at nano and macro scales,
which provide new and excellent opportu-
nities for improving existing processes and

new applications.

Fig 1. Aligned carbon nanotubes on Ti metal
foils [top) PANI/aligned CNT composites.

Thin CNT films coated with conductive
polymers have been synthesized as super-
capacitors, batteries and organic-inorganic
hybrid solar cells. A scalable method of in-
situ polymerization has been developed to
deposit a thin layer of CNTs on the conducti-
ve polymer. A new concept of nanoelectrode
array has been developed with a conductive
polymer as outer tube and CNTs as the
inner tube. These structures significantly in-
crease the surface area per volume and the
stability of the polymer as well as reduce the
transportation paths of ions and charges.
These CNT based composites have shown
an excellent supercapacitive performance.

CNFs with different graphite sheet orienta-
tions relative to the fiber axis as a platform
for rational design of nanocatalysts, has for
a long time been one of the main research
areas in Catalysis group. A better under-
standing of the relationship between the
nanostructures and catalyst properties has
been gained by detailed characterization
and molecular dynamic simulations in coo-
peration with the Departments of Physics
and Chemistry, respectively. It has bee
shown that the surface chemistry, surface

wet properties and surface charge can be
controlled by the graphite sheet orientation
of the CNFs. The platelet structure has thus
been identified as a superior catalysis sup-
port in many catalyst systems.

Rational design based on a better under-
standing and controlled synthesis of nanos-
tuctured materials is becoming an impor-
tant research topic in the Catalysis group.
Nanoparticles of nanostructured CO, solid
acceptors, Ni nanoparticles for hydrogen
production from steam reforming catalysts
or sorption enhanced reforming of natural
gas and biomass derived oils and synthesis
gas, as well as gas cleaning process, Co
nanoparticles for F-T reactions, Au/TiO2 for
CO oxidation, Pt nanoparticles for propane
dehydrogenation, Pt and Pt bimetallic
nanoparticles as fuel cell catalysts are the
examples.

Nanosized Ceramic Powders
by Spray Pyrolysis

Ceramic materials are widely used for many
different types of applications. In particu-
lar there are substantial developments of
multicomponent functional oxide ceramics.
The functional properties of these materi-
als are typically related to electronic and
ionic [protons or oxygen ions) conductivity

relevant for the development of solid oxide

)

fuel cells and dense permeable membra-
nes as well as materials for information

and communication technology such as
ferro- and piezoelectric materials. Materials
with tailored catalytic properties are also
important in a number of industries. These
material systems all have in common that
they are high performance oxide ceramics
with rather complex compositions.

Ceramic materials are generally prepared
by a high temperature firing of a powder
compacted with the desired shape and
geometry. The main challenge for the
preparation of this group of materials is
hence the provision of high quality ceramic
powder with uniform properties. A high
quality ceramic powder is defined by a small
particle size (sub micron or nanosized),
narrow particle size distribution, low degree
of agglomeration, high purity and high
phase purity. Hence high quality sub-micron
powders are attractive in the development of
ceramic materials.

The traditional route to multicomponent
ceramic powders is solid state reaction
between binary oxides. However, this route
gives a coarse powder often containing
impurites in the form of unreacted material
or impurities introduced during the neces-
sary milling to reduce the particle size.
Therefore, wet chemistry has shown to be

Professor Mari-Ann Einarsrud and MSc student Jon Strand in front of the spray pyrolysis

equipment. Photo: Ida Hederstrém



an excellent strategy to prepare high quality
ceramic powders of sub micron size. By
this synthesis approach, the precursor for
the material is a homogeneously mixed salt
solution containing the cations to build up
the material. The transformation from the
solution to the ceramic material can pro-
ceed through several different routes like
sol-gel, precipitation, spray drying, glycine
nitrate and spray pyrolysis.

The Inorganic Materials and Ceramics Re-
search group at the Department of Materi-
als Science and Engineering, represented by
Professors Mari-Ann Einarsrud, Tor Grande
and Kjell Wiik, has since early 1990's de-
veloped several wet chemical synthesis
routes to high quality ceramic powders.
This powder processing has been the basis
for development of a large research activity
on ceramic materials for energy techno-
logy applications and for information and
communication technology. To produce
sufficient amounts of high quality ceramic
powders, the spray pyrolysis route has

been developed since 2004 and a pilot scale
laboratory being able to produce up to 10 kg
of powders per day has been constructed.
The pilot plant has been financed by the
Research Council of Norway and is one of
only a few production facilities in Europe.
The production unit has the capacity to pro-
vide our own research group with sufficient
amounts of high quality powders but also
our collaborating partners.

The principle for the spray pyrolysis is the
atomization of a precursor solution into a
furnace where drying and calcination of the
droplets/particles are occurring as shown in
the schematic illustration in Figure 1.

A photo of the spray pyrolysis equipment is
provided in Figure 2. The aqueous precursor
solutions are formed from water soluble
salts e.g. nitrates and contain the cations to

Atomized spray

Nozzle o
T>800 C
Solution= Precursor

Figure 1. Schematic drawing of the spray
pyrolysis process.

As-synthesized powder

Calcined, sieved powder
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Hot pressed

Figure 2. As-synthesized egg-shell-like agglomerates, calcined and sieved sub 200 nm powder and

hot-pressed ceramics of LaNbO,.

build up the material in the correct stoichio-
metry. To obtain the same stoichiometry
and homogeneity in the powders as in the
solution, the use of complexing agents like
EDTA and malic acid is necessary for some
compositions. The atomized droplets less
than 50 pm in size dry to form egg-shell-
like agglomerates as shown in Figure 2.
These agglomerates are further calcined
and milled to obtain submicron or nanosized
powder with a low degree of agglomeration.
During the calcination, traces of nitrates, etc
are decomposed and traces of organic com-
plexing agents are burned off. A free-flowing
powder of high quality is obtained as can be
seen from the SEM image in Figure 2. The
powders show excellent sintering properties
resulting in well defined microstructures in
the submicron range as can be seen from
the micrograph of a sample sintered by hot
pressing included in Figure 2.

Since the establishment of the spray pyro-
lysis laboratory we have produced a wide va-
riety of different material compositions and
the method has demonstrated its versatility
producing high purity, homogeneous pow-
ders with particle size down to 10 nm.

A spin-off company, CerPoTech AS, was
established October 2007 aiming at the pro-
duction of multi component ceramic oxide
powders by spray pyrolysis for the growing
international research and development
market. The establishment of the company
has been strongly assisted and supported by
The Technology Transfer Office at NTNU.

Spintronics and
Nanotechnology

Nanoscience offers theoretical physicists an
intriguing field where there is a need to ex-
plain how materials behave at a small scale,
because this behaviour is so dramatically
different from what is found at a macrosco-
pic scale. Exploiting nanoscale properties
of materials can lead to new technological
breakthroughs, particularly in computing
and miniaturization. NTNU Professor Arne
Brataas and his Condensed Matter Phy-
sics Research Group have been pursuing

a number of theoretical investigations in

the areas of AC magnetoelectronics and
spintronics, DC transport in ferromagnetics
including domain wall resistance, mesosco-
pic superconducting ferromagnetic systems
and graphene.

The graphene work was of particular note in
2008, when a team of experimental physicis-
ts confirmed theoretical predictions made
by the Brataas group in 2006. Graphene is a
layer of carbon that is just one atom thick,
with a honeycomb or chicken wire structure.
The substance was only created in 2004.
Both graphene and carbon nanotubes are
thought to be good candidates as compo-
nents for a spintronic device, which uses

an electron’s spin to transmit or encode
information.

A carbon nanotube enables the orbital
state of electrons, which are coupled to an
electron’s spin, to be separated into those
that circle the tube in a clockwise direction
and those that circle in an anticlockwise
direction. This binary relationship can carry
information, much the way that today’s
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computer chips carry information in the on-
or off-position of their switches. Carbon has
two other properties that make it a particu-
larly good candidate for transmitting spin-
tronic signals. The first is that the nucleus is
very small, reducing electronic spin-orbit in-
teractions, which means that the spintronic
signal should be stable. The second is that
carbon nuclei themselves have no nuclear
spin, which would otherwise interfere with
the spin signal and cause it to decay.

But while spin-orbit interactions in carbon
nanotubes were generally expected to be
weak, the Brataas group predicted in 2006
that there would in fact be interactions
between the spin and orbit of electrons in
curved structures such as nanotubes. This
is what the team of experimental physicists
publishing in Nature in 2008 confirmed,
when they showed that the interaction
between an electron’s spin and its orbital

Professor Arne Brataas, Department of

Physics, Photo: Synnave Ressem/NTNU Info
motion is actually strong.

In evaluating the finding, Brataas writes

in Nature that the effect found could be
seen as ruling out carbon nanotubes as a
substance for spintronics devices - but in
fact the opposite is true. Instead, Brataas
says, “this effect could be exploited to allow
electron spin to be manipulated by electrical
means alone, a long sought capability that
would open the door to many more spintro-
nics applications.”

A second effort of note concerns the group’s
studies of magnetization relaxation, which is
of interest because it determines the mag-
netization dynamics and noise in magnetic
memory devices. In a publication in Physical

Review Letters, the group offered an alter-
native formulation of Gilbert damping, which
helps describe magnetization relaxation,
which could help lead to a better understan-
ding of dissipation in magnetic systems.

Glucose Sensitive
Nanosensors

The biopolymer physics activity at Biophy-
sics and Medical Technology, Department of
Physics, NTNU is led by prof. Bjgrn Torger
Stokke, and currently includes post docs
Marit Sletmoen, Gjertrud Maurstad, Dionne
C.G. Klein, Katarzyna Maria Psonka-Anton-
czyk and PhD student Sven Tierney. During
the academic year 2008/09 we also enjoyed
the visit of Makoto Takemasa, affiliated with
one of our long term collaborating groups

in Japan (Sakail. The group collaborates
locally with the Norwegian Biopolymer
Laboratory. Other local partners include the
Medical Faculty and the Department of Che-
mical Engineering. Our research is focused
on mesoscale structure formation and
interactions between and within biological
macromolecules and their components, and
how this relates to the structure-function
relationship of biopolymers. The classes of
biological macromolecules studied are fore-
most various polysaccharides. The hierar-
chical assembly of (bio) polymer materials
and their interactions underpin normal bio-
logical function, but are also crucial for nu-
merous technological applications. Current
research activities are focused on structu-

res and mechanisms of polyelectrolyte com-
plexes, multilayer structures, gelation and
interactions. Specific biopolymers include
alginates, chitosans, xanthan, (1,3)-B-D-
glucans, DNA, tailor made samples within
these macromolecular families, and other
biopolymers. In addition, there is considera-
ble focus on development of techniques for
characterization, modelling of the data, and
the migration of the techniques to related
areas of biological polymers. Specific tools
implemented locally for this research inclu-
de atomic force microscopy, dynamic force
spectroscopy, high resolution interferometry
and rheology.

The current research on biopolymer com-
plex formation includes polycation-induced
condensation of DNA as a possible first step
in the preparation of a therapeutic gene
delivery vector. The focus of this research is
two-fold: i} investigating the use of chitosans
for compaction of DNA for gene delivery,
and ii] investigating in general the influence
of macromolecular properties and prepara-
tion conditions on the structure formation of
condensing semiflexible biopolymers. Figu-
re 1 shows a gallery of 150 nm large toroidal
structures being a preferable state adopted
by DNA-chitosan complexes following the
electrostatic driven complexation between
these oppositely charged polyelectrolytes.

The single-molecular interaction studies
were initially undertaken to elucidate the
mode of action of the mannuronan C-5
epimerase when catalyzing the conversion

Figure 1. Ensemble of toroidal DNA-chitosan complexes characterized by atomic force microscopy.
Data generated by S. Danielsen



of the mannuronic acid to its C-5 epimer,
guluronic acid, at the polymer level. The
determined interaction strengths in the
range from 30 to 300 pN and its dependence
on the force loading rate led to the conclu-
sion of a processive mode of action. Such
single-molecule interactions are currently
adopted as a means for characterization of
other molecular pairs, e.g., selected part of
immunlogical signalling cascades [toll-like
receptor 9 (TLR9]), mucin - lectin interac-
tions, DNA-repair enzymes and selected
high molecular weight polysaccharides
forming physical gels.

In this context, we have recently developed a
line of research for technological utiliza-
tion of molecular interactions in biological
sensing. In addition to tailoring hydro-

gel materials to act as biological signal
transducers, this line of research takes
advantage of a high resolution (2 nanome-
ter) interferometric technique for characte-
risation of the optical length of responsive
gels. This technology, providing a 100 fold
improved resolution compared to diffraction
limited optical imaging, is currently being
applied for characterisation of biorespon-
sive hydrogel materials aimed at sensor
development. The hemispherical hydrogel
of 50-60 pm radius manufactured at the end
of an optical fiber makes up a Fabry-Perot
cavity for high resolution interferometric
detection of the optical length. The interfe-
rence of light guided by the optical fiber and
reflected at the fiber-gel and gel-solution
interfaces enables detection of the optical
path length within the gel and thus, the
swelling degree of the gel [Figure 2a). Both
the amplitude and phase of the interference
wave reflected back through the optical
fiber contains signatures that can be used to
deduce changes of the optical properties of
the responsive hydrogel material. However,
the phase represents the highest resolution
information. The function of the miniaturized
bioresponsive hydrogel material is both to
embed specific biological recognition events
and to transduce this to changes of the
hydrogel that can be read by the interfe-
rometric platform. The small size of the
sensing hydrogel supports rapid changes of
the hydrogel material, that together with the
high resolution of interferometric readout

125 um
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Figure 2. Schematic illustration of the principle for determination of changes in the optical length

of a hemispherical biosensisitive hydrogel attached to the end of an optical fiber (a), and glucose

induced cross linking between glucose-recognizing groups integrated in the hydrogel network (b] .
Incident light directed through an optical fiber reflected at the fiber-gel and gel-solution interfaces,
R1and R2, yields a reflected interference wave with phase depending on the optical path length
depending on the hydrogel swelling. The hemispheral hydrogel at fiber optical end has a length of

the order 60 - 70 um (a). Copyright: B.T. Stokke

platform (2 nanometer) yields potential

for rapid and sensitive monitoring various
components.

The technique has been applied to characte-
rize various developed hydrogel matrices

in order to explore the potential resolution
and to demonstrate biospecific sensing
transduction. Polycationic hydrogels with
various charge densities integrated on this
technological platform display changes in
the equilibrium optical length upon changes
in ionic strength of the immersing solution
of the polyelectrolyte gels. Step changes in
the ionic strength of the solution induced
swelling with time constants in the order 2
seconds. This is consistent with literature
data for diffusion of the polymer network
being the rate limiting process for hydro-
gels of the actual size. The experimentally
established uncertainty in the determination
of the optical length of the hydrogel was 2
nanometers. This is about 100x better than
determination of swelling based on dif-
fracted limited optical microscopy, and such
a high resolution supports development of
various biological sensing schemes at high
resolution.

A glucose sensor has been realized on this
platform by utilizing the glucose sensing

functionality of boronic acid moieties incor-
porated into the hydrogel matrix (Figure 2).

The interaction between glucose and boro-
nic acid changes the driving forces for gel
swelling. The glucose selectivity relative to
other carbohydrates was tuned by additio-
nally incorporating a tertiary amine into the
responsive hydrogel matrix. The properties
of the responsive hydrogel as a glucose
sensor were determined in more detail with
respect to swelling kinetics and equilibrium
swelling degree. The results showed that
there was a good degree of reversibility,
both for equilibrium swelling and swelling
kinetics. The mechanism for the glucose
induced response of the fabricated hydro-
gels involved glucose mediated cross linking
to boronic acid sensing groups attached

to topologically different network chains.
Fabricated hydrogel sensors with slight
differences in size yielded an overlapping
relative response, indicating an excellent
degree of sensor reproducibility. The sensor
proved to be temperature dependent. By
increasing the temperature from 25°C

to 37°C, the swelling was about fourfold
more rapid, and a concomitant decrease in
equilibrium swelling was seen. The obtained
results indicate that the sensor developed
may be a candidate for continuous monito-
ring of glucose in blood.

Some preliminary results on oligonucleotide
functionalized hydrogels supporting various
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biodetection schemes have also been
realized. The results show that a wide array
of bioresponsive hydogels can be manufac-
tured at the end of the optical fiber for high
resolution readout of specific signals, thus
supporting development of biosensors.

MR and Ultrasound Research
in Bionanotechnology

and Nanomedicine

Molecular imaging using MR and ultra-
sound makes analysis and monitoring of
biomolecular processes in normal and sick
tissues of intact organisms possible without
invasive operations. These techniques often
make use of nanostructured “smart con-
trast agents” (often called "nanoparticles
for imaging”). These are complex molecular
structures containing several elements
with different functions. Examples of such
functions are:

target specific, that may be a ligand for
receptor binding in the diseased tissue
(cancer cells, Alzheimer plaques etc )
measurement of relevant biological
parameters from physiology (oxygen
tension, pH, temperature etc.), moelcular
biology (ion channel activity etc.] and
epigenetics (RNA expression etc.)
therapeutic drug that may be activated
non-invasively during the imaging session

The MR and ultrasound research groups at
NTNU and SINTEF have defined a stra-
tegy to establish a complete research line
for synthesis, validation, in-vivo testing,
development of methodology and evaluation
of the feasibility of such nanoparticles for
imaging. Today's research activity is mainly
concentrated around preclinical studies of
animal models of diseases and transgenic
mice in order to survey in-vivo effects of
gene modifications, as well as monitoring
the effect of new treatments. The future
goal is to be able to transfer the best ideas
into clinical use, and opening up for indus-
trial opportunities. This research is an
important part of the Trondheim activities in
the FUGE technology platform NorMIC (the
Norwegian molecular imaging consortium).

The bionano-imaging activity at NTNU is
also a part of the new Centre for Research-
based Innovation (CRI) called Ml Lab (Medi-
cal Imaging Laboratory for Innovative Future
Healthcare), which was awarded to the MR
and Ultrasound groups at NTNU in 2007 by
the Norwegian Research Council. Being one
of only three CRIs within biomedicine and
health in Norway, it is a token of the high
level research carried out in these scientific
groups. Ml Lab is lead by Professor Olav
Haraldseth, who is also NTNU's official
contact towards the European Technology
Platform (ETP) in Nanomedicine.

One of the ongoing projects within bionano-
imaging in Trondheim focuses on the use of
MRI for tracking of iron-labelled cells. Cells
with therapeutic effects can be implanted
into the brain after injury, and the migration
of the cells, as well as the therapeutic effects
of the cells, can be monitored with MRI
(Figure 1). This activity is partly a collabora-
tion with professor Joel Glover at the Centre
for research-based Innovation CAST (Cancer
Stem Cell Innovation Centre] in Oslo.

Another ongoing project is the use of
manganese-releasing MR contrast agents
for monitoring cell activity in the brain and
heart. Manganese is a calcium analogue.
Thus, uptake and accumulation of manga-
nese in the cells can constitute an indirect
measure of the activity of the calcium chan-
nels in cell membranes. The calcium chan-
nel activity is the most important biomole-
cular indicator of cell activity in the brain
and heart. Additionally, manganese is taken
up by neurons and transported specifically
along axonal pathways. We have used this
technique to study central nervous system
injury and repair after treatment (Figure

2} and cardiac cell function after ischemia
(Figure 3). Research scientist Christian
Brekken has, in collaboration with
Professor Gudmund Sjak-Braek and Yrr
Mgrch at the Department of Biotechnology,
developed an alginate-based capsule with
manganese incorporated in the structure,
allowing controlled release of manganese
for optimized delivery to brain and heart
tissues.

Figure 1: Iron-labelled cells for MRI. Several cells can be used for this purpose. Olfactory ensheating
cells (a] are known to have stem cell like properties, and can stimulate to regeneration after axonal
injury in the central nervous system. They have fluorescent properties so that they can be studied in
a fluorescent microscope (a). For the cells to be visible with MRI, cells are co-incubated with micron
sized iron particles. In an electron microscope, the particles can be seen as grey bobbles within the
cell, and the iron as black dots (b, arrow and c/. Immediately after injection into the corpus vitreum
of the eye, the area where the particles are located appear dark on MRI, as seen in the left eye
(arrows] after injection of iron-particles only [d] as well as after injection of iron-labelled olfactory
ensheating cells [e]). After implantation, the iron-labelled cells might migrate to other parts of the
brain, and the migration can be monitored with MR [f]. Here, iron-labelled adipocytic stem cells mi-
grate from the injection site (top arrow] and along the ventricles in the brain (arrows). Unpublished
results, courtesy loanna Sandvig, Ml Lab and Marte Thuen, NorMIC Trondheim.



Figure 2. Manganese uptake in the retina (1] of a rat eye, and transport along the optic nerve to the
site of an experimentally induced nerve injury (2] in the acute phase [a). Implantation of a peripheral

nerve graft (3] causes a tendency to nerve regeneration 3 weeks later (b, due to release of growth

factors from the nerve graft.

From Marte Thuen M, Brekken C et al. J Magn Reson Imag 2009;29:39-51

Figure 3. The upper image is a rat heart with

no infarction, the middle image is a rat heart
with a small infarct, and the lower image is a
rat heart with a relatively large infarct. The red
ring shows uptake of manganese as marker of
active calcium channels and normal cardiac
cell function and the broken part of the rings
show the part of the cardiac wall without
normal cell function.

Unpublished results, courtesy John Georg
Seland and Morten Bruvold.

A third ongoing project makes use of a
combination of contrast agents and thera-
nostics with ultrasound. In this concept the
therapeutic molecule is encapsulated in

an air bubble attached to a ligand desig-

ned for targeting a specific receptor, eg in
cancer cells. Ultrasound can then be used
for ensuring drug delivery mainly to the
desired cells by first detecting that the air
bubbles are in the diseased tissue and then
releasing the drug by breaking the air bub-
bles applying ultrasound waves of another
frequency. An important reason enabling
this research to take place at NTNU is the
development of a new ultrasound ima-

ging method (SURF] by Professor Bjgrn
Angelsen’s group. This method increases
the sensitivity and the specificity of the
detection of the gas bubbles compared to
conventional methods. The SURF method

is achieved by processing the received
signals from the transmitted dual frequency
band pulse complexes with overlapping

high frequency (4-40MHz) and low frequ-
ency (0.5-3MHz] pulses. The transmitted
high frequency pulses are used for image
reconstruction, whereas the transmitted low
frequency pulses are used to manipulate the
scattering properties of the contrast agent.
This new ultrasound technology requires
new instrumentation and through combined
effort from NTNU, SINTEF and St. Olav's
Hospital. A first prototype SURF scanner

is now ready for initial clinical evaluation
(Figure 4). With this technology, there is also
a potential for differentiating free circulating
gas bubbles from gas bubbles attached

to given receptors. Together with SINTEF,

www.ntnu.no/nanolab

projects are initiated for development of
nanoparticles that both can be detected
by ultrasound SURF technology and that
have potential to be used as drug carriers.
The SINTEF Health research director Toril
Nagelhus Hernes is an active participant in
the European Technology Platform (ETP) in

Nanomedicine.

Figure 4. First prototype SURF scanner now
ready for testing. Photo Rune Hansen.
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Molecular Machines Repairing
Our Genome: Target for
Nanomedicine

Genomes are chemically unstable and tend
to decay due to various hydrolytic reactions,
environmental chemicals and radiation. In
spite of such events, genomes of all orga-
nisms are largely kept intact by a variety of
molecular machines that carry out different
DNA transactions. These sense and signal
DNA damage, temporarily arrest replication
and transcription of damaged cells to allow
time for recovery, and restore DNA by DNA
repair processes. Cells suffering damage
that can not be repaired are normally elimi-
nated by programd cell death (apoptosis).

Deficient DNA repair causes cancer and
premature aging. But in addition, one of the
other major defence mechanisms, the
immune system, depends on several DNA
repair proteins to be functional. Conse-
quently, DNA repair deficiency is also
frequently associated with immune deficiency.
DNA repair takes place by several mecha-
nisms, the choice of which depends on type
damage, type of cell and cell cycle status.
Generally, DNA must be repaired prior to
replication to prevent mutations, but in addi-
tion DNA damage may be cytotoxic by block-
ing transcription, and must therefore be
repaired in non-proliferating cells as well.
The efficacy of anticancer treatment may
therefore be modulated by targeting DNA
repair and associated processes, such as
cell cycle control. The significance of DNA
repair is schematically outlined in Figure 1
Understanding genome maintenance is

radiation, chemicals

DNA

DNA damage

spontaneous
damage

Evolution

fundamental to unraveling mechanisms of
cancer development, but in addition it has
wider implications:
Mutations caused by unrepaired DNA
damage are fundamental to cancer
development.
In transformed and malignant cells
higher expression of DNA repair pathways
may give the cells a growth- and survival
advantage.
Unbalanced expression of repair proteins
may cause accumulation of repair
intermediates and may promote
illegitimate recombination (promote
genome instability).
DNA repair pathways and associated
processes are targets for diagnosis and
(selective) treatment.
Expression profiling may guide therapy
and predict prognosis.
Single nucleotide analysis may identify
individuals at risk for certain forms of
cancer.

Although DNA repair pathways generally
prevent cancer, enhanced expression of
DNA repair genes may supply mutated cells
en route to cancer and established cancer
cells with selective growth- and survival
advantages. Proteins in pathways involved
in DNA damage sensing, signalling and
repair are therefore promising drug targets.
Expression profiling of genes involved in
genomic stability in a broader sense will
give more accurate diagnosis and may
make possible personalised therapies and
more accurate prognosis. Single nucleotide
polymorphisms (SNPs) are common and are
considered as “normal variation”. However,

Normal DNA

A T
= \ Error prone repair
\t,°~ Mutations

~ 1\

Aging Cancer Acquired immunity

Figure 1: DNA repair prior to replication prevents mutations and cytotoxicity from DNA damage.

Defective DNA repair is also associated with ageing. In adaptive immunity several DNA repair

it is now known that some common SNPs
may predispose to different types of cancer,
including lung cancer. Depending on type
of lesion, DNA repair mainly takes place by
five different excision repair mechanisms.
These are base excision repair (BER),
nucleotide excision repair (NER], mismatch
repair [MMR], homologous recombination
(HR) and non-homologous end joining
(NHEJ). These are all multiprotein mac-
hines that carry out repair in a multistep
mechanism. After removal of the damage
they all, except NHEJ, use information in the
complementary strand to insert the correct
nucleotides, thus restoring DNA. In these
mechanisms, the damaged nucleotide is not
actually repaired, but rather removed and
replaced by a new nucleotide. These ancient
processes (all more than a billion years old)
actually mimics modern “indirect” repair of
instruments and machines: Remove mal-
functional part and replace it by a new one.
However, nature has also developed direct
repair mechanisms, in which a damaged
base is de facto repaired rather than replaced.
This mechanism removes aberrant methyl-,
ethyl- and etheno-groups from DNA bases,
leaving a repaired normal base. The remar-
kable enzymes recognizing and repairing
such minor lesions are either methyltrans-
ferases or oxidative demethylases that are
highly selective for their substrates. They
are small single subunit proteins present

in bacteria and eukaryotes. While ancient

in evolution, oxidative demethylases are

the most recently identified addition to the
repair crew. The E. coli ALlkB protein and
human homologues, e.g. hABH,, hABH, and
hABH,, remove methyl groups in certain
positions in DNA bases, and for some of
them also in RNA. Some also remove ethyl-
and etheno-adducts. These proteins belong
to a large family of 2-oxoglutarate (20G),
Fe(ll) and O, -dependent hydroxylases that
are involved in very diverse processes, from
biosynthesis of antibiotics to repair of DNA.
In DNA repair, the hydroxylated methyl
group is unstable and falls off as formalde-
hyde. These enzymes have a rather similar
catalytic groove into which the substrate,
e.g. a flipped out, methylated DNA-base,
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Figure 2: Close-up view of the modeled active
site of hABH, [orange] superimposed onto
hABH, [green] and AlkB [blue). The active iron
ion and the co-factor 20G is coordinated by
conserved residues in the common beta jelly
roll fold for this class of hydroxylases. The
partly oxidized Leu177 found in the endo-
genous expressed hABH,, is denoted with an
asterisk.

is inserted and hydroxylated. In figure 2,
the structure of hABH, has been modelled
(Westbye et al., 2008), based upon known
structures of hABH, [Sundheim et al., 2006
and ALkB. (Yu et al., 2006). In the AlkB subfa-
mily, the substrate specificity is determined
by a flexible protein fold apparently specific
for each of the AlkB family members (Yang
et al., 2008 and Sundheim et al., 2008), see
comparison in Figure 3 (from Sundheim et
al., 2008]. This substrate specificity subdo-
main also determines single strand-versus
double strand specificity. Thus, hABH, is
essentially specific for single stranded
DNA and RNA, while hABHZ prefers double
stranded DNA, but does not exclude single
stranded DNA.

These remarkable direct repair enzymes are

molecular machines that correct damage
induced by environmental mutagens, such
as tobacco-specific nitrosoamines, as

well as endogenous metabolites, such as
S-adenosylmethionine. They are potential
drug targets that may be inhibited, thus
enhancing the effects of alkylating cytosta-

hABH3

“Flip1"g”
. —
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tics. Design of selective inhibitors requires
detailed molecular understanding of the
mechanism of catalysis.

The presented project has been carried out
by post doctor Ottar Sundheim, Profes-

sor Geir Slupphaug and Professor Hans

E. Krokan in the DNA Repair Group at the
Department of Cancer Research and Mole-
cular Medicine at NTNU.

AlkB

“Flip2”

Figure 3: Cartoon presentation of the overall structure of hABH,, hABH,, and AlkB. The conserved beta jelly roll fold of Fe(ll)/20G dependent dioxygena-

ses are shown in grey. The primary and secondary structure of surrounding loop segments [in colour] determine the substrate specificity of this class of

repair enzymes.
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Meetings and Seminars

Kavli Prize Lectures at NTNU

The Kavli Prizes were awarded for the first
time in Oslo on the 9th of September 2008.
His Royal Highness Crown Prince Haakon
led the presentation of the international
research prizes to seven of the world’s
most prominent scientists in astrophysics,
nanoscience and neuroscience. The prizes
in nanoscience were given to Louis E. Brus,
Columbia University, USA and prof. Sumio
lijima, Meijo-university, Japan. In connec-
tion with the Kavli Prize award ceremony
three of the laureates, Louis E. Brus, Sten
Grillner, Karolinska Institutionen, Sweden
and Pasko Rakic, Yale University School of
Medicine, USA (both neuroscience) gave
their official lectures at NTNU on the 11th of
September.

Prof. Louis E. Brus’ lecture was entitled:
Semiconductor Nanocrystals. In addition to
presenting his brilliant scientific achieve-
ments he gave the audience a vivid impres-
sion of the struggles and joys of performing

practical research.

il By
Kavli Laurate prof. Louis Brus. Photo: Ida
Hederstrom.

Invited speakers at the symposium 1st Nanotechnology@ntnu. From the right: prof. Thomas
Bjernholm, prof. Hans Mooij, prof. Flemming Besenbacher, prof. Herman Gaub, prof. Michael
Roukes and prof. Kavli Laurate, Sumio lijima. Prof. Thomas Ebbesen was not present when the
picture was taken.Photo: Ida Hederstrém.

1st Nanotechnology@NTNU

In conjunction with the Kavli Prize Lectu-
res given in Trondheim, NTNU Nanolab
arranged an international symposium, 1st
Nanotechnology@NTNU. The symposium
lasted for one and a half day, opening after
lunch on the same day as the Kavli Prize
Lectures were given. A number of foreign
speakers had been invited to give lectures
on this occasion among them the Kavli
laureate Sumio lijima. In addition, selected
speakers from NTNU and SINTEF participa-
ted in the program;

Sumio lijima; Meijo-university; Latest
Study on Nano-Carbon Materials by High
Resolution Electron Microscopy.

Michael Roukes, Kavli NanoScience
Institute at California Institute of
Technology.

Flemming Besenbacher, Aarhus Univer-
sity; Catalytic Model Systems and Surface
Reactivity Studied at the Atomic Scale by
High-Resolution Fast-Scanning STM.
T.W. Ebbesen; Light and Metal: Surface
Plasmon Devices and Circuitry.

Magnus Rgnning, Dept. of Chemical
Engineering, NTNU; Nanostructured
materials in environmental catalysis.
Zhiliang Zhang, NTNU Nanomechanical
Lab, NTNU; Nanomechanics of Polymer
Particles.

Hans Mooij, Kavli Institute of Nano-
science, Delft University of Technology;
Quantum computation with nanocircuits.
Arne Brataas, Dept. of Physics, NTNU;
Magnetoelectronics Spin Transfer Torque,
Dissipation, and Noise.

Hermann E. Gaub, Ludwig Maximiliians
University Munich; Single Molecule Force
Spectroscopy: Access to Novel Functions
of Biomolecules.

Marit Sletmoen, Dept of Physics, NTNU;
Probing Molecular Interactions Involving
Polysaccharides - a Single Molecule
Approach.

Thomas Bjgrnholm, Copenhagen Univer-
sity; Single Molecule Science.

De Chen, Dept. of Chemical Engineering,
NTNU; Engineering of metal nanopar-
ticles on carbon nanofibers.

Randi Holmestad, Dept. of Physics, NTNU;
Scanning transmission electron micros-



copy - Studying materials with a nano-
metre electron probe.

Monika Pilz, SINTEF Materials and
Chemistry, Oslo; Nanosized inorganic-
organic hybrid polymers for coating and
packaging applications.

In addition 22 posters were presented on the
symposium, which gathered 133 partici-
pants.

3rd NTNU NanolLab User
Meeting

The 3rd NTNU Nanolab User Meeting

was arranged as a one-day seminar at the
Radisson SAS Royal Garden Hotel in Trond-
heim, on the 6th of March 2008. The meeting
was opened by the director of NTNU Nano-
Lab, Professor Thomas Tybell who focused
on the purpose of the meeting; namely to
display the ongoing research activities wit-
hin nanotechnology at NTNU and promote
cross-disciplinary cooperation.

Photo: Ida Hederstrém

The event gathered 66 participants from 8
Departments at NTNU and, SINTEF. This
broad participation was reflected by the
variety of the 18 presentations:

Florian Mumm; Nanofabrication using a
biopolymer template.

Dionne Klein; High-resolution microscopy
studies of immunostimulatory DNA.
Catharina Davies; Delivery of nano-
medicine.

Magnus Olderay; Nanoscale control of
mineral deposition within polysaccharide
gel networks.

Kjell M. Varum; What about chitin and
chitosans?

Daniel Huertas-Hernando; Charge and
spin transport in nanostructures.

Fervin Moses Anthonysamy; Photolumi-
nescence study of GaAs-based nanowires
grown by molecular beam epitaxy.

@rnulf Nordseth; Growth and optical
characterization of waveguiding epitaxial
thin films of PLZT.

Magne Saxegaard; Field and current
induced magnetization reversal studied
through spatially resolved point contacts.
Sverre Magnus Selbach; Size-dependent
properties of multiferroic nanoparticles.
Jianying He; Size effect on mechanical
properties of PS-DVB microspheres.

Per Martin Rervik; Template-free hydro-
thermal synthesis of PbTiO, nanorod
arrays.

Francesco Madaro; Synthesis of alkali
niobate templates for textured KNN
piezoelectrics.

Ton van Helvoort; Aberration corrected
transmission electron microscopy - what
can it be used for?

Wakshum Mekonnen Tucho:; Microstruc-
ture and permeation studies of H,
permeable Pd-Ag Membranes.

Christian Weigand; Pulsed laser de-
position growth of ZnO nanostructures
for electron transport in hybrid inorganic/
organic solar cells.

Tommy Mokkelbust; Enhanced solar cell
efficency by up conversion.

Duan Chen; Application of carbon nano-
tube composites.

www.ntnu.no/nanolab

Veeco-NTNU NanolLab AFM
User Meeting

A User Meeting focusing on the multitude of
options offered by Atomic Force Microscopy
was arranged at NTNU, October 30. - 31,
2008, by Veeco Instruments and NTNU
NanolLab. The meeting comprised lectures
as well as practical demonstrations and
gathered 45 participants.

Bjorn T. Stokke, NTNU; Introduction and
overview of Nano activities at NTNU.
Fride Vullum, NTNU; From atoms to
microspheres - An introduction to AFM.
Berge Holme, SINTEF; Combining White
Light Interferometry and Atomic Force
Microscopy in the study of silicoaluminop
hosphate catalysts.

Patrick Markus, Veeco Instruments,
Netherlands; HarmoniX™ - Nanoscale
mechanical properties mapping.

Makoto Takemasa, NTNU; Single-
molecule approach for characterization of
polysaccharide interactions.

Henrik Bohr, Technical University of
Denmark; AFM studies of proteins
arranged in arrays or in aggregations.
Kristofer Paso, NTNU:; Paraffin Wax
Investigations with AFM.

Dr. Aji Mathew, Luled University of
Technology; Evaluation of the structure of
cellulose nanowhiskers, nanofibrils and
their nanocomposites using atomic force
microscopy.

Justin Wells, NTNU; Performing con-
ductivity measurements on the nanoscale
using multi-contact probes.

Discussing the options of the AFM in the cleanroom. Photo: Thomas Tybell
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Seminars and Colloquia

During 2008 several seminars, colloquia
and courses focusing on opportunities and
practical issues of various instruments av-
ailable in the clean room area for chemical
methods have been arranged:

Applications of Rapid Thermal Processing
(RTP) ovens

Frode Tyholdt from SINTEF Materials and
Chemistry gave a lecture on the topic: Che-
mical solution deposition of textured and
epitaxial films by rapid thermal processing.
After the lecture, Tyholdt gave a practical
demonstration of the RTP oven in the clean
room.

Short introduction to Scanning Electroche-
mical Microscopy (SECM)

Prof. @yvind Mikkelsen gave a lecture with
the title: Scanning Electron Microscope -
applications and possibilities. The lecture
was followed by a practical demonstation of
the instrument by MSc Silje Marie Skogvold.

Introduction Courses on Atomic Force
Microscopy (AFM)

Associate Prof. Fride Vullum has given 7
half-day practical introduction courses in
application of AFM. The course is a requi-
rement for receiving user access to the
NTNU Nanolab’s AFM. All in all 25 people
attended these courses in 2008.

In addition, several colloquia and seminars
have been given by invited guests and local
staff:

Dr. Tamio lkeshoji, RICS, National
Institute of Advanced Industrial Science
and Technology, AIST, Japan; Nano-
Technology and NanoScience in
electronic device development and Nano-
Simulations for fuel cells.

Associate Prof. Val Zwiller, the Kavli
Institute of Nanoscience, TU Delft;
Quantum optics with nanowires and
quantum dots.

Prof. Andy Kent, New York University;
Spin-Transfer in Magnetic Nanopillars.
Prof. J.M.Zuo, University of Illinois,
Urbana-Chamapign; Atomic Structure of
Nanoparticles and Their Surfaces.

Prof. Reuben T. Collins, Colorado

School of Mines, Golden, USA; Organic
Photovoltaics.

Dr. Chris Marrows, the University of
Leeds; Domain wall magnetoresistance
and current driven motion.

Prof. John Weckert, the School of
Humanities and Social Sciences at
Charles Sturt University, Australia; / don't
care what you do so much as long as you
worry about it: some considerations on
responsibility.

Prof. Gabor A. Somorjai, the University

of California, Berkeley; The Nanoscience
Revolution in Catalysis Science.

Professor Stephan Hell, the Max Planck
Institute for Biophysical Chemistry,
Department of NanoBiophotonics and
University of Géttingen; Far-field
Nanoscopy.-F

Maria Engstrom, Center for Medical
Imaging Science and Visualization, and
University of Lindkdping; Nanoparticles as
contrast agents in MR and cell studies.e
Thijs J.H. Vlug, the Technical University of
Delft; Molecular simulations of nanoscale
pore or particle structures.

Associate Prof. Morten Kildemo, Dept

of Physics, NTNU; Optical response from
nanostructured surfaces.

Dissertations

The following candidates have defended
their thesis for a PhD degree at NTNU in
fields related to nanotechnology in 2008.

Kjetil Barkje: Theoretical studies of uncon-
ventional order in quantum many-particle
systems.

Hakon Berli: Modeling of Drain Current and
Intrinsic Capacitances in Nanoscale Double-
Gate and Gate-All-Around MOSFETs.

Anja Bye: Gene expression profiling of
inherited and acquired maximal oxygen
uptake.

Eskil Kulseth Dahl: Theoretical studies of
condensed matter systems with multiple
broken symmetries.

Bjern Christian Enger: Hydrogen
production by catalytic partial oxidation of
methane.

Tom Richard Evensen: Nanoparticles in
dilute solution: a numerical study of
rotational diffusion.

Davi de Miranda Fonseca: Phase
separation and orientational ordering of
synthetic Na-fluorohectorite clay particles
in saline aqueous suspensions.

Jgrn Foros: Noise and dissipation in
magneto-electronic nanostructures.

Martin Sigurd Grensleth: Theoretical
Studies of Unconventional Superconductors.
Lars Hagen: Regulation of DNA Base
excision repair by protein interactions and
post translational modifications.

Nina Hammer: Au-TiOZ catalysts
supported on carbon nanostructures for CO
removal reactions.

Lina Jonasson: Electrochemical formation
of carbon nanostructures in Cryolitic melts.
Jan Petter Morten: Coherent and Corre-
lated Spin Transport in Nanoscale Super-
conductors.

Ronny Myhre: Genetic studies of candidate
genes in Parkinson’s disease.

Yrr Asbjgrg Mgrch: Novel Alginate
Microcapsules for Cell Therapy - A study of
the structure-function relationships in
native and structurally engineered
alginates.

Camilla Nordhei: Aspects of electronic and
structural properties of nanophase cubic
ferrites studied by X-ray absorption spectro-
scopy, including the decomposition of
carbon dioxide over hydrogen-reduced
ferrites.

Per Martin Rervik: Synthesis of ferro-
electric nanostructures.

Shimul Chandra Saha: RF MEMS Switch
Circuits.

Lei Shao: Cross linking and Stabilization of
High Free Volume Polymers for Gas
Separations.

Ottar Sundheim: Structure-function
analysis of human enzymes initiating
nucleobase repair in DNA and RNA.

Marte Thuen: Manganese-enhanced and
diffusion tensor MR imaging of the normal,
injured and regenerating rat visual pathway.
Cathrine Broberg Vagbe: Direct repair

of alkylation damage in DNA and RNA by
2-oxoglutarate- and iron-dependent
dioxygenases.

Carsten Wulff: Efficient ADCs for Nano-
Scale CMOS Technology.

Publications

Nanomaterials
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Microscopy, 2008, 57(6), 175.
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Theory and Simulations 2008, Volum 17, 121.
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Brownian Dynamics Simulations of Rotational Diffu-
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K. D.; Kopstad, G. and Elgsaeter, A. A transmission
electron microscope end electron diffraction study of
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He, J.; Zhang, Z.; Midttun, M.; Fonnum, G.;
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137, 686.
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Materials Science, 2008, 43(21) 6920.
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2008, 483-484, 59.
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Systems. Journal of Physical Chemistry A, 2008,
112,1277.

Mokkelbost, T.; Kaus, I.; Haugsrud, R.; Norby, T.;
Grande, T. and Einarsrud, M.-A. High-temperature
proton-conducting lanthanum ortho-niobate-based
materials. Part Il: Sintering properties and solubility
of alkaline earth oxides. Journal of the American
Ceramic Society, 2008, 91, 879.

Nagayoshi, H.; Nordmark, H.; Holmestad, R.;
Matsumoto, N.; Nishimura, S.; Tersahima, K.;
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Nanoelectronics, -photonics
and -magnetism
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