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In January 2002, Helge Sander, the Danish 

Minister of Science, Technology and Innovation, 

inaugurated the iNANO center. At the inau-

guration, Nobel Laureate Heinrich Rohrer and 

Professor Andreas Engel gave invited lectures 

which stressed the central role of advanced new 

technologies based on nanoscience in modern-

day value creation. Today, I am proud to say  that 

iNANO is taking powerful strides towards fulfilling 

these promises and has placed itself in a leading 

role in supporting the Danish society’s ambition to 

become a world-wide high-technology leader. 

The iNANO center was established with the aim of 

fostering interdisciplinary research within the area 

of nanoscience and nanotechnology, i.e. promote 

synergistic interactions that cross traditional sci-

entific boundaries. iNANO provides a framework 

in which leading-edge expertise in physics, chem-

istry, molecular biology, biology, engineering and 

medicine are combined to create an interdiscipli-

nary environment of international stature with 

regards to science and technology, and a regional 

and national power hub for enhancing industrial 

competitiveness. 

The iNANO mission

The mission of iNANO is based on three equally 

important aims/fields: 

1.  to play a key role in the education of the next 

generation of scientists in nanotechnology  

at the Bachelor, Master, PhD, and postdoctoral 

levels 

2.  to strengthen interdisciplinary research in 

nanoscience and nanotechnology and  

catalyze collaborations with other inter- 

national nanoscience research groups 

3.  to provide an innovative interface for trans-

fer and transformation of basic nanoscien-

tificknowledge to nanotechnology in Danish 

industry, i.e. assist the creation of spin-off  

companies and catalyse innovative projects  

in existing companies.

All three aspects of iNANO’s activities are covered 

in separate chapters in this report.

Pioneering undergraduate education

At international level, iNANO has played a pio-

neering role in establishing a new interdiscipli-

nary curriculum in nanotechnology. Prior to the 

official inauguration of iNANO, plans for a new 

undergraduate education in nanotechnology 

were sent to the Ministry of Science, Technology, 

and Innovation and the Ministry of Education. The 

curriculum covers a broad spectrum of introducto-

ry, advanced, and specialized courses, which aim 

at providing the students with a sufficiently broad 

basis to conduct interdisciplinary research in the 

nano-area and at the same time achieve discipli-

nary depth and specialized skills in selected areas.

Graduate education – iNANOschool

In December 2002, a vocationally oriented grad-

uate school associated to iNANO, iNANOschool 

(www.iNANOschool.dk), was established. iNA-

NOschool received a large grant from the Danish 

Research Training Council (FUR), which released 

further funds from the Faculties of Science and 

Health Sciences at the University of Aarhus, from 

the County of Aarhus, and several leading Danish  

companies. The result of the latter funds was a 

trebling of the original FUR grant which in turn 

makes it possible for us to award further PhD sti-

pends. 

Interdisciplinary research activities

The iNANO research centre provides the frame-

work for interdisciplinary projects in the area of 

nanoscience and nanotechnology, and at present 

20 different research groups and a total of close to 

100 scientists (full, associated, and assistant pro-

fessors) and 80 PhD students are associated with 

iNANO. Since the official inauguration in 2002, 

iNANO has played an important role in setting up 

an increasing number of visionary interdiscipli-

nary projects. Current research activities fall with-

in the following six target areas: 

 

· Bio-nanotechnology 

·  Nanomedicine 

· Nanophotonics and electronics 

·  Functional nanomaterials 

· Nanocatalysis and energy storage 

· NanoFood 

iNANO has been very successful in attract-

ing grants. In April 2003 the first funds from 

the national programme “National Effort in 

Nanotechnology and Nanoscience” were award-

ed, and iNANO received the largest grant of all, 

This is the first annual report from   

the Interdisciplinary Nanoscience 

Center (iNANO) at the University of 

Aarhus and Aalborg University.  

The iNANO centre has experienced  

a rapid development in 2004,  

and has indeed continued a  

strong development ever since  

its inauguration in 2002

Message from the Director
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i.e., DKK 25 million out of a total of DKK 60 million, 

for the four targeted projects:

1.  Molecular self-assembly and surface  

functionalisation

2.  Designing biosensors using conformational 

changes in biomolecules

3.  Drug-delivery from nanoparticles

4.  Light emission from nanocrystals in  

silicon-based semiconductors

For the second round of applications from the 

Danish nano-programme, the public research 

funding structure had changed. The funding 

body was now the “Programme Committee for 

Nano, Bio, and IT technology” under the Strategic 

Research Council (www.forsk.dk). The appli-

cation conditions also changed and focus was 

moved to the direct involvement from industry. In 

December 2004, iNANO was awarded the largest 

grant of DKK 15 million from the second round.  

We set up four new targeted projects with indus-

trial collaboration in which the companies also 

take part in the project management:

5.  Nanocrystalline oxide coatings  

(Grundfos A/S, SCF Technologies A/S)

6.  Nano-functionalised 3D scaffolds as advanced 

bioactive materials for bone reconstruction 

(Danfoss A/S)

7.  Nano-probes for monitoring DNA damage 

response (Kræftens Bekæmpelse, BioImage A/S)

8.  A 2-D micro and nanoscale structural platform 

for drug screening (H. Lundbeck A/S,  

NanoNord A/S)

EU projects are another large source of research 

funding. As a signature of our international stat-

ure, iNANO in 2004 played an important role in 

attracting a grant for one of the prestigious EU 

Instrumental Network of Excellences, Frontiers 

(www.frontiers-eu.org), officially entitled 

“Research, processes and facilities directed at 

instrumentation for manufacturing and analy-

sis of single molecules, individual nano-struc-

tures and 2-3 D architectures of them, targeted 

at life sciences.” Furthermore, iNANO research-

ers have with success competed for funding for 

three Integrated Projects (IPs), one Research 

Infrastructures Action, and four Specific Targeted 

Research Projects (STREPs).

Collaboration with industry  
and innovation

An important element of iNANO is the collabo-

ration with national and international industrial 

companies. Some of the Danish companies with 

interest and expertise in nanotechnology are rep-

resented on the iNANO board . Today INANO have 

formal collaboration with the following compa-

nies: Danfoss A/S, Haldor Topsøe A/S, H. Lundbeck 

A/S, Grundfos A/S, Arla Foods amba, Danisco 

A/S, Cantion A/S, CemeCon A/S, NanoNord A/S, 

Radiometer A/S, Novozymes A/S and Fibertex 

A/S. In 2004 iNANO was awarded a large grant 

from Haldor Topsøe A/S to set up a state-of-the-

art atomic force microscope for studying support 

materials for catalysts, and also a collaborative 

project was established with Cantion A/S in which 

iNANO works with Cantion on the development of 

cantilever-based biosensor applications. 

In 2004, a unique partnership was set up in which 

iNANO works with Cantion on the development 

of cantilever-based biosensor applications, grant-

ing the university  access to clean-room research 

and production facilities situated at NanoNord 

A/S. Concurrently, the Department of Physics and 

Nanotechnology at Aalborg University has moved 

into the building adjacent to the clean-room facili-

ties. We expect this joint venture to impart a great 

amount of momentum to especially an expan-

sion of the synthesis facilities under the auspices 

of iNANO.

Also in 2004, a consortium named “Nanofood” was 

established to strengthen research activities in the 

area of food technology, focusing on improved food 

safety and healthy nutrition. The initiative came 

from the local authorities who facilitated the crea-

tion of the consortium, which is now affiliated with 

iNANO. The partners in Nanofood include a number 

of strong industrial players in the region such as 

Arla Foods, Danisco, Aarhus United, Danish Crown, 

and Systematic Software Engineering in collabo-

ration with the University of Aarhus (iNANO), the 

Danish Technological Institute and the University 

College of Aarhus. The initiative is supported by the 

Municipality and County of Aarhus.

The future of iNANO

By now both the educational and the fundamen-

tal nanoscience research efforts in iNANO are well 

established. The next difficult step, which 

has already been initiated, is to assist the 

transformation of nanoscience research into 

nanotechnology in collaboration with existing 

and new industrial partners. On a daily basis, 

iNANO is approached by small and medium 

sized companies who wish to explore the 

possibility of initiating joint activities in the 

nano area.

A recent Danish Technological Foresight report on 

nanotechnology (www.teknologiskfremsyn.dk) 

recommends the establishment of two national 

nanotechnology competence centres for stra-

tegic nano research and innovation. iNANO has 

worked hard to achieve critical mass, breadth 

and international stature to be able to attract 

one of these national nanocenters and to man-

age such a centre with its full spectrum of basic 

research activities and collaborative projects 

with industry. The Board of the University of 

Aarhus has selected nano-technology as one 

of six focus areas, and steps are currently being 

taken to erect a new building – an iNANO  

complex – with clean-room synthesis facilities, 

laboratories, offices and space for industrial  

collaboration and innovation. An iNANO  

complex in Aarhus will prove crucial to the  

success of interdisciplinary projects in that the 

project partners will be able to work under the 

same roof and interact freely on a daily basis,  

as is already the case at iNANO’s Aalborg site.

NaNet – a nanotechnological  
network of knowledge

In 2004 a national Network of Knowledge on 

Nanotechnology, NaNet, was established to 

offer assistance to especially small and  

medium-size enterprises with an interest in 

nanotechnology. NaNet is a collaborative effort 

between the major Danish universities and 

national laboratories: the  Technical University 

of Denmark, the Copenhagen University, The 

University of Southern Denmark, the Aalborg 

University and the University of Aarhus. 

A network office will be set up at the University 

of Aarhus in early 2005. Through web pages 

and workshops, NaNet will work to disseminate 

knowledge generated at the universities into 

society with the aim of improving the competi-

tiveness of Danish industry.

Flemming Besenbacher

director
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Undergraduate studies
The plans for the undergraduate studies were 

approved in January 2002, and in September 2002, 

37 new students commenced their studies at 

the University of Aarhus. In 2004 the experience 

gained from the education of these frontrunners 

and the feedback from them led us to redefi ne 

the 3rd and 4th year of the nanostudy programme 

curriculum and to introduce three specialisa-

tions: nano-physics, nano-chemistry, and nano-

bio (www.inano.dk/studerende). The course pro-

gramme for the 4th study year has been decided 

in consultation with  iNANO researchers who are 

expected to act as future supervisors for  Master 

or PhD projects. In the 4th year, four new cours-

es are introduced: Nanocharacterisation, Current 

Nanoscience, Student’s colloquium, and a pat-

ent/innovation course. These four courses will run 

for the fi rst time in 2005/2006, when the “old-

est” students will be in their 4th study year. The 

former two will introduce a number of experimen-

tal characterisation techniques for nanoscience 

and important subject matters for nanoscience 

research. The colloquium will give the students 

experience in presenting a subject of their own 

choice in a coherent manner to a wider audience. 

Finally, the patent/innovation course introduces 

concepts of commercialisation which are high-

ly relevant to anyone who wishes to enter into a 

commercial exploitation of nanotechnology.

In September 2003 and 2004, 45 students and 

66 students enrolled on the nanotechnology 

study programme, respectively. These are high 

numbers in comparison with the traditional 

disciplines at the Faculty of Science, and a number 

of mainly social initiatives (counselling, “nano 

café”, extra instructors, etc.) have  helped lower 

the drop-out frequency below that of other disci-

Educational activities

Course programme for new nanotechnology students. Legend: blue: physics courses, yellow: chemistry 

courses, orange: molecular biology courses, red: mathematics/computer science courses, green: 

nanoscience courses, grey: specialisation modules. A prominent feature of the nanotechnology 

course programme are the projects  in the 1st, 2nd, and 3rd years. 

plines. This great success has now led us and the 

University of Aarhus to impose a quota of 60 nan-

otechnology students in the years to come. 

In 2004 iNANO arranged a very successful fi ve-

day study trip for a group of 28 third-year students 

to the nanoscience centres in Cambridge, Oxford 

and London, with which iNANO have established 

collaboration regarding the Bachelor and Master 

educations. 

At Aalborg University, a new engineering 

programme focused on nanotechnology started 

in 2003 (www.physics.aau.dk). At present, 30 

and 45 students are enrolled in the fi rst and 

second year of the Bachelor part, respectively. 

The programme consists of a combination of 

courses and projects with different themes for 

each semester (see Figure). 

Course programme for the Bachelor programme 

in nanotechnology at the Aalborg University. 

Numbers in parenthesis are the length of the 

course in ECTS.

Specialisation - 6

Specialisation - 5

Specialisation - 4

Specialisation - 3

Solid state physics

Statistical mechanics

Specialisation - 2

Specialisation - 1

Experimental exercises

Statistics and data handling

Introduction to quantum mechnics

Electromagnetism

Mechanics/thermodynamics

Introductory mechanics

Innovation/patent Specialisation - 10

Student’s colloquium Specialisation - 9

Current nanoscience Specialisation - 8

Nanocharacterisation Specialisation - 7

Theory of Science Bachelor project

Experimental mol.bio. Bachelor project

Bionanotechnology Nano project

Bioinformatics  Intro to programming

Chemical binding 
and molecular spectroscopy

Linear algebra - 2

Linear algebra - 1

Inorganic chemistry Basic molecular biology

Thermodynamics/kinetics Basic biochemistry

Organic chemical reactions Basic biology - 2

Organic chemistry Basic biology - 1

Numerical physics Calculus - 2

Introductory chemistry Calculus - 1

Master project in nanotechnology

Waves and optics Nano project

Master project 

Semester project

Semester project

Semester project

Semester project

Semester project

Semester project

Semester project

Semester project

Semester project

Nano specialization: Physics, Bio, Health care or Production

Nano specialization: Physics, Bio, Health care or Production

Nano specialization: Physics, Bio, Health care or Production

Nanofabrication and characterization, Cellular physiology, 
Quality control, Nanostructures in biological organisms,

Biochemical reactions in the body, Opto-electronic of nanostructures

Quantum mechanics, Structure of solids and liquids,
Molecular biophysics, Computer modelling,

Spectroscopy, Mathematics

Quantum mechanics, Structure of solids and liquids,
Molecular biophysics, Computer modelling,

Spectroscopy, Mathematics

Electromagnetic fi elds in nanostructures, Gene technology,
 Basic Optics, Ethics, Laboratory training, Mathematics

The composition of matter, Chemical and biological molecular 
structures, Scientifi c communication and methods, 
Mathematics 2, Mechanics and Thermodynamics

Atoms and molecules, Basic Chemistry , IT,
Scientifi c models of the universe, Mathematics 1
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Two-year Master programme with specialisa-

tions in physics, biotechnology, health care, 

and production techniques are currently being 

planned in details.

Graduate studies - iNANOschool
A vocationally oriented graduate school, 

iNANOschool (www.inanoschool.dk), was 

started in 2002 shortly after the inauguration of 

iNANO. The activities in iNANOschool (mainly 

PhD projects and graduate courses) are based 

on a large grant of DKK 12 mill. from the former 

Danish Research Training Council (FUR), which 

is now called the Danish Research Training 

Committee (FUU). The grant only pays 1/3 of a 

PhD stipend in a so-called co-fi nancing scheme, 

meaning that the Faculty of Science and the 

Faculty of Health Sciences contribute another 

1/3, the remaining 1/3 coming from a private 

company or a public body, in our case 

the County of Aarhus.

Currently, 21 PhD projects are fi nanced by the 

FUR funds. The total number of PhD students 

enrolled in iNANOschool is, however, as high 

as 80, the remainder being fi nanced by e.g. 

faculty funds or funds obtained bythe individual 

research groups in iNANO  from other sources, 

such as the national effort in nanotechnology 

and nanoscience. The originally granted funds 

have now all been preplanned, and  an  applica-

tion for new stipends was recently submitted.

In 2004, a number of graduate course were

held as part of the iNANOschool activities:

N9: Bionanotools and protein structure

N13: Biosensors on the micro and nanoscale 

to sense biological processes (5 ECTS)

N17: Formidlingskursus (in Danish)

N18: Membrane protein biophysics (4 ECTS)

N19: Course in academic/professional 

presentations

PhD school: Spectroscopy of Nanosized 

particles and Nanosurfaces - Femtobiology, 

Single Molecule Spectroscopy, Correlation 

Spectroscopy Applications and Promises

Finally, iNANO organised a very successful autumn 

school at Fuglsøcentret near Aarhus on October 8-

12, 2004 with attendees from ten European coun-

tries. We were able to present a number of excel-

lent lecturers:

1.  Aric Menon, the Technical University 

of Denmark, Department of Micro 

and Nanotechnology: “Cantilever nano-

biosensors”

2.  Bo Brummerstedt Iversen,the University 

of Aarhus, iNANO: “Synthesis of novel 

nanomaterials”

3.  Ryszard Pyrz, the Aalborg University, Institute 

of Mechanical Engineering: “Nanocomposites 

for structural applications”

4.  Mikael Käll, Chalmers Göteborg University, 

Department of Applied Physics: 

“Nanoplasmonics”

5.  Thomas Zwieg, Danish Technological Institute, 

Aarhus: “Functionalisation of surfaces by 

SAM, Silane and Sol-Gel. Technology - 

Fundamentals and applications ”

6.  Eduoard Bertrand, CNRS, Institut de Génétique 

Moléculaire de Montpellier: “Detection of sin-

gle mRNA and DNA molecules in living cells”

7.  Nynke Dekker, the Delft University of 

Technology, Molecular Biophysics Group: 

“Single molecules: Elasticity, polymer physics, 

and interactions with proteins”

8.  Lars Montelius, the University of Lund, 

Department of Physics: “Nanoimprint lithog-

raphy: An emerging technology with large 

area nanostructuring capability”

9.  Henrik Birkedal, the University of Aarhus, 

iNANO: “Biomineralization. An overview of 

how nature makes nanomaterials”

10.  Mathis Riehle, the University of Glasgow, the 

Centre for Cell Engineering: “Topography, a 

simple way to form an advanced interface on 

biomaterials. Nano and microfeatures for cell 

biology”

11.  Mike Horton, the University College London, 

the Bone and Mineral Centre: “AFM applica-

tions for cell biology”

12.  Martin Read, the University of Birmingham, 

Wolfson Research Laboratories: “Developing 

synthetic vectors to overcome intracellular 

barriers” 

13.  Ken Howard, the University of Aarhus, iNANO: 

”Drug delivery technology for therapeutic and 

prophylactic applications”

14.   Yrjö Konttinen, the Biomedicum Helsinki: 

“Aseptic loosening of the totally replaced hip”

15.  Andreas Züttel, the Institute for Renewable Energy 

Switzerland: “Hydrogen at nanomaterials”

16.  Jens K. Nørskov, the Technical University of 

Denmark, Center for Atomic-scale Materials 

Physics: “Catalysis by metallic and biological 

nanostructures”

Education and industry
The nanotechnology study programme aims at educating and providing students with 

the ability to work in research laboratories in private companies. Consequently, one of the 

new initiatives is a project  performed at a company, e.g. in connection with a Bachelor’s 

project during the third year of the nanotechnology Master programme. The students Karina 

Matthiesen and Lina Sjøberg have started a Bachelor’s project with Danisco A/S, one of the 

world’s leading food ingredients companies. Their project concerns the enzyme hexose 

oxidase, which is used for industrial baking processes. The students investigate the nano-

structure and stability of the enzyme with e.g. the Circular Dichroism technique.

particles and Nanosurfaces - Femtobiology, particles and Nanosurfaces - Femtobiology, 

Single Molecule Spectroscopy, Correlation Single Molecule Spectroscopy, Correlation Single Molecule Spectroscopy, Correlation Single Molecule Spectroscopy, Correlation Single Molecule Spectroscopy, Correlation 

Spectroscopy Applications and PromisesSpectroscopy Applications and PromisesSpectroscopy Applications and PromisesSpectroscopy Applications and PromisesSpectroscopy Applications and Promises



The toolbox is ready: Several classes of organic 

compounds with potential application in function-

al nanodevices have been synthesized and tested. 

Single molecule functionalities include electronic, 

optical, mechanical, catalytic and receptor prop-

erties as well as molecules with geometries that 

make them suitable as nanoconstruction scaffolds. 

But unfortunately no simple and effi cient tech-

nologies exist to connect several of these building 

blocks or to make them communicate in order to 

obtain an integrated device. 

The Organic Nanochemistry group at iNANO is 

exploring new principles for the assembly and 

coupling of synthetic compounds. One of the best 

ways to solve this fundamental problem is to mim-

ic nature’s ability to arrange and connect molecu-

lar building blocks by self-assembly. The group 

has successfully exploited the universal encoding 

material of nature - DNA - to encode organic build-

ing blocks to assemble into predetermined aggre-

gates. This is the fi rst example of the DNA-directed 

assembly and covalent coupling of organic nano-

structures. Furthermore both the modules and the 

linkages bridging them are designed to conduct 

an electric current necessary for electronic com-

munication between the building blocks. 

Connecting the building blocks

Two advanced organic building blocks were 

designed and synthesized. Each module possess-

es a rigid linear backbone in order to avoid folding 

into undesired shapes. Chemical linker groups are 

placed at both ends of the backbone to enable cov-

alent bonding between the building blocks. Finally, 

DNA-directed assembly:  

A potential molecular electronics 
construction set

A major challenge in nanotechnology 

is to assemble molecular building 

blocks into complex functional 

nanodevices. The unique ability of 

DNA to recognize complementary 

DNA sequences may provide the 

solution.  At the iNANO center DNA-

directed assembly and coupling of 

organic nanostructures has been 

performed for the fi rst time.

By Kurt Gothelf

The chemical structure of the two organic buil-

ding blocks are shown in the central part of the 

illustration. Depending on the DNA-sequences 

that are attached to the modules they have 

been encoded to assemble and couple into 

various supramoleculars structures, depicted 

along the frame of the illustration.
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at short piece of single-stranded DNA is placed 

at each terminus. The DNA strand of one build-

ing block recognizes single-stranded DNA with a 

complementary sequence tied to another build-

ing block in an entirely predictable way. When this 

happens the two DNA strands combine into a dou-

ble helix joining the two modules. Having done its 

job the DNA helix is cleaved from the assembled 

building blocks.  

The organic compounds can be encoded by their 

DNA strands to couple with high specifi city into a 

variety of different combinations depending on 

their DNA sequences. The coupling reaction result 

in metal containing and potentially conducting 

bridges between the modules, and the system is 

therefore an early example on a potential molec-

ular electronics construction set. If extendable to 

the assembly of hundreds or even thousands of 

organic modules this approach could solve some of 

the fundamental problems of connecting building 

blocks in nanoscience. The possible ability to cre-

ate complex functional nanostructures and eventu-

ally to construct organic nanodevices with this new 

nanoassembly concept has urged the researchers 

to protect the intellectual rights in a patent.

A new start up company

DNA-directed methods to control and encode 

chemical reactivity is a fi eld of increasing industri-

al interest and in recent years a number of start up 

companies based on DNA-directed chemistry have 

appeared. The Organic Nanochemistry group is cur-

rently involved one of these new companies which 

is in the very early phase. 

Single strands of DNA combine to form a double helix only if their sequences are 

complementary (A). Thymine always couples to adenine and guanine to cytosine (B). 

Therefore DNA-directed assembly of organic building blocks is extremely specifi c (C).

(A) (B)

(C)

DNA Organic Module

Programmed

self-assembly

1) Covalent coupling

2) Cleavage of DNA

The rigid organic building blocks are equipped 

with a sequence of single-stranded DNA at both 

ends. As complementary DNA strands combine 

to form a double helix selected building blocks 

are connected and subsequently coupled with 

covalent bonds. Finally DNA is cleaved from the 

resulting nanostructure.

 Kurt Gothelf
Associate Professor
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Small interfering RNA’s (siRNA) have emerged 

as a new and very efficient tool to downregulate 

gene expression in humans, animals and plants. 

In particular, high expectations have been giv-

en to siRNA as a potential new universal drug for 

treatment of a variety of human diseases such as 

cancer, rheumatoid arthritis, brain diseases and 

viral infections. For instance, we have found that 

the introduction of siRNA targeted against the 

activated oncogene H-Ras in proliferating cancer 

cells, is able to revert the cells back into normal 

cells. H-Ras is involved in many types of cancer.

Reaching the target cells

A major challenge, however, remains in order to 

ensure the efficient delivery of siRNA drugs to 

diseased cells in living animals and eventually in 

humans. It requires the ability of intact siRNA to 

migrate through the body, reach diseased tissue, 

enter the cells and accumulate in therapeutically 

effective levels. 

To accomplish this we have mixed anionic siRNA’s 

with cationic polymers, and have thus achieved 

incorporation of potential drugs in spherical  

nanoparticles measuring 100-300 nanometres. 

The nanocarriers protect the siRNA from being 

degraded by enzymes inside the body. Once the 

target cells have been reached, the nanoparticles 

bind to specific receptors in the cell membrane, 

and the nanoparticles (nanocarriers) are subse-

quently transported into the cells.

Releasing the drug

To ensure that the siRNA cargo is released inside the 

cells, the nanocarriers were designed to selective-

ly degrade under intracellular conditions; termed 

bioresponsive system bioresponsive system.

The siRNA-containing nanoparticles have been 

tested in cultured cells for biological activity. To 

visualize sufficient uptake and correct localization 

of the siRNA we incorporated fluorescent mark-

ers in the siRNA and the polymer particles. This 

allowed us to follow the constituents in a culture 

of fixated cells. The experiments show that siR-

NA is accumulating near the nuclear membrane, 

which generally correlates with the biological 

function.

Drug delivery:

Nanocarriers ferry medicine 
into diseased cells

Small interfering RNA’s is a 

potential new universal drug for 

treatment of a variety of human 

diseases but efficient delivery into 

diseased cells remains a major 

challenge. Polymeric nanocarriers 

containing the drugs may solve 

the problem.

By Jørgen Kjems and Kenneth Howard

 

Within the body, naked siRNA is degraded by 

enzymes. To avoid this we have incorporated  

siRNA in nanoparticles able to reach target  

cells intact. Microencapsulation technology has 

been used to surround nanoparticles in a bio-

degradable coat for sustained release delivery.  

After release the nanoparticles bind to receptors 

in the cell membrane and are subsequently  

transported into the cell. Inside the cytoplasm, 

the nanoparticle matrix dissolves and the drug 

is released.
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Dicer cuts
up the RNA

Double-stranded RNA

Single strands form
small interfering RNA
complexes

Complex binds
to target RNA,
silencing gene

A section of brain taken from a green-glowing 

transgenic mouse. The image shows EGFP 

fluorescent vessels.

Finally, we took the most promising siRNA for-

mulations to test where the capacity of limiting 

the expression of a single gene was evaluated 

in mice. For visualization of the biological effect 

we initially focused our studies on the enhanced 

green fluorescent protein (EGFP), which is ubiqui-

tously expressed in a mouse model from an engi-

neered transgene. 

After intravenous or nasal delivery of siRNA direct-

ed towards the EGFP gene, the mice were sacri-

ficed and analyzed in detail for the EGFP expres-

sion. The efficient knock-down of EGFP in a sub-

set of cells suggests that the siRNA is effectively 

taken up by some cells, but further optimization 

of the nanoparticles is required to get systemic 

delivery to all organs of the mouse. 

Nasal delivery of siRNA drugs is of particular inter-

est for treatment of psychiatric diseases by regu-

lating the amounts of key neurotransmitters in 

the brain, while intravenous delivery is well suited 

to treat e.g. leukaemia.

RNA interference is a natural defence 

mechanism neutralizing double-stranded 

RNA inside cells in order to eliminate e.g. 

RNA viruses. First, viral RNA is digested  

into siRNA’s by an enzyme called Dicer. 

Next, each siRNA is split into single  

strands that are incorporated into a  

protein complex. This complex binds to  

the viral target gene, silencing the gene 

or limiting its expression. In a similar way, 

synthetic siRNA drugs are able to inhibit 

specific disease genes, for instance,  

activated cancer genes.

The reducing environment in the cytoplasm opens the nanoparticle polymer matrix. In an 

experiment to model intracellular conditions, the reducing agent DTT dissolved the nanopar-

ticles and released the incorporated nucleic acid; this is shown in the AFM image in panel B. 

Panel A shows an untreated sample with intact nanoparticles.

500 nm 500 nm

A B

Once inside a cell, siRNA binds to the nuclear membrane: Panel A, cell with siRNA stained red 

and nucleus blue; Panel B, light image of Panel A.

A B



Knowledge about implant  

biocompatibility can be obtained 

by examining the nanostructure of 

new bone formed on implants. 

This may lead to the development

of new generations of biomaterials 

with improved properties and 

implants that will last a lifetime.

By Mathias Bünger, Morten Foss, Henrik Birkedal, 

Jan Skov Pedersen

Bone nanostructure:

Improving the biocompatibility of implants

Degenerative disorders, trauma and cancer of the 

human movement apparatus represent a tre-

mendous socio-economical challenge. The main 

surgical treatments are artificial joint replace-

ments, bone synthesis and reconstructions for spi-

nal diseases. The use of metals for these types of 

implants has in general evolved to be a success. 

However, many patients experience implant loos-

ening due to insufficient biocompatibility and bio-

integration of the implant; This typically happens 

for one in ten patients over a ten-year period. The 

loosening of implants often causes the patient 

severe pain, and he/she must endure another 

operation in order to replace the implant.

The detailed understanding of an artificial mate-

rial’s biocompatibility requires knowledge rang-

ing from biomolecular adsorption on surfaces to 

evaluation of clinical models. At iNANO we have a 

truly interdisciplinary team of researchers coming 

from medicine, molecular biology, chemistry and 

physics, working on bone growth in connection 

with orthopaedic implants. The ultimate goal is to 

use nanotechnology to improve the understand-

ing of the processes involved in biocompatibility 

and biointegration at the molecular level and to 

create chemically functionalized and nanostruc-

tured surfaces with improved biocompatibility. 

In order to bring knowledge from the lab to the 

patient, we are engaged in a close collaboration 

with our industrial partner, Danfoss. The company 

has excellent industrial facilities for the production 

of a new generation of implants. 

Sublime architecture

The unique properties of bone are a list of appar-

ent contradictions: Rigid, but flexible; lightweight, 

but solid enough to support tissue; mechanically 

strong, but porous. In order to meet these differ-

ent demands, bone has a hierarchical structure 

that extends from the nanoscale to the macro-

scopic length scale. On the smallest scale, bone 

is a composite material consisting of a mineral 

phase of carbonated hydroxyapatite, basically 

lime stone, and an organic phase of mainly colla-

gen. By combining the tensile strength of collagen 

with the hardness and stiffness of the hydroxyap-

atite nanocrystallites, the favourable properties of 

bone are obtained.

Bone formation on implants

The ideal implant surface is able to attract bone 

forming cells and stimulate their synthesis of pro-

teins which enhance the deposition of hydroxya-

patite to form new bone around the implant. 

Simultaneously, processes that degrade bone 

must be inhibited. The implant must also possess 

mechanical properties mimicking the structure of 
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The biocompatibility of an artificial material in 

the body is extremely complicated and involves 

processes on several length scales. When the 

material is placed in tissue, a race for the surface 

starts immediately. Within a few milliseconds a 

layer consisting of water and biomolecules from 

the physiological liquid is formed on the implant 

surface. Subsequently, cells from the surround-

ing tissue migrate to the area due to stimulation 

by cytokines and growth factors in the bio-layer. 

The chemical and topographical properties of the 

implant surface strongly influence the proper-

ties of the bio-layer, and this influence needs to 

be understood and controlled in order to optimize 

biocompatibility. 



natural bone in order to make the new  

bone stick firmly and permanently to the 

implant. Knowledge about the structure of 

bone and how bone forms on the nanometer 

length scale will be extremely useful for the 

development of new implant surfaces with 

increased biocompatibility. 

However, we have not yet achieved this crucial 

knowledge. Thus, in one project we have applied 

scanning small angle X-ray scattering (sSAXS) 

and atomic force microscopy (AFM) to study 

the nanostructure of bone with respect to bone 

growth around implants. sSAXS offers position 

resolved information about the thickness, shape 

and orientation of the hydroxyapatite nanocrys-

tallites, whereas AFM offers the extremely high 

resolution imaging of the individual molecules 

in bone. 

A growth plate has been investigated as a model 

system for bone mineralization and growth. By 

use of AFM we have identified fibrous structures 

which are most likely to be different types of col-

lagen. sSAXS data show that these fibres have 

internal inhomogenities with a characteristic 

length scale of a few nanometres, which match 

the size of the mineral particles formed in the 

mature bone.
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Knowledge about bone formation in the nanometer length scale may be obtained by the use of 

advanced X-ray based techniques like sSAXS. A) Computerized tomography (CT) image of a pig  

vertebra. B) Survey sSAXS scan: The black area, bottom left, is the vertebral canal. The orange/red  

colour represents mineralized bone. The black regions are the bone marrow cavities. The white line 

shows the growth plate of the bone that is responsible for the development of the lateral part of the 

vertebral bone. C) High-resolution sSAXS scan of the growth plate and the adjacent region of bone.  

D) Raw SAXS images from the bone and growth plate. 
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The surface of an implant must match the nanoscale structure of growing bone in order to 

achieve good biocompatibility. The AFM image shows the central unmineralized part of the 

growth plate in pig vertebra (in collaboration with M. B. Hovgaard). Abundant fibrous struc-

tures are identified. The fibres are approximately 100 nanometres thick and seem to aggre-

gate into larger bundles with no preferred orientation.

Curriculum Vitae: Mathias Hauge Bünger 

• 28 years old

•  Researcher in bone formation and 

implant fixation since 1999, where he 

did a research year at the Department 

of orthopedics and Department of endo-

crinology at Aarhus University Hospital.

•  Since February 2004, enrolled at the PhD 

program at the iNANO centre.

•  In his PhD project bone formation and 

bone mineralization are investigated 

with respect to implant fixation and  

metabolic bone diseases using a number 

of nanobased techniques. 

Mathias Bünger,  Henrik Birkedal, 

Jan Skov Pedersen
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Protein fi brils: 

A key to dementia – with a potential 
as scaffolds for nanochips 

The accumulation of protein fi brils in the brain is the hall-mark of 

dementia diseases. Biophysical analyses of the formation of such fi brils 

may shed light on the deposition process and may even suggest ways 

to prevent it. Meanwhile designer fi bril structures may prove useful as 

scaffolds for nanoscale integrated circuits. 

By Daniel Otzen, Department of Life Sciences, Aalborg University

Collaborators: Jesper S. Pedersen, Mingdong Dong and Flemming Besenbacher

Optical microscopy studies of glucagon fi brils stained with the fi bril-specifi c dye Thiofl avin T.
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In the brain, proteins such as β-amyloid and 

prions aggregate to form long and thin needle-

shaped structures called fi brils, and when these 

fi brils accumulate they give rise to incurable and 

fatal dementia diseases such as Alzheimer’s, 

Parkinson’s and Creutzfeldt-Jakob disease. 

At iNANO we are currently studying the forma-

tion of protein fi brils in laboratory systems by 

characterizing their properties using atomic force 

microscopy (AFM), infrared spectroscopy (FTIR) 

and fl uorescence analysis. It is of fundamental 

interest to determine the relevance of our obser-

vations to the formation of similar structures 

in the living brain. Although amyloid depos-

its are generally dominated by a single compo-

nent, minor species of other proteins may play 

an important part in strengthening or otherwise 

modifying the aggregate. We anticipate that a 

thorough biophysical analysis of these multi-

component aggregates will shed more light on 

the deposition process and may even suggest 

ways to prevent it. This research is carried out 

in collaboration with Novo Nordisk A/S. 

Essentially all proteins can fi brillate provided the 

right conditions, but fortunately only a subset of 

these are physiological. However, some amyloid 

structures serve a biological purpose: Bacteria 

exploit them to form bio fi lms allowing them to 

adhere to surfaces, and in humans such fi brils 

form a matrix for building up skin colour pigment 

melanosomes. We have recently found such 

amyloid structures to be surprisingly widespread 

in bacteria, and are currently pursuing a more 

detailed identifi cation of the molecular compo-

nents of these structures.

Designer fi brils

With the exception of these few examples, 

amyloid proteins and peptides have not been 

designed from nature’s hand to form one par-

ticular well-defi ned fi bril structure. Therefore 

it might be expected that different fi brils can 

be formed under different conditions. We have 

found a striking illustration of this in the fi brilla-

tion behaviour of the peptide hormone glucagon. 

Although the concentration of this peptide in the 

body is too low for forming aggregates, 

it fi brillates easily under laboratory conditions.

By varying conditions such as temperature, 

peptide concentration, ionic strength and the 

nature of the salt, it is possible to obtain fi bril 

structures which differ fundamentally from 

each other. This is the case both in terms the 

secondary structure, the local formation of 

amino acids into β-sheets and α-helixes, as 

wells as the tertiary structure, the organisation 

of β-sheets and -helixes into the three dimen-

sional peptide structure. The thermal and kinetic 

stability of the fi brils also vary considerably. 

The different structures are all well-defi ned in 

terms of thermodynamic properties such as heat 

capacity, melting temperature and unfolding 

rate constants. 

The fi bril type may be further manipulated 

by replacing individual amino acids in the 

peptide. Some individual fi bril types can breed 

true in the sense that fi brils formed under certain 

conditions can be used as seeds to propagate 

formation of the same type of fi brils under 

different conditions which in the absence of 

these exogenously added fi brils would lead 

to another type of fi bril. We are currently 

characterizing the mechanical properties of 

Structure of monomeric glucagon, 

emphasizing its α-helical structure.

a range of different fi bril types using atomic 

force microscopy. 

Scaffolds for nanoscale circuits

The ability of proteins to organize in regular 

and robust structures is useful in many con-

texts.  We anticipate that the prospect of obtain-

ing designer fi bril structures with specifi cally 

designed properties under controlled conditions 

may have implications for their application in 

nanotechnology. 

Fibrils of prion proteins have already been 

used by other research groups as scaffolds for 

nanoscale integrated circuits, but in this case 

the fi brils had not been optimized for applica-

tion conditions. By carefully designing fi brils with 

desired shapes and specifi c thermodynamic and 

chemical properties this approach could prove 

to be valuable for the development of methods 

to assemble nanoscale building blocks into 

functional nanodevices.

AFM pictures of glucagon fi brils, showing how pairs of fi brils intertwine to form 

clusters similar to beads on a string.



Silicon-based chips are expected to remain the 

mainstream technology for logic and memory 

applications for as far into the future as can be 

reliably foreseen. For the next couple of decades, 

the introduction of new silicon-based concepts 

to accomplish further size reductions is much 

more likely than a replacement by completely 

new technologies such as molecular or carbon 

nanotube devices or single-electron transistors. 

However, new silicon-based materials contain-

ing nanostructures will be needed to achieve this 

goal, and also to keep pace with Moore’s law,  

predicting that the number of transistors on an 

integrated circuit will double every 18 months.

Our research is focused on the synthesis and  

characterization of very small silicon and germa-

nium nanocrystals in thin silicon oxide (SiO
2
)  

layers on crystalline silicon substrates. The direct 

applications of these structures are in photon-

ics and electronics, and potentially in extremely 

fast opto-electronic chips in which both electronic 

and optical functions are integrated in the same 

chip. Silicon is the leading semiconductor in micro-

electronic applications, and is thus the material 

of choice for reliable and low-cost opto-electronic 

integrated circuits. Today, however, bulk silicon is 

unsuitable as light emitter, which limits its use in 

opto-electronics. 

Light emission from nanocrystals

Quantum confinement of electrons and holes 

within small nanocrystals incorporated into sensi-

tive areas of a device might enhance the photonic 

capability of silicon to such a degree that efficient 

silicon-based light emitters may be realized.

Light can be emitted when an electron recom-

bines with a hole in the semiconductor. For this 

to happen efficiently, the electron and the hole 

must be close to each other and have overlap-

Nanocrystals:

Keeping pace with Moore’s law in silicon

Eventually, completely new nanotechnologies may replace silicon chips.  

For the next 10-15 years, however, silicon-based devices are expected to remain 

the mainstream technology. Further size reductions and speed improvements 

of electronics and photonics can be achieved by exploiting the unique quantum 

properties of very small nanocrystals. 

By Arne Nylandsted Larsen and Brian Bech Nielsen
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The Molecular Beam Epitaxy (MBE) instrument at 

the University of Aarhus.



page 17

Silicon-based light emitters for extremely 

fast opto-electronic chips may be based on 

nanocrystals. The electron microscopy 

image to the left shows a cross section of 

a CVD-deposited silicon oxide layer with 

8 per cent germanium after a heat treat-

ment at 1000°C. During the heat treat-

ment, the germanium atoms precipitate 

into evenly distributed nanoclusters. 

The image to the right shows layered 

germanium nanocrystals in silicon oxide 

produced by magnetron sputtering.

ping momentum distributions. Unfortunately, this 

overlap is not possible in a macroscopic silicon 

crystal, but when the electron and the hole are 

confi ned within the small volume of nanocrystals 

their positions are defi ned to such a degree that 

their momenta become undetermined according 

to one of the basic laws of quantum mechanics, 

the Heisenberg uncertainty relation. Therefore, 

the momentum distributions of the electron and 

the hole get smeared out and overlap, thus ena-

bling light emission.

Controlled synthesis 

A prerequisite for a light emitter based on nano-

crystals is that the crystals can be synthesized at 

a high density, with a narrow size distribution, 

and with an average diameter smaller than 

3-4 nanometres. We now master the synthesis 

of such structures with a variety of deposition 

techniques. Germanium and silicon nanocrystals 

have been produced in thin layers of silicon oxide 

on top of silicon substrates, and the size and 

spacing between the nanocrystals can be 

controlled very accurately.

Photoluminescence investigations of silicon 

nanocrystals have shown that the crystals are 

optically active at room temperature. The very 

strong luminescence, excited with 488 nanometer 

ultraviolet light, is centred on a wavelength of 900 

nanometres, which corresponds to infrared light 

emitted from 3-4 nanometer sized crystals. Visible 

light with wavelengths below 700 nanometres is 

also emitted. If the size of the nanocrystals can be 

further reduced, the wavelengths will be short-

ened accordingly, thus rendering the production 

of silicon-based lasers with a range of different 

colours possible. 

Tuning the wavelength

The addition of rare earth dopants to structures 

containing germanium or silicon nanocrystals in 

silicon oxide layers is presently a major activity. 

The nanocrystals and the rare earth ions inter-

act, leading to a strongly enhanced luminescence 

from the rare earth ions. The advantage of these 

systems is that by choosing the appropriate rare 

earth element, the emission wavelength can be 

altered to fulfi l the demands of a particular opto-

electronic device.

Arne Nylandsted Larsen

Associate Professor

Example to illustrate how well we can control the spatial distribution of nanocrystals. The structure 

is grown by molecular beam epitaxy and consists of a silicon substrate with a silicon oxide top-

 layer including germanium nanocrystals of  very high density. The diameter of the nanocrystals is 

4 nanometer, and they are situated in a plane separated from the substrate by 4 nanometres. 

The insert shows a high-resolution transmission electron microscopy image demonstrating that the 

nanocrystals are spherical and crystalline. This particular structure is part of a fi eld effect transistor.

Light emission from silicon nanocrystals: 

The luminescence peak is in the infrared at 

a wavelength of 900 nanometres. The photo 

– taken with a standard digital camera - shows 

the emission of visible light at wavelengths 

around 700 nanometres. wawelength (nm)
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Thermoelectric materials:  

Utilization of waste heat – 
and electricity for Mars missions

Thermoelectric materials turn heat 

into electricity without any pollution. 

The converters have no moving parts 

and are therefore extremely reliable 

and well suited for space missions. 

On Earth waste heat abounds in 

modern societies and many applica-

tions of thermoelectric devices can 

be envisaged.

By Bo Brummerstedt and Anders Bentien

Thermoelectricity can be generated in all con-

ductive materials. When a temperature gradi-

ent is applied across a sample, electrons diffuse 

from the hot to the cold part due to the larger 

thermal speed of the electrons in the hot region. 

Consequently, a charge difference builds up 

between the hot and cold region, creating a volt-

age and producing an electric current. 

Thermoelectric materials can be used for either 

cooling or power generation. Although cur-

rent devices have a low conversion effi ciency of 

around 10 per cent, they are strongly advanta-

geous as compared to conventional energy tech-

nologies. The converters have no moving parts 

and are therefore both reliable and durable. Also, 

they are scalable and hence ideal for miniature 

power generation, and no pollutants are released 

to the environment. If signifi cantly improved ther-

moelectric materials can be developed, thermo-

electric devices may replace the traditional cool-

ing system in refrigerators. They could also make 

power generators in cars obsolete by utilizing heat 

from the exhaust gasses, or they may possibly be 

used to convert huge amounts of industrial waste 

heat into electricity.

The conversion effi ciency of thermoelectric mate-

rials can be improved either by lowering their 

thermal conductivity and thus sustain the heat for 

longer periods, or by enhancing their capacity for 

producing electricity. Unfortunately, the reduction 

of thermal conductivity usually means that the 

power factor follows suite - and vice versa. At iNA-

NO we thus focus our research on a range of new 

materials. The efforts involve the development 

of new synthesis methods and extensive physical 

property and structural characterization.

Bound for Mars

Revolutionizing new ideas for the optimization of 

thermoelectric materials were introduced by Slack 

with the phonon glass electron crystal (PGEC) con-

cept. An ideal thermoelectric material conducts 

heat as badly as amorphous glass, and electrons 

as well as a crystal. An example is inorganic clath-

rates which are promising for power generation 

at temperatures above 600 oC. The material con-

sists of an open framework of gallium and germa-

nium atoms that acts as an electron crystal. In this 

structure guest atoms are selectively incorporated 

in nanocavities. The atoms vibrate independently 

of the crystal structure, and when in sync with the 

heat waves they scatter the heat and lower the 

thermal conductivity of the clathrates.

We have developed a new synthesis method 

which enables us to produce both p and n-type 

materials needed in a thermoelectric module. 

High-temperature transport measurements have 

been carried out at the Jet Propulsion Laboratory, 

and apart from a high conversion effi ciency, tests 
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The new synthesis method developed at iNANO allows the production of large single crystals which are 

vital for characterisation. By use of single-crystal neutron triple axis spectroscopy we have provided the 

fi rst direct evidence of  the central paradigm of the PGEC concept of rattling guest atoms capable of scat-

tering heat carrying phonons. The guest atoms (red) are situated in nanocavities in the centres of the 

circular structures.
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also showed that our material has an extraordi-

nary stability. Even after extensive thermal cycling 

the properties are unchanged. The clathrates are 

among the target materials for NASA’s high-tem-

perature converters for future Mars missions.

Making use of waste heat

Other efforts focus on the power generation at 

intermediate temperatures. Zincantimonide has 

very high conversion effi ciencies in the tem-

perature range 200-400 oC, making this mate-

rial a promising candidate for devices to utilize 

waste heat. We have developed a new synthesis 

method which produces zinkantimonide with an 

enhanced conversion effi ciency and less degrada-

tion upon thermal cycling. 

We collaborate with world centres for thermo-

electric research such as NASA’s Jet Propulsion 

Laboratory and the German Aerospace in Cologne, 

and participate in European projects on thermo-

electrics (www.nanothermel.org). We cooper-

ate with the industrial partner Grundfos A/S on a 

further development of zincantimonides, and in 

a new project we try to incorporate thermoelec-

tric materials into energy systems in collabora-

tion with the Institute for Energy Technology at 

Aalborg University. 
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A thermoelectric device converts heat into 

electricity (Jeff Snyder and James Lim, JPL).

Clathrate crystals produced at iNANO are among the target materials for NASA’s high-tempera-

ture thermoelectric converters for future Mars missions. Heat for the converters will be provided by 

radioactive sources.

The mechanism for the excellent thermoelectric properties of zincantimonide (Zn4Sb3) was a 

mystery until 2004. By use of synchrotron radiation we showed that the material has small Zn 

inclusions in an otherwise perfect crystalline network. These inclusions act as scattering centres 

for phonons, limiting the heat transport.
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Many countries all over the world have recently demanded drastic reductions 

in the sulphur content of diesel in order to curb urban pollution and acid rain. 

Scanning tunneling microscopy has revealed the surprising nanoscale 

properties of desulphurization catalysts and this discovery has contributed 

to the development of a new generation of industrial catalysts for sulphur 

clean-up of fossil fuels.

By Jeppe Vang Lauritsen and Flemming Besenbacher

The scanning tunneling microscope 

(STM) at Aarhus University.
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Nanocatalysis: 

A better catalyst for 
desulphurization of fossil fuels 



Catalysis is of vital importance in our society and 

constitutes a cornerstone of life from biological 

processes to large-scale production of bulk chemi-

cals. The availability of plentiful and inexpensive 

chemicals relies on industrial catalytic processes 

and without them it would be impossible to main-

tain the current living standard for more than a 

minute fraction of the present human population. 

Other technologies, including production of phar-

maceuticals, means of environmental protection, 

and production and distribution of sustainable 

energy also depend on catalysis.

At iNANO we are at the forefront of research in 

nanocatalysis which is expected to revolutionize 

the way catalysts are being prepared. The tradi-

tional empirical way of discovering a catalyst was 

always hampered by labour-intensive batch-test-

ing, but now with the ability to design and charac-

terize new nanomaterials and predict their cata-

lytic capabilities from fi rst principles, a new era is 

within reach.

Speeding up chemical reactions 

A catalyst is a material that can accelerate a chem-

ical reaction dramatically or change its product 

distribution towards a specifi c compound without 

being consumed itself during the reaction. 

Although nanoscience has only recently materi-

alized as a new interdisciplinary area of science, 

the manufacturing of structures on the nanometer 

scale has been a central issue in catalysis research 

and development for decades. This fact relates to 

the structure of a heterogeneous catalyst, which 

requires control of materials ranging from mac-

roscopic dimensions down to the nanoscale. A 

heterogeneous catalyst typically consists of few 

nanometer wide catalytically active nanoparticles

 dispersed on a highly porous support material 

which can have surface areas up to 250 m2 

per gram.

Application of nanotechnology concepts in catal-

ysis is already beginning to show a great indus-

trial impact. The detailed understanding of the 

chemistry of nanostructures and the ability to 

control materials on the nanometer scale will 

ensure a more rational and cost-effi cient 

The ball models show the structure of the active 

MoS
2
 nanoparticles modifi ed by Co and Ni as it 

was observed in STM images. Addition of Co and 

Ni promotes the activity of the catalyst by an

order of magnitude, and direct nanoscale images 

by STM may reveal the origin of this effect.  

development of new and improved catalysts 

for chemical production.

Brim technology has the edge

Recent nanotechnology research performed at 

iNANO has aided the Danish company Haldor 

Topsøe A/S in implementing a new generation of 

hydrodesulphurization catalysts to be used for sul-

phur clean-up of fossil fuels worldwide. 

Fundamental studies by means of scanning tun-

nelling microscopy have shown that the 2-3 

nanometer wide active MoS
2
 particles that form 

the active basis of the catalyst performs signifi -

cantly different from what is predicted from the 

macroscopic behaviour of MoS
2
. These nanoscale 

properties control the catalysis to high degree. 

In particular, it was shown that the edges of the 

clusters expose one-dimensional metallic edges, 

so-called brim states, which can bind and subse-

quently desulphurize the sulphur-bearing mole-

cules in crude oil.

In the latest generation of brim technology 

hydrodesulphurization catalysts it was possible to 

optimize the effect of the brim states and thereby 

make the catalyst more active. This is an example 

on how nanotechnology discoveries performed 

under controlled laboratory conditions can suc-

cessfully assist the development of real technical 

catalysts operating in industrial plants. 

”It has been exiting and inspiring to see true 3D 

pictures of a desulphurization catalyst at work 

at the atomic scale. The impressive STM pictures 

from iNANO are also used in the marketing of our 

new desulphurization catalysts”, says director 

Henrik Topsøe from Haldor Topsøe A/S.

The STM image shows a snapshot of desulphuri-

zation in progress. A sulphur atom in a crude oil 

molecule binds near the edge of the active MoS
2
 

nanocluster, which is the fi rst step in the reac-

tion. The sulphur atom then reacts with hydrogen 

to form hydrogen sulphide which is subsequently 

removed from the reactor.
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The results of basic experimental and theoretical nanoscience have in recent years 

been applied in industry at an amazing speed. Aided by latest STM investigations at 

iNANO the Danish company Haldor Topsøe A/S is currently implementing a new 

generation of hydrode-sulphurization catalysts used at oil refi neries worldwide for 

sulphur clean-up of fossil fuels. 

The STM image shows a snapshot of desulphuri-



page 22

iNANO and industry

As newly elected Chairman of the Board, I would 

like to express my full support to the visionary  

concept behind iNANO. As a representative for 

industry, I am very excited about being part of the 

initiatives taking place within iNANO to facilitate a 

closer interaction between nanoscience research 

and its application in industry. 

The vision is to create mechanisms for demonstrat-

ing proof-of-concept of a given product or process, 

which can then be transferred from the research 

environment to a start-up company or into an 

existing company. The fulfilment of this vision asks 

for a number of important factors to come into play, 

many of which are already in the pipeline. 

First, increased awareness in research environ-

ments of the needs of industry is required. The 

flow of information, however, must be recipro-

cal to ensure that collaborative projects are based 

on a mutual agenda setting. These functions are 

being built up at the moment under the auspices 

of NaNet, a national network of knowledge on 

nanotechnology, which will located in both the 

Copenhagen area and in Aarhus.

Second, a place for direct interaction is required.  

A future iNANO house will hold both research 

activities and space for companies to perform 

research and development in collaboration with 

iNANO scientists.

Third, but not least, a solid commitment is 

required from the funding bodies, which have 

been announced as strategic players in the field 

of nanotechnology, e.g. the High-technology 

Foundation and the Danish Strategic Research 

Council. These bodies, however, depend on politi-

cal goodwill, which has already been announced 

but still lacks actual initiatives.

Hans Jørgen Pedersen, Danfoss A/S, 

Chairman of the Board
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Chalmers University of Technology, Sweden

Ruprecht-Karls-Universitaet Heidelberg, Germany

University of Glasgow, Scotland

Universite de Bordeaux, France

Karolinska Institutet, Sweden

Eidgenoesische Technische Hochschule

Zuerich, Swizerland

Centre National de la Recherche 

Scientifi que, France

International Business Machines Corporation, 

Zurich Research Laboratory, Swizerland

The University of Birmingham, England

Freie Universitaet Berlin, Germany

University of Cambridge, England

Technical University Delft, Holland

Interuniversitair Micro-electronica 

Centrum vzw, Belgium

Forschungszentrum Karlsruhe GmbH, Germany

CeNTect Gmbh, Germany

Universitaet Basel, Swizerland

Max-Planck-Gesellschaft zur Förderung der 

Wissenschaften, Germany

Westfälische Wilhelms-Universität, Germany

University of Oxford, England

Technische Universität Dresden, Germany

Industrial Partners

Haldor Topsøe A/S - www.haldortopsoe.com 

Grundfos A/S - www.grundfos.com

Danfoss A/S - www.danfoss.com

Danisco A/S - www.danisco.com

NanoNord A/S - www.nanonord.dk

H. Lundbeck A/S - www.lundbeck.com

Cantion A/S - www.cantion.com

Arla Foods amba - www.arlafoods.dk

Aarhus United A/S - www.aarhusunited.com

Danish Crown amba - www.danishcrown.dk

Systematic Software Engineering A/S 

- www.systematic.dk

Teknologisk Institut  - www.teknologisk.dk

Forskningscenter Foulum

- www.agrsci.dk/centre/forskningscenter_foulum

Århus Kommune - www.aarhuskommune.dk

Århus Amt - www.aaa.dk

Delta - www.delta.dk

Flextronics A/S - www.fl extronics.com

NKT Research & Innovation A/S - www.nkt.dk

Capres A/S - www.capres.com

MicroelektronikCentret - www.mic-dtu.dk

Bioneer A/S -  www.biosite.dk

Chew Tech I/S - www.chewtech.dk

Coloplast Research A/S - www.coloplast.dk

Identity Ltd.

Pipeline Biotech A/S - www.pipeline-biotech.dk

Zgene A/S - www.zgene.dk

BioImage - http://www.bioimage.com/

CemeCon - www.cemecon.dk

H2 Logic ApS - www.h2logic.dk

HIRC - www.hirc.dk

Hybon/Cemtec - www.cemtec.dk

Image Metrology A/S - www.imagemet.com

OFS Fitel Denmark A/S - www.ofs.dk

SCF Technologies - www.scf-technologies.com

Unisense A/S - www.unisense.dk

Versamatrix A/S - www.versamatrix.dk

Aalborg Portland - www.aalborg-portland.dk

DHI- Water & Environment - www.dhi.dk

Kræftens bekæmpelse - www.cancer.dk

Sahva - www.sahva.dk

Stryker - www.sryker.com

At NanoNord, our business model is a com-

bination of business talent and visions of 

the future. But in order to transform such 

visions to success, it takes the right resourc-

es, and though we have managed to 

acquire fi rst class technical equipment and 

have come a long way towards building the 

right infrastructure, we are acutely aware 

that the most important resource in a suc-

cessful business is the human one. 

This is where our co-operation with 

iNANO plays an essential part. We already 

exchange resources between our 

commercial environment and the educa-

tional/research environment of iNANO, 

as we share many physical resources 

such as technical equipment, cleanroom 

& other facilities.

As we see it, this unique, practical sharing 

of resources is an important step towards 

intensifying the many NanoNord & iNANO 

synergy effects as we see them - including 

the exchange of human knowledge, devel-

opment results, and inspiration for future 

research and education. Therefore, it goes 

without saying that we value the iNANO 

effort highly.

Ole Jensen, director NanoNord A/S
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Philip Hofman, ”Electron-phonon coupling and 

spin-orbit splitting in quasi twodimensional met-

als: the surfaces of Bi”, Universität des Saarlandes, 

Saarbrücken, Germany

Philip Hofman, ”Some unresolved problems in 

electron spectroscopy from graphite”, Donostia 

International Physics Center, Donostia-San 

Sebastian, Spain

Philip Hofman, ”Electron-phonon coupling and 

spin-orbit splitting in quasi twodimensional met-

als: the surfaces of Bi”, Technische Universität 

Chemnitz, Germany

Bo Brummerstedt Iversen, “Structure based 

development of new thermoelectric materials”, 

Gordon Conference on Electron Distributions and 

Chemical Bonding, Massachussets, USA

Bo Brummerstedt Iversen, “Structure based 

development of new thermoelectric materials”, 

University of Milano, Italy

Bo Brummerstedt Iversen, “Structure based 

development of new thermoelectric materials”, 

University of Rennes, France

Bo Brummerstedt Iversen, “Structure based 

development of new thermoelectric

materials”, Bente Lebech Symposium, Risø, 

Denmark

Bo Brummerstedt Iversen, “Structure based 

development of new thermoelectric materials”, 
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Conference on intermetallic and Zintl Phases, 

Stockholm, Sweden 

 

Bo Brummerstedt Iversen, “Syntese og karakter-

isering af nye nanomaterialer”, Grundfos, 

Bjerringbro 

 

Bo Brummerstedt Iversen, “Application of syn-

chrotron radiation in charge density research”, 

NorFa Research Training Course on Application of 

X-ray Synchrotron Radiation in Chemistry, Physics, 

Biology and Medicine, Sandbjerg, Denmark

 

Bo Brummerstedt Iversen, “Termoelektriske 

materialer”, UNF Aalborg, Denmark 

 

Bo Brummerstedt Iversen, “Synthesis of nano-

materials”, iNANOschool Nanoscience PhD 

Graduate School 2004, Fuglsø, Denmark

Hans Jørgen Jakobsen, “Solid-State N-14 MAS 

NMR Spectroscopy – Applications to Chemistry and 

Materials Sciences”, Symposium on Solid-State 

NMR in Materials, Diepenbeek, Belgium

Hans Jørgen Jakobsen, “N-14 MAS NMR of Solids 

– Experimental Strategies and Applications”, 45th 

Experimental NMR Conference, Pacific Grove, 

California, USA

Torben Heick Jensen, “Coupling between tran-

scription and RNA processing”, Baeza, Spain

Torben R. Jensen, “Nye materialer til hydrogen 

opbevaring og heterogen 

katalyse”, Temadag i Dansk Keramisk Selskab, 

Studenternes Hus, Aarhus, Denmark

Torben R. Jensen, “New Nano-porous Materials 

with Different Structural 

Dimensionality; Synthesis and Crystal Structure”, 

The 18th Nordic Structural Chemistry Meeting 

(NSM-18), Helsinki, Finland 

 

Torben R. Jensen, “Towards a Hydrogen based 

Society, New Materials for 

Hydrogen Storage”, Institutt for Energiteknikk, 

Oslo, Norway

Jørgen Kjems, ”HIV-1 TAR RNA dimerizes in 

the presence of NC and facilitates the first-

strand transfer” RNA society meeting, Madison, 

Wisconsin, USA 

 

Jørgen Kjems, ”Finding the weak spot in an 

mRNA”, EURIT conference on RNAi, Berlin, 

Germany 

 

Jørgen Kjems, ”Structure and function of the 

HIV-1 leader”, NORFA society meeting, Bergen, 

Norway 

Jørgen Kjems, ”Life Science and nanoapplica-

tions”, FRONTIERS meeting on Life science and 

nano applications, Enschede, The Netherlands

Arne Nylandsted Larsen, ”Silicon based phot-

onics – novel prospects”, NKT-Summer School, 

Fuglsø, Denmark

Trolle Linderoth, ”Diffusion of adatoms and 

vacancies on metal and oxide surfaces revealed 

by high-resolution fast-scanning STM”, Beijing 

TEDA 2004 – Scanning Probe Microscopy, Sensors 

and Nanostructures, China

Erik Lægsgaard, ”STM - Instrumental Problems 

and Solutions”, 5th. Nordic-Baltic Scanning Probe 

Microscopy Workshop, Trondheim, Norway

Brian Bech Nielsen, “Hydrogen defects in Si1-

xGex and GaN observed after low temperature 

proton implantation”, Gordon Conference on Point 

defects, Line Defects, and Interfaces, New London, 

New Hampshire, USA

Brian Bech Nielsen, “Hydrogen related defects in 

group-IV semiconductors”, Hahn-Meitner-Institut, 

Berlin, Germany

Niels Christian Nielsen, “Applications of 

SIMPSON and SIMMOL for Experiment Design and 

Data Analysis in Solid-State NMR Spectroscopy”, 

Gordon Conference on Computional Aspects of 

Biomolecular NMR, Ventura, California, USA

Niels Christian Nielsen, “Bjerrum-Brøndsted-

Lang Lecture 2004”, Carlsberg Research Center, 

Copenhagen, Denmark

Niels Christian Nielsen, “Niels Bjerrum Chemistry 

Prize Lecture: Solid-State NMR Towards Membrane 

Proteins”, The Royal Danish Academy of Sciences 

and Letters, Copenhagen, Denmark

Niels Christian Nielsen, “Do you use all Spins 

and the Flexibility of your Rf? Automated Design 

of Improved Solid-State NMR Experiments 

using Optimal Control”, 45th Experimental NMR 

Conference, Pacific Grove, California, USA

Niels Christian Nielsen, “Membrane Proteins 

and New Methods for Experimental Design”, ACS 

Meeting, Indianapolis, Indiana, USA

Niels Christian Nielsen, “Towards Structural 

Analysis of Membrane Proteins Using Solid-State 

NMR Spectroscopy”, Danish Pharmaceutical 

University, Copenhagen, Denmark

Poul Nissen, “Crystallography of membrane pro-

teins”, Biophysics of Membrane proteins, Aalborg, 

Denmark

 

Poul Nissen, “The Calcium Pump, Reloaded. 

Structure and function of the Ca2+-ATPase”, EMBO 

YIP program, annual meeting, Germany

 

Poul Nissen, “Structure and function of the 

Calcium Pump”, Max IV workshop, Our Future 

Light Source, Lund, Sweden

Peter R. Ogilby, “The Singlet Oxygen Microscope: 

From Phase-Separated Polymers to a Single 

Biological Cell”, Joint German, Swiss, Austrian, and 

Hungarian Chemical Society Meeting, Badgastein, 

Austria

Peter R. Ogilby, “The Singlet Oxygen 

Microscope”, VIII Latin American Encounter on 

Photochemistry and Photobiology, La Plata, 

Argentina

Peter R. Ogilby, “The Singlet Oxygen 

Microscope”, Annual Meeting of the Danish  

Chemical Society, Odense, Denmark

Peter R. Ogilby, “The Singlet Oxygen 

Microscope”, International Symposium on 

Photonics and Biphotonics, Stockholm, Sweden

Peter R. Ogilby, “The Singlet Oxygen Micro-

scope”, University of California-Berkeley, USA

Invited talks
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Peter R. Ogilby, “The Singlet Oxygen 

Microscope”, University of California-Los 

Angeles, USA

Jeppe Olsen, ”Converging Density Parameter 

Equations: A Study of Extremely Ill-conditioned 

Equations”, Workshop on mathematical chal-

lenges of quantum chemistry, The University of 

Warwick, Coventry, England

 

Jeppe Olsen, ”Coupled Cluster Calculations with 

Quadruple and Higher Excitations. What Accuracy 

May We Obtain?”, Henreich-Heine Universitate, 

Dusseldorf, Germany

Daniel Otzen, “Folding of membrane proteins”, 

University of Toulouse, France

Daniel Otzen, “Stability of membrane proteins”, 

University Miguel Hernández, Elche, Spain

Daniel Otzen, “Mechanisms of protein fi brilla-

tion”, University of Copenhagen, Denmark

Daniel Otzen, “Structural polymorphism in fi bril-

lation”, University of Aarhus, Denmark

Daniel Otzen, “Mechanisms of protein folding”, 

University of Copenhagen, Denmark

Finn Skou Pedersen, ”Replication-competent 

and conditionally replication-competent retro-

viral vectors”, Cancer, the New Frontier Current 

Research and Future Treatment Strategies 

Inaugural Symposium of the new Christian 

Doppler Laboratory for Gene Therapeutic Vector 

Development, University of Veterinary Medicine, 

Vienna, Austria

Finn Skou Pedersen, ”Insertional mutagene-

sis and cancer induction by simple retroviruses”, 

University of Copenhagen, Denmark

Finn Skou Pedersen, ”Targeting and Effi ciency 

of Gene Delivery by Replication-competent 

Retroviral Vectors”, Mini-symposium on Gene 

Targeting, Copenhagen, Denmark

Finn Skou Pedersen, ”Mutation of all Runx 

(AML1/core) sites in the enhancer of T-lympho-

magenic SL3-3 murine leukemia virus unmasks a 

signifi cant potential for myeloid leukemia induc-

tion and favors enhancer evolution toward induc-

tion of other disease patterns”, 16th International 

Workshop on Retroviral Pathogenesis, Montreal, 

Canada

Jan Skov Pedersen, ”Instrumentation for small-

angle scattering”, 7th European Summer School 

on Scattering Methods Applied to Soft Condensed 

Matter Bombannes, France 

Jan Skov Pedersen, ”Model Fitting and 

Simulation Techniques”, 7th European Summer 

School on Scattering Methods Applied to Soft 

Condensed Matter, Bombannes, France

Jan Skov Pedersen, ”Form and structure fac-

tors, interactions, modeling”, EMBO Practical 

Course on Solution Scattering from Biological 

Macromolecules, European Molecular Biology 

Laboratory, Hamburg, Germany

Jan Skov Pedersen, ”Recent Advances in the 

Analysis of SAXS and SANS Data from Block 

Copolymer Micellar Solutions”, The Sixth 

International Conference on X-Ray Investigations 

of Polymer Structure (XIPS’2004), Ustroñ, Poland

Jan Skov Pedersen, ”The pinhole SAXS facil-

ity for solution scattering at the University of 

Aarhus”, Workshop on Small Angle Scattering 

from Soft Matter, Lund, Sweden

Thomas Garm Pedersen, “Linear and Nonlinear 

Optical Properties of Excitons in Carbon 

Nanotubes”, E-MRS Spring Meeting, Strasbourg, 

France

Birgit Schiøtt, “DFT-calculations of short 

strong hydrogen bonds. Implications for Serine 

Proteases”, Annual Meeting of the Danish 

Chemical Society, Odense, Denmark

Birgit Schiøtt, “Protein-Ligand Complexes 

Studied by Molecular Dynamics Simulations”, H. 

Lundbeck A/S, Valby, Denmark

Jørgen Skibsted, “Incorporation of aluminum in 

the C-S-H phase characterized by solid-state NMR 

spectroscopy”, Hal Taylor Conference on Cement 

and Concrete Science, Les Diablerts, Switzerland

Troels Skrydstrup, “Recent Applications of 

Samarium Diiodide in Organic Synthesis”, 

Cheminova, Lemvig, Denmark

Troels Skrydstrup, “Application of Samarium 

Diiodide in the Realm of Carbohydrates and 

Peptides”, Carbohydrate Symposium in the 

Memory of Professor Christian Pedersen, 

Carlsberg Laboratories, Denmark

Troels Skrydstrup, “Recent Applications of 

Samarium Diiodide for C-C Bond Formations Via 

Radical Intermediates”, International Symposium 

on Organic Free Radicals, Porto Vechia, France

Troels Skrydstrup, “Application of Reagent 

Controlled Radical Chemistry in Organic 

Synthesis” Université de Rouen, Rouen, France

Troels Skrydstrup, “Recent Applications of 

Samarium Diiodide in Organic Synthesis”, Acadia 

Pharmaceuticals, Copenhagen, Denmark

Troels Skrydstrup, “Application of Reagent 

Controlled Radical Chemistry in Organic 

Synthesis” University of Oslo, Norway

Troels Skrydstrup, “Application of Reagent 

Controlled Radical Chemistry in Organic 

Synthesis” Université d’Orléans, France

Troels Skrydstrup, “Application of Reagent 

Controlled Radical Chemistry in Organic 

Synthesis” École Polytechnique, Palaiseau, 

France

Kjeld Søballe, “State-of-the-Art Total Hip and 

Knee Replacement: Controversies and Solutions”, 

18th Annual Vail Orthopaedic Symposium, 

Colorado, USA

Kjeld Søballe, “ZMR Modulary Uncemented 

Stem During Revision”, Uncemented Total Hip 

Arthrosplasty – an Update, Göteborg, Sweden

Kjeld Søballe, “Scientifi c development of Ca PO
4 

coatings”, Long term results of HA coated pros-

theses: A strategic meeting, London, England

Kjeld Søballe, “Sealing of interfaces, can 

it protect against wear products?” Ullevål 

Universitetssykehus, Norway

Kjeld Søballe, “Hoftekirurgi – nye aspekter”, 

Gigtforeningens Repræsentantskabsmøde, 

Aarhus, Denmark
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iNANO colloquia 2004

January 19, iNANO annual meeting

Joachim P. Spatz, Biophysical Chemistry, University 

of Heidelberg: Micro- and Nanolithographic Tools 

for Designing Biophysical Models of Cell Adhesion 

and Mechanics 

  

Horst Weller,Institut für Physikalische Chemie, 

University of Hamburg: Synthesis,properties and 

self-assembly of nanoparticles 

Orlando Auciello, Materials Science Division, Bldg. 

212 Argonne National Laboratory: Nanomaterials 

Mayor Marcel, Institute of Nanotecnology, 

Karlsruhe Molecular Electronics

Peter O’Hare, Marie Curie Research Institute, The 

Chart Oxted, Surrey: Bionanoscience: Delivery and 

regulated release from Vectosomes, novel pro-

tein-based particles

T. Martin Schmeing, Yale University: Structural 

Studies of the Peptidyl Transferase Reaction

iNANO colloquia

January 26, Tomoji Kawai, Osaka University, 

Japan, DNA Nanotechnology

January 30, Suzanne Jarvis, Trinity College, 

Ireland, Investigating molecular function with a 

nano-mechanical probe

February 6, Søren Nielsen og Jørgen Frøkier, 

University of Aarhus, Denmark, 1-Aquaporin 

water channels: from molecular structure to clini-

cal medicine

February 20, Bjørn Hauback, Institute for Energy 

Technology, Norway, Storage of hydrogen in metal 

hydrides – focus on alanates

March 3, Angela Fargo, University of Aarhus, 

Denmark, Physiology at the (na)NO level: the 

biology of nitric oxide and the discovery of new 

functions in heme proteins

March 12, Franz Giessibl, Universität Augsburg, 

Germany, Mapping out the atom – advances in 

scanning probe miscoscopy

March 12, Patrick Frederix, University of Basel, 

Switzerland, Observation of biomolecules at work 

in the AFM

March 19, Hans Christian Thøgersen, University 

of Aarhus, Denmark, From structure/ function 

analysis of the human C-type lectin like protein 

Tetranect into the creation of a platform for the 

development of second-generation antibody ana-

logue therapeutic proteins

April 16, Niels Peter Revsbech, University of 

Aarhus, Denmark, Biosensors based on immobi-

lized bacteria

April 23, Wayne Goodman, Texas A&M 

University, USA, Heterogeneous catalysis: From 

imagining to imaging a working surface

April 26, Lone Frank, Weekendavisen, Denmark, 

Mod en ny natur

April 30,  Daniel Müller, BIOTEC, Max-Planck-

Institute of Molecular Cell Biology, Germany and 

Masakazu Aono, NIMS, Osaka University, Imaging, 

unfolding and refolding of single membrane pro-

teins, electrical conductivities of organic and inor-

ganic nanomaterials

May 14, Michael Grätzel, Faculte des Sciences 

de Dases, Lausanne Switzerland, The fascinat-

ing world of nanocrystals: From high power lithi-

um batteries to sensors,fast displays and effi cient 

solar cells

June 1, Stanley J. Opella, Center of NMR 

Spectroscopy and Imaging of Proteins, University 

of California San Diego, USA, NMR structural 

studies of proteins in biological supramolecular 

assemblies

June 2, Thom Labean, Duke University, Durham, 

USA, Self-assembling DNA structures for nano-

fabrication and computation

June 11, George M. Whitesides, Harvard 

University, USA, Bio/surface chemistry. 

Molecular-level design of surfaces for 

biocompatibility and bio-specifi c interactions

June 18, Michael Grunze, Universität 

Heidelberg, Germany, Chemical 

Nanolithography approaches to 

bio-functional surfaces

June 25, Hannes Jonsson, University of 

Washington, USA, Towards a hydrogen based 

economy in Iceland:  From nanoscale research 

to implementation studies

August 6, Michael Reichling, Universität 

Osnabrück, Germany, Non-contact AFM meas-

urements on CeO
2
(111)

September 17, John T. Yates, Jr., Surface 

Science Center, Department of Chemistry, 

University of Pittsburgh, USA, Adsorption on 

carbon single walled nanotubes – fi lling the 

world’s smallest tests tubes

October 1, Moeim Mogihimi, University of 

Brighton, UK, Nanomedicine: rational approach-

es in nanodesign and site-specifi c targeting

October 15, Thomas Steitz, Yale University, 

USA, The molecular machines of life

November 5, Dimitrios Stamou, University of 

Copenhagen, Denmark, Microarrays of single 

nanocontainers and nanoreactors

Colloquia
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November 12, Galen Stucky, University of Santa 

Barbara, USA, Learning from nature: Molecular 

assembly in small places

November 19, Jesper Wengel, University of 

Southern Denmark, Denmark, LNA (Locked 

Nucleic Acid) and functionalized LNA: Towards 

effi cient gene silencing and novel nucleic acid 

architectures

November 26, Itamar Willner, Hebrew 

University, Jerusalem, Israel, Biomolecule/ nano-

particle hybrid systems for sensory, nanocircuitry 

and nanodevice applications

December 3, Robert Doubleday, Cambridge 

University, UK, Nanoscience and society: rethink-

ing research in a changing context

December 10, John Jansen, Neijmegen 

University Medical Center, the Netherlands, 

Engineered bone

iNANO specialized colloquia

January 5, Ralf Richter, Laboratoire d’Imagere 

Moleculaire et Nano-Bio-Technologie Bordeaux, 

France, Pathways of lipid vesicle deposition on 

solid surfaces: a study combining QCM-D and AFM

January 9, Benjamin Davis, University of Oxford, 

UK, Sugars and enzymes: Exploring and exploiting 

the interactions of carbohydrates with proteins

January 12, Henkjan Gersen, University of 

Twente, the Netherlands, Pulse propagation stud-

ied en route in photonic crystals: a real space 

investigation

January 23, T. Martin Schmeing, Yale University, 

USA, Structural studies of the peptidyl transferase 

reaction

February 4, Ken Howard, University College of 

London, UK, Polymeric gene delivery systems and 

novel modifi cations to increase blood circulation, 

stability and cell targeting

February 18, Dinko Chakarov, University of 

Chalmers, Sweden, Photo-stimulated processes 

at surfaces

February 26, Steven de Feyter, Katholieke 

Universiteit Leuven, Belgium, A twist of chirality 

and anisotropic self-assembly: let nature do the job

February 26, Henrik Grönbeck, Competence 

Centre for Catalysis and Department of Applied 

Physics, Chalmers University of Technology, 

Sweden, Transition metal systems supported by 

alkaline-earth metal-oxide surfaces

March 3, Maria Peter, University of Twente, the 

Netherlands, Catalytic probe lithography per-

formed on Recative SAMs

March 26, Charlotte Poulsen, Danisco, Denmark, 

Biotechnology in the development of new food 

ingredients

April 1, Kristian O. Sylvester-Hvid, University of 

Copenhagen, Denmark, 2D modeling of thin-fi lm 

polymer-based photovoltaic devices

April 15, Lars Kildemark, Cantion A/S, Denmark, 

Cantilever chips for detection of molecules

April 16, Grant Blouse, Henry Ford Health System, 

USA, Protein engineering and fl uorescence tech-

nologies provide new insight into the mechanism 

of serpin inhibition

April 21, Takayuki Suzuki, Fritz-Haber-Institut 

der Max-Planck-Gesellschaft, Berlin, Germany, 

Atomically resolved structure of InAs quantum 

dots grown on GaAs substrates

April 23, Hans-Joachim Freund, Fritz-

Haber-Institut der Max-Planck-Gesellschaft, 

Berlin, Germany, Oxidation catalysts: 

Model studies

April 26, Bjørn Stokke, Dept. of Physics, NTNU, 

Norway, Compacting DNA to nanosized particles 

using chitosan 

May 12, Edouard Bertrand, CNRS – Montpellier, 

France, RNA localization in the cytoplasma: 

insights form single molecule imaging

May 25, Leonard C. Feldman, Vanderbilt 

University, USA, Interdisciplinary nano-science 

at Vanderbilt University

May 27, Poul Nissen, University of Aarhus, 

Denmark, Phosphoryl transfer and calcium ion 

occlusion in the calcium pump

June 1, Francesca M. Marassi, The Burnham 

Institute, La Jolla, USA, NMR structural studies 

of proteins in lipid bilayer

June 30, Stefan Wendt, Texas A&M University, 

USA, Two examples for modelling catalysts 

utilizing ultrathin fi lms: RuO
2
(110) as an 

effi cient oxidation catalyst, and SiO
2
 as a 

typical support material

September 1, Marcel J. Rost, Leiden University, 

the Netherlands, SPM goes video rate and 

beyond

September 16, John T. Yates, Jr., Surface 

Science Center, Department of Chemistry, 

University of Pittsburgh, USA, Photochemistry on 

titanium dioxide surfaces

September 17, John T. Yates, Jr., Surface 

Science Center, Department of Chemistry, 

University of Pittsburgh, USA, Dynamical 

and electronic behavior of chemisorbed 

organic molecules – connection to molecular 

electronics 
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September 20, Federico Rosei, INRS-EMT, 

Université du Quebec, Canada, Critical issues in 

the growth of Ge(Si) nanostructures on Si

September 21, Holm Schwarze PhD (physics); 

Verena Simpson PhD (biochemistry); 

Audur Sverrisdottir Civ.Ing. (biotechnology) of 

Zacco Denmark A/S, From idea to patent - valu-

able skills within research and innovation

October 5, Gerhard Gröbner, Umeå Universitet, 

Sweden, Membrane surfaces involved in diseases: 

Their mechanism of action studied by biophysical 

methods including solid state NMR

October 6, K. Nättinen, P. Bairos, University of 

Jyväskylä, Finland, Synthesis of Non-interpene-

trated metal-organic frameworks

October 7, Karl-Heinz Heinig, Research center 

Rossendorf, Dresden, Germany, Nanostructure for-

mation with ion beams

October 18, Masaharu Komiyama, Yamanashi 

University, Japan, Observation of photon 

absorption sites on TiO2(110) surface by 

photoexcited STM

October 20, Zeljko Sljivancanin, Polytechnique 

Federale de Lausanne, Switzerland, Ammonia 

synthesis on a supported iron nanoclusters

October 29, Steven Tait, University of 

Washington, Seattle, USA, Sintering kinetics of 

Pd nanoparticles on Al2O3(0001) by NC-AFM and 

small alkane desorption kinetics from MgO(100) 

and Pt(111) by TPD

November 10, Kristian Mølhave, Danmarks 

Tekniske Universitet, Denmark, Tools for manipu-

lation and characterization of nanostructures 

November 26, Zhipan Liu, Dept. of Chemistry, 

University of Cambridge, UK, Theory of CO oxida-

tion over Au based catalysts: from supported nan-

oparticlesto single atom

December 1, Hans Fogelberg, Science and 

Technology Studies, Gothenburg University, 

Sweden, Bringing visibility to the invisible: What 

is a social understanding of nanotechnology?

December 7, Ib Johannsen, Versamatrix, 

Denmark, Segmented polymer networks - 

Nanotechnology on macroscale

December 8, Luis M. Molina, Departamento de 

Fisica Teorica, Universidad de Valladolid, Spain, 

Catalysis at small supported Au clusters support 

and dopant effects

December 9, Adam S Foster, Laboratory of 

Physics, Helsinki University of Technology, Finland, 

Probing insulating surfaces at the atomic scale

December 20, Docent Duncan Sutherland, 

Chalmers University of Technology, Gothenburg, 

Sweden, Artifi cial, nanostructured biointerfaces

December 21, Andreas Stierle, Max-Planck-

Institut für Metallforschung, Stuttgart, Germany, 

Oxidation of nano-materials

Colloquia
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