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I take great pleasure in presenting  

the Annual Report 2008 for iNANO, 

The Interdisciplinary Nanoscience 

Center at Aarhus University.  

The center has grown and matured 

tremendously since its inaugura-

tion in January 2002, but we keep 

our ambitions high and expect the 

positive development to continue in 

the years to come. With this annual 

report, we seek to provide the reader 

with an overview of the highlights of 

the iNANO 2008-activities.

By Flemming Besenbacher

At the end of �008, 60 senior researchers, 45  

post docs, and 1�3 PhD students were associated 

with iNANO. Our overall mission remains focused 

on three equally important pillars; education of 

outstanding, young scientists, research at the 

highest international level and focus on innova-

tion and technology transfer to the industry.  

We continously pursue this mission with focus 

and dedication.

Education and other student issues

The nanoscience study programme had the same 

intake of about 50 new students in �008 as the 

year before, which is contrasted by the fact that 

virtually all other science educations in Denmark 

experienced a massive drop in student intake in 

�008.  At the end of the year the total number 

of iNANO students enrolled in the Bachelor and 

Master’s educations in nanoscience were 133 

and 83, respectively. 

With their strong interdisciplinary background 

our Master’s students are attractive candidates 

for jobs in industry and other private companies 

or as scientists at various public research insti-

tutions. The students who have finished their 

Master’s and chosen not to continue with a PhD 

study have found employment in a wide range  

of companies such as Lundbeck, Topotarget,  

NIL Technology, Odense Stålskibsværft, and  

FLSmidt. In the coming years, where substantial-

ly more students will graduate, we look forward 

to getting a clearer picture of the types of indus-

try that will employ our candidates and thus, 

benefit from their interdisciplinary competences. 

Because the nanoscience study programme is 

still relatively new, it is important to constantly 

increase the general awareness of the education. 

Therefore, iNANO arranged a Matchmaking event 

in January �008, where iNANO students could 

interact closely with representatives from Danish 

companies.  

Our nanoscience students continue to impress 

and surprise with their enthusiasm and moti-

vation. As a prominent example, I take pride in 

noting that three of our talented students Sofie 

Kastbjerg, Søren Porsgaard and Jakob Arendt 

Rasmussen won the Grundfos Challenge �008 

Innovation Award for their innovative sugges-

tion for a new product Lab-on-a-tap, which is 

designed to provide consumers with safe and 

high-quality tap water.  Another example is a 

group of our dynamic and dedicated nano-stu-

dents who organized the second international, 

nanoscience student conference, INASCON, with 

participation of 100 students representing  

8 different European countries. The students  

did an excellent job in arranging this conference 

which was a great success and thus, our  

students have once again promoted Danish  

education and research within nanoscience  

in the finest manner.

Research and funding

As evidenced by the examples in this annu-

al report, iNANO scientists obtained excellent 

research results in �008, which have been or will 

be published in high ranking, international peer-

reviewed journals. A total number of �60 was  

published in �008 by iNANO scientists, several in 

high profile journals like e.g. Science and Nature. 

The full list of publications can be found at the 

end of this annual report together with a com-

plete list of invited talks at international meet-

ings and conferences. In addition, iNANO scien-

tists continue to be recognized for their outstand-

ing achievements. At this point, I will restrict 

myself to congratulate Professors Leif Østergaard 

and Poul Nissen, who both received the EliteForsk 

Award in �008 in recognition of their outstanding 

contributions, and to Sigrid Weigelt who received 

Aarhus University Research Foundation PhD Prize. 

iNANO scientists attracted a large number of 

research grants from various national and inter-

national sources in �008. As can be seen from 

the figure above, the total funding secured by 

iNANO scientists and administered by the iNANO 

administration amounts to 104 million DKK, of 

which �1 million DKK are grants for our gradu-

ate school, iNANOschool. The primary national 

sources include: The Danish National Research 

Foundation, The Danish Council for Independent 

Research, The Danish Council for Strategic 

Research, The Danish Council for Technology 

and Innovation, Danish National Advanced 

Technology Foundation, and The Lundbeck 

Foundation. Among the grants obtained from 

international sources are several EU related 

grants, Marie Currie stipends and, in particular, 

two of the prestigious ERC grants.  

Message from the Director
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Outreach initiatives

iNANO is involved in a large number of outreach 

activities, where the primary goals are to recruit 

new nanoscience students, to brand iNANO 

 and Aarhus University and to enhance the  

general public’s awareness of nanoscience and 

nanotechnology. The Matchmaking event men-

tioned above together with a new Nanoshow 

which was established during the autumn and 

described elsewhere in this report were among 

the new initiatives in �008.

Innovation, collaboration and technol-
ogy transfer to companies

At iNANO, we continuously strive to strengthen 

our collaboration with national as well as inter-

national companies. This goal is catalysed by the 

industrial companies’ growing awareness of the 

potential and the possibilities that nanotechnol-

ogy can provide for processes and resulting prod-

ucts. In �008 iNANO’s portfolio of industrial part-

ners included more than 101 national and inter-

national companies. 

Our collaboration with a company often 

begins with a co-financed PhD stipend, and in 

�008 iNANO secured 8.7 million DKK for 14 co-

financed scholarships from The Danish Council for 

Research Policy. Furthermore, by the end of the 

year a healthy fraction of �1% of our PhD stu-

dents were co-financed by a Danish company.  

In the coming years we hope to further expand 

this fraction and thereby contribute to the effec-

tive knowledge transfer in a way, that may prove 

second to none.

iNANOhouse 

The first turf for the building of the clean-room 

wing forming a part of a 10,000 m� laboratory 

complex was cut in August �007. At the end of 

�008, the new wing, containing a “class 100” 

clean room with an area of �10 m� including 

service areas, was finalized.  When the clean 

room has been equipped with state of the art 

processing equipment, iNANO researchers will 

have excellent facilities to prepare and synthe-

size nanostructures of the highest quality and to 

train nano-students during their PhD or Master’s 

projects. The remaining part of the laboratory 

complex is unfortunately somewhat delayed, 

and the complete complex will not be commis-

sioned before the beginning of �013.

Globalisation and China

An important goal for iNANO is to strengthen 

the degree of internationalization even further. 

Countries like China, USA, Japan and India are 

investing heavily in nanoscience in these years 

based on the expectation that nanotechnology 

will be decisive for their future competitiveness. 

In particular China is developing faster than any 

other nation, investments increase by about �0% 

each year, and the country has an enormous pool 

of highly-dedicated and talented students. We 

have to realize that China is already a pivotal glo-

bal player with respect to economy, research and 

education, and it is of utmost importance that 

iNANO maintain and build up long-term relations 

with Chinese researchers. Therefore, iNANO has 

chosen to participate in the establishment of a 

Danish university centre in Beijing, and to play an 

active role. The goal is to intensify our coopera-

tion with Chinese scientists, to enhance the vis-

ibility of our research and education in China, and 

thereby secure easier and better access to out-

standing students for iNANO and Danish compa-

nies, and at the same time improve the possibili-

ties for Danish students to study in China. 

Acknowledgements
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Flemming Besenbacher
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By Trolle Linderoth

Interdisciplinarity lies at the core of nanoscience 

and nanotechnology. Many of the most ground-

breaking, current developments take place at 

the boundaries between the traditional disci-

plines of physics, chemistry, molecular biology 

and biology. This observation, along with the fact 

that the years of undergraduate education to a 

large extent define our mental framework and 

approach to science, call for an early introduction 

to all the core disciplines of nanoscience. At iNA-

NO we offer dedicated Bachelor’s and Master’s 

programmes in Nanoscience where the goal of 

disciplinary breadth has been realized without 

sacrificing scientific depth. This has been accom-

plished by developing a fixed course programme 

involving carefully selected elements from the 

core disciplines combined with dedicated nano-

science courses and elective specialisation mod-

ules during the last years of study. Since its intro-

duction in �00� the annual uptake on this new 

study programme has counted 40-60 highly 

motivated and dedicated young students.

Bachelor’s programme

During the first three years the students receive 

basic, interdisciplinary training in physics, chem-

istry, biology, molecular biology, mathemat-

ics and computer science. Many of the courses 

are followed along with students from these 

core disciplines. In addition, a number of courses 

address issues specific to the nano-area. In the 

course “Introduction to Nanotechnology” the first 

year students are introduced to key nano-con-

cepts such as scanning probe techniques and bot-

tom-up/top-down synthesis of nanostructures. 

The course ends with a two-week project which 

enables students to make close contacts with 

research groups at iNANO already at their first 

year. In the subsequent courses more advanced, 

experimental exercises and a bigger project, cur-

rently involving fabrication and characterisation 

of a dye-functionalised solar cell, are carried out. 

In the final year of the Bachelor’s degree pro-

gramme students can follow the courses “Nano-

characterisation” and “Current Nanoscience” 

which introduce a number of experimental nano-

science characterisation techniques as well as 

important subject areas for current nanoscience 

research. A course on the theory of science dedi-

cated to the nano-area places the subject in a 

societal context and emphasises ethical aspects. 

Elective course modules at the third year of study 

allow fine-tuning of the course programme to 

the particular interest of individual students. The 

Bachelor’s degree programme is terminated by 

an individual Bachelor’s project typically carried 

out in a research laboratory and supervised by 

iNANO researchers.

Master’s programme

During their Master’s study students are required 

to specialize in either of three different fields: 

nano-physics, nano-chemistry or nano-molecular 

biology. In doing so they choose from the exten-

sive course catalogue at the Faculty of Science 

and follow course programmes developed 

through individual counselling. In the compulsory 

‘Student’s Colloquium’ the students gain experi-

ence in presenting a subject of their own choice 

to fellow students, and in the ‘Enterpreneurship 

and Innovation’ course they are introduced to 

concepts of commercialisation. The specialisa-

tion courses followed on the fourth year of study 

enable the students to commence their one-year 

master’s project or alternatively to seek admit-

tance to the iNANOschool PhD programme.

Course programme for the interdisciplinary Bachelor’s and Master’s degree in nanoscience offered at iNANO.  

Each academic year (starting from the bottom) is divided into four 7-week quarters and typically three courses are 

followed in each quarter. Legend: Blue: Physics courses, yellow: Chemistry courses, orange: Molecular biology  

courses, red: Mathematics/computer science courses, green: Nanoscience courses, grey: Specialisation modules. 

An interdisciplinary curriculum for Nanoscience

Numerical physics

Introduction to programming

Specialisation - 4

Specialisation - 3

Specialisation - 2

Specialisation - 1

Current nanoscience

Nano-charaterisation

Solid state physics

Statistical mechanics

Electromagnetism

Mechanics/thermodynamics

Introductory mechanics

Innovation and Enterpreneurship Specialisation - 10

Specialisation - 6 Specialisation - 9

Specialisation - 5 Specialisation - 8

Student’s colloquium Specialisation - 7

Bachelor’s project Bachelor’s project

Molecular structure Experimental mol.bio.

Elective-2 Bionanotechnology

Elective-1 Fourier analysis

Organic chemistry

Statistics and data processing

Linear algebra 

Experimental nano-exercises General molecular biology

Thermodynamics/kinetics General biochemistry

Theory of science

Nano intro

Basic biology 

Inorganic chemistry Calculus - 2

Introductory chemistry Calculus - 1

Master’s project in nanotechnology

Waves and optics

Nano projectNon-classical physics

Quantum mechanics
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Graduate studies

iNANOschool

iNANOschool has by now developed 

into a graduate school in nanoscience 

of international stature with 123 PhD 

students enrolled. A broad range 

of specialized courses have been 

established, and iNANOschool stu-

dents have access to highly advanced 

research facilities. The iNANOschool 

provides interdisciplinary competenc-

es in nanoscience and nanotechnolo-

gy at the highest international level.

By Signe Osbahr and Tina Fredsted

iNANOschool was established in �00� with the 

objective to educate highly qualified, interna-

tionally competitive PhDs with interdisciplinary 

competences in nanoscience and nanotechnol-

ogy. iNANOschool offers a broad range of PhD 

courses within nanoscience and nanotechnol-

ogy and provides facilities for and supervision of 

an increasing number of PhD students. Besides 

the focused PhD courses, such activities include 

a major annual meeting, an autumn school, stu-

dent networks, and activities to promote the 

exchange with other international institutions, 

mainly in Europe and Asia. The research areas 

within iNANO and iNANOschool are highly inte-

grated as well as truly interdisciplinary and at 

present cover such diverse research fields as 

functional nanomaterials, nano-energy-mate-

rials, nanomedicine, self-assembled molecu-

lar nanostructures, nanofood, nanophotonics 

and -electronics, and nanotoxicology along with 

numerous basic, long-term generic nanoscience 

research projects. Overall, the research activities 

are at the international forefront of science and 

serve as an ideal framework for education and 

industrial collaborations. 

During �008 15 PhD students completed their 

PhD studies, and 35 new PhD students were 

enrolled in iNANOschool. The social aspect of 

being associated with iNANOschool is also impor-

tant to us, and therefore an introduction meeting 

followed by an informal gathering is set up for 

all new PhD students during spring and a second 

information meeting is organised in conjunction 

with the iNANO Autumn School.  

Academic Activities at iNANOschool

Courses 

An important task for iNANOschool has been to 

establish a fairly large number of new PhD cours-

es within nanoscience and nanotechnology. 

These courses serve to educate the students in 

high-priority research fields together with inno-

vation, commercialisation and ethical aspects of 

nanotechnology. Moreover, a course to improve 

the abilities of PhD students to communicate 

their research in oral as well as in writing has 

been established. Most courses are offered 

on an annual or biannual basis and are prima-

rily structured as intense one- or two-week 

courses. In that way, the interference between 

courses and research projects or stays abroad is 

kept at a minimum. It is worth noting that oth-

er national and international institutions also 

benefit from the iNANOschool courses by send-

ing their students to iNANO for short visits. In 

return iNANOschool’s PhD students get excellent 

networking opportunities with students from 

other institutions. During �008 iNANOschool 

offered the following courses: Biointerfaces and 

Biocompatibility at the Nanoscale, Bionanotools 

and Protein Structure, Drug Delivery, Innovation 

and Entrepreneurship, MONET PhD School and 

iNANO Autumn School.

The course Biointerfaces and Biocompatibility 

at the Nanoscale was organised together with 

the EU Network of Excellence, Frontiers, as a 

one-week intense course at Fuglsøcentret near 

Aarhus. The course aimed to give an introduc-

tion to the interaction between artificial bioma-

terials and biological systems with emphasis on 

the mammalian physiological systems, includ-

ing humans. All aspects were covered from bio-

molecular adsorption on chemically or topo-

graphically nanostructured solid-state materials 

through the subsequent cell adhesion to tissue 

regeneration and long term performance of bio-

materials in vivo. The MONET PhD School organ-

ised in collaboration with the Marie Curie Early 

Stage Researcher Training Network MONET also 

took place at Fuglsøcentret. The school aimed 

to provide students with both background and 

recent advances in the rapidly advancing field of 

molecules and functional structures on surfaces 

as studied primarily by UHV surface science tech-

niques. Both courses gained from an internation-

al atmosphere with almost half of the partici-

pants being from highly esteemed research  

centres in other European countries. The one-

week course model at a remote location pro-

vides the students with unique opportunities  

to interact with each other and with the lecturers 

in an informal setting.

2002 2003 2004 2005 2006 2007 2008
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Growth of iNANOSchool

Figure showing the growth of iNANOschool from 2002 to 2008. 
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Two of the courses were organised at Aarhus 

University in order to be able to use the experi-

mental facilities. The aim of the Bionanotools and 

Protein Structure course is to introduce the stu-

dents to a number of analytical measurements 

and analytical tools used for the structure-func-

tion analysis of biological macromolecules, or 

biological nanomachines such as functional pro-

teins, membrane pumps and channels. The aim of 

the Drug delivery course is to provide insight into 

theory and technical requirements for delivery of 

nucleic acid-based gene silencing therapeutics in 

established cell lines, primary cells and animals. 

The last course, Innovation and Entrepreneurship, 

introduces concepts of commercialization, which 

are highly relevant to anyone who wishes to 

enter into a commercial exploitation of nanote-

chnology. The course was co-organized as a com-

bined undergraduate and graduate course. 

iNANO Autumn School 2008

A very important part of the course programme is 

the annual iNANO Autumn School where iNANO 

brings together all PhD students enrolled in iNA-

NOschool at Fuglsøcentret for an extended week-

end from Friday morning to Monday evening. 

At the Autumn School students are supposed to 

present their research project either as an oral 

presentation or in a poster session. The inten-

tion is to catalyze discussions on the research 

activities and stimulate collaboration between 

the students. The PhD students receive feed-

back on their oral presentations and there is a 

competition for both best oral presentation and 

best poster. This year a new concept was intro-

duced: In addition to the above mentioned com-

ponents a workshop with a general theme span-

ning the entire autumn school was arranged. 

The theme this year was Sustainable Energy and 

Climate Change - Challenges, Criteria, Solutions, 

for obvious reasons since sustainable energy, cli-

mate changes and the challenges involved are 

of utmost importance to our society in the years 

to come. 

As nanotechnology is expected to play a leading 

role in the development of sustainable energy 

sources and solutions to some of the global cli-

mate challenges, it is important for PhD students 

in nanoscience to participate in discussions and 

have basic knowledge about these areas. Raising 

the awareness of the emerging challenges, par-

ticularly amongst the future generations of scien-

tists, seems essential for the development of suc-

cessful solution strategies.

In preparation for the workshop all participants 

were asked beforehand to read the book ‘The 

Hot Topic’ by Sir David King and Gabrielle Walker. 

In addition four invited speakers, all experts 

in energy-climate related research, gave lec-

tures that served as eye-openers and inspiration 

for further discussions. The four speakers were 

Professor Bengt Kasemo, Chalmers University, 

Professor Jørgen Olesen, Aarhus University, 

Professor Ib Chorkendorff, Technical University of 

Denmark (DTU) and Professor Claus Felby, LIFE , 

University of Copenhagen. The information in the 

book combined with the four lectures, enabled 

the iNANO PhD students to discuss the theme, 

regardless of their own particular research area. 

The students were asked to discuss and address 

the following vital questions: 

•  Identify global energy and climate challenges

•  Set up criteria for evaluating and prioritizing 

challenges

•  Identify how nanoscience may contribute  

to solutions 

The majority of the discussions were carried out 

in smaller groups and issues like global chal-

lenge, urgency, global impact, sustainability, eth-

ical-social implications, nanoscience potential, 

and costs were debated. At the end of the work-

shop all groups presented in plenum their views 

on the challenges and potential solutions and a 

general discussion across all groups completed 

the workshop. 

Workshops/seminars

In order to stimulate interdisciplinary research 

activities and give all students direct access to 

the most recent research results on the inter-

national research arena, weekly iNANO semi-

nars are operated with remarkable success. At 

these seminars, highly esteemed international 

scientists give tutorials on different aspects of 

nanoscience, and scientists associated with iNA-

NO present their most recent results. The semi-

nars are very popular, and typically about 80-

100 graduate students and researchers broaden 

their horizons on current issues in nanoscience 

through these seminars. Another series of semi-

nars is devoted to the iNANO specialized lectures, 

where more specialized topics such as specific 

state-of-the-art experimental techniques and 

results are presented.

 

All PhD students at iNANOschool also participate 

actively in the iNANO Annual Meeting, where 

outstanding, international scientists present talks 

on hot topics in nanoscience and nanotechnol-

ogy. A poster session for PhD students and post-

docs allows them to present and discuss their 

own projects and to gain knowledge about other 

current projects within iNANO. 

Graduate studies
iNANOschool
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Nanorama 
– student organization

Nanorama is an organisation for 

undergraduate and PhD students at 

iNANO and iNANOschool. Nanorama is 

run by students and was established 

in the spring 2005. The organisation 

arranges student activities such as  

a “Nano Friday Bar”, joint ventures  

with other student organisations  

on campus and various nano-related 

academic arrangements. 

By the Board of Nanorama

The main goal of Nanorama is to strengthen the 

social contact between the nanoscience stu-

dents; both within the year groups and the dif-

ferent classes. The goal is pursued by support-

ing and initiating different activities, such as 

the annual relay races and other casual activi-

ties such as the Nano Friday bar.  Another aim of 

Nanorama is to organize nanoscience arrange-

ments to give students a broader perspective  

on their studies and gain insight into the job 

opportunities when they finish university.

The Board of Nanorama consists of seven stu-

dents spanning from first year students to PhD 

students, again with the mission to encour-

age nanoscience students to socialize among 

the classes and year groups. The Board is elect-

ed twice a year in the beginning of the semes-

ter, which gives the necessary flexibility for the 

board members to participate in the planning of 

Nanorama activities when they have the time, 

but also the opportunity to leave the Board after 

a short term to focus fully on their studies. 

An example of the social activities arranged by 

Nanorama in �008 was the participation in the 

local relay race ”Aarhus 1900 relay”, where iNA-

NO students were represented by two teams 

and a large backing group, supporting them with 

food, drinks, and encouraging shouts. Another 

very successful social event was the yearly 

Christmas party in which many of the iNANO stu-

dents participated.   

Among the extracurricular events planned for 

�009, three events should be mentioned. First to 

come is a panel discussion with relevant people 

from a trade union, the industry and a recently 

graduated student, who will answer questions 

from the audience about career possibilities and 

plans after graduation. Second on our schedule 

is a visit to two companies carrying out research 

in the field of nanotechnology, and finally three 

former iNANO students will in the spring �009 

give talks about how they, in their current jobs, 

use the knowledge gained during their studies at 

the iNANO center. 
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Nanoshow at iNANO

Eva Lykkegaard Poulsen

Kirsten Andersen

Katrine Svane

Henrik Hellstern

Niels Ramskov Bøje

Anna Julie Rasmussen
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In the autumn of 2008 a new Nano-

show was established with the aim  

to teach high school students about 

various aspects of nanoscience and  

to clarify the great potentials for  

nanotechnology application. 

By Tina Fredsted

iNANO is involved in a range of communication 

activities where the primary goals are to recruit 

new nanoscience students, to brand iNANO, the 

Faculty of Science and Aarhus University, and 

at the same time to raise the general public’s 

awareness of nanoscience and nanotechnology. 

This is important, not least because nanotechnol-

ogy is expected to form the backbone of the next 

industrial revolution.

In �008 iNANO initiated the establishment of 

a Nanoshow. For several years the Faculty of 

Science has offered Physics and Chemistry Shows 

and our goal was to create something similar, 

and yet the Nanoshow should have a somewhat 

different focus. The primary objective of the 

Nanoshow is to learn mainly high school students 

interested in biology, chemistry and physics 

about nanoscience, rather than to entertain them 

with a show. Therefore, the Nanoshow is not  

primarily developed for a larger auditorium 

crowd, but rather for smaller groups of up to  

�8 students.

The specific purpose of Nanoshow is that the vis-

iting students learn about nanoscience includ-

ing some of the latest news within the field and 

leave iNANO with increased knowledge and 

awareness of nanoscience and nanotechnology. 

Hence, they will not be entertained with spec-

tacular demonstrations, but rather learn about 

the basic principles, concepts and phenomena. 

Students will learn how nature behaves on the 

nano-scale, which forces play an important role, 

what is different from the macroscopic world  

and how nanoscience can be converted to  

nanotechnology.

There is not only one show but three different 

shows. In their present versions they focus on 

the three topics NanoMaterials, Nano-Energy-

Materials, and Health & Life (Nanomedicine and 

nanobiotechnology), respectively. Each show 

consists of a 30-minute general introduction to 

nanoscience including small demonstration exer-

cises, and is then followed by an approximately 

45-minute “show” focusing on one of the three 

above-mentioned topics and including various 

relevant demonstrations. As an integral part of 

the show, the students will be informed about 

on-going research activities at iNANO, which 

span from the physics of semiconductor nanopar-

ticles to drug delivery from nanoparticles. Central 

nano-characterization techniques like atom force 

microscopy and scanning tunneling microsco-

py will be presented, and nanocatalysis, energy 

materials, protein and enzyme functionality, self-

assembly and nanocoatings are just some of the 

topics that will be introduced.

The shows consist of clear and concise Power 

Point presentations, with good illustrations, 

sometimes funny and colourful, and small  

experiments which enable the students to see 

for themselves what happens, and how things 

happen. iNANO students with outstanding  

communication skills will present these shows.  

The shows will be offered from January �009, 

where also the new webpage will be launched 

(www.nanoshow.dk). 
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The theme of Grundfos Challenge 

2008 was sustainable development in 

the fast growing and fast developing 

BRIC countries. Three bright students 

from iNANO came up with an innova-

tive concept, “Lap-on-a-tap”, and  

won the Innovation price.

By Signe Osbahr

The BRIC-countries – Brazil, Russia, India and China 

– have experienced a fast economical growth 

during the last decade and their populations are 

among the largest on the planet, accounting for 

about 4�% of the total world population estimat-

ed to be about 6.8 billion. Whilst these facts repre-

sent hope for mankind they do also imply serious 

environmental challenges, which must be met by 

stakeholders including companies like Grundfos, 

which has production and sales corporations in all 

BRIC countries. At the Grundfos Challenge �008, 

the company asked the participants to focus on 

new approaches toward the market and technical 

solutions, which may lead to even more business 

opportunities. The goal was to identify new ways 

to reduce the energy consumption or secure the 

water supply in the four countries. 

Students from all Danish institutions offering 

educations within engineering and natural sci-

ence were invited to participate in the competi-

tion. The team representing Aarhus University in 

the engineering contest consisted of three iNA-

NO students: Sofie Kastbjerg, Søren Porsgaard 

and Jakob Arendt Rasmussen. The main chal-

lenge for the competing teams was to come up 

with a visionary idea and a detailed implemen-

tation plan. To catalyze the process the students 

attended several presentations at the Grundfos 

site concerning branding, market potential, busi-

ness strategies, economy, and patents, in order 

to gain insight into industrial terms and aspects, 

which are difficult to gather information about at 

the educational institutions. An additional task in 

the process was to establish a strong teamwork 

exploiting in full all the scientific and innovation 

competencies as well as social skills of all the 

team members. 

The iNANO team came up with a visionary 

project, which aims to influence both water sup-

ply and energy consumption. Due to the dubi-

ous cleanness of tapped water in China and 

the consequent insecurity about the drinkabil-

ity of the tapped water, a huge amount of bot-

tled water is produced and sold to the Chinese 

households. This prompts an enormous use of 

energy for transport of the many bottles of water 

and a large waste problem due to the dispo-

sure of empty bottles.  The iNANO students sug-

gested a solution with a small sensor which can 

be installed on all taps in private households. 

The sensor would be based on an electrochemi-

cal (fuse-based) sensor technology, and is sup-

posed to shine green, when pure water is run-

ning through the tap, and shine red, when the 

water is contaminated. The sensor was named 

“lab-on-a-tap”. 

The committee of judges consisting of a number 

of highly respected directors and research direc-

tors from Danish industry was impressed by 

the project which they thought elegantly com-

bines branding of Grundfos in an innovative way 

and provides the necessary security for clean 

water to the customers. Therefore, the project 

of the three iNANO students was awarded the 

prestigious Innovation price of DKK 15,000. 

CONGRATULATIONS to Sofie, Søren and Jakob. 

“Lab-on-a-tap” awarded the prestigious 

Grundfos Challenge Innovation Price
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iNANO study tour 2008

truly interdisciplinary, and for the more bio-inter-

ested, we visited a research group working with 

biosensors. They use functionalized AFM can-

tilevers with DNA, proteins or other molecules 

adsorbed on the cantilever, and have developed 

a chip with several cantilevers, which can be 

used as a sensor for many different environmen-

tal agents. After the lunch break we  

were taken to the Biozentrum where they  

use AFM to study functions and dynamics of 

membrane proteins. 

On Wednesday we had a rather busy and tight 

schedule from 9.00 to 17.00, where we vis-

ited ETH in Zürich. In the morning we visited 

Nanomat, Biologically Oriented Materials group 

headed by Professor Dr. Viola Vogel, where we 

heard lectures about nanoshuttles with kines-

ine attached to the edges of nanosized tunnels. 

These nanoshuttles are used to “walk” micro-

tubules along the tunnels. Molecules can be 

attached to microtubules and thus, this is a  

method to transport molecules in a chosen direc-

tion. After a delicious barbeque, which they had 

planned for us, we visited the Laboratory for 

Surface Science. We had six lectures on different 

aspects of surface science, ranging from commer-

cially applicable coatings to replicating the lotus 

effect and to the use of paramagnetic nanoparti-

cles in MRI scanning. After dinner, we joined the 

locals and watched the semifinals of Euro�008 

together in a pub. 

The final day of our study tour was spent sight-

seeing in Zürich before heading home to Aarhus 

in the afternoon, with our minds filled with new 

impressions and information.

 

We acknowledge the kind support from 

TUBORGFONDET and ROBLON FONDEN which 

made this tour possible.

by Kirsten Andersen and Niels Ramskov Bøje 

(Photos:  Erik Barløse Jacobsen)

It was Sunday the ��nd of June when 30 third-

year students from iNANO left their everyday life 

in Aarhus to visit Germany and Switzerland. The 

purpose was to visit the nanocenters at the uni-

versities in Karlsruhe, Basel and Zürich. Below is  

a short summary of the iNANO study tour �008.

Monday morning we arrived at Karlsruhe 

University, more specifically DFG-centrum für 

Funktionelle Nanostrukturen. Before lunch we 

attended three lectures including a very inter-

esting lecture by Dr. Christopher Anson on using 

single molecular magnets and hydrogen storage. 

During the afternoon we were shown around at 

the science center and we visited three different 

research groups. In the evening our journey  

continued to Zürich, where we had a hostel  

waiting for us. 

Tuesday morning we headed to Basel to visit the 

Institute of Physics and Biozentrum. After a short 

introductory lecture to nanoscience and nanote-

chnology, three PhD students guided us around 

to five different research groups. In the STM 

group, they complimented the group in Aarhus 

as being among the best in the world. An inter-

esting project was their Cryolab where they work 

with quantum dots with the purpose to create 

a quantum computer. The activities in Basel are 



In 2008 six nanoscience students from 

iNANO organized the INASCON confer-

ence for undergraduate nanoscience 

students from all over Europe for the 

second year in succession. The aim of 

the conference was to promote net-

working amongst young nanoscience 

researchers, and to expose young stu-

dents to current development and 

possibilities in nanotechnology.

By Kasper Jahn

In a broad field such as nanoscience it is vital to 

establish contact with scientists at other uni-

versities, who have expertise in other areas of 

research, as it can lead to potential collabora-

tions.  The goal of INASCON was to promote net-

working at a very early stage in the careers of 

young scientists, and therefore the conference 

was arranged for students, as opposed to normal 

conferences that tend to focus on established 

researchers. To catch the interest and broaden 

the perspectives of the students, talks on hot 

research topics were presented along with talks 

on less hard-core, but important issues such as 

health risks of nanotechnology and employment 

possibilities. Another important focal point of this 

year’s conference was to provide the students 

with some tools to help them improve their  

presentation skills. 

The major part of the funding for the confer-

ence was supplied by the Frontiers Network of 

Excellence. Additional generous grants were 

received from Tuborgfondet, Oticon Fonden, 

The Danish Ministry of Science, Novo Nordisk, 

Fabrikant Mads Clausens Fond, Familien Hede 

Nielsens Fond, Danisco, Swiss Nanoscience 

Institute and Grundfos. Without the generous 

support from these sponsors, the conference 

would not have been possible.

Students from eight countries

100 students representing11 universities and 8 

different European countries attended INASCON, 

and right from the outset the students started 

networking with one another. The setting of the 

conference was Fuglsøcenteret, located near 

Ebeltoft in Denmark, which offers excellent pos-

sibilities for students to walk-and-talk along a 

beautiful part of the Danish coastline.

The conference proceeded very smoothly with 

exciting lectures on hot topics in nanoscience 

presented by experienced researchers.  In addi-

tion, nine students gave excellent presentations 

of the work they had performed so far during 

their short scientific career. The conference also 

contained a poster session, which gave the stu-

dents the opportunity to learn about research 

carried out by other participants.

A panel discussion with focus on the transition 

from the academic life at a university to a career 

in the high-tech industry was held with participa-

tion of representatives from academia and indus-

try in the panel:  Ove Poulsen (Vice-chancellor, 

Engineering College of Aarhus), Anders Bentien 

(Grundfos), Charlotte Poulsen (Danisco), Finn 

Folkmann (AC-trade union representative AU). 

These four participants each gave a short pres-

entation pointing out what they find important 

when making the transition from academia to 

industry. Afterwards the students could ask ques-

tions to any of the four panel members. This ses-

sion was highly praised by the students, who 

generally were in doubt about their employment 

possibilities after graduation due to the fact that 

nanoscience educations are still so new that no 

reliable employment record is yet available.

Finally, after every day with intense exchange 

of information, everybody met in the evening to 

get a couple of beers and continue networking in 

an informal setting.

Overall, the INASCON conference was a great  

success, and the feedback from the students  

was very positive indeed. Next year the INASCON 

conference will be held in Switzerland in the  

period from �0-�3 August. 

page 14

INASCON
– Conference to promote networking amongst  
European nanoscience students
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lar chemistry – a term he coined himself years ago 

– and in his talk he showed the audience how far 

nanoscience has proceeded along a similar path.

While molecular chemistry is based on molecules 

joined by covalent bonds between their constitu-

ent atoms, supramolecular chemistry explores the 

assembly of molecules that spontaneously gener-

ate complex structures on the basis of the informa-

tion stored in their molecular components; thus 

behaving as programmed systems. “If we can 

understand and control supramolecular systems 

well enough, high-tech industries may be able to 

move from fabrication to self-fabrication. This is an 

important concept for the future”, Lehn advocated.

A powerful tool for self-assembly of supramo-

lecular structures is metal ion coordination, which 

provides “the cement to link together the bricks”. 

These supramolecular structures can then be 

manipulated through oxidation and reduction 

leading to binding or release of the ions, and such 

processes may be exploited for developing supe-

rior nanoelectronic components based on molecu-

lar spintronics. Jean-Marie Lehn and his co-workers 

have even made supramolecular structures that 

are able to move and carry out mechanical work 

at the nanoscale in a fully controlled and revers-

ible manner; an example is helixes that stretch out 

to form long and stable chains when they pick up 

metal ions from a solution and folds tightly like an 

accordion when the metal ions are removed. 

Finally Jean-Marie Lehn introduced a new para-

digm – constitutional dynamic chemistry – where 

both the molecular building blocks and the 

supramolecular structures contain reversible bonds 

and are able to undergo continuous change. This 

allows for self-organization by selection and thus 

adaptation to a changing environment in a manner 

that resembles natural evolution. “The research 

is based on a simple and powerful idea – lock and 

key. First we make the chemical lock and then cre-

ate a lot of flexible molecular and supramolecular 

building blocks which change and adapt until the 

best possible key has evolved by self-organiza-

tion. Our approach combines information and pro-

grammability with dynamics and reversibility and 

points towards the emergence of a new adaptive 

and evolutionary chemistry of increasing complex-

ity. This is the goal”, Jean-Marie Lehn said.

Communicating protocells

Hagan Bayley from Oxford University took the 

audience on a grand tour into the realm of syn-

thetic biology; the aim of his research is to manu-

facture micro- and nanomachines from simple 

organic parts. Such micromachines may be motile, 

able to generate, store and use energy, capable of 

sensing and able to take up substrates and convert 

them into products.

Bayley works with aqueous droplets that 

become encased by lipid monolayers when sub-

merged in an oil-lipid mixture. When such droplets 

are brought into contact they form robust inter-

face bilayers that link them together and resem-

ble primitive cell membranes. Proteins such as 

α-hemolysin pores can be inserted into these 

bilayers allowing the droplets to communicate 

with each other by exchange of ions. The interac-

tions between the droplets can be manipulated 

by using genetic engineering to alter the pores in 

order to change their conductance or ion selectiv-

ity or to control when they open and close. “We 

have made the first multicellular networks of 

droplets that can be regarded as communicating 

7th iNANO annual meeting 2009: 

Dealing with increasing complexity

Nanoscientists are inventing a wealth 

of increasingly complex materials 

and nanodevices with sophisticated 

functions that may enable the devel-

opment of self-fabricating facto-

ries, self-powered nanorobots, fast 

genome sequencing, medical sensors 

circulating the blood stream and  

intelligent drug delivery systems.

By Rolf Haugaard Nielsen 

Science journalist

“In the beginning was the Big Bang, and phys-

ics reigned. Then chemistry came along at mild-

er temperatures; particles formed atoms; these 

united to give more and more complex molecules, 

which in turn associated into organized aggregates 

and membranes, defining primitive cells from 

which life emerged. From divided to condensed, 

organized, living and up to thinking matter, the 

universe has evolved towards a progressive com-

plexification of matter, through a process of self-

organization under the pressure of information”.

The first speaker at the iNANO annual meeting 

�009, the 1987 Nobel Prize winner in Chemistry 

Jean-Marie Lehn from Université Louis Pasteur in 

Strasbourg, wrote this beautiful and inspirational 

introduction for a recent review on supramolecu-



synthetic protocells or prototissue”, Bayley said. 

“Such networks can also perform as electrical cir-

cuits or bio-batteries or act as light sensors, when 

a light sensitive bacterial protein is also incorpo-

rated into the bilayers”.

The α-hemolysin pores look like mushrooms 

with the stem penetrating the droplet interface 

bilayer. Bayley and his co-workers have insert-

ed doughnut-shaped molecules called cyclo-

dextrins into the stem and used them to dis-

tinguish between the four nucleotides making 

up DNA. This may lead to cheap and extremely 

fast genome sequencing in the future. “To ful-

fil this promise single nucleotide discrimination 

is mandatory. A possible route is to use enzymes 

to cleave off one base at a time from the DNA 

strand before it reaches the membrane spanning 

domain of the nanopore”, Hagan Bayley said.

Improving drug delivery

Tejal Desai from the University of California in  

San Francisco focused on applications of nanos-

tructured drug delivery systems that may over-

come unmet needs of present drug delivery  

technology. Some of the most important chal-

lenges are continuous release of therapeutic 

agents over extended time, local delivery to 

avoid systemic toxicity and improved ease of 

drug administration.

Today many protein and peptide drugs like 

insulin need to be injected daily, but an ideal 

delivery system would release such drugs into 

the blood stream at a constant rate for a month 

or more. Desai has shown that nanopores loaded 

with drugs are up to the task when the pore size 

gets so small that it approaches the size of the 

therapeutic agent. “It is like a crowded theatre 

with only one small door. It makes no difference 

whether a hundred or a thousand people want 

to get out, their speed is limited by the size of 

the door, and thus they leave at a steady pace”, 

said Desai. Animal experiments have shown a 

100 per cent drug release at a constant rate over 

three months from a subcutaneous implant with 

nanopores.

Most people prefer pills to injections or 

implants, but for many drugs the oral route is 

particularly difficult. One reason why is the bar-

riers in the gastrointestinal tract that protect us 

against pathogens. In order to ferry drugs from 

the intestines into the blood stream Desai and 

her co-workers have developed both planar and 

ball shaped microdevices made from degradable 

polymers. These drug containers are equipped 

with nanowires of the same size as the hair-

like structures on the surface of the cells in the 

gastrointestinal lining. The nanowires and the 

hairs stick together like a Velcro lock and thus 

the microdevices adhere strongly to the cells. 

Experiments in a rodent model have shown  

that nanospheres with wires targeted the small 

intestine and stayed attached while releasing 

their drugs. “This resulted in high drug permea-

bility through the gastrointestinal lining”,  

Tejal Desai said.

Power plants for nanomachines

Nanoscientists all over the world are working 

hard to develop nanomachines, nanorobots, 

intelligent medical implants, and mobile environ-

mental sensors. However, a key challenge is to 

find a power source for such devices. Batteries are 

not up to the task because to be able to last for 

months or years they will inevitably be too big. 
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How to solve complex nanostructures?

Nanoscientists are producing lots of complex mate-

rials with functions that depend on local atomic 

structures within the average crystalline lattice. 

An example is nanostructured bulk materials with 

internal domains that can easily be switched to  

produce large magnetic, electronic or thermoelec-

tric responses. Another example is mesoporous 

materials with nanoscale pores, which show great 

promise as carrier materials in catalysis.

Unfortunately, it is extremely difficult to solve the 

structure of such materials by x-ray crystallography. 

“This is the nanostructure problem”, Simon Billinge 

from Columbia University in New York pointed out. 

“However, to understand and design complex nano-

materials it is essential to be able to perform high 

resolution structural characterization”.

For pure crystals, it is possible to determine their 

atomic structure. But for advanced nanomateri-

als with built-in domains measuring 1-10 nanome-

tres ordinary x-ray crystallography fails and new 

approaches are much in need. Billinge told the  

audience about a promising method based on the 

atomic pair distribution function (PDF).

When illuminating nanostructured materials 

with powerful x-ray beams from synchrotrons this 

method utilizes not only the Bragg peaks show-

ing which atoms are present, but also the diffuse 

scattering coming from irregularities in the sam-

ple. “Performing a PDF calculation is like sitting on a 

chosen atom looking around at the neighbourhood. 

First we calculate the probability of finding another 

atom nearby and then we run calculations to locate 

other atoms further and further away. In this way  

it may be possible to elucidate local structures  

within complex nanomaterials”, Simon Billinge  

told the audience.

7th iNANO Annual Meeting 2009
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Zhong Lin Wang from Georgia Institute of 

Technology in Atlanta presented a very promis-

ing solution – piezoelectric nanogenerators – that 

draws energy from their environment. In the 

human body these nanogenerators may harvest 

hydraulic energy from the blood flow, mechani-

cal energy from body movements or chemical 

energy from glucose and convert it into electricity. 

Such a nanogenerator may power an implanted 

medical sensor with a wireless radio transmit-

ter to report the results. In the environment an 

autonomous nanorobot could draw energy from 

vibrations, e.g. from road traffic, or the nanogen-

erator could be supplied with energy from afar 

using ultrasonic waves.

To generate electricity Wang utilizes nanowires 

of zinc oxide, which are both semiconduct-

ing and piezoelectric. In the first experiments 

he pushed a standing nanowire with the tip of 

an AFM-microscope. As the piezoelectric wire 

bends a voltage develops, which is subsequently 

released as direct current to the conductive tip. 

Now Wang and his co-workers have developed 

zigzag electrodes bending a lot of nanowires in 

one stroke to generate milliwatts of power as 

well as flexible brushes that produce current as 

they move back and forth against each other.

These piezoelectric nanogenerators are now 

finding their first applications. “We have made 

textile fibre based nanogenerators that have 

been woven into shirts and tents that convert 

movements into power for portable electron-

ics in the field”, Zhong Lin Wang told the audi-

ence. So as soon as anybody comes up with a 

smart autonomous nanorobot which is able to 

sense and adapt to the environment, manipulate 

objects, take action and perform complex func-

tions Wang’s piezoelectric nanogenerators are 

ready to keep it going.

Nanoparticles for sensing and diagnostics

When a light from a laser beam hits a sample the energy of the reflected light from the illuminated 

spot may be shifted up or down due to interactions with phonons – that is lattice vibrations - in the 

sample. This method is called Raman spectroscopy, and since the vibrational information is specific for 

the chemical bonds in any molecule, it provides fingerprints of the molecules present in the sample.

Unfortunately, Raman scattering is weak, but years ago Richard Van Duyne from North Western 

University in Illinois was among the pioneers developing a powerful method called surface-

enhanced Raman spectroscopy (SERS). When the illuminated sample is placed on top of a noble met-

al collective electron excitations - surface plasmons – occur in the metal surface and these plasmons 

enhance the Raman scattering by as much as a factor 106. This in turn increases the sensitivity of the 

method dramatically.

In his talk, Richard van Duyne told the audience about the latest development called localized sur-

face plasmon resonance (LSPR) spectroscopy. When a single nanoparticle or clusters of nanoparti-

cles of silver or gold interact with the incident laser light this generates surface plasmons that oscil-

late locally around the nanoparticles. Such plasmons are able to enhance the Raman scattering by up 

to a factor 1010. LSPR may be utilized in different ways to develop extremely sensitive chemical and 

biological sensors as well as diagnostics kits. “LSPR make it possible to detect and identify individual 

molecules”, Van Duyne said.

Van Duyne and his co-workers are now developing a nanoparticle based glucose sensor to be 

implanted beneath the skin of diabetes patients, and experiments in rats have shown that such sen-

sors can be accessed transdermally with a laser beam. “Thus, diabetes patients could be equipped 

with a small portable Raman spectrometer to take frequent glucose readings. In just five years hand-

held spectrometers may be produced for only a thousand dollars”, Richard Van Duyne predicted.
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Two iNANO scientists were awarded 

with ERC (European Research Council) 

grants in 2008. Liv Hornekær’s project 

aims to uncover hydrogen interaction 

with polycyclic aromatic hydrocarbons 

 in interstellar space and to utilize  

this insight to develop a novel  

approach to hydrogen storage.  

Flemming Besenbacher received 

a grant to develop scanning probe 

microscopes able to acquire atomic 

resolution images at video-rate  

frequencies. 

By Rolf Haugaard Nielsen

 

In �007, the European Research Council launched 

a new funding scheme under the Seventh 

Framework Programme with the aim to support

individual researchers doing research at the fron-

tiers of science. The first of these prestigious 

grants – 80 in total - were awarded in �008 and 

despite fierce competition from a thousand scien-

tists from all over Europe Liv Hornekær received 

a Starting Independent Researcher Grant of EUR 

1.5 million, while Flemming Besenbacher was 

awarded an Advanced Researcher Grant of simi-

lar size.

Hydrogen and PAHs

Liv Hornekær’s project “Hydrogen interaction with 

polycyclic aromatic hydrocarbons – from interstel-

lar catalysis to hydrogen storage” aims to uncov-

er the interaction at the atomic level between 

hydrogen and polycyclic aromatic hydrocarbons 

(PAHs). The project has a basic, scientific objec-

tive and an application-oriented goal. 

Astronomers expect PAHs to be ubiquitous in 

the interstellar dust and molecular clouds where 

new stars and planetary systems form. Hornekær 

will investigate whether PAHs in these regions 

play a crucial role as catalysts for one of the most 

important interstellar chemical reactions - the 

formation of molecular hydrogen. Theory sug-

gests that hydrogen atoms will bind to PAHs  

and unite to form molecules.      

If this turns out to be the case, the discovery will 

affect both the present-day models of star for-

mation and our understanding of the formation 

of complex, biologically relevant molecules in 

interstellar space. Subsequently, the knowledge 

obtained will be used to investigate the potential 

of PAHs as a hydrogen storage medium. The aim 

is to demonstrate a completely novel approach to 

hydrogen storage at a proof-of-principle level.

Hornekær’s project is characterized as a high-

risk/high-gain project, since it addresses major 

questions within both astrochemistry and hydro-

gen storage, and carries the promise to pro-

vide unconventional answers. Furthermore, the 

research will employ and develop a broad range 

of advanced experimental techniques.

The outcome will be an in-depth understand-

ing of the interaction of hydrogen with polycyclic 

aromatic hydrocarbons, a possible revolution of 

present-day astrochemical models, and a fea-

sibility study of a completely novel approach to 

hydrogen storage, which could have great tech-
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Two iNANO scientists receive 

prestigious ERC grants

nological potential and contribute to the  

hydrogen society as part of a future  

sustainable energy system.

Atomic scale videos

For most commercial scanning probe micro-

scopes (SPMs), it takes about five minutes to 

record an atomic resolution image of the sur-

face. The home-built Aarhus Scanning Tunneling 

Microscope (STM) is famous worldwide for its 

ability to record dynamic images at a rate of one 

frame per second. In recent years, this unique 

quality has lead to a number of important dis-

coveries. For instance, the research of Flemming 

Besenbacher’s group has made it possible to 

develop some of the very first successful industri-

al catalysts designed from a fundamental surface 

science input; an example is the commercial des-

ulphurization BRIM catalysts developed in close 

collaboration with Haldor Topsøe A/S.

The advanced ERC grant will enable Flemming 

Besenbacher and his co-workers to develop a 

new generation of SPMs that will make it pos-

sible to acquire atomic scale movies of dynamic 

reactions with a speed comparable to video cam-

eras recording �5-50 images per second. This 

will open up entirely new avenues of research 

in areas such as catalytic reactivity of surfaces 

and nanostructures, self-organization of organ-

ic, molecular nanostructures on surfaces, and in 

studies of biomolecular processes and interac-

tions under physiological conditions.

Concerning STM microscopes, video-rate frequen-

cies are already within reach. At a later stage,  

a video-rate STM for studies of light-induced 

chemical reactions and an STM working inside a 

high-pressure cell will be developed. The goal is 

to carry out atomic scale studies of catalytic proc-

esses under pressures and temperatures that are 

close to industrial conditions.

Once a video-rate STM is up running the next 

major technological challenge will be to devel-

op video-rate atomic force microscopes (AFMs). 

The objectives are twofold: To develop a dynamic 

fast scanning AFM to be operated under ultrahigh 

vacuum conditions for the study of non-conduct-

ing oxide surfaces such as for example alumina –  

a natural extension is to implement such an AFMs 

inside a high-pressure cell. Second, to develop 

a  fast-scanning AFM to be implemented inside 

a liquid cell to study the dynamics of biologi-

cal processes in atomic detail, e.g. the mobil-

ity of membrane proteins on the surfaces of liv-

ing cells. Such a truly revolutionary AFM may 

also help to reveal the protein fibrillation mech-

anism involved in protein folding diseases like 

Alzheimer’s disease, and provide real-time mov-

ies of the action of enzymes and antimicrobi-

al peptides on surface attached bacteria under 

physiological conditions.

The next generation of fast scanning STMs and 

AFMs may also lead to scientific and technologi-

cal breakthroughs in supramolecular chemistry, 

including studies on how large molecules bind 

to, interact with, migrate and self-assemble into 

organized molecular patterns and nanostruc-

tures on surfaces. Such video-rate movies with 

atomic resolution are expected to lead to pro-

found new insights into the subtle balance of 

forces that control the formation of supramo-

lecular aggregates. This in turn may open up 

new possibilities for programming and con-

trolling these processes, eventually enabling 

self-fabrication of molecular nanostructures. 

Furthermore, very fundamental questions such 

as the possible origin of the homochirality of life 

may be answered by studying single chiral bio-

molecules on e.g. stepped surfaces.  

To see examples of Aarhus STM movies  

go to the website: http://www.phys.au.dk/

spm/stmmovies.shtm

Liv Hornekær and

Flemming Besenbacher

Polycyclic aromatic hydrocarbons (left) may 

catalyze the formation of molecular hydrogen 

in star forming regions such as the Star- 

Birth-Cloud M16 (right). (Photo HST-NASA)
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Nanomaterials for a 
clean energy revolution

The world needs new and sustainable 

energy sources. Research on nano-

energy-materials may enable us to 

turn organic waste into biofuels,  

convert waste heat into electricity,  

or produce hydrogen by sunlight.  

A breakthrough in just one of these 

areas is bound to have a monumental 

impact on modern society.

By Bo Brummerstedt Iversen, Ye Sun and 

Mogens Christensen

The global energy crisis and lurking climate 

changes urge the development of new environ-

mentally friendly energy sources. Imagine that 

we could convert waste heat from industry or car 

exhausts into electricity, produce hydrogen from 

solar energy and store it for mobile applications, 

or turn organic waste into diesel fuel. This may 

indeed become possible by exploring the unique 

properties of nano-energy-materials. 

At the Centre for Energy Materials (CEM), we 

carry out international cutting-edge research on 

emerging energy technologies with the aim of 

rapid commercial application. Some of the most 

promising target areas are given below.

Thermoelectric materials

Thermoelectric materials are capable of electri-

cal-thermal energy conversion and may be uti-

lized for power generators that convert waste 

heat into electricity or for cooling devices. Many 

new thermoelectric materials are based on a 

design strategy called the “phonon-glass and 

electron-crystal concept”, where the ideal mate-

rial conducts heat poorly like an amorphous 

material and at the same time performs as a 

good electrical conductor just like a crystal. In 

such materials, a high proportion of the thermal 

energy can be converted into electrical current.

The collaboration within CEM allows for mate-

rials synthesis and characterization as well as 

thermoelectric system modelling combined with 

module fabrication and testing, and this multi-

disciplinary approach assures a fast route from 

preparation of novel materials to commercial 

implementation. Our current work focuses on 

novel, complex bulk nanomaterials and low-

dimensional materials such as nanoparticles  

and thin films. 

Recently, a patent was taken on iron antimonite 

(FeSb
�
), which has exceptional properties with 

a power factor 10 times larger than any known 

material, and thus potentially a high energy con-

version efficiency. Further reduction of its ther-

mal conductivity through alloying or nanostruc-

turing would result in a promising material for 

low temperature cooling applications, e.g. to  

cool superconducting cables in the power  

transmission system. 

This scanning electron microscopy  

picture shows a patented FeSb
2
 thin  

film on silicon. FeSb
2
 has a power factor 

10 times larger than any other known 

thermoelectric material.

500 nm

Nanoparticles of titanium dioxide (TiO
2
)  

show promise for photo-catalysis; splitting  

water into oxygen and hydrogen using  

sunlight as the energy source.
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Solar hydrogen production

Solar energy is clean and plentiful and thus 

the ideal renewable energy source, if effec-

tive and reliable technologies can be developed 

to harvest it. As a non-polluting energy source, 

hydrogen can be produced from water splitting 

through a photo-catalytic process using sun- 

light. However, at present the hydrogen yield  

is too small. 

To improve the production efficiency, CEM carries 

out highly innovative research on new photo-

catalysts. A breakthrough may be achieved, for 

example, by optimizing the band gap, by control-

ling the size of the catalytic nanoparticles, or by 

doping the nanoparticles with metals. 

Hydrogen storage materials

Hydrogen has a very low volumetric energy den-

sity at ambient conditions and even as liquid 

hydrogen. For transportation, effective gas stor-

age is the Achille’s heel of the hydrogen society. 

CEM synthesizes and characterizes novel hydro-

gen storage materials capable of storing hydro-

gen at increased densities. Ultimately, CEM 

aims to create novel nanocomposite materials 

that combine physisorption and chemisorption 

in order to enable fast up-take and release of 

hydrogen from the storage material.

Nanoparticles for energy applications

The large surface-to-volume ratio of nanoparticles 

greatly improves their ability for catalysis and sur-

face absorption, and nanoparticles can also have 

remarkably enhanced thermoelectric properties 

due to much reduced thermal conductivity. 

CEM is synthesizing, characterizing and imple-

menting a range of novel nanoparticles with 

emphasis on hydrogen production and storage, 

thermoelectrics, and photo-catalysis.  

Robust design principles for reactors utilizing 

a revolutionary new technology called super-

critical synthesis are under development. 

Supercritical processes are simple, efficient,  

very applicable for industry, extremely  

environmentally friendly, and lead to cheap  

and high quality nanoparticles.

. 

Biofuels from organic waste

High-pressure conversion of wet biomass to 

transportation fuels is a novel technology capa-

ble of turning organic waste into energy for the 

benefit of the environment and reducing the 

dependency on fossil fuels. The company of SCF 

Technologies A/S, participant of CEM, has devel-

oped a �nd generation technology, the Catliq® 

process, to convert waste and biomass residue 

into bio-oil in hot pressurized water in the pres-

ence of catalysts. CEM conducts laboratory tests 

to improve product yield and quality. 

All the above-mentioned research areas may 

lead to important breakthroughs, and by com-

bining outstanding academic, technological, and 

industrial expertise, CEM finds its unique strength 

to contribute to the clean energy revolution.

 

Metal hydrates for hydrogen 

storage can be imbedded in 

nanoporous scaffold materials. 

At low temperatures, hydrogen 

molecules can be physisorbed  

by the storage material.

Centre for  
Energy Materials
The Centre for Energy Materials has 

united and vastly expanded the 

energy materials research at iNANO, 

Aarhus University, and the Institute 

for Energy Technology, Aalborg 

University. The research activities 

are integrated with strong techni-

cal expertise from industrial partners 

aiming at end-use applications. In 

addition, CEM offers the highest lev-

el of energy education  

in Denmark and thus educate  

highly skilled employees for  

the energy industry.

Ye Sun and 

Mogens Christensen Bo Brummerstedt Iversen
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Titanium dioxide: 

What defects matter?

Titanium dioxide is a widely used 

material in catalysts, gas sensors, and 

solar cells. The functionality leading  

to its use in many applications is  

enabled by a defect state in the mate-

rial that supplies excess electrons.  

A new theory explains the origin of 

this defect state and may lead to  

technological breakthroughs. 

By Stefan Wendt, Estephania Lira and  

Jonas Ø. Hansen

Titanium dioxide (TiO
�
) is an intriguing oxide 

material that is used in a number of technological 

fields, including heterogeneous catalysis, photo-

catalysis, solar cells, gas sensors, waste remedia-

tion, and biocompatible materials. TiO
�
 is an inert 

wide band gap insulator, but when reduced to 

titania (TiO
�
-x) a broad range of applications are 

enabled by excess electrons originating from a 

defect state that is located within the band gap. 

Understanding the origin of this defect state is 

important for improving or expanding the scope 

of TiO
�
-based systems for specific applications. 

Conventionally, the defect state has been ful-

ly ascribed to oxygen vacancies in the surface, 

because from each vacancy two excess electrons 

may be transferred to the neighbouring titani-

um atoms. To gain insight at the atomic scale, we 

have used high-resolution scanning tunnelling 

microscopy (STM) and photoelectron spectros-

copy (PES) to study the nature of the defect state 

in the band gap of rutile TiO
�
. The combination 

of these two experimental techniques revealed 

that the defect state in the band gap remains 

largely unaffected on TiO
�
 surfaces when all oxy-

gen vacancies have been removed. These results 

challenge the proposed traditional view. 

Oxygen vacancies – or not

In previous work, we have identified oxygen 

vacancies on clean TiO
�
 surfaces, where hydroxyl 

groups are formed on TiO
�
 surfaces after water 

exposure, healing all the oxygen vacancies  

due to reactions of water molecules with the  

oxygen vacancies. 

If a clean TiO
�
 surface is exposed to oxygen, we 

find oxygen adatoms from dissociation of molec-

ular oxygen on the oxide surface. Research so far 

has led to the belief that the dissociation of oxy-

gen is only possible at the surface oxygen vacan-

cies. However, our new experiments show that 

an additional dissociation channel exists leading 

to characteristic pairs of oxygen adatoms. This 

surprising result indicates that the importance of 

surface oxygen vacancies has been overestimat-

ed in the past.

We used photon emission spectroscopy to study 

both a clean TiO
�
 surface with oxygen vacancies 

and a water exposed TiO
�
 surface with hydroxyl 

groups. In the valence band spectra the only 

obvious difference is the OH feature at a bind-

ing energy of ~10.8 eV that is present only on 

the surface with hydroxyl groups. However, the 

defect state in the band gap is practically identi-

Stefan Wendt, Estephania Lira 

and Jonas Ø. Hansen
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cal on these two TiO
�
 surfaces. On the other hand, 

the defect state is strongly suppressed after 

high oxygen exposure both when starting from 

a clean TiO
�
 surface and from a TiO

�
 surface with 

hydroxyl groups. 

Charge transfer from titanium ions

In the literature, the suppression of the defect 

state after high oxygen exposure has been 

ascribed to the healing of oxygen vacancies. In 

fact, this is a simple and appealing model that 

has been accepted for years. However, the exper-

imental results can also be explained by charge 

transfer from titanium ions on interstitial sites in 

the near-surface region to oxygen adatoms on 

the surface. These titanium ions serve as elec-

tron donors.     

All our experimental results can be explained if 

titanium interstitials in the near-surface region 

cause the gap state, as we also show by density 

functional theory calculations. In the absence of 

oxygen vacancies on the surface, bulk-reduced 

TiO
�
 thus remains highly reactive for redox  

reactions, since the titanium interstitials provide 

the charge necessary for O
�
 adsorption and dis-

sociation. In contrast, the traditional model sug-

gesting that the healing of oxygen vacancies fails 

to explain why the defect state is not altered on  

a TiO
�
 surface with hydroxyl groups. Further-

more, within the traditional model the additio-

nal oxygen dissociation channel that leads to  

the characteristic pairs of oxygen adatoms is  

difficult to explain.

Designing improved catalysts

Our results are important not only from a funda-

mental point of view, but they also offer expla-

nations about TiO
�
 surface systems that are 

more applied in nature such as helping to design 

improved catalysts. 

Two very important examples are the photo-cat-

alytic activity of TiO
�
 and the light-induced for-

mation of water hydrophilicity on titania films. 

Specifically, in these examples, the aqueous 

environment precludes the existence of surface 

oxygen vacancies, and therefore titanium inter-

stitials in the near-surface region are a much 

more realistic explanation than oxygen vacan-

cies. Similarly, the catalytic activity of gold nano-

particles supported on TiO
�
 at low temperatures, 

for instance in relation to CO oxidation, may now 

be better understood.

S. Wendt, P.T. Sprunger, E. Lira, G.K.H. Madsen, 

Z. Li, J.Ø. Hansen, J. Matthiesen, A. Blekinge-

Rasmussen, E. Lægsgaard, B. Hammer, and F. 

Besenbacher, The Role of Interstitial Sites in the 

Ti3d Defect State in the Band Gap of Titania. 

Science 320, 1755 (2008).

Potential-energy profile for the reaction of an 

adsorbed O
2
 molecule and a Ti interstitial (A).  

The O
2
 molecule (red) is adsorbed (B). A Ti  

interstitial (dark blue) moves to an octahedral 

site toward the surface and a lattice Ti (light 

blue) moves to an octahedral site between the 

first and the second TiO
2
 layer (C). The original  

Ti interstitial is now on a lattice site (D).  

The exchanged Ti interstitial appears at the  

surface (E). Adsorbed O
2
 dissociates and forms  

a surface TiO
2
 island on the terrace (F).

STM images of a reduced TiO
2
 surface with oxygen vacancies (A), a surface with hydroxyl groups 

after water exposure (B), and a surface after high oxygen exposure (C). The corresponding PES 

valence band spectra are shown in (D). The defect state (Ti3d) is observed both on the reduced 

surface and the water exposed surface even though from the latter all oxygen vacancies have 

been removed. 

Figure 5
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Through carefully designed organ-

ic surface chemistry and advanced 

grafting techniques, it will be  

possible to modify the surface of a 

given item to obtain a protective  

polymer coating that attaches so 

strongly to the surface that it can 

withstand extreme physical and 

chemical environments. 

By Mogens Hinge, Steen Uttrup Pedersen,  

Peter Kingshott and Kim Daasbjerg

 

We are surrounded by polymer-coated surfac-

es; the paint on the walls, the non-stick coating 

on our frying pans, and the easy-to-clean sur-

face of a wooden kitchen table. Such coatings are 

applied in order to protect the underlying mate-

rial, to cast the final shape, or to provide a surface 

with specific properties. New methods based on 

surface chemistry may lead to superior polymer 

coatings of consumer goods and industrial tools.

When coating an item the method of choice 

depends heavily on the physical and chemical 

properties of the surface, in particular the required 

attachment strength of the polymer coating. Today 

attachment is mostly achieved through mechani-

cal interlocking or physical adhesion, but unfortu-

nately, such forces can be too weak leading to poor 

attachment of the coating. Thus the coating cannot 

withstand the environment for which the product 

is intended. Therefore, the manufacturing industry 

seeks new and versatile solutions. 

A keyword in this respect is chemisorption – that 

is the creation of strong chemical bonds between 

two otherwise incompatible materials. This is 

by no means a trivial task and requires funda-

mental knowledge about surface chemistry-

and approaches for modifying and directing the 

chemical reactivity of surfaces.

The RadiSurf Project

The goal of the RadiSurf project at iNANO is to 

develop methods to generate strong chemical 

bonds between polymer coatings and various 

surfaces. This is particularly important for items 

made of industrial metals such as iron and stain-

less steel as well as for commodity and engineer-

ing plastics. 

The basic idea is to modify the surface chemical-

ly with a primer that is either reactive towards 

or compatible with the polymeric matrix of the 

coating. After laboratory testing the primers are 

optimized and eventually implemented into 

industrial processes.

The RadiSurf project will contribute significantly 

to the development of future coating solutions 

for corrosion protection, reduction of wear, and 

cheaper maintenance. The research is carried out 

in close collaboration with two industrial part-

ners: Grundfos, one of the world’s leading pump 

manufacturers, and SP-Group that produces 

moulded plastic components and polymer coat-

ings in Denmark, Poland, and China.

A primer binds a forest of mole-

cular polymer brushes that are 

physically or chemically compa-

tible with the melt of the poly- 

mer. Entanglement between  

the brushes and the polymer 

melt during casting makes the 

coating stick to the surface.  

STEP 1 Activation of the surface and attachment of the primer STEP 2 Polymerization of the polymer brushes

Primer chemically attached to 
the surface and the polymer coating

Polymer brushes chemically attached to the
surface and entangled with the polymer coating

Polymer
coating

STEP 3
Casting of polymer coating

Surface of item Attached primer

Reactive primer Polymer brush

Towards durable surface coatings
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Attachment of primers to surfaces

In the case of conducting materials such as met-

als, the initial activation of the surface can be 

accomplished electrochemically by applying an 

electric potential to the surface. In this manner, 

an inert surface can become strongly oxidizing 

or reducing, depending on the potential applied. 

This facilitates the creation of covalent bonds to  

a primer. The primer should contain not only  

a group that is electrochemically reactive 

towards the surface, but also a functional  

group, which is compatible with the coating  

to be applied. For non-conducting materials  

such as plastics, the initial activation of the  

surface is accomplished by plasma activation 

methods followed by a chemical reaction  

with an appropriately designed primer.  

Both processes are easy to scale-up for our  

industrial partners. 

The strength of the chemical bond between the 

surface and the primer is of crucial importance, 

because this bond has to withstand large ther-

mal variations during the manufacturing proc-

ess. Our results based on infrared measurements 

show that bond stability up to at least  

�50°C on metal surfaces can be achieved.  

Future research will focus on improving the  

thermal properties by chemically modifying  

the primer. 

Attachment of polymers to primers 

The next step is to produce a durable bond 

between the primer and the polymer coating. 

The most promising pathway is to use chemical-

ly reactive primers that form covalent bonds to 

the polymer directly during casting. 

Alternatively, the necessary reactivity of the 

primer can be accomplished by synthesizing a 

forest of polymer brushes that are chemically 

and physically compatible with a melt of the 

polymer. The resulting entanglement between 

the brushes and the polymer melt casted onto 

the surface during industrial moulding is suffi-

ciently large to ensure an overall strong bond-

ing. The design of suitable brush candidates  

is challenging, because it depends strongly  

on the exact chemical properties of the final  

polymer coating. 

Based on experiments, theory and simulations 

we aim to develop models to predict the best 

candidate primers for the most commonly used 

polymer systems. Before implementation,  

the industrial partners will put the modified 

surfaces through thorough long-term as well 

as accelerated mechanical and chemical tests. 

Passing these tests will ensure that the  

new generation of coatings maintains the 

required adhesion and protective properties 

even when they are exposed to extreme  

thermal fluctuations and aggressive chemical  

environments.

Surface coatings can change the properties of

 a surface; e.g. make it less water repelling.  

This can be desirable for coatings of industrial 

tools with water contact.

A primer enables the formation of covalent bonds 

between a surface and a coating leading to a very  

strong attachment.

Substrate

Primer

Polymer

Chemical bonds between  
polymer and surface  

via primer

An uncoated surface repels a water drop

The same surface coated with a primer becomes 
less water repelling

Mogens Hinge, 

Steen Uttrup Pedersen,

Peter Kingshott and 

Kim Daasbjerg
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Design and self-assembly  
of DNA nanostructures

The DNA double helix has recently 

been recognized as a promising  

system for fabricating complex nano-

devices in a bottom-up approach.  

At iNANO we have developed soft-

ware tools to design nanoscale 

objects by folding DNA into the 

desired shapes quickly and easily. 

We are also able to manipulate these 

nanostructures and investigate their 

dynamical properties.

By Ebbe Sloth Andersen and Mingdong Dong

Nanoscientists around the world have produced 

a lot of advanced building blocks for devices such 

as nanochips, biosensors, catalysts, nanoma-

chines, diagnostic kits, and drug delivery sys-

tems, but a severe bottleneck for industrial appli-

cation is the lack of efficient and cheap methods 

to assemble these building blocks into functional 

devices using a bottom-up approach. Fortunately, 

the unique properties of the DNA double helix - 

discovered more than 50 years ago – may come 

to the rescue. 

The Centre for DNA nanotechnology (CDNA) is 

based at iNANO and is dedicated to exploring 

DNA as a programmable tool for assembling mol-

ecules and materials. It utilizes the basic principle 

that two DNA strands with complementary base 

sequences will find each other in solution and 

form the double helix. If the two DNA strands have 

functional groups attached, these will be brought 

together for a specific action to take place. 

However, artificial DNA structures can be designed 

to be much more complex than the double helix 

itself by connecting helices into networks by sev-

eral crossovers. In this way diverse and rigid struc-

tures can be obtained by self-assembly; just as if 

your LEGO bricks at home would arrange them-

selves into the shape of the Eiffel Tower.

Recently, the revolutionary “DNA origami” meth-

od was developed by Paul W. Rothemund from 

the California Institute of Technology in the USA. 

This method is named after the Japanese art of 

paper folding, because it folds one long single-

stranded DNA into a predefined shape by the 

action of multiple short DNA strands. The long 

DNA strand is extracted from a natural source - a 

virus that infects and kills bacteria - and it has a 

unique sequence that makes it possible to build 

DNA origami structures with arbitrary shapes 

and dimensions of approximately 100 x 100 

square nanometres. Furthermore, this unique 

sequence gives each short DNA strand a unique 

address, which can be used to position �00 dif-

ferent objects with 6 nanometre resolution on 

the assembled structure. In Paul W. Rothemund’s 

initial study, these properties were demonstrated 

by the construction of DNA objects with shapes of 

a smiley face, a nanoscale world map, and larger 

complexes in beautiful symmetrical patterns. 

Automated design by computer

The design of DNA origami structures is a com-

plex task involving the determination of more 

than �00 unique sequences that interact with the 

long DNA strand in more than 600 different plac-

es to define a unique structure. This type of task  

Left: The former logo of Aarhus University. Right: The dolphins of the logo  

have been reproduced at the nanoscale by designing 216 unique DNA sequences  

that were synthesized, mixed in the laboratory, and allowed to self-assemble into  

the shape of the dolphins.

100 nm
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Design and self-assembly  
of DNA nanostructures

is clearly not suited for human impatience and  

is greatly facilitated by using appropriate  

computer software. 

At iNANO we have developed a new software 

package that automates the design procedure,  

so that any graphical shape can be translated  

pixel-by-pixel into a similar DNA shape. As an  

initial demonstration of the software, the dol-

phins from the former logo of Aarhus University 

were designed in DNA. Making the dolphins 

involved the design of �16 unique DNA piec-

es which we subsequently synthesized, mixed 

with the long DNA strand in the laboratory, and 

allowed to self-assemble into the desired two-

dimensional dolphin shape by simply heating 

and slowly cooling the sample.

Manipulating flexible DNA structures

To confirm that the DNA pieces self-assemble into 

the desired shape, an atomic force microscopy 

(AFM) scanning was performed and DNA dol-

phins were indeed observed. They measured just 

�00 nanometres, the equivalent of a hundredth 

of the width of a human hair. 

It was also demonstrated that these dolphins 

could be designed with flexible tails and be 

assembled in pairs in a constellation resem-

bling the logo. The flexibility of the dolphin tail 

depends on a particular design of the tail region, 

and with the AFM tip we could flip the tails of the 

nanoscale DNA dolphins. These types of studies 

can be further explored to develop design prin-

ciples for the construction of nanomechanical 

devices with rigid and flexible DNA regions.

A new platform technology

The DNA origami method provides a programma-

ble and efficiently self-assembling scaffold that 

can be developed to gain control at the nano-

scale. The possible applications are numerous, 

highlighted by several published studies apply-

ing this technique in diverse areas. A main appli-

cation so far has been to position nanomateri-

als with high precision, but the method has also 

been utilized to detect cancer signals from cells 

and for interaction with electrodes. 

DNA origami provides a platform technology  

with possible applications in nanoelectronics, 

chemistry, biosensing, and nanomedicine.  

Since the dolphin study we have been working on 

extending the origami technique to 3-D structures.

Software is available at: www.cdna.dk/origami 

Andersen ES, Dong M, Nielsen M, Jahn K, 

Thomsen AL, Mamdouh W, Gothelf K, 

Besenbacher F, Kjems J. DNA Origami Design  

of Dolphin-Shaped Structures with Flexible  

Tails. J. ACS Nano, 2008.

Above: Mingdong Dong in the laboratory.

Below: Ebbe Sloth Andersen.
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Biosensing with nucleic acids 
– approaching single molecule detection

We aim at the development of 

advanced nanoscale nucleic acid bio-

sensors capable of a fast single mol-

ecule analysis of cancer biomarkers, 

neurotransmitters and food patho-

gens. These biosensors will be valu-

able both in terms of nanotechnologi-

cal and commercial applications.

By Elena Ferapontova

Biosensors play a vital role in medicine, the food 

industry, and for environmental surveys, provid-

ing routine analysis, crucial monitoring, and early 

detection of problems and crisis points. Not sur-

prisingly, the world market for biosensors grows 

continuously. In �008 the turnover approached 

11 billion dollars; biomedical clinical testing con-

tributing the most. 

A biosensor consists of a biologically sensitive 

layer - enzymes, antibodies, nucleic acids, tis-

sues, or microorganisms - which is conjugated 

with a physicochemical component serving as 

transducer and detector. The specific recognition 

interaction between the target analyte and the 

biosensitive layer is transformed by the transduc-

er into a useful optical, piezoelectrical, or electro-

chemical signal, while the associated electronics 

or signal processors display the results in a user-

friendly way. 

At iNANO we develop new electrochemical 

biosensor technologies for analysis of cancer 

biomarkers, pathogens, neurotransmitters, and 

drug brain metabolism, which are crucial for effi-

cient diagnostics of cancer and infectious diseas-

es, as well as for understanding and treatment  

of Parkinson’s disease, depression, dystonia, 

alcoholism or pain.

Commercially attractive biosensors 

Our objective is to develop commercially attrac-

tive nucleic acid biosensors, which can provide 

the analytically required attomolar sensitivity 

for detecting analyte biomarkers, and for that 

purpose we use small, functional DNA and RNA 

nanoblocks to create molecular assemblies with 

improved structural and biosensing properties. 

By combining electrochemistry and DNA nan-

otechnology we develop extremely sensitive 

and accurate, yet simple, inexpensive and robust 

gene-based sensing platforms. At present, the 

DNA technologies developed at iNANO allow 

specific detection of �00 molecules of bacteri-

al DNA in a 1 μl sample, and we aim at a single-

molecule detection level.

Selective recognition

In our research, we design and study complex, 

electrochemically-labelled nucleic acid architec-

tures that undergo distinct structural changes at 

Elena Ferapontova
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the electrodes triggered by chemical recognition 

of a specific DNA sequence or upon binding of 

other molecules of interest. In the latter case, we 

use aptamers, which are nucleic acids designed 

to selectively bind to certain analytes; from small 

molecules to proteins and cells. Their molecular 

recognition properties are unique, and they can 

be engineered completely in a test tube and are 

readily synthetically available. 

A fine example is our electrochemical biosen-

sor for detection of small-molecule drug theo-

phylline in serum, where conformational tran-

sitions of the aptamer upon ligand binding are 

detected electrochemically through the changing 

response from a redox probe, placed closer to  

the electrode surface in the theophylline- 

aptamer complex. 

 

With this type of nucleic acid biosensors we tar-

get protein and genetic biomarkers of cancer and 

small molecule neurotransmitters. Further, we 

plan to integrate aptamer electrodes for neu-

rotransmitters in a needle-type microelectrode 

device, which can be inserted into the brain of 

animals and selectively, sensitively and timely 

measure individual neurotransmitters, such as 

dopamine and serotonin, in their nanomolar con-

centrations. Obtained information on brain neu-

rotransmission is crucial for understanding and 

treatment of abnormal neurological conditions.

Nanobiosensors for early diagnostics

In perspective, we aim to develop nanoscale 

biosensors that may selectively capture cancer 

biomarkers, proteins, or small molecule messen-

gers within a single living cell without destroy-

ing it: The metabolic function of healthy cells is 

distinct from that of sick cells, in which disease 

biomarkers can be directly identified. Diagnostics 

in submicron-sized objects as cells or single-mol-

ecule analysis in micro-litre to nano-litre sam-

ples require true nanoscale biosensors and such 

nanobiosensors can also provide information on 

how cells react when they are treated with a drug 

or invaded by a biological pathogen. The ultimate 

goal of our nanobiosensor research is to identify 

disease at the earliest stage possible, ideally at 

the level of a single cell or multiple cells of can-

cer stages, with advanced sensitivity, specificity, 

and reliability. 

A Carlsberg Foundation research  
grant and a NABIIT project

In �007 Elena Ferapontova started working as an 

Assistant Professor at the Danish National Research 

Foundation: Centre for DNA Nanotechnology (CDNA), 

Department of Chemistry and iNANO, in the area of 

DNA electrochemistry and biosensor development. 

Now she has been awarded a Carlsberg Foundation 

research grant to develop a new generation of elec-

trochemical biosensors for cancer diagnostics based 

on nanoswitching DNA and RNA architectures. 

Together with Kurt Gothelf, CDNA, AU; Leif Østergaard, 

Center of Functionally Integrative Neuroscience 

(CFIN); Jørgen Kjems, Molecular Biology, AU, and 

Unisense A/S and Lundbeck A/S as industrial part-

ners, she also plays a leading role in a Nabiit project  

on electrochemical aptamer biosensors for specific 

monitoring of neurotransmitters in the brain. General scheme of a biosensor.

Schematic representation of the electrochemical RNA-aptamer biosensor for  

detection of theophylline. The sensor is labelled with a redox active probe (R).  

When theophylline binds to the aptamer, the probe is bent towards the electrode  

and upon contact current flows.

A nanoscale biosensor penetrates  

the living cell. Visualization by  

Alex Ferapontov.

Aptamers are nucleic acids 

designed to bind selectively to 

specific analytes; from small 

molecules to proteins and cells. 

The model shows the unique 

folded structure of a theophyl-

line-RNA aptamer complex 

(PDB: 1EHT). The small red mol-

ecule is the drug theophylline, 

which has been used to treat 

respiratory diseases.
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Antimicrobial peptides: 

Send the Marines and don’t 
get friendly with the enemy

Encountering the cell membrane

To get a better understanding of how AMPs work, 

we have studied a peptide called Novicidin, 

which has been developed by Novozymes A/S 

based on a part of a larger AMP found in sheep. 

Novicidin has shown promise as an antibacte-

rial peptide, but it still has some activity towards 

human red blood cells. 

We are particularly interested in finding out how 

Novicidin binds to membranes. The simplest pos-

sibilities are either to be inserted in a transmem-

brane fashion – setting up a pore passing right 

through the membrane - or to bind while lying 

in the membrane plane. The outcome is deter-

mined by how stable the Novicidin peptides 

are in the different structures, and this in turn 

depends on the kind of fat the cell membrane 

consists of.

Spying on AMPs in action

At iNANO we have a whole bouquet of different 

techniques to measure how Novicidin binds to 

cell membranes. For one thing, we use a spec-

troscopic approach called circular dichroism to 

determine whether Novicidin is in a stretched-

out state or coiled up like an alpha-helix when 

binding. These experiments have provided clear 

information: If the membrane does not contain 

negatively charged lipids, then Novicidin remains 

stretched-out, whereas it coils up in the presence 

of negative charge.

Does this mean that Novicidin is better at attack-

ing negatively charged membranes than neutral 

ones? No, and that’s the surprising part! It takes 

more than ten times as much Novicidin to punch 

holes through negative membranes than through 

neutral ones. This strange behaviour is seen even 

more clearly when we use a fast reaction tech-

nique called stopped-flow kinetics, in which we 

mix Novicidin with membranes within 5 milli-

seconds. These experiments show that Novicidin 

does not insert itself deeply into a neutral mem-

brane in contrast to a negative membrane. 

Nevertheless, the neutral membrane leaks much 

faster than the negative one.

Avoid fraternization

Thus, like a good Marine, it does not pay for 

Novicidin to fraternize with the enemy. The pep-

tide must attach lightly on the surface to be 

most efficient. This point is brought home even 

stronger when we make Novicidin stickier by 

When pathogenic bacteria invade our 

bodies, an arsenal of small peptides 

goes for the bacterial cell membrane 

and punctures it. Elucidating how 

antimicrobial peptides kill bacteria 

may lead to new antibiotics based on 

novel nanoscale attack strategies.

By Daniel Otzen

When it comes to defence strategies, nothing 

supersedes the human body. We have a stagger-

ing array of weapons for fending off intruders 

such as fungi and bacteria that invade our bodies. 

The first line of defence is antimicrobial peptides 

(AMPs); a large and varied group of peptides 

which go for the bacterial jugular – the cell mem-

brane – and in a time of rising bacterial resistance 

to common antibiotics AMPs attract world-wide 

attention as robust alternatives. While tradition-

al antibiotics target specific receptors making it 

relatively easy for bacteria to mutate a single or 

a few receptor building genes, an attack on the 

cell membrane is more difficult to circumvent 

because a lot of genes are involved in its making.

The cell membrane consists mainly of fat mole-

cules called phospholipids and when a bacterial 

cell membrane is punctured by AMPs the intrud-

er dies. However, if antimicrobial peptides are to 

be utilized as antibiotics it is mandatory that they 

target only bacteria and stay clear of human cells. 

Fortunately, bacterial membranes tend to contain 

lipids with a higher amount of negative charge 

than mammalian cells and thus many AMPs have 

an overweight of positive charge making them 

quite specific for these microorganisms.
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attaching fat chains of varying length to the 

peptide. The longer the chain, the more deep-

ly it inserts into the membrane and the less the 

membrane leaks. This has been shown by solid 

state NMR experiments. 

We can witness the whole battle at close hand 

using confocal laser scanning microscopy in  

giant unilamellar vesicles, which are big enough 

to be seen in the microscope. In this way, we 

have observed that Novicidin dissolves neutral 

vesicles whereas “sticky” Novicidin makes vesi-

cles fuse.

A nanoscale attack strategy

What use are our observations? They show that 

some peptides actually prefer binding to neu-

tral vesicles despite their positive charge – sim-

ply because too close an attachment traps them 

in a certain state that makes them less efficient 

towards negative membranes. This could mean 

that if we want to design more efficient AMPs, 

we should go for peptides that do not insert 

themselves deeply into the membrane. 

The work described here is based on a close col-

laboration between four iNANO research groups 

headed by Daniel Otzen, Jan Johannes Enghild, 

Troels Skrydstrup and Niels Chr. Nielsen. Niels Chr. 

Nielsen heads the Danish Research Foundation 

center inSPIN which coordinates these - and 

many other - activities.

The experiments have been carried out by a 

team of talented students and postdocs  

including Brian Vad, Kresten Berthelsen,  

Line Aagot Thomsen, Magnus Franzmann, 

Zuzana Valnickova, Jan Mondrup Pedersen  

and Associate Professor Thomas Vosegaard  

and Reinhard Wimmer.

Novicidin is by far most efficient in puncturing cell membranes 

when it binds lightly to the surface rather than penetrating the 

membrane. This has been demonstrated using giant vesicles  

as a model. A) Surface binding leads to vesicle rupture.  

B) When the Novicidin peptide is equipped with a fat  

chain that inserts itself deeply into the membrane the  

vesicles fuse instead of being destroyed.

 

A B

Two ways AMPs may bind to 

bacterial cell membranes:  

A) Several peptides form a 

pore across the membrane. 

B) The peptides attach to  

the surface along the plane 

of the membrane.

B

A



Chairman’s statement

iNANO has continued to fulfil our ambitious 

expectations and in �008 it has developed its 

portfolio of activities within research, education 

and innovation in a most satisfactory manner. By 

now, iNANO has established itself as a leading 

nanoscience and nanotechnology activity on the 

national as well as the international scale. 

Details about iNANO’s activities during the past 

year are presented throughout this report, 

and at this point I will restrict myself to men-

tion a few highlights. Firstly, iNANO researchers 

secured substantial funding for research activi-

ties within nanoscience. As a prominent example 

the Director of iNANO, Flemming Besenbacher, 

was one of two Danes who obtained one of the 

prestigious ERC Advanced Grants for research. 

Secondly, the graduate school, iNANOschool, 

continues to grow at an impressive rate reach-

ing a total of 1�3 enrolled PhD students at the 

year’s end. Thirdly, we have witnessed a steadily 

increasing focus on iNANO’s innovation activities 

and collaboration with industrial partners. The 

Board warmly welcomes these initiatives and

  

participates actively in the continuing discussion 

on how to strengthen them. Finally, the board is 

pleased to note that iNANO’s outreach activities 

for e.g. high schools and the general public have 

also been strengthened substantially. Such activi-

ties are important not only to improve the knowl-

edge level generally, but also to secure sufficient 

recruitment of talented new students in a very 

competitive market. 

Although the public funding for research in gen-

eral has increased substantially over the past 

few years, it is disappointing that research within 

nanoscience continues to receive little support in 

Denmark compared with the level in other devel-

oped countries. This fact seriously hampers our 

efforts to secure that Denmark will receive full 

benefit from an emerging cutting-edge technol-

ogy. iNANO researchers are forced to spend too 

much valuable time writing too many applica-

tions, just to receive too small grants. We can only 

hope that funding agencies will reconsider their 

current prioritisation and instead will allocate 

substantial funds for research in nanoscience. 

I wish to thank my colleagues on the iNANO 

board for their active and dedicated contribution 

during the past year, and I look forward to con-

tinuing our collaboration in �009. Finally, I wish 

to congratulate the iNANO staff for their excellent 

performance in �008. As a result of their dedicat-

ed and hard work, I am confident that �009 will 

be another very good year for nanoscience and 

nanotechnology in Aarhus. 

Hans Jørgen Pedersen

CEO of Danfoss Bionics A/S

Chairman of the iNANO board

iNANO and industry
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MSC-Technology, Denmark

Nanon A/S, Denmark

NanoNord A/S, Denmark

NIL Technology, Denmark

Nilan A/S, Denmark

NKT Research & Innovation A/S, Denmark

Novo Nordisk A/S, Denmark
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Oticon, Denmark

PANCO, Germany

Pepscan Therapeutics, The Netherlands

Pipeline Biotech A/S, Denmark
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Profos AG, Germany

Q-sense AB, Sweden

RAcell Solar A/S, Denmark

Regulon Inc, Greece

Rho-BeSt Coating plc, Germany

RiboTask ApS, Denmark

RiNA GmbH, Germany

Rockwool, Denmark

Sanofi-Aventis, Germany

Santaris Pharma A/S, Denmark

SCF Technologies, Denmark

SP Group A/S, Denmark

SPECS, Germany

Stensborg A/S, Denmark

Systematic Software Engineering A/S, Denmark

The Imego Institute, Sweden

TopoTarget A/S, Denmark

Unisense A/S, Denmark

Varian Inc., USA

Veeco Instruments GmbH, Germany

Velux A/S, Denmark

Vestas Wind Systems A/S, Denmark

Vipergen, Denmark

Wyeth Discovery Research A/S, USA

Zgene, Denmark



page 34

Academic collaborators

Academic collaborators

Academic institutions with whom the senior 

 staff at iNANO collaborate.

 

Aalborg University, Aalborg, Denmark

Advanced Photon Source, Chicago, USA

Antwerp University, Antwerp, Belgium

Aarhus University Hospital, Aarhus, Denmark

Arizona State University, Arizona, USA
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Beijing University, Beijing, China
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University of Rome, Rome, Italy
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Chalmers University of Technology,  
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CNRS, Orleans, France
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Cornell University, New York, NY, USA
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Melbourne, Australia

Dalian Institute of Chemical Physics, CAS,  

Dalian, China

Danish Cancer Society, Copenhagen, Denmark

Danish Institute for Fishery Research, 

Copenhagen, Denmark

Danish Institute for Food and Veterinary Research, 

Aarhus, Denmark

Danish Meat Research Institute,  

Slagelse, Denmark

Demokritos/IMEL, Athens, Greece

Donostia International Physics Center, Donostia/ 

San Sebastian, Spain 

Duke University, North Carolina, USA

Ecole Polytechnique Fédérale de Lausanne, 

Lausanne, Switzerland

ETH, Zurich, Switzerland

European Synchrotron Radiation Facility, 

Grenoble, France

Flinders University, Adelaide, Australia

Florida State University, Tallahassee, Florida, USA

FOM-AMOLF, Amsterdam, The Netherlands

Forschungszentrum Dresden-Rossendorf, 

Dresden, Germany

Forschungszentrum Karlsruhe GmbH,  

Karlsruhe, Germany

Fraunhofer IME, Munich, Germany

Freiburg University, Freiburg, Germany

Freie Universität Berlin, Berlin, Germany 

French National Institute for Health and Medical 

Research, Paris, France

Fritz-Haber-Institut der Max-Planck-Gesellschaft, 

Berlin, Germany 

Fudan University, Shanghai, China                              

Geological Survey of Denmark and Greenland, 

Copenhagen, Denmark

German Aerospace, Cologne, Germany

GSF-Forschungszentrum Umwelt und Gesundheit 

Neuherberg, Neuherberg, Germany

Hannah Research Institute, Ayr, Scotland

Harvard Medical School, Boston, MA, USA

Harvard University, Cambridge, MA, USA

Hasylab, Hamburg, Germany

Helmholtz Center, Munich, Germany

Helsinki Technical University, Helsinki, Finland

Hokkaido University, Sapporo, Japan

Huazhong Normal University, Wuhan, China

Imperial College London, London, UK

Indian Institute of Science, Bangalore, India
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Montpellier, France

Institute for Energy Technology, Kjeller, Norway

Institute for Materials Research, Berlin, Germany
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Dresden, Germany 

Institute for Solid State Research, Jülich, Germany 

Institute of Chemistry, CAS, Beijing, China

Institute of High Energy Physics, CAS,  

Beijing, China

Institute of Physics, CAS, Beijing, China

Jagiellonian University, Krakow, Poland

Jet Propulsion Laboratory, Pasadena, CA, USA

Jilin University, Changchun, China

Johan Wolfgang Goethe University, 

Frankfurt, Germany

Karolinska Institutet, Stockholm, Sweden
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Lawrence Berkeley National Laboratory, 
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Berlin, Germany
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Lund University, Lund, Sweden

Madurai Kamaraj University, Madurai, India
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Wissenschaften, Stuttgart, Germany
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McGill University, Montreal, Quebec, Canada
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Nielsen, Niels Christian, NMR studies of fibrils 

and membrane proteins, Danish Chemical 

Society 4th Aarhus Winter Meeting, Aarhus, 

Denmark



Revsbech, Niels Peter, Menneskets indvirken på 

havmiljøet, Folkeuniversitetet, Kattegatcenteret, 

Grenå, Denmark

Revsbech, Niels Peter, New microsensor tech-

nology for study of the OMZ and its organisms, 

University of Concepcion, Chile

Revsbech, Niels Peter, Stox ultra-low oxygen 

sensor and cold-tolerant nitrate biosensor.  

Max-Planck-Institut für Marine Mikrobiologie,  

Bremen, Germany

Revsbech, Niels Peter, Økologien som for-

ståelsesramme, Folkeuniversitetet, Holstebro, 

Denmark

Schauser, Leif, NanoFOOD: Udvikling af antibak-

terielle overflader og sensorer, FoodPharmaTech, 

Herning, Denmark

Schauser, Leif, Nanoteknologi i marken, 

Plantekongres, Dansk Landbrugsrådgivning, 

Landscentret, Herning, Denmark

Shipovskov, Stepan, Homogeneous 

Esterification By Lipase From B. cepacia in the 

fluorous biphasic system, Biocatalysis in Non-

conventional Media, Moscow, Russia

Shipovskov, Stepan, Non-aqueous biocatalysis, 

Workshop at Codexis Inc., Singapore

Skibsted, Jørgen Bengaard, Incorporation of 

Aluminum in the C-S-H phase:  Synthetic samples 

and Portland cements studied by �7Al and �9Si 

MAS NMR spectroscopy, NANOCEM, Workshop on 

C-S-H Synthesis, Dijon, France

Skibsted, Jørgen Bengaard, Solid-State MAS 

NMR Spectroscopy in Inorganic Materials Science: 

Heterogeneous Catalysts and Portland Cement-

Based Materials, University of Edinburgh, Center 

for Science under Extreme Conditions, University 

of Edinburgh, Scotland

Sutherland, Duncan, From Nanoscience to 

Nanotechnology; Utilising the nanoscale. 

The Annual Meeting of The Danish Society of 

Pharmacology and Toxicology, Copenhagen, 

Denmark

Sutherland, Duncan, Nanopatterning pro-

teins over large areas for biological applications, 

American Vacuum Society �008, Boston, MA, USA

Sutherland, Duncan, Plasmon Hybridisation at 

metal nanostructrues as a route to sensitive opti-

cal detection, SPIE Plasmonics, San Diego, CA, USA

Sutherland, Duncan, Protein nanopatterns for 

controlling stem cell function, Nanotech Northern 

Europe, Copenhagen, Denmark

Sutherland, Duncan, Surface molecular engi-

neering and biosensing, INYS Nanomechanical 

sensors for biological applications - research 

tools or the next generation of biosensors?, 

Copenhagen, Denmark

Sørensen, Jesper, Drug Design (1), Dansk 

Naturvidenskabsfestival, Denmark

Sørensen, Jesper, Drug Design (�), Dansk 

Naturvidenskabsfestival, Denmark

Vang, Ronnie Thorbjørn, A Cu/Pt Near  

Surface Alloy for Water-Gas Shift Catalysis 

Studied by STM, XPS, TPD, and DFT, �nd EMPA 

symposium: Hydrogen and Energy, Braunwald, 

Switzerland

Vosegaard, Thomas, Complete suppression of 

mosaic spread, International conference on mag-

netic resonance in biological systems, San Diego, 

CA, USA

Vosegaard, Thomas, Fast solid-state NMR 

techniques for structural studies of antimicro-

bial peptides, Leibniz-Institut für Molekulare 

Pharmakologie, Germany

Vosegaard, Thomas, Oriented sample solid-

state NMR, Advanced solid-state NMR training 

course, Sandbjerg, Denmark

Vosegaard, Thomas, Oriented samples - 

towards the study of large membrane proteins, 

BIOCONTROL course, Aarhus, Denmark

Vosegaard, Thomas, SIMPSON - applications  

in biological solid-state NMR, AK Spiess,  

Usedom, Germany
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Vosegaard, Thomas, SIMPSON crash course, 

Sandbjerg, Denmark

Vosegaard, Thomas, SIMPSON demonstra-

tion, Advanced solid-state NMR training course, 

Sandbjerg, Denmark

Xu, Xuebing, Technology research of lipids  

and enzymes in fundamental but innovative  

surroundings, inaugural lecture,  

Aarhus, Denmark

Xu, Xuebing, Production of Mono- and 

Diglycerides, 99th AOCS Annual Meeting and 

Exhibition, American Oil Chemists Society, 

Seattle, WA, USA

Xu, Xuebing, Process integration for the enzy-

matic production of biodiesels, 6th Euro Fed 

Lipid Congress: Oils, Fats and Lipids in the 3rd 

Millennium: Challenges, Achievements and 

Perspectives, European Federation of Lipids, 

Athens, Greece

Xu, Xuebing, Process development for the enzy-

matic production of biodiesels, International 

Symposium on Biocatalysis and Biotechnology, 

Taipei, Taiwan

Xu, Xuebing, Modified food oils by biocata-

lysts: characteristics and their uses, SMILE, Kuala 

Lumpur, Malaysia

Xu, Xuebing, Modification of Antioxidants 

for Different Applications, 99th AOCS Annual 

Meeting and Exhibition, American Oil Chemists 

Society, Seattle, WA, USA 

Xu, Xuebing, Lipids: our resources from nature 

for advanced manipulation, 40 Years Anniversary 

Meeting, Aarhus, Denmark

Xu, Xuebing, Lipid ingredients, food physics, 

and nanoprocessing perceptions, iNANO seminar, 

Aarhus, Denmark

Xu, Xuebing, Enzymatic tailor-making of lip-

id ingredients and their physical interactions 

in food matrixes, Nanotech Northern Europe, 

Copenhagen, Denmark

Xu, Xuebing, Enzymatic reactions in ionic liq-

uids and characterization by cosmo-rs, EUCHEM, 

Conference on Molten Salts and Ionic Liquids, 

Copenhagen, Denmark
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Colloquia

iNANO Annual Meeting 2008

January 23, Professor Dr. Klaus Müllen, Max-

Planck Institute for Polymer Research Mainz, 

Germany, “Chemistry for Nanoscience”

January 23, Professor Michael Graetzel, Institute 

of Chemical Science and Engineering, Faculty 

of Basic Science, Ecole Polytechnique Federale 

de Lausanne, Switzerland, “The Magic World of 

Nanocrystals, From Batteries to Solar Cells”

January 23, Professor Osamu Terasaki, Arrhenius 

Laboratory, Stockholm University, Sweden, 

“Mesoporous crystals: Recent progresses in EM 

structural study”

January 23, Dr. Stacey Harper, Department of 

Environmental and Molecular Toxicology, Oregon 

Nanoscience and Microtechnologies Institute, 

Corvallis, Oregon, USA, “Data integration to 

support the development of environmentally-

benign nanomaterials”

January 23, Professor Dr. Ernst Wagner, 

Department of Pharmacy, Pharmaceutical 

Biology – Biotechnology, Ludwig-Maximilians-

Universität, Munich, Germany, “Nucleic 

Acid based Therapeutics as Programmed 

Nanomedicines”

January 23, Dr. Jeffrey A. Schloss, National 

Human Genome Research Institute, National 

Institutes of Health, Department of Health and 

Human Services, Bethesda, Maryland, USA, 

“Nanoscience, Nanotechnology, Nanomedicine 

at the US NIH”

iNANO colloquia, Aarhus

January 4, Associate Professor Xuebing Xu, 

BioCentrum-DTU, Technical University of 

Denmark, Lyngby, Denmark, “Lipid ingredients, 

food physics, and nanoprocessing perceptions”

January 18, Professor Thomas G. Pedersen, 

Department of Physics and Nanotechnology, 

Aalborg University, Aalborg, Denmark, “Optical 

Properties of Nanotubes, -wires and –particles” 

February 1, Professor Peter Roepstorff, Danish 

Biotechnology Instrument Center, DABIC, 

Department of Biochemistry and Molecular 

Biology, University of Southern Denmark, 

“Modification specific proteomics with emphasis 

on protein phosphorylation and glycosylation”

February 8, Professor Christine McKenzie, 

Department of Physics and Chemistry, University 

of Southern Denmark, “�D and 3D assemblies of 

molecular sensors for oxygen”

February 15, Professor Dr. Junbai Li,  Director, 

Key Lab of Colloid & Surface Science, CAS Institute 

of Chemistry, Beijing, China, “Nanostructure 

Transition of Dipeptide for DNA Delivery and 

Biosynthesis of ATP Driven by Molecular Motors”

February 22, Professor Poul Nissen, iNANO 

and Department of Molecular Biology, Aarhus 

University, Denmark, “Structure and function of 

cation pumps”

February 29, Professor Leif Østergaard, Center of 

Functionally Integrated Neuroscience (CFIN),

Aarhus University and Department of 

Neuroradiology, Aarhus University Hospital, 

“iNANO in Neuroscience: Magnetic Resonanance 

Imaging (MRI), Acute Stroke and Models of Neu-

ronal Viability”

March 7, Dr. Andrei Khlobystov, Carbon 

Nanomaterials Group, School of Chemistry, 

University of Nottingham, UK, “Carbon Nano Test-

Tubes: Interactions of Nanotubes with Molecules 

and Colloidal Particles”

March 14, Professor Peter Ogilby, iNANO and 

Department of Chemistry, Aarhus University, 

Denmark, “Optical Experiments with Singlet 

Oxygen: From Single Cells to Gold Nanodiscs”

March 28, Professor Thomas Bjørnholm, direc-

tor of Nano-science Center, University of 

Copenhagen, Denmark, “Electron transport 

through single molecules”

April 4, Professor Martin Kristensen, iNANO and 

Department of Physics and Astronomy, Aarhus 

University, Denmark, “Optics on an electronic sili-

con chip: Nano-structured optical devices”

April 11, Professor Oleg N. Antzutkin, Division 

of Chemistry, Luleå University of Technology, 

Sweden, “Structure of Alzheimer’s Ań Fibrils from 

solid-state NMR, TEM and AFM”

April 25, Dr. Stephen Minger, King’s College 

London, University of London, UK, “Therapeutic 

and Research Potential of Human Stem Cells”

May 9, Professor George Lisensky, Department 

of Chemistry, Beloit College, WI, USA, “Resource 

materials for nanoscale science and technology 

education”

May 23, Professor Dr. Friedrich C. Simmel, Physics 

Department, Technical University, Munich, 

Germany, “From DNA nanotechnology to artificial 

biochemical networks” 

June 19, Professor Allan Hoffman, University of 

Washington, WA, USA, “Nano-Carriers in Drug 

Delivery” 

August 29, Professor Paul S. Weiss, Distinguished 

Professor of Chemistry and Physics, Pennsylvania 

State University, PA, USA, “Designing, Measuring 

and Controlling Molecular- and Supramolecur-

Scale Properties for Molecular Devices” 

September 5, Dr. Joseph Wang, Department of 

Nanoengineering, University of California San 

Diego, CA, USA, “Multifunctional Nanowires: 

From Nanomachines to Nanobarcodes” 

September 26, Mikhail Kovalchuk, director of 

Kurchatov Institute, Russia. “Nanotechnology in 

Russia”

October 3, Professor Enrique Ortega, Department 

de Física Aplicada, Universidad del País Vasco/

Euskal Herriko Unibertsitatea, Spain, “Electronic 
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states in metallic nanostructures probed with 

photo emission”

October 10, Nicholas Turner, Professor 

of Chemical Biology, Director of Centre of 

Excellence in Biocatalysis (CoEBio3) Manchester 

Interdisciplinary Biocentre, Manchester, UK, 

“Developing novel Biocatalysts via Academic-

Industrial Collaborations”

October 17, Francis Quinn, Research director, 

L’oréal, Paris, France, “The use of nanotechnolo-

gies in cosmetics”

November 14, Postdoc Luisa Filipponi, iNANO, 

Aarhus University, Denmark, “Communicating 

nanotechnology: Challenges and opportunities”

November 21, Research Director Andre Gourdon, 

Nanoscience Group CEMES-CNRS, Toulouse, 

France, “Molecular Devices for Single Molecule 

STM Experiments” 

November 28, Professor Roger Sheldon, 

Department of Biotechnology, Delft University of 

Technology, The Netherlands, “Green Chemistry 

& Catalysis in Organic Synthesis: The Key to 

Sustainability” 

December 5, Professor, director Gabriel  

Aeppli, London Centre for Nanotechnology, 

London, UK, “Nanotechnology versus Hospital 

Superbugs”

December 18, Rector Ove Poulsen, Aarhus  

School of Engineering, ASE, Denmark, “ASE: 

Etablering af teknisk videnskabelig forskning i 

Aarhus”

Specialized iNANO lectures

February 11, Postdoc Billie L. Abrams,  

Center for Individual Nanoparticle Functionality 

(CINF), Department of Physics, Technical 

University of Denmark, “Photocatalysis  

using Inverse Micelle Synthesized MoS� 

Nanoparticles”

February 14, Chang-jun Liu, Key Laboratory 

of Green Chemical Technology of Ministry of 

Education, School of Chemical Engineering and 

Technology, Tianjin University, Tianjin, China, 

“Preparation of Supported Metal Catalysts Using 

Argon Glow Discharge Plasmas” 

February 26, Professor Dr. Ralf Metzler, 

Technical University of Munich, Germany, 

“When Nature goes beyond the central l 

imit theorem: From gene control to animal  

oraging” 

March 31, Björn Sander and Monika Golas, 

Department of Cellular Biochemistry, Max-

Planck-Institut für biophysikalische Chemie, 

Göttingen, Germany, “3D Dynamics of 

Macromolecular Machines Studied by Single-

Particle Cryo-EM” & “Structural Insights into 

Macromolecular Machines Involved in pre-

mRNA Processing”

March 31, Jin Zhu, Center for DNA 

Nanotechnology, iNANO, University of Aarhus, 

Denmark, “Nano-Scaled Structures: Architecture 

Control and Functional Applications” 

April 2, Postdoc Anpan Han, DTU Nanotech, 

Department of Micro- and Nanotechnology, 

Kgs. Lyngby, Denmark “Exploring Proteins using 

Nanopores” 

April 16, Dr. Lisbeth Grøndahl, School of 

Molecular and Microbial Sciences, The 

University of Queensland, Australia, “In Vitro 

Mineralization of Phosphate-Containing 

Polymers” 

April 30, Distinguished Professor and Chair  

Talat S. Rahman, Department of Physics, 

University of Central Florida, “Microscopic  

processes responsible for homo and hetero- 

epitaxial growth on Cu(111) and Ag(111): 

Lessons for a self learning kinetic Monte  

Carlo methods or Factors controlling reactivity  

of surface oxides and other nanostructures”

May 6, Postdoc Asuka Morizane, Neuronal 

Survival Unit, Department of Experimental 

Medical Science, Wallenberg Neuroscience 

Center, Lund, Sweden, “From bench to bed:  

Can we generate dopamine neurons from 

embryonic stem cells for brain repair?” 

May 15, Dr. G. Jeffrey Snyder, California Institute 

of Technology, Pasadena, CA, USA, “Complex 

Thermoelectric Materials”

August 4, Professor Arto Urtti, Nanotechnology 

Centre, University of Helsinki, Finland, “DNA 

delivery and time-resolved fluorescence studies 

of polyplexes” 

August 29, Chen Wang, National Center for 

Nanoscience and Technology, Beijing, China, 

“Hierarchical construction of self-assembled  

two-dimensional molecular architectures 

observed by using STM” 

September 11, Professor Sir Alan Fersht, 

University of Cambridge, UK, “The Tumour 

Suppressor p53: Structure, Function-Rescue” 

October 3, Professor Enrique Ortega,  

Department de Física Aplicada I Universidad  

del País Vasco/Euskal Herriko Unibertsitatea, 

Spain, “Interplay between electronic states  

and structures in step lattices and dislocation  

networks”

October 8, Professor Jianguo Wang, College 

of Chemical Engineering and Material Science, 

Zhejiang University of Technology, China,  

“DFT study of the interactions between  

metal nanoclusters and CNTs”

October 9, Dr. Bert D. Chandler, Department  

of Chemistry, Trinity University, San Antonio,  

TX, USAAu Catalysts:  Preparation, 

Characterization and CO Oxidation Kinetics”

October 16, Dipl.-Phys. Ralf Bechstein, 

Fachbereich Physik, Universität Osnabrück, 
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Germany, “NC-AFM imaging of pristine and 

doped TiO
�
(110)”

October 18, Professor Robert Madix, Department 

of Chemistry & Chemical Biology, Harvard 

University, “Structure Sensitivity of Styrene 

Epoxidation on Silver” 

October 18, Professor Cynthia M. Friend, 

Department of Chemistry & School of Engineering 

and Applied Sciences, Harvard University, 

“Release of Surface atoms as a vehicle for 

Chemical Reactions”

October 21, Huajie Liu, Centre for DNA 

Nanotechnology, Department of Chemistry and 

iNANO, Aarhus University, Denmark, “Studies on 

proton-driven i-motif DNA nanomachines” 

November 6, Dr. Ilko Bald, Free University 

Berlin, Institute of Chemistry and Biochemistry, 

Germany,University of Iceland, Department of 

Chemistry, Science Institute, Iceland, “Site and 

energy selective bond breaking in biomolecules 

induced by low-energy electrons and ions” 

November 6, Wilhelmine Kudernatsch, 

Physikalische und Theoretische Chemie, Freie 

Universität Berlin, Germany, “Interaction of CO, 

CO
�
, and H

�
O with Au/Rutile TiO

�
(011)-(�x1)/

Re(10-10) model catalysts”

November 12, Professor Ib Chorkendorff, Center 

for Individual Nanoparticle Functionality (CINF) 

NanoDTU, Department of Physics, Technical 

University of Denmark, “Nanoparticles for 

Sustainable Energy”

November 13, Professor Dr. Herbert Over, 

Physical Chemistry Department, Justus Liebig 

University Giessen, Germany,  “Complex 

Structure-Activity Correlations on Ru-Catalyzed 

Reactions”

November 18, Adrian Keller, Institute of 

Ion Beam Physics and Materials Research, 

Forschungszentrum Dresden-Düsseldorf, 

Dresden, Germany, “Self-organized nanopatterns 

by ion erosion” 

November 21, Dr. Xavier Bouju, Nanoscience 

Group CEMES-CNRS, Touluse, France, “Some 

numerical tools for the simulations of a mole-

culemachine on a surface” 

November 24, Dr. Achillefs N. Kapanidis, 

Department of Physics, University of Oxford, UK, 

“Probing Gene-Transcription Dynamics using 

Single-Molecule Fluorescence”

November 24, Professor Vinod Subramaniam, 

MESA+ Institute for Nanotechnology, University 

of Twente, The Netherlands, “Manipulating 

Biomolecules with Nanotechnology”

November 24, Ryosuke Ogaki, Laboratory 

of Biophysics and Surface Analysis School of 

Pharmacy, The University of Nottingham, UK, 

“Surface Analysis of Biomedically Relevant 

Binary Systems by G-SIMS”

November 25, Francisco Ploug, Institute of 

Catalysis and Petrochemistry, Spanish Research 

Council Anthony S. Clare, School of Marine 

Science & Technology, Newcastle University, UK. 

“Immobilization of enzymes on acrylic carriers 

functionalized with epoxy groups “

December 4, Associate Professor Lene 

Oddershede, University of Copenhagen, 

Denmark, “Single molecule analysis using opti-

cal tweezers”

December 5, Dr. Cristina E. Giusca, Research 

Fellow Advanced Technology Institute, School  

of Electronics and Physical Sciences, University 

of Surrey, Guilford, UK, “Scanning Tunnelling 

Microscopy Studies of Carbon Nanotubes: From 

Atomic Structure to Density of States”

 

Colloquia
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Appointments of staff associated with iNANO in 2008 Senior staff

Andreasen, Peter

Baatrup, Erik

Balling, Peter

Besenbacher, Flemming

Birkedal, Henrik

Birkedal, Victoria

Bøttiger, Jørgen

Christensen, Niels Egede

Daasbjerg, Kim

Duch, Mogens

Enghild, Jan Johannes

Fago, Angela

Ferapontova, Elena

Foss, Morten

Gothelf, Kurt Vesterager

Hammer, Bjørk

Hofmann, Philip

Hornekær, Liv

Howard, Ken

Iversen, Bo Brummerstedt

Jakobsen, Hans Jørgen

Jensen, Jan Egebjerg

Jensen, Torben René

Keiding, Søren

Kingshott, Peter

Kjems, Jørgen

Knudsen, Birgitta

Knudsen, Charlotte Rohde

Kristensen, Martin

Larsen, Arne Nylandsted

Lauritsen, Jeppe Vang

Linderoth, Trolle René

Lægsgaard, Erik

Malmendal, Anders

Mamdouh, Wael

Meyer, Rikke L.

Nielsen, Brian Bech

Nielsen, Niels Chr.

Nissen, Poul

Ogilby, Peter Remsen

Olsen, Jeppe

Otzen, Daniel

Pedersen, Finn Skou

Pedersen, Jan Skov

Pedersen, Steen Uttrup

Revsbech, Niels Peter

Schiøtt, Birgit

Skibsted, Jørgen

Skrydstrup, Troels

Sørensen, Esben Skipper

Sørensen, Jens Lykke

Stapelfeldt, Henrik

Stensgaard, Ivan

Sutherland, Duncan

Svaneborg, Carsten

Uyar, Tamer

Vosegaard, Thomas

Xu, Xuebing

Staff

Jeppe Vang Lauritsen was appointed Senior Scientist at 

Department of Physics and Astronomy

Torben Rene Jensen was appointed Associate Professor at 

Department of Chemistry 
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