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PREFACE

This is the report of an ad hoc international Committee convened by the Research Council of

Norway (RCN) to assess basic research in Chemistry in Norway.

The report has been prepared specifically for the RCN, which reserves the right to use the
contents as it sees fit. As the report is expected to reach a wide audience, the Committee
hopes its deliberations will promote a useful, constructive debate within the Norwegian

chemistry community.

The first review of chemistry research at Norwegian universities and colleges, the “Weitkamp
report’, was submitted to the RCN in 1997. The current effort is the second review of basic
research in Chemistry of Norway to be commissioned by the RCN. The hearings and
meetings with staff of the universities and institutes involved took place between September
and October 2008, although the information-gathering process, including factual information,
self-evaluation and bibliometric analysis, began in January 2008. The project has involved
comprehensive assessments of research efforts at the departmental and research group
level. The process of achieving insight into such a wide variety of research efforts and
working to come to a fair assessment of their strengths and weaknesses has required
substantial effort by the evaluation Committee, the RCN, and the faculty, staff, and Ph.D.

students in the evaluated departments.

In spite of the substantial scope of the project, the Committee feels that it was able to discuss
research-related issues with a significant number and cross-section of faculty and students,
and to obtain sufficient information on which to base balanced and fair assessments. The
Committee is confident that its analyses and recommendations are well founded. It is hoped
that the report will be viewed as a constructive basis for improvement, development, and

change.
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1 EXECUTIVE SUMMARY

This is the report of an ad hoc International Committee convened by the Research Council of

Norway (RCN) to assess basic research in Chemistry in Norway.

The Committee prepared this written report following a review of the self-assessments
provided by the institutions, discussions with staff and visits to most of the research facilities.
Assessment of the scientific quality and productivity of research groups was primarily based
on the information provided in the CVs as part of the self-evaluations, publications and other
printed materials that were available during the interviews, publications that the Committee
accessed electronically in databases, and also on a bibliometric analysis, which is included in
the appendix. A set of specific recommendations for future development in the field, including

potential means of improvement, has been provided in the report.

The first review of chemistry research at Norwegian universities and colleges, the “Weitkamp
report’, was submitted to the RCN in 1997. There have been important changes since the
last review, especially changes in attitude and in management structures to allow strategic
planning in research. Substantial new initiatives have been put in place, but the overall
impression conveyed by Weitkamp shares many similarities with the current assessment.
The Committee notes that since the time of the Weitkamp report there has been a significant
reduction in the size of many of the departments, and thus the opportunities to generate new
lines of research seem to have suffered, as the other responsibilities of the staff, including
teaching and administration, have not declined proportionately.

The following general observations and conclusions have been made by the Committee:

- Norway has a relatively small academic community. This small size has drawbacks
when it comes to international competitiveness, as it limits the number of new
directions that can be pursued by a “critical mass” of researchers.

- The number of academic positions in all Chemistry Departments has fallen, in some
cases quite substantially. The teaching load for professors who are interested in
performing research is often excessive, apparently limiting their research productivity.
This problem appears to be aggravated by the fact that there are sometimes non-core
courses taught with only a few students enrolled.

- When compared to other countries the current academic chemistry community in
Norway appears to have a larger proportion of late career professors no longer very
active in research.

- The academic staff lists of the departments the Committee surveyed contained a very
high proportion (by international standards) of people who had completed their
masters and Ph.D.s in the same department, and had acted as research assistants in
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the same research areas; there appears to be a strong culture of appointing the
group’s intellectual progeny.

- A universally recognized problem was the difficulty of convincing Norwegian students
to obtain a Ph.D. degree and the shortage of Ph.D. students in general. The value
added of a Ph.D. to a career in industry, which most Norwegian students have as
their target, seems not to be widely appreciated.

- Compared to many other countries, the general professional development aspect of
the Ph.D. is not emphasized as much as work on the specific project. Given the high
number of international students now doing Ph.D.s in Norway this might not be
appropriate. Thought should be given to fostering and monitoring the development of
transferable skills and to provision of programmes for education in key topics not
taught in undergraduate courses. Given the small number of Ph.D. students in most
universities, this might need to be implemented at a national level.

- Educational programmes and teacher training only exist at NTNU and the University
of Oslo. However, the result of this engagement seems to be limited or ineffective, as
nearly all chemical departments in Norway complain about their difficulties in
recruiting science students.

- The funding available for research in Norway is a smaller fraction (0.7%) of GDP than
in most European countries, well below US levels, and below the EU recommended
target.

- Most funding provided by the RCN is through managed programmes (NANOMAT,
RENERGI, and FUGE) - there is only a low budget for untargeted responsive-mode
applications (“blue skies” research). For the development of new, innovative lines of
research, however, a substantial volume of blue skies work is required to sustain the
vitality of the field and to develop new talent. The fraction of this type of research is
currently much too small in Norwegian chemistry.

- The current funding system for the academic chemistry departments in Norway
requires those departments to divide their financial resources among many different
expenses. There are high staff costs (sometimes consuming the entire budget),
limited strategic support for research, limited technical support, and very limited funds
to support start-up grants.

- The research infrastructure is mainly good, in the Centres very good, but there is
always scope for improvement. The basic equipment was often running unsupported
without maintenance contracts and without dedicated technicians. There does not
seem to be a culture of paying for services, which is in contrast to international

practices.
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The opportunities for working closely with research institutes and with industrial
laboratories in Norway are well developed and compare favourably in international
comparisons. In certain cases, there was an indication that such relationships had
upset the appropriate balance between applied and fundamental research in the
university department.

The Norwegian chemical and energy industries primarily hire master-level graduates,
and, based on the information presented to the Committee, appear to credit little or
no added value, either in entry positions or salary, to new appointments with a Ph.D.
rather than a master's degree. The Committee understands from the week’s
testimony that Norway’s chemical industry has relatively little interest in the field of

organic chemistry and structural chemistry/biology.

Considering the main research areas, the following general observations were made by the

Committee. (Specific evaluations and comparative assessments were made at the

departmental and research group level.)

Inorganic and materials chemistry are interdisciplinary specialties in the international
chemistry community that have increased in activity and importance in the past
decade. On the whole, the health of these chemical sub-disciplines in Norway can be
considered as very strong, arguably amongst the strongest in the current Norwegian
academic system.

High-performance computing facilities, which are the most important infrastructural
components for theory and computational chemistry, are outstanding in Norway and
access is at a world-leading level. The major problems for both subjects are the lack
of Ph.D. students and, in many groups, the reliance on very limited responsive-mode
funding. Within the spectrum of research regarded as topical in computational
chemistry worldwide, several areas are underrepresented in Norway.

The catalysis groups in Norway should strengthen their mutual collaboration by
sharing their own expertise in one or two common projects (other than inGAP).
Catalysis in Norway has a good international impact in terms of publications, although
improvement is possible. In this respect, catalysis groups could intensify their
cooperation with materials science groups.

There is little life sciences-related research in chemistry departments in Norway,
however, the groups engaged in this work are among the most successful that were
evaluated. Increasing interactions with bioorganic chemistry should be a mutual
advantage for both fields.

Internationally, organic chemistry is normally a prominent area within chemistry

departments. This is not the case in Norway, where organic chemistry is hardly ever
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found as a stand-alone area within chemistry departments. The Committee believes
that organic chemistry in Norway can become internationally more visible through
several changes in the way it is practiced. Further, it appears that there will be no
good opportunities for better funding of research in synthesis in the near future.
Increased investment would be essential for the health of this discipline, as the
success of KOSK has shown.

- Chemical physics is in a particularly precarious position; and this is especially true of
classical areas like gas-phase spectroscopy. This means that Norwegian chemistry is
turning its back on several laboratory-based subjects with important potential for other
areas of chemistry, as well as abandoning classical areas of study that are important
to the discipline pedagogically and methodologically. A great deal of the activity
described as physical chemistry is motivated by concerns of Norwegian industries
and does not reflect the subject as seen globally.

- Environmental chemistry is a Norwegian strength, and the geographical opportunities
and environmental threats in and to Norway are a clear driver of the research
agenda. The areas of specialisation also provide excellent opportunities for
international collaboration, which is very important in the longer term for this
community.

- The national effort in nuclear chemistry in Norway is concentrated in one research
group in Oslo, where the facilities are excellent but there is a shortage of personnel.
There are two strategic reasons why it is critical to maintain nuclear chemistry in
Norway. Firstly, radiopharmaceutical chemistry plays an important role in rapidly
developing medical technologies. Secondly, Norway has very important deposits of
thorium, an alternative base nuclear fuel to uranium. Nuclear energy technologies
based on thorium are under development internationally in order to exploit its long-
term advantages.

- In applied chemistry and chemical engineering the research questions addressed are
driven by the concerns of Norwegian industries. Major societal challenges, including
carbon dioxide capture and storage are covered by the research groups in this field.
Therefore, the research performed is highly relevant to Norwegian society and global
efforts to mitigate global warming. Further, Norway should consider in the near future
establishing collaboration between research in chemical engineering and research in
the field of biotechnology.

- Analytical chemistry is not a specialized area for many of the departments reviewed

and has been effectively integrated within larger research groups.
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In spite of the substantial scope of the project, the Committee feels that it was able to discuss
research-related issues with a significant number and cross section of faculty and students,

and to obtain sufficient information on which to base balanced and fair assessments.

The Committee is confident that its analyses and recommendations are well founded. It
hopes that the report will be viewed as a constructive basis for improvement, development,

and change.
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2 INTRODUCTION

21 THE MANDATE FOR THE EVALUATION COMMITTEE

The Division of Science at the RCN has requested an evaluation of basic research activities

in Chemistry in Norwegian universities and colleges.

The objective of the evaluation

Specifically, the evaluation process will:

Offer a critical review of the strengths and weaknesses of chemistry research in Norway,
both nationally and at the level of individual research groups and academic departments. The

scientific quality of the basic research will also be evaluated in an international context.

Identify research groups that have achieved a high international level in their research, or

have the potential to reach such a level.

Identify areas of research that should be strengthened in order to ensure that Norway will
possess the necessary competence in areas of importance to the nation in the future. And,
as one aspect of this, provide information to help the RCN to assess the impending situation

regarding recruitment in important fields of Chemistry.

The long-term purpose of the review

The evaluation will provide the institutions concerned with information that will be helpful in
raising their own research standards. They will be provided with feedback regarding the
scientific performance of individual research groups, as well as suggestions for

improvements and priorities.

The evaluation will provide an additional knowledge base for strategic decision-making by
the RCN for their work developing Chemistry research in Norway, and represent a basis for
determining future priorities, including funding priorities, both within and among individual

areas of research.

The evaluation will reinforce the role of the RCN as advisor to the Norwegian Government

and relevant ministries.

Methods
An international Committee was appointed by the RCN. The Committee based its

assessments on self-evaluations including SWOT analyses provided by the departments and

12
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research groups as well as meetings with various departments and research groups. The
meetings included oral presentations, formal and informal questioning, and an interview of
Ph.D. students. In addition, the Committee carried out site visits to the institutions involved in
the evaluation. The departments’ self-evaluations included information about organisation
and resources, and development and future plans, as well as CVs and publication lists of the
scientific staff. Assessment of the scientific quality of research groups was based in particular
on the bibliometric analysis, which is included in the appendix. The Committee has written a
report with a set of specific recommendations, as requested by the RCN. A preliminary
version of the report was sent to the departments for comments, and suggestions for revision
were incorporated where consistent with the Committee’s views. The final report has been

submitted to the RCN’s Board of the Division of Science.

2.2 MANDATE

The Committee was requested to evaluate scientific activities with respect to their quality,
relevance and international and national collaboration. The Committee was further requested
to evaluate the way in which Chemistry research is organised and managed. The Committee
prepared this written report based on the self-assessments provided by the institutions, the
interviews of staff, and the site visits, with a set of specific recommendations for the future

development in the field, including means of improvement when required.

The research groups and institutions included in this evaluation have very different origins,
structures, and priorities, some being long established departments within the Norwegian
universities while others are very new, and have only had university status for a short time.
Some of the groups, both in the Institutes and Universities, have very close links to industry
and commercial activities rather than a purely academic orientation. The Committee
recognises these differences and has taken them into consideration in the evaluation. Such
institutional differences are a cause of some of the differences in outputs of publications. The
Committee has analysed the strengths of the research activity for all groups on the same
basis, and has used the known differences between the groups and institutions in the

interpretation and recommendations.

The conclusions of the Committee have led to a set of recommendations concerning the
future development of research in Chemistry in Norway. The following specific aspects have

been considered:

13
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General aspects

Which fields of research in Chemistry have a strong scientific position in Norway and
Which have a weak position? Is Norwegian research in Chemistry being carried out in
fields that are regarded as relevant by the international research community? Is
Norwegian research in Chemistry ahead of scientific developments internationally in
specific areas?

Is there a reasonable balance between the various fields of Norwegian research in
Chemistry, or is research absent or underrepresented in any particular field? On the
other hand, are some fields overrepresented, in view of the quality or scientific
relevance of the research that is being carried out?

Is there a reasonable degree of cooperation and division of research activities at the
national level, or could these aspects be improved?

Do research groups maintain sufficient contact with industry and the public sector?

Academic departments

Are the academic departments adequately organised?
Is scientific leadership being exercised in an appropriate way?
Do individual departments carry out research as part of an overall research strategy?

What is the balance between men and women in academic positions?

Research groups

Do the research groups maintain a high scientific quality judged by the significance of
contribution to their field, the prominence of the leader and team members, and the
scientific impact of their research?

Is the productivity, e.g., the number of scientific papers and Ph.D. theses awarded,
reasonable in terms of the resources available?

Do the research groups have contracts and joint projects with external partners?

Do they play an active role in dissemination to industry and the public sector of their
own research and new international developments in their field?

Do they play an active role in creating and establishing new industrial activity?

Is the international network, e.g., contact with leading international research groups,
number of international guest researchers, and number of joint publications with
international colleagues, satisfactory?

Do they actively take part in international professional committees and other
professional activities outside their immediate research programmes?

Have research groups drawn up strategies with plans for their research, and are such

plans implemented?
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Is the size and organisation of the research group reasonable?

Is there sufficient contact and cooperation among research groups nationally, and
how do they cooperate with colleagues in the research institute sector?

Do the research groups take active part in interdisciplinary/multidisciplinary research
activities?

How is the long-term viability of the group evaluated in view of future plans and ideas,
staff age, facilities, research profile, new impulses through recruitment of
researchers?

What roles do Norwegian research groups play in international cooperation in
individual subfields of Chemistry? Are there any significant differences between
Norwegian research in Chemistry and research being done in other countries?

Do research groups take part in international programmes or use facilities abroad, or

might utilisation be improved by introducing special measures?

Research infrastructure including scientific equipment

What are the status and future needs with regard to laboratories and research
infrastructure?

Is there sufficient cooperation related to the use of expensive equipment?

Training and mobility

Does the scientific staff play an active role in stimulating the interest in their field of
research among young people?

Is recruitment to doctoral training programmes satisfactory, or should greater
emphasis be put on recruitment in the future?

Is there an adequate degree of national and international mobility?

Are there sufficient educational and training opportunities for Ph.D. students?

Future developments and needs

The Committee’s written report is based on the elements and questions above. The

assessments and recommendations are provided at the research group, department,

institutional, and national level.

2.3 GRADING

For the assessment of the research groups a grading system has been applied that focusses

on the following aspects:
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Scientific Quality and Productivity
= internationally applied standards for scientific quality based on bibliometric analysis
= number of Ph.D., master’s students and grades awarded

= participation in conferences

Relevance and Societal Impact
Aspects of the science that are not reflected by normal internationally applied scientific
measures, in particular, relevance to Norwegian industry, health, national and global

environmental issues and culture. This is more difficult to assess quantitatively.

Strategy, Organisation and Research Cooperation
= arrangement of infrastructure to facilitate quality of the work
= organising research group activities to improve funding opportunities

= supportive environment

The grading scale is:

Excellent = 5

Internationally leading position, undertaking original research and publishing in the best
international journals. High productivity (including number of Ph.D. theses awarded). Clear
and convincing strategy and future planning. Very positive overall impression of the research

group and leadership.

Very good = 4

A publication profile with a high degree of international publications in good journals. High
productivity and very relevant to international research or to Norwegian society including
Ph.D. training. Good strategy and future planning. Very positive overall impression of the

research group.

Good = 3

Contribute to international and national research with good quality research of relevance both
to international research development and to Norwegian problem solving. Number of Ph.D.s
is reasonable. Good balance between international and national publications. Acceptable

productivity. Strategic plans are reasonable to good. Positive overall impression of research

group.
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Fair=2

The quality of research is acceptable, but the international publication profile is modest.
Much routine work evident in research programme design and in publications, few original
contributions. Relevance and productivity of research are not exciting. Strategic planning

exists, but is not convincing or realistic. Overall impression is positive but with significant

reservations by the evaluators.

Weak = 1

Research quality is below good standards and the publication profile is poor. Only occasional

international publications. No original research and little relevance to national problems.

Diffuse strategic planning. No overall positive

2.4 THE EVALUATION COMMITTEE

impression by evaluators.

Professor Evamarie Hey-Hawkins
Universitat Leipzig, Germany
Faculty of Chemistry and Mineralogy
Institute of Inorganic Chemistry
Johannisallee 29

D-04103 Leipzig

Professor David Fowler

Centre for Ecology and Hydrology,
Bush Estate, Penicuik, Edinburgh
EH26 0QB

UK

Professor Robert J. Cava
Department of Chemistry
Princeton University
Princeton NJ 08544

USA

Professor Paul Madden
Provost of Queen’s College
University of Oxford

Oxford OX1 4AW

UK

Professor Thisbe K. Lindhorst

Christiana Albertina University of Kiel, Germany
Otto-Diels-Institute of Organic Chemistry
Otto-Hahn-Platz 3-4

D-24098 Kiel

Professor Daniel Duprez

Laboratoire de Catalyse en Chimie Organique
(LACCO), 40, Av. Recteur Pineau

86022 Poitiers

France

Professor Gerhard Schembecker

Technische Universitat Dortmund, Germany
Department of Biochemical and Chemical
Engineering

Laboratory for Plant and Process Design
Emil-Figge-Str. 20

D-44227 Dortmund

Executive Secretary Dr. Doritt Luppa, Universitat Leipzig, Germany, was involved in

compiling all the input from the Committee members and in processing the report.
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3 GENERAL DESCRIPTION

3.1 PARTICIPANTS OF THE EVALUATION

The following institutions are included in the review:

University of Oslo (UiO)

Department of Chemistry

Synthesis and molecular structure

Analysis and environment

Nuclear chemistry

Functional inorganic materials

Catalysis

Polymers — organic materials

Quantum mechanics, structure and dynamics

School laboratory

Norwegian University of Science and Technology (NTNU)
Department of Materials Science and Engineering (DMSE)
Inorganic chemistry

Electrochemistry

Department of Chemistry

Organic chemistry

Environmental and analytical chemistry including chemistry dissemination
Physical chemistry

Department of Chemical Engineering

Catalysis

Colloid and polymers

Process systems engineering

Reactor technology

Separation and environmental technology

Paper and fibre technology

University of Bergen (UiB)

Department of Chemistry

Organic, biophysical and medicinal chemistry
Inorganic chemistry, nanostructures and modelling

Physical-, petroleum- and process chemistry
18
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University of Tromsg (UiT)
Department of Chemistry

Organic chemistry

Inorganic and materials chemistry
Structural chemistry

Theoretical chemistry

University of Stavanger (UiS)
Department of Mathematics and Natural Sciences
Biological chemistry

Chemistry and environment

Norwegian University of Life Sciences (UMB)

Department of Plant and Environmental Sciences (IPM)
Environmental chemistry at IPM

Department of Chemistry, Biotechnology and Food Science (IKBM)

Natural product chemistry and organic analysis at IKBM'

Norwegian Institute for Air Research (NILU)

Environmental Chemistry Department
3.2 KEY FIGURES

3.2.1 Graduates

Numbers are taken from the factual information provided by the Departments

Dr. ing./Dr. scient. graduated 2005 2006 2007

Total

University of Oslo

' The research group “Organic Chemistry” was renamed “Natural Product Chemistry and Organic

Analysis” throughout this report as requested by UMB
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Numbers are taken from the factual information provided by the Departments

M.Sc. graduated 2005 2006 2007 Total
University of Oslo

Synthesis and molecular structure 3 7 1 11
Analysis and environment 6 10 12 28
Nuclear chemistry 0 1 0 1
Functional inorganic materials 7 5 2 14
Catalysis 2 3 1

Polymers — organic materials 1 3 1

Quantum mechanics, structure and dynamics 0 1 2
Norwegian University of Science and Technology

Inorganic chemistry 5 6 7 18
Electrochemistry 9 10 15 34
Organic chemistry 11 8 13 32
Physical chemistry 3 4 0 7
Environmental chemistry incl. chemistry dissem. 2 3 7 12
Catalysis 6 8 11 25
Colloid and polymer chemistry 3 1 5

Paper and fibre technology 1 3 1

Process systems engineering 2 3 2

Reactor technology 6 1 6 13
Separation and environmental technology 5 2 2
University of Bergen

Organic, biophysical and medicinal chemistry 2 5 8 15
Inorganic chemistry, nanostructures and modelling 0 5 1 6
Physical-, petroleum- and process chemistry 2 4 5 11
University of Tromsg

Organic chemistry 3 0 2 5
Inorganic and materials chemistry 0 0 0 0
Structural chemistry 0 0 0 0
Theoretical chemistry 0 0 0 0
University of Stavanger’

Offshore Environmental Engineering Program 10 12 13 35
Biological Chemistry Program 0 0 8 8
Norwegian University of Life Sciences

Environmental chemistry at IPM 3 2 7 12
Natural product chemistry and organic analysis at IKBM 9 5 4 18

The master program in Biological Chemistry started autumn 2006. Members of both research groups
have supervised on both master programs
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3.2.2 R&D Expenditures by Main Source of Funding (1000 NOK)

Type of expenditures provided by the factual 2005 2006 2007
information of the Departments

UiO, Department of Chemistry

University funding,” salaries (including SMN) 40,500 41,000 40,970
University funding, others 2,700 2,500 2,500
University funding, instruments and equipment 1,700 800 240
University funding, total 44,900 44,300 43,710
RCN, Other national grants (salaries, social costs, 28,000 30,000 38,000
overhead, including SMN)

RCN (instruments, equipment) 6,800 3,200 1,000
Other national grants (public or private)

International grants (including EU) 500 2,600 700
External funding, total 35,300 35,800 39,700
Total expenditures 80,200 80,700 83,410
External funding as % of total expenditures 44 44 47
NTNU, DMSE?

University funding, salaries 13,000 13,000 13,000
University funding, other costs 1,600 2,300 2,100
University funding, instruments and equipment 1,600 1,900
University funding, total 16,200 15,300 17,000
RCN, grants 14,400 15,900 13,200
Other national grants (public or private) 1,000 1,000 1,000
International grants (including EU) 2,000 2,000 2,000
External funding, total 17,400 18,900 16,200
Total expenditures 33,600 34,200 33,200
External funding as % of total expenditures 51.8 55.3 48.8
NTNU, Department of Chemistry

University funding,” salaries 23,346 22,696 24,631
University funding, other costs 2,980 3,100 2,150
University funding, instruments and equipment 610 850 2,238
University funding, total 26,936 26,646 29,019
RCN, grants 12,933 10,350 6,545
Other national grants (public or private) 1,754 913 457
International grants (including EU) 1,445 1,325 583
External funding, total 16,132 12,598 7,585
Total expenditures 43,068 39,244 36,604
External funding as % of total expenditures 37 32 21
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NTNU, Department of Chemical Engineering

University funding,” salaries 19,321 19,078 19,858
University funding, other costs 5,190 5,913 7,294
University funding, instruments and equipment 2,383 4,058 4,231
University funding, total 26,894 29,049 31,383
RCN, grants 23,071 28,937 36,002
Other national grants (public or private) 19,073 14,428 14,118
International grants (including EU) 4,684 4,292 4,149
External funding, total 46,828 47,657 54,269
Total expenditures 73,722 76,594 90,271
External funding as % of total expenditures 64 62 60
UiB, Department of Chemistry

University funding,” salaries 17,300 18,500 20,200
University funding, other costs 10,700 12,100 14,300
University funding, instruments and equipment 8,700 6,800 1,800
University funding, total 36,700 37,400 36,300
RCN, grants 11,800 13,200 17,100
Other national grants (public or private) 1,500 800 1,300
International grants (including EU) 800 600 300
External funding, total 14,100 14,600 18,700
Total expenditures 50,800 52,000 55,000
External funding as % of total expenditures 27.8 281 34.0
UiT, Department of Chemistry

University funding,” salaries 10,432 10,971 11,142
University funding, other costs 5,281 5,077 5,500
University funding, instruments and equipment 2,218 725 3,400
University funding, total 17,931 16,773 20,042
RCN, grants 11,933 11,111 18,453
Other national grants (public or private) 0 120 400
International grants (including EU) 0 54 0
External funding, total 11,933 10,285 18,853
Total expenditures 26,854 32,847 33,069
External funding as % of total expenditures 44 31 57
UiS, Chemistry and Environment

University funding,” salaries 7,320 6,720 6,420
University funding, other costs 155 155 179
University funding, instruments and equipment 0 500 0
University funding, total 7,475 7,375 6,599
RCN, grants 18 1 4
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Other national grants (public or private) 1,750 2,250 3,715
International grants (including EU)

External funding, total 1,768 2,251 3,719
Total expenditures 9,243 9,626 10,318
External funding as % of total expenditures 19 23 36
UiS, Biological Chemistry

University funding,” salaries 1,200 4,050 4,600
University funding, other costs 61 81 88
University funding, instruments and equipment 2,500

University funding, total 3,761 4,131 4,688
RCN, grants 239 2,986 5,567
Other national grants (public or private) 62
International grants (including EU) 4,047 1,658 1,320
External funding, total 4,286 4,644 6,949
Total expenditures 8,047 8,775 11,637
External funding as % of total expenditures 53 53 60
UMB, Environmental Chemistry at IPM

University funding, " salaries 4,050 4,500 4,700
University funding, instruments and equipment 500 22 437
University funding, total 4,550 4,522 5,137
RCN, grants 3,949 3,302 4,653
Other national grants (public or private) 2,123 1,472 4,061
International grants (including EU) 60 445 439
External funding, total 6,132 5,219 9,153
Total expenditures 10,682 9,741 14,290
External funding as % of total expenditures 57 54 64
UMB, Natural products chemistry and organic analysis at IKBM

University funding,” salaries 4,164 4,848 5,340
University funding, other costs 1,653 812 760
University funding, instruments and equipment 473 160 200
University funding, total 6,290 5,820 6,300
RCN, grants 0 0 418
Other national grants (public or private) 0 0 250
International grants (including EU) 0 0 0
External funding, total 0 0 668
Total expenditures 6,290 5,820 6,968
External funding as % of total expenditures 9.6
NILU

University funding,” salaries 9,746 10,717 13,668
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University funding, instruments and equipment 2,000 600
University funding, total 9,746 12,717 14,268
RCN, grants 4,823 3,843 7,310
External funding, total 4,823 3,843 7,310
Total expenditures 14,569 16,560 21,578
External funding as % of total expenditures 33 23 34

Y University funding: This refers to the institutions input of own resources such as salaries for scientific

personnel (including social costs)

2 The expenditures are estimates since the annual budget and external funding include research

groups that are not involved in the evaluation

The R&D personnel categorisation is split into the groups professor, associate professor,
professor Il, postdoctoral fellow, doctoral students, and technical/administrative positions.
The specific numbers are given at the department and research group level in the relevant
chapters. The distribution of male and female scientific personnel in chemistry research is

given in the table below.

3.2.3 R&D Personnel

Professor Associate Professor Scientific Staff
and Professor |l
male female male female male female
uio 27 5 15 4
NTNU 28 7 28 3
UMB 3 2 7 3
UiT 0 4 1
uUis 4 2 8 0
uiB 14 2 8 0
NILU 9 8
Total 83 18 70 11 9 8

Numbers concluded from the factual information provided by the Departments to the Committee

In general, the percentage of women in the natural sciences depends on the individual

disciplines. These numbers vary among different academic levels and usually decrease

starting from the master’s level.
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4 GENERAL CONCLUSIONS

41 COMMENTS REGARDING THE WEITKAMP REPORT

This review takes place 11 years after the Weitkamp review, which concluded that the vitality
and productivity of chemistry research in Norway did not reflect the economic and academic
potential of Norway, and that comparison with near neighbours of a comparable size showed
the Norwegian position to be weaker than those countries. In providing the national picture,
many generic comments were made to characterise the chemical research community.
These comments included aspects of mobility, the output of doctoral graduates, the use of
sabbatical leave, the appointment of high-quality applicants to professorial positions, and the
fraction of funding available to support ‘blue sky’ research. The Committee notes that in most
of these cases the evidence provided to this Committee shows a similar picture. There have
been important changes since the last review, and new initiatives have been put in place, but
the overall impression of the chemistry research reviewed in 1997 shares many similarities
with the current assessment; there has not been an apparent transformation over the
intervening 11 years. The Committee notes that since the time of the Weitkamp report there
has been a significant reduction in the size of many of the departments, and thus the
opportunities to generate new lines of research have suffered, as the other responsibilities of

the staff, including teaching and administration, have not declined proportionately.

4.2 THE NATIONAL PICTURE

The academic community

Norway has a relatively small academic community. This small size has drawbacks when it
comes to international competitiveness, as it limits the number of new directions that can be
pursued by a “critical mass” of Norwegian researchers. It also limits the force of intellect that
can be brought to bear on any single important scientific problem. The Norwegian academic
chemistry community makes up for the issue of size by organising into research groups
where several professors within a university department are brought together to focus in
areas of mutual interest. The resulting academic chemistry community performs good quality
work when judged on an international standard, and several of the groups can be considered
world-leading. Nonetheless, given the overall standard of living and financial resources of the
country, the well-being and international competitiveness of the academic chemistry

community could be substantially enhanced if several systemic issues were to be addressed.

The Norwegian academic chemistry community is relatively small, but is not necessarily
small in proportion to the overall population of the country. There are, however, a variety of
26



Review of basic research in Chemistry in Norway

strong forces, described in more detail below, that conspire to limit the opportunities for
young people who wish to pursue career paths based on obtaining a Ph.D. and entering the
academic system as professors. Given the fact that advances in basic and applied science
are most often made by enthusiastic, ambitious young people who look with a new
perspective at problems that older generations could not solve, the consequences of this lack

of an academic career path for young people in Norway are profound.

It is important to note that while a wide spectrum of chemistry research in Norway is covered
by this review, there is much that is not included. The chemistry of the atmosphere (and of
the ocean and earth system), in which Norway has considerable strength, may be found in
university departments that were not included in this review (e.g., in Geosciences) and in
Norwegian Institutes (e.g., the Norwegian Meteorological Institute). As substantial parts of
this research operate at the highest levels and is in collaboration with leading research
groups globally, our conclusions apply only to the parts of the community included in the

review.

Staff and recruitment

A universally recognised problem was the difficulty of convincing Norwegian students to
obtain a Ph.D. degree and the shortage of Ph.D. students generally. The fact that the
number of university-funded Ph.D. positions has declined significantly means that there are
very few positions in groups that do not attract industrial or programme-grant funding, further
diminishing the viability of these groups. Even the larger groups were small by comparison
with internationally leading groups in the same research area. Although positions are filled
everywhere with overseas students, the lack of Norwegian students creates difficulties for
supporting undergraduate teaching and leads to a lack of know-how within research groups
in dealing with Norwegian institutions and practices. Norwegian Ph.D. students felt they

faced an additional, heavy burden as a consequence.

The consequences of national policies became especially obvious during the Committee’s
interview of a dozen current Ph.D. students. These were smart, articulate, ambitious young
people with a clear desire to do well and use their talents to the best advantage. Yet many of
them stated that the Ph.D. degree in Norway is no guarantee for opportunities beyond the
master's degree, especially for those who do not see their future in academia, and that it

might even be a dead-end option.

The academic staff lists of the departments the Committee surveyed contained a very high
proportion (by international standards) of people who had completed their masters and

Ph.D.s in the same department, and had acted as research assistants in the same research
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group; there is a strong culture of appointing the group’s intellectual children. It can be
argued that special features of Norwegian science, in particular the close association
between certain research groups and Norwegian industries and the programme
management of research funding has led to the refinement of particular specialties, so that
the “children” may indeed be the international experts in areas where maintaining expertise is
important for Norway. Whilst there were examples that demonstrated this, more generally the
Committee believes that this tendency inhibits the development of new internationally
recognised research opportunities and also contributes to the perceived barrier between a
Ph.D. and an academic position, to which the Committee referred above. Numerous
important current research themes in chemistry have not developed at all in Norway (as
highlighted below, chapter 3.4 “The Main Research Areas”) and this may in part be a
consequence of conservative appointments. Academic cultures in the US and Europe try
very hard to discourage this culture of faculty hiring, although the problem does exist
everywhere. The practice strongly inhibits academic departments from moving in new
directions in response to new ideas; institutions that operate in this fashion show a strong

tendency to lose their intellectual vitality.

Although an issue at many universities internationally, when compared to other countries the
current academic chemistry community in Norway appears to have a larger proportion of late
career professors no longer very active in research. This places a substantial financial strain
on the system, as such professors do not bring external research funding to their universities
from competitive national or international grants. Also, the unproductive professors occupy a
non-negligible fraction of the limited number of academic positions available, resulting in a
bottleneck that limits the opportunities for academic employment for young people. In
addition, due to the low turnover rate of professors, many of the chemistry departments
interviewed described plans for implementing change that involved decades, rather than
years, strongly limiting the ability of the Norwegian academic system to move into the most

current fields of scientific inquiry.

Research and teaching are both important parts of the responsibility of university chemistry
departments. Many times during the presentations, the Committee heard testimony that the
teaching load for professors who are interested in performing research is excessive, limiting
their research productivity. If this is indeed the case, then professors who wish to perform
research at internationally competitive levels may be substantially disadvantaged with

respect to their international competitors.
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Training and career perspectives of young researchers

One of the primary issues the system of science education faces is the value placed on the
Ph.D. degree in science in Norway, presenting a situation that is quite different from that in
most other developed countries. Typical career paths for Ph.D. scientists internationally are
in university or institute research and teaching or in industrial research. There appear to be
difficulties with each of these career paths in Norway. As a result, relatively few Norwegian
students choose to pursue a Ph.D. degree. Therefore, Norway has a relatively smaller
proportion of its workforce trained in the innovative, independent thought and
experimentation that critically differentiates scientific Ph.D. degree holders from master’s

degree holders in other developed countries.

The perceived unattractiveness of the Ph.D. to Norwegian students seems to have several
causes. The value added of a Ph.D. to a career in industry, which most Norwegian students
have as their target, seems not to be widely appreciated. Moreover, it is not widely
recognised that a very high proportion of people at highest levels in industrial research have
Ph.D.s. Secondly, master’s students are actively recruited by industry or research institutes
to considerably higher salaries than are given in a Ph.D. programme. Therefore, without a
perceived long-term advantage, the attractiveness of the Ph.D. (if seen as a pathway to an
improved career in industry) is limited. Thirdly, because Ph.D. positions are now largely
obtained on research grants, the ability to make an early commitment of a position to a
promising master’s student is diminished. This feature also discourages students from
transferring between universities, many staying in the same one in which they did their
masters. As the Committee notes below, this has longer term consequences for recruitment
to academic positions. Fourthly, the Ph.D. programme seems to be less formally structured
than those now offered in other countries. It appears that the perceived objective is solely
specialised advanced training in the narrowly-defined research topic, and that more general
acquisition of research skills and appreciation of the broader field in which that topic is
located are not emphasised. Regular checkpoints, with students giving seminars or preparing
formal reports, for example, until the actual submission of the Ph.D. thesis were rarely found.
The concept of one person responsible for all graduates, to assist with obtaining support, to
complete a research programme, to attend a conference abroad, or to advice about thesis
preparation did not seem to be widely available. This creates particular problems for the
overseas students and has a knock-on effect for the Norwegian students who are enlisted on
an ad-hoc basis by the overseas students to perform these functions. Our observation is that
the Ph.D. is managed as if all entrants come through a masters in the same university,
whereas the reality is that this is now true in the minority of cases, with a large proportion

coming from abroad. Lastly, there are special aspects of the transition from a Ph.D. to an
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academic position in many departments in Norway that appear to create a large barrier to

pursuing an academic career.

Without doubt, the Norwegian Ph.D. students are very attractive to Norwegian industry; those
the Committee interviewed were in no doubt that they would readily find positions. The
Committee did not have an opportunity to interview non-Norwegian Ph.D. students to

discover if they had the same objectives or expectations.

Mobility

The relatively small number of institutions supporting academic chemistry departments and
the specialist areas of research in chemistry require the majority of Norwegian research
groups to collaborate internationally to be working with the leading scientists in their fields.
There are good examples of this activity, and the EU Framework research programmes are
an important activity in which some Norwegian research groups are well connected.
However, there are groups that have not developed these links, and, given the small size of
the research community, schemes specific to Norway are needed to enable individuals to

develop new ideas and learn new skills at leading institutions internationally.

Educational programmes and teacher training

Educational programmes and teacher training exist at NTNU and the University of Oslo.
Therefore, these academic institutions play an important role in sensitising teachers in
chemistry to the future needs of Norwegian society. Educating teachers provides an
important opportunity to communicate to pupils the value of Norwegian chemistry graduates
in overcoming challenges in, e.g., sustainable energy production, and the exciting career
opportunities that are potentially available to chemists. Via this route, Norwegian universities
are enabled to encourage young people to study chemistry or chemical engineering.
However, the result of this engagement seems to be limited or ineffective, as nearly all
chemical departments in Norway complain about their difficulties in recruiting science

students.

The educational and teacher training programmes appear to be more a service than a stand-
alone research activity. The groups are very small, sometimes consisting of only one person,
and their involvement in the educational and teacher training programmes is high. The
limited research the group at NTNU performs focusses on topics in non-didactic fields. The
school laboratory at UiO does not carry out any research. However, it should be an important
objective to understand why young people in Norway are not interested in entering the area
of chemistry. One possibility may be to focus the research connected to the education and
training programmes on the field of chemistry and its didactics. In order to optimise the
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limited resources in Norway for chemical education research, the Committee recommends
coordinating any future activities in the field between NTNU and UiO. The establishment of a

National Centre for Education in Chemistry may be helpful in this regard.

Financial
The funding available for research in Norway is a smaller fraction (0.7%) of GDP than in

most European countries, well below US levels, and below the EU recommended target.

A very high proportion of these funds is now distributed through managed programmes, and
the funding reserved for untargeted responsive-mode applications is low. The success rate of
applications through the latter channel is ~10%, despite the fact that many of the most active
groups do not bother with this potential source of funding. At this low success rate, peer
review and similar mechanisms break down. The consequence for some branches of
chemistry is quite severe, and meaningful research in some mainstream directions of enquiry
is not possible. A recommendation would be to increase substantially funds for untargeted

mode applications.

The current funding system for academic chemistry departments in Norway requires those
departments to divide their financial resources among many different expenses. In all but one
case, the funding provided as a block allocation by the parent university or faculty, was
entirely consumed by salaries, so that infrastructure and research support positions had
fallen away, and the opportunity to provide strategic support of research (as envisaged in the
National Funding Strategy) was very limited. One consequence of this situation is the
difficulty in maintaining continuity of technical expertise within a research group and
supporting research instrumentation with technicians.

The number of academic positions in all chemistry departments has fallen, in some cases
quite substantially. At some universities the departmental strength has become so low as to
threaten the teaching of a viable chemistry degree and, everywhere, the burden of
maintaining the range of courses offered has a very substantial effect on the research time of
the academic staff. A further consequence is that some “research groups” are configured to
support teaching rather than to respond to research needs and realistic research funding
opportunities. The Committee highlights the plight of Organic Chemistry and experimental

Chemical Physics below as examples.

Starting professors require an initial funding investment from their academic institution to
begin their research efforts. The funds are used to purchase initial equipment and pay for
students and postdoctoral fellows to obtain the first research results that new professors

need to enter proposals into the competitive funding stream. These “start-up packages” for
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new academic faculty members in Norway are financed at levels substantially below the
international standard. There are two effects of this policy. Firstly, the lack of funding
hampers the competitiveness of young researchers at the time in their careers when they are
likely to be the most creative and productive. Secondly, the low start-up funding packages
make it very difficult for Norway to compete internationally to lure the top foreign researchers
into its scientific establishment. Such people can greatly invigorate a research community
due to the differences in their research culture and intellectual backgrounds, and are a
desirable part of any national scientific system. The number of start-up packages required to
make a difference in Norway in chemistry is small, (e.g., bringing just one or two leading
international scientists into the community would made a considerable difference) and the

absence of a competitive scheme places Norway at a considerable disadvantage.

For the development of new, innovative lines of research a substantial volume of ‘blue sky’
research is required to sustain the vitality of the field and to develop new talent. The fraction

of this type of research is currently much too small in Norwegian chemistry.

The role of industry

The opportunities for working closely with research institutes and with industrial laboratories
in Norway are very significant, in an international comparison. As illustrated elsewhere, the
Committee observed both favourable and unfavourable consequences of these associations
for the pursuit of basic research in university departments, even when recognising that
industrially-motivated research is often basic (e.g., the topics of the catalysis groups in
Norway are essentially concerned with natural gas, synthesis gas, methanol and alkene
transformation. All of these topics are strategically important for Norwegian industry and

more generally for the country as well as being scientifically interesting.).

The Norwegian chemical and energy industries, which are very healthy by international
standards, primarily hire master-level graduates, and, based on the information the
Committee was presented, appear to credit little or no added value, either in entry position or
salary, to new appointments with a Ph.D. rather than a master’s degree (with an exception,
may be, of those students having a Ph.D. contract with research institutes like SINTEF). The
result is that there is little financial incentive for students to continue beyond their master’s
degrees because the smaller number of years of salary they receive due to pursuing their
Ph.D.s does not yield significant advantage to them in the long run. It may be that the current
industrial situation in Norway, which is based primarily on the country’s substantial natural
resources, is well suited by this system. This may not be an ideal long-term strategy,
however, as Norway, like other developed countries, may eventually have to substantially

increase the manufacture of high value-added products derived from its natural resources.
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Norway clearly has the basic intellectual resources to perform well in the high value-added

arena, and should consider better preparing its workforce for participating in such activities.

The Committee understands from the week’s testimony that Norway’s chemical industry has
relatively little interest in the field of organic chemistry. This is in contrast to the situation in
many developed countries, where the chemical industry has a very strong investment in the
teaching and training of organic chemists at universities. This seems to be due to the lack of
fine chemicals and pharmaceuticals in the current Norwegian chemical product line, which is
directed more at the export of raw materials. The development of a fine chemical industry
would certainly be an excellent opportunity for Norway in the long run, as it adds value to the
use of Norway’s abundant natural resources. Due mostly to this lack of interest, it seems,
synthetic organic chemistry is in a particularly difficult position in Norway compared to the

international standard.

Research infrastructure

Generally, the level of provision of basic research equipment seemed to be good, so the
model of being able to prioritise particular pieces of equipment and to seek university and
Research Council of Norway funding appears to be working. In research groups closely
associated with research institutes the access to equipment was often excellent. In some
universities, special centres (e.g., in nanoscience) had been created as a consequence of
high-level decisions (at the faculty level or above); within research groups these initiatives
were sometimes seen as having drawn away resources from their own priorities, but the

centres did offer the prospect of a substantial facilities base for innovative activity.

In spite of these facts, the basic equipment was often running unsupported without
maintenance contracts and without dedicated technicians. Therefore, whilst the equipment-
funding model appears to work, it does not provide appropriate infrastructure support to use
the equipment most effectively. There does not seem to be a culture of paying for services;
the Committee only saw one or two examples of charging for, e.g., NMR or X-ray facilities. In
contrast, models in which charges for services are used to support the long-term viability of
facilities infrastructure are most commonly found internationally, and are a major aspect of

financial planning in academic chemistry departments.

The Committee was surprised that there was relatively little enthusiasm among the
departments for making high-level facilities available at a national level (an exception is high-
performance computing, where a world-class, well-coordinated national provision has been
made). Reluctance to bid for (say) a national NMR facility seemed to arise from a fear that

the difficulties (including cost) of providing the infrastructure for wider use of the equipment
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outweighs the benefits to the host group. The current absence of a culture of paying for
technical services inhibits the development of a business plan for setting up a national for-fee
service at major facilities. Such approaches are more the norm in other countries, and would
provide assistance in bringing dispersed elements of the Norwegian chemistry community

together.

Today there are large-scale items that might be regarded as lacking; an example is a 900
MHz NMR machine. However, there is little specialised NMR research in Norway and there
is no institute in Norway where researchers strongly demand the establishment of some kind
of research programme that would require high-performance NMR instrumentation (800 or
900 MHz NMR instruments).

4.3 THE ROLE OF THE RESEARCH COUNCIL OF NORWAY (RCN)
Within the RCN there are different sources for funding of Chemistry Research.

The Science Division is responsible for basic research and the universities. Within the
division basic research projects are funded, which are selected according to quality;
however, funding is very limited (e.g., 15 mill. NOK in the first year for projects in FRINAT,
which covers Chemistry, Physics, Mathematics and Geology). There are also small
programmes, for example KOSK Il and Synchrotron Research. Norway is a member of
ESRF, where Switzerland and Norway are financing their own beam line. Other funding
instruments of the RCN include large scale programmes that contain chemistry research
aspects, e.g., within NANOMAT, but also RENERGI, and FUGE.

A new funding scheme for research infrastructure will be launched in 2009, which will focus
on infrastructure of national interest at few locations. The funding scheme will include
advanced equipment, large scale infrastructure, and also electronic infrastructure, databases
and collections. The Committee observed that there is initiative among the departments in

Norway to establish such a facility.

4.4 THE MAIN RESEARCH AREAS

4.4.1 Inorganic and Materials Chemistry

Inorganic and materials chemistry are interdisciplinary specialties in the international
chemistry community that have increased in activity and importance in the past decade. This
is due both to the emergence of nanoscience as a large and active discipline, and the

realisation by chemists that the design of molecular and non-molecular solids with specific
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physical properties can be both challenging and rewarding. Nanoscience in particular, where
the primary challenge is often to determine how to crystallise in a controlled fashion very
small, very uniform particles, has captured the imaginations of many chemists world-wide. In
inorganic chemistry, the design of molecules with specific magnetic, optical and
electrochemical properties is of particular current interest, especially as it connects with
potential applications such as solar energy conversion, and, on the basic science side, as it
challenges theoretical models to explain and predict the properties of molecules through

understanding their electronic structures.

Inorganic and materials chemistry are currently primarily pursued by two large, dynamic
research groups in Norway, one in Functional Inorganic Materials at UiO and one in the
Department of Materials Science and Engineering at NTNU. One smaller but also dynamic
group works in this area at UiT. The NTNU Department of Materials Science and
Engineering includes many researchers who can be considered as leaning more towards
classical materials science, though all are interested in the impact of the chemistry of
materials on the properties of solids. Materials chemistry also has a substantial impact on the
research of groups specialising in catalysis, and in that form is found in many other research
groups in chemistry departments in Norway. On the whole, the health of this chemical sub-
discipline in Norway can be considered as very strong, arguably one of the strongest sub-
disciplines in the current Norwegian academic system. Within this strong community, the
area of nanoscience, currently less vigorously pursued, would benefit from further
development. Investment in strong leadership and young professors recruited internationally
may be required to make the level and quality of the nanoscience activity in Norway

commensurate with what is generally seen internationally.

Detailed analysis of the individual groups is presented later in the report, but briefly, the
Functional Inorganic Materials Group at UiO performs research in inorganic, solid state, and
materials chemistry, and includes work in chemistry-based nanoscience. Their primary
interests lie in the discovery and development of materials for advanced energy
technologies, but they are active in other current areas as well, including for example
thermoelectrics and microporous materials. The key areas for research in inorganic and
materials chemistry carried out in the Department of Materials Science and Engineering at
NTNU are light materials, materials for energy technology, materials for oil and gas, and
materials for electronics and sensors. In energy technology, hydrogen production by
membranes and water electrolysis, gas separation membranes, fuel cells and solar energy
cells are of particular interest. The electrochemistry subgroup at NTNU has strong links to
Norwegian industry and research institutes such as SINTEF and IFE, and is especially well

connected with the aluminium industry. Finally, the Inorganic and Materials Chemistry Group
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in Tromsg, though very small, is similarly highly productive and dynamic. Major current thrust

areas are in synthesis, chemistry and modelling of functional materials.

4.4.2 Theory and Computational Chemistry

It is important to realise that theoretical and computational chemistry are distinct subjects,
certainly as far as their practitioners are concerned. Appointment of a computational chemist
is not necessarily seen as strengthening theoretical chemistry, and vice-versa (though it
would be seen as strengthening the intellectual environment). Theoretical chemistry is
concerned with the exploration of the underlying origins of phenomena as well as the
development of new methods to allow them to be analysed or quantities to be calculated; the
underlying disciplines are quantum mechanics and statistical mechanics. Computational
chemistry, on the other hand, involves calculations based on existing methods with the
objective of obtaining values that will help in the interpretation of experiment. Both subjects

are well represented in Norwegian chemistry and in some case within the same research

group.

High-performance computing facilities, which are the most important infrastructural
component for both subjects, are outstanding and access is at a world-leading level. The
major problems for both subjects are the lack of Ph.D. students and, in many groups, the
reliance on responsive-mode funding. Recruitment of Norwegian students is particularly
difficult, in part because there is little emphasis on theory and computation in undergraduate
courses, but also because most Norwegian students are focussed on doing research for
which they see an industrial link; this might be applicable for computational work but is less
easily appreciated for theory. There seems to be a good level of coordination between
groups in the different universities in planning shared formal training programmes to support
theoretical and computational work, for which a chemistry master (either from Norway or
abroad) is unlikely to provide an adequate preparation. This is an important initiative and
should be supported as it holds the key to making Norway an attractive centre for students
and postdocs. Lectures and exercises could be shared between different sites, either by
holding intensive workshops to which students from several centres were invited, or by
videoconferencing them (see the SUPA initiative in Scotland for a good example of how a
national training may be provided in a small country). The Centre for Theoretical and
Computational Chemistry (CTCC) has boosted facilities and the number of positions at
Tromsg and Oslo quite substantially, and has primarily supported the international quality of

theoretical quantum chemistry groups there.
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Within the spectrum of research regarded as topical in computational chemistry worldwide,
several areas are poorly represented in Norway, including some that would certainly link to
the subject areas of important experimental and theoretical groups. These include:
= Computer simulation methods (molecular dynamics, Monte Carlo, and mesoscale)
and theory of “soft-matter”. With the exception of some work on protein simulation,
this area is not strong. Yet classical simulation could play a valuable role in areas with
a lot of experimental and industrial activity in Norway, like absorption in porous
media, membrane separation of gases, ionic conductors and the performance of fuel
cells, the phase behaviour and self-organisation of gels, colloids and surfactants.
Apart from applications like these, there is strong methodological development in the
field, for example, in the study of rare events and the development of techniques for
multiscale modelling. Although experimental work in colloids and complex fluids is
strong at several points, there is a feeling that this work is not fully informed by the
theoretical developments which have taken place in this field in the last decade or so.
= Alongside the above, the area of ab initio simulation is under-represented (save for
one user of VASP, which is really a total energy package). These methods are now
widely used around the world as interpretive aids in much condensed matter science.
This field is strongly linked to theoretical work on improved electronic energy
functionals and their practical implementation. Ab initio simulation has underpinned
an improvement of the mutual understanding between statistical (thermal) behaviour
and electronic structure. This does not yet seem to have been transmitted into
Norwegian chemistry.
Targeting appointments in these areas would allow full exploitation of the excellent
computational resources, improve the links between theoretical groups and practical
chemistry, and underpin an improved approach to teaching statistical mechanics and

thermodynamics as key elements of chemistry courses.

In general, the Norwegian activity in Theoretical and Computational Chemistry is good, and
in some cases considerably better than that. This strength could be increased by targeted
appointments in areas like those highlighted, by facilitating the funding of research which is
not closely tied to particular technological targets, and encouraging a coordinated national

effort to provide training for Ph.D.s and postdocs.

4.4.3 Catalysis

As catalysts are chemical substances that accelerate reaction rates in the right direction to
get the desired products, catalysis occupies a central place in industrial chemical processes.

It is a Norwegian strength because of the interest and support of the oil industry.
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Several groups in Norway are involved in research in catalysis. Two groups are primarily
specialised in this area. These are:
= University of Oslo/Department of Chemistry: Section for Functional Materials
Chemistry, research group: Catalysis (and CATMAT Gemini Centre with SINTEF)
= Norwegian University of Science and Technology (NTNU) at Trondheim: Department
of Chemical Engineering, research group: Catalysis (and KinCat Gemini Centre with
SINTEF)
One group has significant and increasing activities in catalysis:
= University of Bergen/Department of Chemistry: Research group in Inorganic
Chemistry, Nanostructures and Modelling
Other groups have minor or limited activities in Catalysis:
= Norwegian University of Science and Technology (NTNU)/Department of Chemistry:
Research group in Physical Chemistry.
= Norwegian University of Science and Technology (NTNU)/Department of Materials
Science and Engineering: Research group in Inorganic Chemistry.
The groups in Oslo and Trondheim are closely connected to SINTEF research programmes

in catalysis via Gemini centres.

The topics of study in the Oslo group cover homogeneous catalysis and heterogeneous
catalysis on zeolites and MOFs (metal-organic frameworks). Most of the reactions studied in
this group are acid-base reactions or bifunctional reactions (metal-acid). The methanol-to-

olefins process is one of the most studied reactions.

The topics of study in the Trondheim group cover natural gas conversion to hydrogen and
synthesis gas and Fischer-Tropsch reactions. Some environmental problems are also
treated. This group primarily has a chemical engineering approach, with microkinetic

modelling studies, catalyst deactivation and use of complex reactant mixtures.

The topics of study in the Bergen group are not totally devoted to catalysis. The research of
the small sub-group working in catalysis covers alkene activation reactions by means of

homogeneous catalysts or supported organometallic complexes.

The catalysis groups seem to have organised to avoid duplication of the different research
topics: there is virtually no or little overlap. The positive aspect of this situation is that there is
practically no redundancy among the projects in Oslo, Trondheim and Bergen. The negative
aspect is that there is neither national competition nor synergy among these groups on their
own research topics. Motivation for the research originates in large part from discussions

with industry, which occupies a central role in coordinating catalysis actions. It also comes
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from international cooperation, Norwegian groups being relatively well represented in

European networks of excellence and in FP projects.

Finally, several groups working in physical chemistry and materials science collaborate with
catalysis groups, either to prepare new materials for possible applications in catalysis or to

characterise them by means of sophisticated techniques.

To complete the picture, catalysis groups collaborate with groups or teams specialised in
quantum chemistry for modelling elementary steps in catalysis (e.g., adsorption on active
sites, surface reaction mechanisms). This category of study, largely initiated on model
catalysts (e.g., metal complexes, homogeneous catalysis), is becoming more and more
popular in heterogeneous catalysis due to the dissemination and good access to powerful
computational tools now possible. In this respect, the Centre for Theoretical and

Computational Chemistry (CTCC) could play a central role in modelling studies in catalysis.

As a general recommendation, the catalysis groups in Norway should strengthen their mutual
collaboration by sharing their own expertise in one or two common projects. Catalysis in
Norway has a good international impact in terms of publications, although improvement is
possible. In this respect, catalysis groups could intensify their cooperation with materials
science groups. Very interesting work is carried out on known catalysts. However, the
tendency should be to go further in evaluating catalytic properties of new compounds that
result from the research in inorganic, organic and materials chemistry laboratories. High-level

interdisciplinary publications should originate from this type of fruitful cooperation.

4.4.4 Life Sciences

Chemical research can be regarded as part of the life sciences when it deals with questions
that are related to the structure and function of biomolecules and biosystems such as cell
mimetics, organelles or whole cells, or even bigger biosystems. Thus it can be at the
interface with structural biology, biochemistry or pharmacy and medicine. Chemistry in life
sciences tries to solve problems in living systems on a molecular level and with chemical
means. Naturally, such research is highly interdisciplinary and requires basic understanding
of related areas in science. The synthesis of biologically interesting or active compounds

alone cannot be regarded as life sciences.

According to this classification, there are few places in Norway where research in the life

sciences is performed.
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At UMB, the Norwegian University of Life Sciences, most of the life science areas were not
evaluated by the Committee. Within the research group ‘Natural Product Chemistry and
Organic Analysis’?, with its four professors, there is one subgroup that performs research in
the study of enzyme-ligand interactions using a variety of biophysical methods and different
assays. This research is relevant and published very successfully and the group operates at
the leading edge of international research in this field. This group might benefit from

interactions with other related areas at UMB, such as the proteomics lab.

At the University of Stavanger, the whole Biological Chemistry Group in total is deeply
embedded in biological research, much more explicitly than any other group that was
evaluated. The group’s research focusses on cellular processes in cells and organelles, with
a special focus on function and development and environment response. While among the
adjunct professors associated with this group some synthetic chemistry plays a role, the
principal investigators in the group do not use synthetic molecules or any kind of target-
designed mimetics for their research, neither in-house nor in collaboration; thus the work is
mainly that of biochemistry. This group has an internationally significant biochemical
research programme and their work is published in highly ranked journals. There is the
potential growth in future collaborations with synthetic chemists, for example, for testing of
inhibitors, metabolic tracers, or functional biomimetics. In addition, the arsenal of modern
biochemical methods (e.g., patch clamp, kinetics, mutagenesis) that is available to this group

could be of great interest in bioorganic chemistry.

The Structural Chemistry Group at the University of Tromsg is the third place in Norway
(evaluated as part of this study) where significant research in the area of the life sciences is
performed. Methods employed cover protein expression, fermentation and purification
facilities, combined with an up-to-date setup for protein characterisation and crystallisation,
and the essential international collaborations needed to provide synchrotron X-ray data
collection for structure determination. Studies in the structural analysis of different proteins
(e.g., enzymes and DNA-binding proteins), mutation studies and evaluation of their function,
mechanism, ligands and inhibitors, are at the top international level and have been
successfully published in highly ranked journals. The Tromsg group, which has organised the
Norwegian Structural Biology Centre (NorStruct), clearly has the best visibility in life sciences

among the groups that have been evaluated in this study.

? The research group “Organic Chemistry” was renamed “Natural Product Chemistry and Organic
Analysis” throughout this report as requested by UMB
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Taken together, there is little life sciences-related research in chemistry departments of
Norway, however, the groups engaged in this work are among the most successful ones that
were evaluated. Increasing interactions with bioorganic chemistry should deliver a mutual

advantage for both fields.

4.4.5 Organic Chemistry

Internationally, organic chemistry is normally a prominent area within chemistry departments.
This is different in Norway: organic chemistry is hardly ever found as a stand-alone area
within chemistry departments. This may be due to the small sizes of the groups and to the
attempts to combine forces in pursuit of a strategy. These attempts seem not to have been
very successful in most of the cases, as it is difficult for a group of individual professors to
agree on one main research strategy, for example, combining different interests in synthetic
organic and bioorganic chemistry. There are, however, a number of obvious potential
possibilities for strong and effective collaborations within the different organic chemistry
sections, which are currently not used. Rather, the research is often spread too thinly, mainly
due to limited human resources, and therefore is not being performed on an internationally

competitive level.

In synthetic organic chemistry the size of a typical research group at a Norwegian University
is small (by a factor of 3-10) when compared to most international research groups in organic
chemistry. In this very important and work-intensive field, this discrepancy in research effort
places Norwegian organic chemists at a distinct disadvantage in international competition for
both funding and scientific excellence. The number of professors has declined considerably
during the last 10 years due to retirements, however, this does not appear to be the main
reason for the plight of organic chemistry in Norway; even more so as there are not even
enough Ph.D. students for the professors left to build up effective groups. Typically, the
reputation of an organic chemistry group in Norway is kept up by a minority of its members;
occasionally this is just one professor who has enough funding and students to perform

internationally competitive research.

At the same time, organic chemistry does not seem to be appreciated at all within the
industrial landscape of Norway. A handful of start-up companies have emerged from
university groups, however, there is no big market and little demand for organic chemists
with a Ph.D. degree. Consequently, the funding situation in organic chemistry is difficult -
even more so as industrial funding plays a big role in other areas of chemistry research in

Norway.
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Overall, organic chemistry in Norway has no obvious international reputation, nor does it
show a particular strength in any specialised area. Total synthesis, which is traditionally a
well-appreciated main topic of classical organic chemistry research world-wide, is almost
invisible in Norway, with very few examples. Other areas of research often practiced within
organic chemistry, such as catalysis and materials science, are separated from organic
chemistry in Norway, and, most surprisingly, there are no strong interactions with those
areas. There are some attempts in Norwegian organic chemistry to focus on molecules of
medicinal and biological interest, including projects aiming at the marine environment, which
is an important research area in Norway. Again, the existing strategies to consolidate
focussed research lines, with organic chemistry being a major player, are either non-existent
or floundering. Currently, organic chemistry is not an important partner at the interface of
related areas such as biochemistry and biology or materials science and catalysis. In
addition, ambitious national-level plans are lacking in organic chemistry; a combined national

effort to develop a Centre of Excellence in this area, for example, would be of interest.

The status of the equipment and infrastructure necessary for performing organic chemistry
research is widely varying in Norway. While the large scale instrumentation that is typically
required in organic chemistry is often of an impressively high standard, the laboratories are
mostly very old, and often of unacceptable quality. In addition, intermediate scale

instrumentation and standard supplies are often lacking or are not sufficiently available.

We believe that organic chemistry in Norway can become internationally more visible through
several changes in the way it is practiced. One possibility is for forces to be combined within
a synthesis group by making a serious effort to develop collaborative strategies for future
development, including the focussed dedication of new appointments. Another possibility is
for organic chemistry to gain higher visibility through effective networking with related
research areas, such as, for example, with structural chemistry or biological and medicinal
chemistry. At present, it appears that there will be no good opportunities for better funding of
research in synthesis without any convincing national or local strategies and collaborative
proposals. Funding of modern organic chemistry in Norway is, however, essential for the

health of the chemistry as a whole, as the success of KOSK has shown.

4.4.6 Physical Chemistry

Physical chemistry is one of the major branches of the subject, at least from a traditional
perspective, and would form a part of an undergraduate degree in chemistry. It is the part of
chemistry associated with quantitative measurement and the interpretation of quantitative

experiments. For the purpose of the review, it might be convenient to divide the subject
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matter, somewhat artificially, into “chemical or molecular physics” and “physical chemistry,
per se”. In the latter are included measurements done on bulk properties, such as
thermodynamic or electrochemical quantities, absorption isotherms or the rates of chemical
reactions. Chemical physics would be directed at structural etc. characterisation of molecules
or assemblies of molecules using methods like spectroscopy and diffraction with a view to
providing microscopic interpretations of phenomena or measured quantities. The quantities
measured in physical chemistry may be directly related to industrial or environmental
processes, whereas this is unlikely to be the case for chemical physics. As such, and
because of other factors, the two branches of the subject are in somewhat different states in
Norwegian science, and in neither case is the work overall prominent at an international

level.

Chemical physics is in a particularly precarious position; this is especially true of classical
areas like gas-phase spectroscopy. The equipment needs of chemical physics tend to be
specialised, expensive, and unlikely to be used by several groups. With a lack of suitable
funding opportunities and a lack of interest from Ph.D. students the opportunities for
developing high class laboratories does not exist within the current funding model and
climate of opinion. (An exception can be through the use of international centres, like the
European Synchrotron Radiation Facility (ESRF), where the opportunity to combine high-
quality physical measurements with materials characterisation creates viable opportunities
for quality work.) This means that Norwegian chemistry is turning its back on several
emerging laboratory-based subjects with important potential for other areas of chemistry, as
well as abandoning classical areas of study that are important to the discipline pedagogically
and methodologically. Amongst the former one might include single-molecule spectroscopy,
sum frequency methods, and fluorescence resonance energy transfer, which have important
applications in studying the dynamics of biomolecular conformation and assembly, and also
the use of lasers and microscopes in manipulation (optical tweezers etc.) which have
important applications in self-organisation of nanomaterials and biological assemblies. The
consequences of abandoning chemical physics by neglect, especially with regard to the
expertise and infrastructure required for future developments, should be carefully evaluated

at a national level.

A great deal of the activity in physical chemistry is motivated by the concerns of Norwegian
industries. In some cases, this has led to very good outcomes; for example, the high quality
of the work in chemometrics and in one or two individual laboratories working on emulsions,
suspensions and the rheology of polymers. Here the problems posed by industry have been
cast in general scientific terms and this has motivated insightfully directed research of

significant impact outside the immediate area of application which has been published in
43



Review of basic research in Chemistry in Norway

international journals. However, in a substantial number of cases the relationship is too close
to lead to good basic science. Here measurements are carried out on specific complex fluids
produced in particular industrial processes, for example. Such work does not have a general
impact. Although it may be of national importance its contribution to “basic” or long-term
science cannot be evaluated using the available measures like the number and quality of
research publications and the suspicion is that it is too narrowly motivated to be labelled
good. It is important to consider how appropriate motivation could be provided to encourage

such researchers to set themselves long-term scientific goals.

4.4.7 Environmental Chemistry

Environmental chemistry is a Norwegian strength, although it is not represented at all of the
universities or institutes visited and only a part of the overall effort in the academic
community in Norway is included in this review. The areas in which Norwegian research
groups are strongest are focussed on the chemistry of the atmosphere, sources and effects
of pollutants and especially a focus on high latitudes and polar environmental chemistry, with
specialised research facilities. Strengths are also found in radiochemistry and both short
lived and long lived pollutants in organic and inorganic compounds. Thus the geographical
opportunities and environmental threats in and to Norway are a clear driver of the research
agenda. These areas of specialisation also provide excellent opportunities for international
collaboration, which is very important in the longer term for this community. The subject area
has been maintained through recent years at several of the universities and institutes visited,
but not all. The universities having little or no research in this area are Tromsg, Bergen and

Stavanger.

The research group at the University of Oslo, especially at senior levels comprises mainly
academics approaching retirement and, while the publication outputs have been maintained
and are satisfactory, these draw mainly on past achievements. The future work and
innovations taking place elsewhere are not reflected to the same degree in this department.
The aging research group in this area at Oslo lacks the vitality, new ideas and forward
thinking to maintain an effective research programme in the longer term. The department has
appointed several adjunct professors to assist with teaching and research, and this clearly
serves well in the short term. This approach will not serve the longer term unless this area
has only a limited future. This would be an important missed opportunity as environmental
chemistry in other countries continues to grow and to be strongly coupled with
interdisciplinary research (including links with climate change and global biogeochemical
cycling). Clearly there will be further opportunities to build on past achievements, but the
vision for work in this area is lacking. In contrast the research groups at Trondheim (NTNU
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Chemistry) have a high international profile, e.g., in metals. Especially at trace levels the
work at NTNU and at the Norwegian University of Life Sciences (UMB) on the development
of highly spatially resolved metal deposition estimates has led to international developments
in monitoring techniques using passive sampling with biological material. The continued
leadership in radiochemistry at UMB is also a notable strength and continues to prosper. The
work on persistent organic pollutants, including PCBs, and emerging environmental
pollutants and the focus on polar chemistry of the atmosphere and precipitation at NILU and
the associated analytical techniques and international collaboration place this team at the

cutting edge of developments.

4.4.8 Nuclear Chemistry

The national effort in nuclear chemistry in Norway is concentrated in one research group at
the University of Oslo. The Committee will report on this group in detail below; here the

Committee will merely summarise the level of activity from a national perspective.

There are two strategic reasons why nuclear chemistry is critical to maintain in Norway, even
given the current abundance of non-nuclear energy sources in the country. Firstly,
radiopharmaceutical chemistry, including Positron Emission Tomography (PET), plays an
important role in rapidly developing medical technologies. Since the radioisotopes used
decay on very short time scales, the radiochemicals must be developed very close to the site
at which the therapies are to be applied. Secondly, Norway has very important deposits of
thorium, an alternative base nuclear fuel to uranium that is more abundant and does not
generate plutonium as a fission product. Nuclear energy technologies based on thorium are
under development (in so-called Generation V) internationally in order to exploit these long-
term advantages. In order to exploit current and future developments, as well as to support
other applications like radiotracer methods, it is necessary to maintain appropriate facilities
and to provide a training base for the skilled personnel and decision makers to work in these
fields.

Research is conducted in radiopharmaceutical chemistry, radiotracer technology, nuclear
structure and heavy element science. Of these, the latter two activities may be regarded as
traditional pure nuclear chemistry per se, and Norway has a good international reputation
and collaboration network for this work. The radiochemicals work is only recently emerging.
The Oslo group is embedded in SAFE, a national Centre of Excellence for Accelerator-based
Research and Energy Physics, created in 2005 and in operation since January 2008. The
centre is based on the use of the Oslo Cyclotron Laboratory, which is a small but versatile

facility, recently refurbished, that enhances teaching and research in this field through ease
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of access for Norwegian researchers. It includes a newly built, state-of-the-art PET (Positron
Emission Tomography) imaging facility, closely linked to a radiomedical team in the Faculty
of Medicine. The planning and investment in physical research infrastructure in this field
therefore appears to be at an exceptionally good level. Nuclear labs need strong support
from mechanical and electronic workshops and highly qualified technical staff with long-term
expertise in techniques, safety and procedure. At present there appears to be a shortfall in

this aspect of provision.

There is also a major shortage of research personnel to carry this field forward and to make
good use of the facilities created. Investment of positions for young researchers in this area
is viewed by the Committee to be an important step that should be taken in the near future to
maintain the viability of this type of research in Norway. Given the fact that this is an
important field, and the fact that the job market in this area is good, it can be expected to
greatly benefit from any nation-wide changes that may be instituted in Norway’'s Ph.D.

programme in chemistry in response to the recommendations of this Committee.

4.49 Applied Chemistry and Chemical Engineering

The research in applied chemistry and chemical engineering in Norway is mainly motivated
by the nation’s access to raw materials and its long history in pulp and paper technology.
Consequently, the research questions addressed are driven by the concerns of Norwegian
industries. All groups maintain a close cooperation with Norwegian industry, SINTEF or the
Paper and Fibre Research Institute (PFl). Some groups have built up an extensive
international network. Most of the groups in the field are concentrated at NTNU in
Trondheim. Some of the research of the Physical-, Petroleum- and Process Chemistry Group
in the Department of Chemistry at University of Bergen may be considered as belonging to

this research field.

The Department of Chemical Engineering at NTNU is the only one of its kind in Norway. It
hosts all major research areas necessary to develop chemical processes in Norway: reactor
technology, separation and environmental technology and process systems engineering.
Moreover, it hosts the Paper and Fibre Technology Group also having a unique position in

Norway.

In addition, the Group in Physical-, Petroleum- and Process Chemistry at UiB works on

various applied research questions dealing with processes for oil production.

Due to the intensive cooperation with industry, most of the research groups in chemical
engineering and applied chemistry seem to have access to substantially higher budgets than
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groups engaged in basic research only. Their research facilities are in general excellent and
seem to attract national and international students to join the groups in order to work on
Ph.D. theses. This, among other reasons, explains why the number of master's and Ph.D.

students is significantly higher than the average numbers in other chemistry areas in Norway.

Most of the chemical engineering research groups at NTNU show a good scientific output
compared to international standards, and in some cases considerably better than that, on an
individual level even excellent. Their international visibility is high and the cooperation with

other international research groups is very good, and in some groups excellent.

Major societal challenges, like how to deal with the CO, generation and sequestration
problem, are covered by the research groups in this field. Therefore, the research performed
by the chemical engineering community is highly relevant to Norwegian society. Remarkable
is the fact that the groups at NTNU have obviously recognised that the CO, problem presents
a research challenge and complexity that cannot be addressed by one single research group
alone. Their initiative to join forces and to establish the department as “National Centre for
Research on CO, removal”, which includes setting up a joint laboratory, is strongly supported

by the Committee.

Norway should consider in the near future how to establish collaboration between research in
chemical engineering and research in the field of biotechnology. Many of the technologies
and tools developed in the field of chemical engineering can be successfully applied to the

production of biochemical products.

4.4.10 Analytical Chemistry

Analytical chemistry is not a specialised research area for many of the departments
reviewed. In particular the universities at Tromsga, Bergen, and Stavanger do not include
analytical chemistry as a specialist research area. At Oslo, The Norwegian University of Life
Sciences, NTNU (Chemistry) Trondheim, and NILU there are specific analytical chemistry
activities, although not always described as such. The number of senior staff in analytical
chemistry is not large overall, but has increased since the last review, while the total staff
numbers in many departments have declined. Analytical chemistry has not generally suffered
as badly as other more specialised areas. The analytical service to departments and to
research projects appears to be matched to needs. Little by way of innovative new
techniques at the cutting edge of international developments was evident except in highly
specialized areas of organic contaminants at the NILU laboratory and radiochemistry at the

Norwegian University of Life Sciences. The basic techniques required for analytical chemistry
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were provided by up to date equipment and methods at all of the sites visited, and some in

really excellent modern laboratories.

Analytical equipment in the departments evaluated appeared to be adequate for the research
in progress, and at most locations was fully up to international standards. Whether the
equipment was effectively or fully utilised was less clear, and this seemed to differ
considerably between the different departments. Also, many research groups indicated in
their submissions and presentations that the replacement of equipment and service and
maintenance costs were not adequately supported. The issue of funding service and repair
costs was mentioned by half of the groups, but the scale of the requirements for replacement

equipment was not clear and might not be a major problem.

For the specialised research on radiochemistry, trace persistent organic pollutants and trace
metals, the analytical equipment was adequate or there were well developed plans for
replacement.
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5 GENERAL RECOMMENDATIONS

5.1 AT THE NATIONAL LEVEL

The overriding view of chemistry research in Norway from this, the second international
review, is that the productivity has increased in recent years while the overall size of the
academic effort has declined, so that there has been a clear increase in efficiency. There are
some very good research groups working at the leading edge of international research and
publishing well. However, the overall community is small even for a country of this size, as
may be seen in international comparisons with countries of a similar size, and some of the
research groups are not operating at a very high level in an international context. Thus, the
Committee recommends new efforts to strengthen the research teams, and increase staff
numbers in the key departments to allow the best researchers to spend more of their time in
research. Furthermore, the Committee feels that a new competitive grant awarding system to
encourage the appointment of new truly excellent postdoctoral research staff into the
community should be a very high priority. There is also a need for a larger number of purely

‘blue sky’ research grants, to encourage diversity of research topics at the Ph.D. level.

Staff and recruitment

Appointments and fellowships: To address the issues raised in this report about the tendency

to recruit from the undergraduate students to Ph.D. positions, and then to retain these as
academic staff, which promotes the current lines of research and limits the infusion of new
ideas in the research groups, the Committee suggests a system that encourages new
postdoctoral staff from a wider pool of applicants. The vitality of the chemical research
community in Norway would benefit from a system in which highly competitive research
fellowships were awarded for 5 years (extensible to a further period of up to 10 years in
total). The positions would depend on the quality of the research proposal AND the applicant.
The application would specify the project in sufficient detail to facilitate peer review by the
Research Council of Norway and examination of the candidates to a similar degree of
scrutiny. There should be a large enough number of these fellowships to generate an
infusion of new blood over the next 5 years to this community. Norway may wish to consider
a system in which the financing for these fellowships might be provided in part by the

government and in part by the chemical industries.

The career bottleneck: Due in part to a non-negligible proportion of late career professors

who are not very active in research and occupy some of the limited number of academic

positions available, the opportunities for academic employment for young people are limited.

The Committee feels that it is very important to investigate and address this issue at a
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national level, with the goal of finding a socially acceptable process to move the more senior
professors into primarily teaching roles, in order to free research resources for promising
early career researchers. This process need not necessarily prevent these near-retirement
academics from continuing to complete important aspects of their research or publications.
An alternative possibility, analogous to a procedure that has been successful in private
universities in other countries, may be to institute a national retirement programme for
professors in science departments. For professors between the ages of 65 and 69, for
example, a lump sum payment could be offered to people who agree to leave their position
within 6 months. At the same time, other incentives should be considered for opening more

positions to young people, in order to prevent a recurrence of the present situation.

Research and teaching: Some professors have moved toward increased interest in teaching

rather than research over the course of their careers, a situation that is not uncommon in
countries outside of Norway. Such professors often have no external funding for supporting
research programmes. They are valuable members of the academic system, but they do not
meet the international standard for what is expected for a university professor, which involves
both teaching and research. The Committee recommends that the Norwegian academic
chemistry community considers a policy in which professors with no external research
funding be encouraged to contribute more to teaching and thus free more time for the junior
academics to expand their research activity. Many of the departments interviewed described
academic programmes in which a significant number of the courses offered annually enrol
only a few students, often as few as 1-4. This is a very inefficient use of time for professors,
for whom available time for research is often a limiting factor in success. The Committee
strongly recommends that departments review the courses that they require for degrees in
chemistry: courses that are not at the core of chemistry should not be offered yearly; courses
that currently typically enrol 1-4 students should be offered at most once every two years.
Many international academic institutions offer their non-core curriculum in this fashion, and
students plan their course schedules accordingly.

In addition, the possibility of offering lectures that are given at one university and are
broadcasted simultaneously at other departments should be considered for courses that

have only a small number of students enrolled nationally.

Training, mobility and career perspectives of young researchers

Ph.D. programmes: The Committee observed that academic inbreeding in chemistry in

Norway starts at an earlier stage than at the new-professor level. The issue begins at the
level of recruiting students for Ph.D. programmes. The heavy demand for master’'s level

students by industry, and the limited opportunities for Ph.D. degree holders in chemistry in
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Norway lead to a shortage of students choosing to pursue Ph.D. level work. Thus, through
personal interactions, the faculty are most successful in recruiting Ph.D. students from the
ranks of their own undergraduate and master’s level students. This is a natural consequence
of the current system.

The Committee does not recommend radical restructuring of the system to address this
issue, which has several quite complex causes. However, the potential strategic benefit to
Norway of a larger pool of researchers trained to Ph.D. level is large, and therefore specific
initiatives should be developed to encourage more Ph.D. studentships together with the
industrial sectors to help them to recognise the benefits of this form of training for long term.
An example of an instrument to promote such activities would be the inclusion of
studentships in all large consortia grants, engaging them to explore the fundamental aspects
of the consortia goals, and engaging with the large teams at different institutions. Such an
approach would also have the benefit of providing additional studentships in areas of pure

academic research.

Financial

Departmental funding system: The current funding system for academic chemistry

departments in Norway requires departments to divide their financial resources among many
different expenses. In many cases, this has caused departments to forego the appointment
of new professors to replace faculty retirees in order to maintain the funding for already
existent facilities and technical staff that cannot be eliminated or down-sized non-voluntarily
within the current rules. This method of funding threatens the size of the professoriate in
many departments.

To address this issue, the Committee recommends that the departmental funding system
should be changed so that faculty salaries are separated from departmental operating costs.
Discussions at a national or university level should be made to explicitly determine the size of
the professoriate in a department, based on factors such as undergraduate enrolment,
importance of discipline, and research, for example, and then the appropriate amount of

salary should be separately allocated to fully fund the professor salaries.

Start-up funding packages: “Start-up packages” for new academic faculty members in

Norway are financed at levels substantially below comparable packages available elsewhere.
The Committee recommends that steps be taken at the national level in Norway to remedy
this discrepancy, which, given the size of the Norwegian academic science research
establishment, can be done at a relatively low cost. The Committee suggests for example a

competitive process of instituting one “national young professorship” per year in each major
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scientific discipline (chemistry, physics, and biology) with the award of an amount start-up

funding consistent with the current international standard in the field.

Research infrastructure

Funding for research instrumentation: The availability and quality of instrumentation play an

important role in research programmes in experimental chemistry. Many of the chemistry
groups in Norway were found to have bench-top laboratory instrumentation that is up to
international standards, especially in groups with close ties to SINTEF. Nonetheless, many of
the groups report serious concerns that they are not keeping up with international standards

for research instrumentation.

Beyond research institute and industrial funding, RCN is the primary source of funding for
instrumentation in basic chemistry research in Norway. In the current process for distribution
of RCN funding, the faculty at each university agrees on a list of instrumentation priorities by
consensus that is then forwarded to the university administration. The administration of each
university submits their priority list to RCN, which then sends the university the funds for the
first few items on the list. This system works to help assure that resources are distributed by
consensus. The Committee recommends, however, that a second track for instrumentation
funding by RCN, individually competitive, should be added to the system. The
instrumentation for this part of the programme would be awarded to the research groups
whose individual proposals to RCN are judged to be best by peer review. The addition of this
second, individual track for attaining new infrastructure would have important positive effect
of increasing the responsiveness of the system to rapid developments in the field and
enhancing the international competitiveness and research success of the most productive

and creative research groups.

Synthetic_organic chemistry: One possibility for creating excellence in synthetic organic

chemistry would be to identify a selection of Norwegian universities where this field will
receive a special focus. In addition, these places should not emphasise the same main focus
area, but one place should, e.g., concentrate of synthetic methodology, another one on
catalysis, and a third one on biological chemistry. This model could include downsizing
synthetic chemistry at a small number of the universities to a limit that is just sufficient to
maintain the scientific environment for the department and the teaching programme. Such an
approach might also help to create a dynamic environment in Norway, allowing the best

students in the field to gather at the internationally most recognised places for their training.

A second possibility for achieving excellence in synthetic organic chemistry would be to start

a national collaborative network as a centre of excellence in Norway. To improve the current
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national situation, this centre should appoint one or two external excellent researchers in the
field and attract candidates with large enough start-up funds. Without creating a positive,
dynamic environment at least at one internationally recognised centre or university in Norway

for the practice of this field, chemistry as a whole in Norway suffers greatly.

Nanoscience: Nanoscience is an important new branch of science that has increased in
importance world-wide in the past decade. The most active branch of this field internationally
can most often be found in chemistry departments, though there are also many practitioners

in physics, materials science and applied engineering departments.

Norway has begun to make a significant investment in the infrastructure needed to work in
this field through the establishment of the national nanoscience laboratory (NTNU Nanolab)
at NTNU. The Committee’s interviews of chemistry departments indicated relatively little
involvement of chemistry faculty in this field nationally, however, and the Committee found
that there were few if any chemists nationwide who would classify themselves primarily as
experts in nanoscience. If a first-rate nanoscience programme is to be established in Norway
to take advantage of the current and planned nanoscience infrastructure, then finding a
researcher to act as the national leader in the field would be extremely beneficial. The
Committee recommends that high-quality, ambitious, early career scientists should be hired
from an international nanoscience laboratory to help establish a first-rate nanoscience
research programme in Norway. This is a highly competitive field internationally, implying
that substantial further investment will have to be made to create a new internationally-

competitive research group.

5.2 RECOMMENDATIONS REGARDING THE RESEARCH COUNCIL OF NORWAY

The Committee recommends that a system should be implemented that allows research
teams to suggest new, forward-looking national level research programmes to the RCN with
the programmes operating at the research consortia level, to encourage at least three
research groups from different institutions or departments to develop proposal at the 3 year,
4 to 8 M€ level. These proposed new national initiatives could be evaluated by an expert
team, and if judged to be viable, could be considered for support by the RCN. This possibility
would present an additional channel and would supplement the present system, in which
research programmes are suggested by the RCN. This new approach would allow for more
bottom-up initiatives, and encourage more initiative within the Norwegian scientific

community.
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6 ASSESSMENT OF THE DEPARTMENTS AND RESEARCH GROUPS

6.1 UNIVERSITY OF OSLO

6.1.1 Department of Chemistry

The Department of Chemistry (Kl) is organised as a conventional university institute. As a
result of the reorganisation in March 2005, the institute currently comprises two sections
“Section for Life Sciences Chemistry” and “Section for Functional Materials Chemistry” in
contrast to its former 4 sections. The number of research groups has been reduced from 14
to 7 in order to concentrate efforts in fewer research fields, to make the research groups
more robust and to improve the cooperation between the formerly small groups. The
department interacts with other departments, universities, the institute sector and industry
through several centres and research programmes. In particular, a number of RCN funded
Centres of Excellence have been established under the leadership of the department or
jointly with other Norwegian chemical institutes. An overview of the institute’s interactions is

shown in Figure 1.

The research groups are assigned to the sections according to their research profile as given
in Fig. 1. In accordance with the faculty’s strategic planning, the department aims at
providing cutting-edge research within the two broad thematic areas “Life Sciences
Chemistry” and “Functional Materials Chemistry”. In particular, the department benefits from
the centres, which aim at promoting inter-faculty collaboration. In the reorganisation of the
department, individual staff members were allowed to choose the research group they would
join. The large research groups incorporate sub-research groups, each of which is headed by

a leader in order to promote joint research initiatives.

The current chemistry building does not satisfy modern requirements for a safe and suitable
environment for experimental research. In accordance with the strategic development of the
research profile, the University Board agreed to construct a substantial new building “The
Chemistry-Pharmacy-Life Sciences Complex” in Gaustadbekkdalen (GBD) in 2017, which
will host the Centre for Materials Science and Nanotechnology (SMN), the Chemistry
Department, the Pharmacy Department and the Life Science groups. SAFE will not move to
GBD, but will either stay close to the cyclotron or move to the Institute for Energy Technology
(IFE).
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Fig. 1: Institute’s activities and interactions with centres, programmes and main collaborating
institutions

RCN Centres of Excellence: dark yellow; UiO top programme: red; UiO development programme:
yellow; UiO new initiative programme: light blue; bilateral agreement: green. In all these, Kl is the
major contributor. Centres and programmes with other departments as the major contributor are
shown in grey. Abbreviations: SMS: Faculty research programme “Synthesis and Molecular Structure”;
Glyconor: Faculty research programme; SAFE: Faculty centre of nuclear competence; SINCIERE:
Research platform for environmental research collaboration between Norway and China; CAST: Node
of CoE (SFI) centre of tumour stem cells; CTCC: CoE (SFF) Centre for Theoretical and Computational
Chemistry; inGap: CoE (SFI) Centre in Catalysis; FERMiO: CoE (SFF) finalist in materials chemistry

The organisational and leadership structure of the institute reflects the general changes at
the UiO in accordance with the new law of higher education in 2003. The department itself
has an institute board, an institute head, a deputy head, and a leader group. According to the
new regulations, the institute head, which can either be elected or appointed by the faculty,
reports directly to the dean of the faculty and makes both major and everyday decisions. The
board is mainly responsible for strategic long-term decisions and the budget, while the leader

group has an advisory function. Teaching matters have been delegated to the deputy head.
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Total

Positions Univ. Extern
Professor 34 0
Associate professor 3 1
Professor Il 1 11
Postdoctoral research fellow 9 36
Doctoral students 21 45
Technical/administrative positions* 32 0

100 93

Table 1: Numbers taken from the factual information provided by the Department
"Univ.” = persons financed by the university

"Extern” = persons financed by external research grants

* Technical/adm. positions: Positions supporting research (technical/administrative staff

members are not permanently allocated to a research group)

The staff key data are summarised in Table 1 (detailed information at the level of individual
research groups is given in the following sections). During the last 15 years, the number of
permanent scientific positions at the institute has been reduced from 51 to 36 due primarily to
financial considerations. Postdoctoral positions are almost exclusively financed by external

sources.

The age distribution among professors in permanent positions is summarised in the following
table.

31-35 36-40 41-45 46-50 51-55 56-60 61-65 66-70

1 2 3 5 10 7 3 5

Table 2: Age distribution among professors in permanent positions

Related to the generally difficult situation in Norway concerning the recruitment of students to
the sciences, and especially to Ph.D. programmes, the number of Ph.D. candidates and
doctoral degrees awarded (see Table 3) in relation to the number of staff is very small when

considered by international standards.
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Graduates 2005 2006 2007 Total
Dr. ing./Dr. scient. graduated 15 9 15 39
M.Sc. graduated 19 30 19 68

Table 3: Number of graduates

(5-6 candidates graduating each year from the MENA programme are not included)

In order to compensate for the relatively small number of Norwegian students, the
department and research centres work to attract candidates at the Ph.D. and postdoctoral
levels from abroad. However, applicants with mastery of a Scandinavian language are
needed as teaching assistants. To help address these issues, the Department of Chemistry
is supporting initiatives at the faculty level of the university and is working with public schools
to increase interest in chemistry in Norway. The strategic plan for the department postulates
an increase in the recruitment of Ph.D. students by 30% and a corresponding percentage

increase in the number of temporary positions (Ph.D. and postdocs) in the period 2007-2012.

The department emphasised its relatively high research productivity in the interview with the
Committee. Selecting 2006 as a recent year for reference, they pointed out that they have
5.4 publications per faculty for their department in that year, a significantly larger number
than is found in the UiO physics (4.3), astrophysics (3.5) and biology (3.5) departments. This
represents a good level of productivity on the international standard, though the overall

university science average of 3.1 publications per faculty member is relatively low.

The department’s future planning and long-term objectives are included in the strategic plan
2006-2012.

Assessment and recommendations

This is the premier academic research institute in chemistry in Norway and therefore there is
an expectation that this department is well resourced, innovative and offers excellence in the
areas of both personnel and infrastructure. Overall, this is an excellent department of

researchers that meets many, but not all of these expectations.

There have been major reorganisations along the lines suggested by Weitkamp, and in most
cases this has led to strong strategically oriented research groups, with excellent morale,
generating a high level of excitement and activity. These groups have been very successful
in obtaining research funding (local, national and EU) which has been used to obtain
equipment of very high quality and to create excellent infrastructure. There are numerous
institutes and centres on and in close proximity to the campus which further enhance the

opportunities for collaborative research grant applications and the available infrastructure.
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However, several major issues arose over the course of the discussions that should be

addressed.

As for the case of the other departments who testified before the Committee, this group
pointed out the difficulties in recruiting Ph.D.-level students into their education and research
programme. Given the desirable location of the institute and its national status, these
difficulties are a reflection of the problems associated with the doctoral degree in Norway as
a whole. The Committee recommends that steps be taken country-wide to address this

issue. Those recommendations are described elsewhere in this report.

The allocation of limited internal financial resources is a major issue for this department. One
consequence is that, although the level of equipment was excellent, much of this was
running without maintenance contracts and without an appropriate level of support from
specialised technicians. Past practices have apparently resulted in the fact that the
department is currently in significant debt. This high debt, which constrains current spending,
significantly limits the options for funding new initiatives, which is not a desirable condition for
a premier institution in a fast-moving interdisciplinary field like chemistry. An additional
consequence of this indebtedness is the fact that during the last 15 years the number of
permanent staff positions in the chemistry department has decreased from 51 to 36. This has
had a substantial impact on the general outlook of this group. During the discussions, they
expressed the desire to be able to determine specifically which areas should be decreased in
size in the department so that they can maintain high-quality efforts in the areas they judge to
be most important. This is apparently not possible in the current system, where rules dictate
that certain responsibilities cannot be cut and personnel cannot be asked to leave non-
voluntarily. The Committee does not believe that this is a preferred situation for a major
academic chemistry department and encourages the university and national research
administration to work with the department to provide adequate tools to reorganise and
restructure the department to its best advantage. Some recommendations related to the

issue of department funding structure are also elucidated elsewhere in this report.

In contrast to these financial issues, the department reported to the Committee that the
University Board has decided to construct a building on the UiO campus of very substantial
size that will accommodate the chemistry department, the life sciences department, and the
pharmacy department in a single location. The Committee applauds this substantial
investment in scientific infrastructure. The co-housing of these departments will serve to
increase interactions and collaborations in different departments, and will promote

interdisciplinary research as well as benefit the individual research groups.
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The department presented strategic plans for where they would like to be ten years from
now, at the opening of the new building, and those plans seemed sound. Given the fact that
moving into new areas in chemistry through hiring early career professors is largely
controlled by rates of voluntary retirement, the amount of change presented in those plans is
relatively minor. Some suggestions of the Committee about how the opportunities for hiring
young faculty might be enhanced are described elsewhere in this report. The suggestion that
research should be increased in the areas of bio-nanoscience and sustainable energy are
good ones. Computer simulation could play an important role in bridging the gap between
different activities and the environment should be very stimulating for such research, in soft-
matter, biosystems, porous materials etc. As the Committee notes elsewhere, gaps (mirrored
throughout Norway) will soon develop in experimental chemical physics and physical
chemistry and, as the nationally leading institution, the department should consider what new
research areas it would like to develop. These areas are difficult to support because of the
shortage of funds for non-application oriented research, so the issue may require resolution
at the RCN level.

6.1.1.1 Synthesis and Molecular Structure

This group is arranged within the section ‘Life Sciences Chemistry’, comprising three
research groups and the school laboratory. It is planned to consist of 7-8 professors in the
future. Currently there are 6 full professors and one associate professor, who is the current
group leader. The group’s research is focussed on organic synthesis of bioactive molecules
and structural chemistry of biomacromolecules together with NMR spectroscopy. Though the
group has seven professors, it is small, due to weak recruitment of graduate students. It has
significant international as well as national interactions. The group’s activities are within the
programme ‘Synthesis and Molecular Structure’ (SMS), which has been designated a
strategic research area at the university. In part the group overlaps with the interdisciplinary

group ‘Glyconor’.

Assessment and grading

This group has the highest international visibility within organic synthesis in Norway. The
research projects which are dealt with are of current interest and up to date science.
Throughout the group there is a focus on bioactive molecules, and also the method
development research is modern (e.g., organocatalysis). The combination of subgroups
working on synthetic projects and those which are specialised on structural chemistry (X-ray
and NMR) is beneficial and can be fruitfully further developed. It is in line with the university’s

development programme, where ‘Molecular Life Sciences’ has been defined as a priority
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area, involving a Synthesis and Molecular Structure priority area (SMS) with a focus on drug
development and structural chemistry and bioanalytics. Thus, this group performs highly
relevant research with high international visibility and its activities are supported by the
university strategic planning, both of which are very positive. However, the group suffers from
a lack of Ph.D. students, which is severe, and from old laboratories, which are far below
acceptable standards. Some improvements have been made lately in one of the laboratories,
whereas many other labs are not close to international standard. Furthermore, the MS lab
has moved away from the group’s premises, while it is important for organic chemists to have

easy access to analytical methods such as NMR spectroscopy and mass spectrometry.

Scientific Quality and Productivity 5/3"
Relevance and Societal Impact 3
Strategy, Organisation and Research Cooperation 3,34

) first number leading scientist(s)/second number the average of the group

)separate numbers for strategy, organisation, research cooperation

This group largely has an excellent to very good publication record with a significant number
of papers in level 2 journals. However, a minority of group members publishes rather little
and overall the percentage of level 2 journal papers is below the Norwegian average. As the
group’s research is basic and has not led to a significant industrial collaboration, the societal
impact and relevance of this group cannot be considered as especially high, though the
group has that potential. The group composition has started to become homogeneous, but
so far the strategy for the future is not completely evident. Also the infrastructure of the group
needs improvement. Research collaborations, both nationally and internationally, are very
good, however, there could be more overlap with other groups, such as catalysis, which

could be beneficial for this group.

Recommendations

This group is on its way to becoming a unified effort in the field of research on bioactive
molecules. This involves synthetic projects and structural chemistry projects. Biological
testing of bio-relevant molecules is done in well-working collaborations, and it does not
appear sensible for the group to make efforts to build up its own assays. However, ligand-
receptor interactions should be investigated wherever there is a chance for collaborative
projects between structural and synthetic chemistry within this group. This is an ideal field to
combine synthesis with NMR research and X-ray studies to come up with internationally very
competitive projects. New positions in organic and analytical chemistry should be assigned

accordingly, to strengthen research on biologically interesting molecules and to support the
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existing expertise, both in synthesis as well as in structural chemistry. Such a strategy should
eventually facilitate new funding programmes in addition to the existing ones, especially the
KOSK programme of RCN, which is currently of high importance for organic chemistry in

Norway.

A collaborative platform between organic chemistry in Chemistry and Pharmacy is desirable;
unfortunately it has no visibility as yet. The network Glyconor offers a chance for better
networking. Thus, priority should be given to the development of Glyconor, which is a priority
strategic area at the faculty. In accordance with the university’s priorities, Glyconor is
combining researchers from chemistry, pharmacy and the Institute of Molecular Biophysics
(IMBV). The strategic research area SMS further supports this approach. It seems to be
essential for the group to increase the number of Ph.D. students, though the postdoc
situation looks rather good. The number of beginning students has increased lately; efforts to
stabilise this trend are necessary. Attractive collaborative projects can be supportive in this

regard.

The NMR section is strong and could be further expanded, given that the necessary
premises and permanent staff will be available. It is advisable for UiO and the Oslo region to
develop the NMR group into a strong service and research centre, with nation-wide
importance. The advantages of an analytical centre in Oslo, including mass spectrometric
instruments should be carefully considered. The reorganisation process of the chemistry
department is ongoing and the Synthesis and Molecular Structure Group has to play a vital
role in this process. Strategic planning in this regard is even more essential for this group as
the new premises, which are planned for 2017, are planned as a Chemistry-Pharmacy-Life
Sciences building. In order to make a central impact in the future, synthetic and structural
chemistry should improve their collaborations now (e.g., utilise the Glyconor network). A
clear and comprehensive strategic plan is needed to develop the future for the Synthesis and
Molecular Structure Group, which could strengthen its profile as the leading life sciences

organic chemistry group in Norway.

The current premises of this group are large. However, the laboratories are old and require

minimum renovation as soon as possible, without waiting until the new building is ready.

6.1.1.2 Analytical and Environmental Chemistry

The group consists of five professorial staff, four of which are over 50 years of age, five
adjunct professors, one postdoc, ten Ph.D. students and eleven master's students. The

overall age profile of the senior staff is strongly weighted towards staff close to retirement
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age and this area lacks leadership at present. The number of postdocs is very small for a

group of this size whereas the Ph.D. and M.Sc. student numbers are reasonable.

The two parts of this group have a different history and were brought together in a logical

grouping of these two potentially very complementary fields in 2005.

The analytical equipment and general facilities are adequate and the publications from the

group are reasonable and close to the mean of the department as a whole.

Assessment and grading

The Analytical and Environmental Chemistry Group contributes approximately one third of
the Ph.D. students and almost half of the M.Sc. graduates in the department and therefore
accounts for a substantial fraction of departmental activity. The range of topics and issues on
which members of this group have published is broad and includes a substantial effort in
China. The group received advice from an international advisory panel in 2006 on the
development of the group. However, financial constraints prevented important
recommendations from the 2006 review being implemented. In particular there was no
appointment of a new professor to provide leadership in environmental science. This
appointment would have helped to develop a strategy for the future and there appears to be

little intellectual leadership of a very able group of individuals.

Scientific Quality and Productivity 4/3)
Relevance and Societal Impact 4
Strategy, Organisation and Research Cooperation 2,3,47)

 first number leading scientist(s)/second number the average of the group

) separate numbers for strategy, organisation, research cooperation

The grades given for quality and productivity reflect the quality of the science produced, as
evidenced by the publication outputs, which are close to the mean values for the department
overall and are reasonably well cited. It is acknowledged that the group as a whole has been
publishing well. The value is moderated by the fact that much of the output of the
environmental chemistry part of the group reflects the past and evidence of new
developments in the science by this section of the group is limited, while the analytical
component of the group is maintaining its publication outputs. The relevance and societal
impact score relatively well reflecting the way the group has identified important
developments in the science of pollutants of wider concern globally and especially in rapidly

developing regions of the world as well as to Norway specifically.
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The strategy and organisation score less well due to the lack of vision in not appointing key
new staff in full time positions to take this area of science forward. It is useful in the short
term to appoint adjunct professors to the department, and these have made important
contributions, but full time dedicated leaders are needed to develop the department in the
longer term. Given that by 2010 there will be two key posts unfilled, a clear strategy to

appoint an international leader in this field is certainly needed.

Recommendations

At least one new appointment should be made at the professorial level, bringing into the
department an environmental or analytical chemist with an international reputation, along
with at least two postdoctoral research staff and some Ph.D. students, in an area of science
complementing the existing lines of research. The ‘start-up’ package discussion elsewhere in

this rev