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Executive summary (max.250 words): Nuclear Magnetic Resonance (NMR) spectroscopy, microscopy and
imaging techniques (MRI) play a crucial role in numerous fields of science ranging from physics, chemistry, material
sciences, biology to medicine. However, despite all its versatility, the key issue is frequently sensitivity, which limits
the applicability of NMR spectroscopy and imaging techniques in the case of fast dynamical processes and detection
of low concentrated molecules in both in vitro and in vivo applications. The Action TD1103 (Acronym: EuroHyperPol)
aims to stimulate and accelerate collaborations and joint research efforts between European groups into
hyperpolarization physics and methodology with the goal to develop robust strategies for sensitivity enhancement in
NMR and MRI. Coordinated short-term scientific missions make it possible to fully exploit the potential of unique
scientific instrumentation which already exists in a number of European groups. Summer schools and workshops
provide education and training for the early stage researchers that are entering this highly interdisciplinary research
field. The scientific programme is organised into 5 different working groups that focus on key issues related to the
topic of the Action. The programme of this Action is supported by a large number of research groups thus generating
a high added value for the European research landscape. The report summaries and evaluates activities of the first
7 months of the network. A critical self-assessment is provided with recommendations for the next year.
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I. Management Report prepared by the COST Office/Grant Holder

I.A. COST Action Fact Sheet
 COST Action TD1103 European Network for Spin hyperpolarisation physics and
methodology in NMr and MRI
 Domain MPNS
 Action details:
CSO Approval: 17/05/2011
Entry into force: 01/07/2011

End date: 27/10/2015
Extension: -

 Objectives (from DB as in About COST)
 Parties: list of countries and date of acceptance
Austria 27/06/2011
Belgium (04/05/2013)
Bulgaria (date)
Croatia (date)
Cyprus (date)
Czech Rep. 18/10/2011
Denmark 04/10/2011
Estonia 03/11/2011
Finland 28/08/2011
FYR of Macedonia (date)
France 12/08/2011
Germany 28/06/2011

Greece (15/10/2012)
Hungary (date)
Iceland 06/07/2011
Ireland 05/01/2012
Israel 03/10/2011
Italy 27/07/2011
Latvia (date)
Lithuania 29/11/2011
Luxembourg (date)
Malta 22/07/2011
Netherlands 01/07/2011
Norway (date)

Poland 22/06/2011
Portugal 10/05/2012
Romania (date)
Serbia (date)
Slovakia 18/12/2011
Slovenia (date)
Spain 07/07/2011
Sweden 16/09/2011
Switzerland 16/09/2011
Turkey (04/05/2013)
United Kingdom 29/06/2011

 Other participants:
- International Tomography Center,SB RAS, Russia, Novosibirsk
- The Tata Institute (TIFR) (represented by Prof. P.K.
Madhu and Prof. C.S. Unnikrishnan) Mumbai, India
Chair: Jörg Matysik,
Joerg.matysik@uni-leipzig.de
Vice Chair: Jan-Henrik Ardenkjaer
Larsen, jhar@elektro.dtu.dk
Science Officer:
Carline Whelan,
caroline.whelan@cost.eu
 Action Web site:
http://www.eurohyperpol.eu

DC Rapporteur: J. Raisanen, Univ.
Helsinki, FI-00014 University of
Helsinki, +35804156814,
jyrki.raisanen@helsinki.fi
Administrative Officer:
Milena Stoyanova
milena.stoyanova@cost.eu
Grant Holder Representative
Jörg Matysik,
j.matysik@chem.leidenuniv.nl

 Working Groups (see separate list attached to report)
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I.B. Management Committee member list
Name

Country

E-mail

Prof. Jörg MATYSIK
Prof. Jan Henrik
ARDENKJAER-LARSEN
Prof. Iris BEHRMANN
Prof. Jyrki RAISANEN
Dr Bratislav MARINKOVIC
Prof. Guenter GRAMPP
Dr Daniel KATTNIG
Prof. Michel LUHMER
Dr Zenon STARUK
Dr Mathilde LERCHE
Prof. Jan Henrik
ARDENKJAER-LARSEN
Dr Raivo STERN
Dr Ivo HEINMAA
Dr Ville-Veikko TELKKI
Prof. Juha VAARA
Dr Patrick BERTHAULT
Dr Pierre-Jean NACHER
Mr Gael DE PAEPE
Prof. Hans-Martin VIETH
Prof. Thomas PRISNER
Dr Kerstin MUNNEMANN
Prof. Eike BRUNNER
Prof. Snorri Th.
SIGURDSSON
Dr Kenneth H. MOK
Prof. Lucio FRYDMAN
Prof. Shimon VEGA
Dr Akiva FEINTUCH
Prof. Daniella GOLDFARB
Dr Fabio TEDOLDI
Prof. Giacomo PARIGI
Prof. Saulius
LUKOSEVICIUS
Dr Valentinas
MATULEVICIUS
Dr Louis ZAMMIT
MANGION
Prof. Arno P.M.
KENTGENS
Prof. Pawel GRIEB
Dr Piotr BOGORODZKI
Prof. Carlos GERALDES
Prof. Ivan FROLLO
Dr Pavol SZOMOLANYI
Prof. Miquel PONS
Prof. Jaume VECIANA
MIRO
Prof. Gerhard GROBNER
Prof. Goran KARLSSON

Germany
Denmark

Joerg.matysik@uni-leipzig.de
jhar@elektro.dtu.dk

DC Rapporteur
DC Rapporteur
DC Rapporteur
Austria
Pending - Austria
Belgium
Czech Republic
Denmark
Denmark

iris.behrmann@uni.lu
jyrki.raisanen@helsinki.fi
bratislav.marinkovic@ipb.ac.rs
grampp@tugraz.at
kattnig@tugraz.at
mluhmer@ulb.ac.be
starcuk@isibrno.cz
mathilde.lerche@albeda.dk
jhar@elektro.dtu.dk

Estonia
Estonia
Finland
Finland
France
France
France
Germany
Germany
Germany
Germany
Iceland

raivo.stern@kbfi.ee
ivo@kbfi.ee
ville-veikko.telkki@oulu.fi
juha.vaara@oulu.fi
patrick.berthault@cea.fr
nacher@lkb.ens.fr
gael.depaepe@cea.fr
hans-martin.vieth@physik.fu-berlin.de
prisner@chemie.uni-frankfurt.de
muennemann@mpip-mainz.mpg.de
eike.brunner@tu-dresden.de
snorrisi@hi.is

Ireland
Israel
Israel
Israel
Israel
Italy
Italy
Lithuania

mok1@tcd.ie
lucio.frydman@weizmann.ac.il
shimon.vega@weizmann.ac.il
akiva.feintuch@weizmann.ac.il
daniella.goldfarb@weizmann.ac.
fabio.tedoldi@bracco.com
parigi@cerm.unifi.it
saulius.lukosevicius@kaunoklinikos.lt

Lithuania

valentinasmatulevicius@yahoo.com

Malta

lzamm@phys.um.edu.mt

The Netherlands

a.kentgens@nmr.ru.nl

Poland
Poland
Portugal
Slovakia
Slovakia
Spain
Spain

pgrieb@cmdik.pan.pl
piotr@ire.pw.edu.pl
geraldes@ci.uc.pt
umerollo@savba.sk
umerszom@savba.sk
mpons@ub.edu
vecianaj@icmab.es

Sweden
Sweden

gerhard.grobner@chem.umu.se
goran.karlsson@nmr.gu.se

Prof. Oleg ANTZUTKIN

Sweden

oleg.antzutkin@ltu.se

Mr Jean-Philippe
ANSERMET

Switzerland

jean-philippe.ansermet@epfl.ch
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Prof. Matthias ERNST
Prof. Sebastian KOZERKE

Switzerland
Switzerland

maer@ethz.ch
kozerke@biomed.ee.ethz.ch

Prof. Geoffrey
BODENHAUSEN
Dr. Deniz SEZER

Switzerland

geoffrey.bodenhausen@epfl.ch

Turkey

dsezer@sabanciuniv.edu

Prof. Jim WILD
Dr Graham SMITH

United Kingdom
United Kingdom

j.m.wild@sheffield.ac.uk
gms@st-and.ac.uk

I.C. Overview activities and expenditure

Action TD1103 - budget
2013
Total Action Budget 2013

159.800,00

Meetings
Meeting Type
Kick-off
MC meeting/WG meeting
WG meeting
MC meeting

Date
28-okt-11
29-jun-12
26-apr-13

Place
Brussels (BE)
Dublin (IE)
Bad Hofgastein
(AU)
28-jun-13 Crete (GR)

Paid part

Cost
Total
26
16.343,86
78
44.141,74
21
8.477,39
--

Not yet
reimbursed
68.962,99

STSM
Beneficiary
Andrey Pravdivtsev
Rita Schmidt
Aany Sofia Lilly
Thankamony
Franz Schilling
Grzegorz Kwiatkowski
Sonia Colombo Serra
Irene Marco-Rius
Franz Schilling
Aany Sofia Lilly
Thankamony
Frederique Pourpoint
Andrey Pravdivtsev
Natalya Saprygina
Jeremias Zill
Enrico Ravera
Aany Sofia Lilly
Thankamony
Natalya Saprygina

Date
From
16-jun-12
23-jun-12
30-jul-12

To

Cost
Total
2.500,00
1.281,00
1.370,00

01-aug-12
01-sep-12
29-oct-12
05-nov-12
26-nov-12
10-dec-12

2.470,00
1.955,00
2.500,00
1.800,00
1.160,00
1.200,00

10-dec-12
20-jan-13
01-feb-13
02-apr-13
15-apr-13
29-apr-13

630,00
2.000,00
2.500,00
2.410,00
1.500,00
1.310,00

13-may-13

1.000,00

4

Jean-Noël Hyacinthe
Mor Mishkovsky

14-jun-13
14-jun-13

920,00
540,00
29.046,00

Workshops
Title
Lorentz Centre Workshop
Chianti Workshop on NMR
Dissolution DNP Workshop
Sensitivity in Biomol. NMR

Date
Place
30-jan-12 Leiden (NL)
17-jun-12 Montecatini Terme
(IT)
3-dec-12 Lausanne (CH)
26-feb-13 Rehovot (IL)

Cost
Total
8
9.126,15
7
6.600,00
15
14

6.542,21
6.920,60
29.188,96

General Support Grants
Title

Date

Cost

Total
0

Schools
Type
Training School
Training School

Date
Place
29-okt-12 Leiden (NL)
12-jan-13 Rehovot (IL)

title
Hyperpolariza
tion
Advanced EPR

Cost
Total
25.000,00
13.524,17
38.524,17

Honoraria
Title

Date

Expert

Cost

Total
0

Grant
Grant Holder
Universiteit Leiden

Date
31-dec-12

Cost
Total
15.377,55
15.377,55

Date
31-dec-12

Cost
Total
2.000,00
2.000,00

Dissemination
Title
Website

183.099,67
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II. Scientific Report (2013)
The Action is now in its second year. There are plenty of activities, esp. related to meetings, and
now also the STSMs became recognised in our community. While there were only two STSMs in the
2012 period, in 2013 already 10 STSMs were successfully undertaken. Large personal changes in
the management of the team did not cause significant problems.
Summer school Leiden (2012)
The Leiden Summer school, organised by Arno Kentgens (Nijmegen) and Jörg Matysik (Leiden),
was the first focussing on the topic of spin-hyperpolarization and an entirely new curriculum had to
be designed. Five oft he best teachers were willing to join: Shimon Vega (Rechovot), Gunnar
Jeschke (ETH), Patrick Berthault (Gif-sur-Yvette), Jan van Bentum (Nijmegen) Konstantin Ivanov
(Novosibirsk). 20 students of 30 applicants were selected to balance sub-communities, countries
and genders. Thanks to the professional advise of the hosting Lorentz Center in Leiden, students
were involved in presentations of publications as well as in a poster session. Also the lunch break
was kept long enough for discussions. In fact, at the lunch table and afterwards, often groups of
teaches and students continued discussions. The social event, a boat trip on the lakes around
Leiden, also initiated discussions. Among participants, it was consensus that such type of summer
school certainly deserves continuation.
EPR Training school Rechovot (Jan. 2013)
The 6th EFEPR (European Federation of EPR groups) school on Advanced EPR Spectroscopy took
place in January at the Weizmann Institute, Rehovot, Israel and was organized by Prof. Daniella
Goldfarb. The school was extremely well attended. There were 120 participants, among which were
21 lecturers and 82 graduate students from all over the world, including the USA, Japan, Taiwan and
India (see Appendix). The course was very extensive, starting every morning at 8:30 am, and ended
officially at 9:00 pm, followed by fun social activities. It is certainly true that the teachers were leading
scientists in the field of EPR. Since hyperpolarization of electrons and nuclei was stressed, the
school matched well with the focus of our action and allowed to advertise our action to the entire
international EPR community.
Workshop Rechovot (Feb. 2013)
Objectives of this three-day Workshop co-sponsored by BioNMR, the COST action on
hyperpolarization, Weizmann Institute, MPI and BMRZ, included the assemblying a small group of
world-class experts, to discuss and hopefully resolve some of the sensitivity problems that challenge
the use of all aspects of biomolecular NMR spectroscopy. Both in liquids and in solids; in vitro and
in vivo. Particular attention was given to nuclear hyperpolarization and ultra-high-field magnet and
ultra-sensitive coil developments. Speakers at this workshop came from Europe, Asia and America,
and as result of it we are compiling a high-impact review article as this was one of the objectives
submitted as part of the BioNMR grant. About 100 people attended. It was four our Action a good
opportunity to announce our activities in an international setting.
WG-3 Meeting Bad Hofgastein (April 2013)
The meeting was focused on discussing methods of fighting relaxation losses in hyperpolarization
experiments. Two main strategies to minimize such losses, which were addressed, are: (i) efficiently
exploiting long-lived spin states and (ii) transferring hyperpolarization to nuclear spins with long
relaxation times. Both concepts have been introduced in the talks; ideas on how to utilize them
efficiently in different kinds of hyperpolarization experiments (PHIP, DNP and CIDNP) have been
discussed. Talks were mainly given by the younger generation of researchers working on spin
hyperpolarization, which provided them an excellent chance to discuss their results and ideas in an
informal atmosphere. The presentations were very prepared; each was followed by a lively
discussion. It has been found out that participants from different groups working on different
techniques have common problems. For instance, it was discussed that LLS can be generated in
CIDNP, PHIP and DNP experiments and used to store spin hyperpolarization of different kind;
polarization transfer effects among strongly coupled spins are also ubiquitious once the hyperpolarized spin system passes through a low-field region where the spins are strongly coupled. Most
notably, nuclear spin level anti-crossings mediate the polarization tarnsfer process and give ways to
control its efficiency. - The friendly and stimulating atmosphere of the meeting and enthusiastic
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attitude of its about 30 participants, most of them ESRs, made it sucessful.
Annual Meeting Crete
Since the meeting, organised by Bela Bode (St Andrews), had to be prepared from abroad, since
the following large meeting (the EUROMAR) took over our topics and even several of our speakers,
success was not guaranteed. The organiser followed the suggestions of the MC (inclusion of a poster
session, time for disucssions, social event) and the WGs allowed young people for presentations.
The five plenary speakers were well selected to provide additional aspects to the Action. Stefan
Berger (University of Leipzig) talked about the Haupt effect, Gunnar Jeschke (ETH) about CIDNP
polarization in both liquid and solid state, Arno Kentgens (Nijmegen) demonstrated the advantages
to build microscopic tools, Igor Koptyug (Novosibirsk) presented overview about PHIP methods,
Thomas Meersmann (Nottingham) impressed with new application towards medicine, Alberto Rosso
(Paris) introduced new theoretical concepts in to DNP, and Deniz Sezer (Sabanci University) showed
new radicals allowing for new DNP applications. The two parallel WG sessions presented excellent
talks but time for discussions was a little bit too short. On the other hand, lively discussions continued
during poster session and social programme. The number of participants was 103 and therefore
even a little bit higher than on last year’s annual meeting.

II.A Innovative networking (2013)




Innovative knowledge resulting from COST networking through the Action.
The Action has supported the 4th International DNP Symposium, which origins from a
European initiative (first meeting by Köckenberger, U. Nottingham 2007, then Prisner,
Frankfurt 2009 and latest Bodenhausen, EPFL, 2011). The upcoming meeting will have 170200 participants and is well attended by scientists from North America, Asia and Australia. The
Action also supports a summer school with about 40 students on a topic of one of the work
groups of the action. The Action has decided to approach the commercial sector directly asking
for additional sponsorship. A proposal was sent to the COST office in February and after
internal discussions the Action chair received an approval to go ahead with this innovative
networking idea. Because of the anticipated amount of administrative work involved in such an
initiative a commercial liaison officer at the University of Nottingham will help with the
communication between the Action network and the industrial sector. The MC expects that the
direct involvement of industry will provide several advantages. In short term this could lead to
a tangible outcome of more scientific collaborations. However, in long term, it may be possible
to establish a sponsor scheme which would make a continuation of the network possible
beyond the COST funding period. This is a pilot project and it remains to be seen how it can
be developed further.
Significant scientific breakthroughs as part of the COST Action.
In the field of medical imaging substantial progress has happened this year with particular
European focus. Five groups have been funded to do clinical research with hyperpolarized
agents (Cambridge, Oxford, ETH, Aarhus and Copenhagen). This is expected to form the basis
of future STSMs and ERC proposals. Maybe mention something about the high field DNPNMR systems being installed (Baldus etc)? Two research groups in Rehovot and Nottingham
focusing on the quantum dynamics of large spin systems have made substantial progress in
the quantum mechanical description of the complex spin dynamics taking place during
dynamic nuclear polarisation (DNP). During the last WG meeting it was decided to use the
STSM scheme provide by the Action to join forces for further progress in this field. This initiative
may lead to a scientific breakthrough in the description of the dynamics of large spin ensembles
since mathematical strategies are developed that makes it possible to calculate the dynamics
of an unprecedented high number of 104 coupled spins. The Rehovot group has also made
substantially progress in describing the spin dynamics of DNP in a solid sample under magic
angle spinning. Further advances have been made in the field of hardware design for
dissolution DNP with scientists in Lausanne now demonstrating that spin polarisation up to
almost 80% can be generate in a low temperature DNP setup. The collaboration established
between Florence and Frankfurt is aiming at a full theoretical understanding of the DNP
enhancements of radical solutions in the presence of different solvents. The enhancements,
measured in Frankfurt over a wide temperature range are analysed using the Overhauser
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coupling factor obtained from relaxation dispersion studies in Florence. A very good agreement
is observed between theoretical predictions and the DNP enhancements observed in water
solutions. Further work is required to confirm these very encouraging results. In a further
development, the University of Barcelona, the Material Science Institute of Barcelona and the
Weizmann Institute of Science in Rehovot have initiated a collaboration to explore innovative
aspects of the polarization processes in glasses at 1.4K. The three groups are studying a novel
polarization mechanism involving chlorine atoms in chlorinated radicals. In a very successful
STSM sponsored visit the groups in Rehovot and Kopenhagen were able to record the first
single shot acquisition image of hyperpolarised compounds in vivo (see STSM reports in
Annex). Collaboration between the FU Berlin and the Russian colleagues in Novosibirsk has
also lead to interesting progress in understanding spin states with very slow relaxation (see
STSM report in Annex).
Tangible medium term socio-economic impacts achieved or expected.
The 4th International DNP Symposium (Aug 28-31, 2013) is sponsored by eight companies.
Several of these based in Europe or have European R&D (Bruker Biospin, GE Healthcare,
Rapid Biomedical, Oxford Instruments, Cryogenic). Several of these companies are scientific
contributions at the meeting.
Spin off of new EC RTD Framework Programme proposals/projects.
None.
Spin off of new National Programme proposals/projects.
There are already a number of national initiative on spin hyperpolarisation in place (e.g.
Switzerland, Israel, Germany, Netherlands) with have attracted a number of large grants.
As a specific example the Centre for Magnetic Resonance in Florence has established a link
with the research centre Fondazione Monasterio of the Region Toscana (Italy) with the aim of
integrating the available infrastructure and providing access to a DNP instrument for research
projects involving small animals. A research proposal by Miguel Pons (Barcelona, Spain)
involving DNP among other techniques to address issues related to the study of antibiotic
resistance has been received an A rating and therefore passed the first selection stage of the
Advanced ERC grant call currently under evaluation. Furthermore, a proposal by Pons to study
drug delivery systems is currently under evaluation by a national research council in Spain. In
the Netherlands several grants have been awarded to Matysik, with one particular grant award
enabling collaboration between the Netherlands and Germany.

II.B Inter-disciplinary networking (2013)






Additional knowledge obtained from working with other disciplines within the COST
framework. (Specific examples)
The Action is highly interdisciplinary with scientists from Physics, Chemistry, Biology and
Medicine involved. A typical examples are the currently ongoing investigations for properties
of ideal radical molecules to maximise the DNP enhancement effect. Paul Tordo, a synthetic
chemist from the University of Marseille is providing a number of radical compounds to the
groups in Frankfurt and Lyon where a characterisation in terms of the physics is carried out.
The WG 5 of the Action is dedicated to interface between synthetic chemistry and physics.
Progress in the generation of higher spin polarisation will provide colleagues J. ArdenkjaerLarsen, Technical University of Denmark, Kopenhagen, or K. Brindle, Cambridge, with
improved sensitivity for medical applications.
Evaluation of whether the level of inter-disciplinarity is sufficient to potentially provide
scientific impacts. (Specific examples)
This Action has been set up as a highly interdisciplinary forum for technology development. In
medium and long term it will be important to reach out even more to the application community.
Evaluation of whether the level of inter-disciplinarity is sufficient to potentially provide socioeconomic impacts. (Specific examples)
There is a good chance that hyperpolarization solid-state techniques will be fully fledged in
some years and open the (mostly European) providers a new market.
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II.C New networking (2013)
 Additional new members joining the Action during last 12 months.
Belgium, Greece, Portugal & Turkey joined the Action in the last 12 months. The Tata
Institute for Fundamental research (Mumbai/India) applied for observer status.
 Total number of individual participants involved in the Action work.
- Summer school Leiden (2012): 25 participants, 6 women, 80% ESRs.
- EPR Training school Rechovot: 25 participants, 12 women, 80% ESRs.
- Symposium Rechovot: 16 participants, 1 woman, ca. 30% ESRs.
- WG Meeting Bad Hofgastein: 22 participants, 6 women, 17 ESRs.
- Annual Meeting Crete: 103 participants, appr. 15 women, 50% ESRs.
- Training school Lyngby: so far 17 participants (room for 25), 2 women, 100% ESRs.
- Symposium Copenhagen: so far 18 participants (room for 25), 6 women, 100% ESRs.
(The last two meetings will be in autumn 2013)
 Involvement of Early Stage Researchers in the Action
ESR involvement is again very high with about 80% per meeting! 33 being reimbursed to attend
the WG meeting and many of them being asked to give presentations in the WG parallel
sessions. STSMs, which
 Involvement of researchers from outside of COST Countries.
Researchers from the International Tomography Institute, Russian Academy of Sciences,
Siberia, are very active on WG meetings and summer schools (almost 20% of teaching load).
Furthermore, the Tata Institute of Fundamental Research (TIFR, Mumbai, India) joined our
network as international partner. In that Institute work on hyperpolarized gasses is in progress
and teaming up with the worldwide only network in the field is very attractive.
 Advancement and promotion of scientific knowledge through publications and other outreach
activities: Current none published but several in preparation.
 The capacity of the Action members to raise research funds: See above. Several large scale
grants awarded in the application period of the COST Action.

II.D Self-evaluation
The Action focuses on a topic with very high relevance in currently ongoing research into magnetic
resonance. That has been nicely demonstrated this summer at our Annual Meeting which as
organised as satellite before the EUROMAR (the large European meeting of all methods in Magnetic
resonance. Although the EUROMAR (600 participants) focussed strongly on our field, still more that
100 participants joint the Annual meeting of our action. It is clear that the topic of Action is very timely
and the network is very well received by the international magnetic resonance community.
The Action aims to bring together the different hyperpolarisation communities (optical pumping,
parahydrogen induced polarisation, dynamic nuclear polarisation and chemical induced dynamic
nuclear polarisation) for discussions of common problems and knowledge transfer. That was initially
not an easy task (even the chemically induced dynamics community was split into two subcommunities) because most communities did not communicate to the others before. That attitude
has clearly changed in the meanwhile. There is now the general feeling, there is a lot to gain from
each other.
A decade ago, hyperpolarization was mainly dominated by American DNP, in the meanwhile, it
seems that the centre of activities moved to Europe. The COST Action is a part of these European
activities (for example large grants in the DE, NL, IT, UK), and it became the central market of ideas
in the world. It is encouraging to see that the number of participants on the action is further increasing
and also a strong laboratory fro India joined our network.
A point to worry has been the slow start of STSMs. In the first year, only 2 STSMs were carried out.
In the meanwhile, we have about 12 per year. It seems that this valuable tool for collaborations was
not sufficiently known.
We are also glad that the significant changes in the structure of our action (new chair, new vicechair, some new WG leaders, soon new grant holder) did not affect our dynamics. In all the cases,
substitutes were easily found, demonstrating the activity in the community and its wish to come

9

together under the umbrella of the COST Action.
The Annual Meeting in Greece (June 2013) was definitely a success. The high number of
participants, the positive resonance on the plenary talks, the extensive discussions during the poster
session and the personal communication on the social event were praised by many participants. In
the MC meeting was the impression that efforts towards young people should be strengthened (more
money for STSMs, more tutorials, continuation with poster sessions, continuation of annual summer
schools). Although decided in the 2012 MC meeting to have more time for discussions, one
combined WG session was full of talks and not much time to discuss left. It turned out, however, that
also in this case, the participants enjoyed the high quality of the talks. There was the wish, to have
some small separated meetings on a small scale for discussions, as it was successfully done by WG
3 Relaxation (April 2013).
WG 2 Theory lost both leaders because of personal reasons. There are several theoreticians willing
to take over, unfortunately none of them is MC member. Chair and co-chair are presently searching
for possible ways.
While the Action runs very well in many aspects, the question for the next year will be whether
collective science can be conducted and made visible. First year we had 3, for this year in the
moment we have 6 publications. Here, also the communication to the researchers needs to be
improved.
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III. Previous scientific report (2012)
The Action TD1103 European Network for Spin Hyperpolarisation Physics and Methodology in NMR
and MRI (EuroHyperPol) became active in January 2012.
Lorentz Center Workshop "Hot Topics in Spin-Hyperpolarisation"
The first activity of the Action was organised for the 30th Jan to 3rd Feb in collaboration with the
Lorentz-Center at the University of Leiden. Members of the network (Matysik, Brunner, Ivanov,
Köckenberger) had already applied well in advance for additional funding and a time slot to use the
facilities of the Lorentz Centre for a workshop on "Hot topics in Spin-Hyperpolarisation". The
workshop was advertised widely to the NMR and EPR communities and soon registration needed to
be closed due to the high interest in this meeting and the limitation in space of the Lorentz Center
facilities. More than 90 scientists expressed their interest to participate but the maximum number
that the Lorentz Center could accommodate was 60. The organising committee (J. Matysik, Leiden,
K. Ivanov, Novosibirsk, E. Brunner, Dresden, W. Köckenberger, Nottingham) complied a program
with 20 invited speakers and 6 additional contributed talks given by ESRs from the network.
The workshop gave a very comprehensive overview of the current state-of-the-art in spin
hyperpolarisation and its use in a wide range of applications. Ample time was given for discussions
in 9 smaller groups. The workshop was very well received and helped to initiate a 'community' feeling
between the various groups pursuing research on the different hyperpolarisation strategies. It was
for the first time that a workshop attempted to cover all different hyperpolarisation strategies in one
common program. At the end of the workshop discussions were initiated in the full auditorium about
the new COST Action and the network, and how this structure could be optimally used in the next
four years to develop a hyperpolarisation community in Europe and additional COST countries.
Details of the workshop are summarised in the workshop scientific report in part III of the annual
progress report.
Chianti Workshop 2012
By tradition this well established workshop focussed on electron and nuclear relaxation. This topic
is also strongly related to the central focus of the COST Action since there is a close connection
between spin hyperpolarisation and the non-coherent relaxation processes. The management
committee of the Action had therefore agreed to support a request of the Italian representatives to
help in organising two sessions focussing on spin hyperpolarisation in this year's Chianti workshop.
The decision of the MC was also based on the fact that the Chianti workshop always offered ample
time for discussions between the individual presentations. In this way it is a true workshop rather
than a conference. About 120 scientists attended the workshop and two sessions were co-organised
by the Action with a set of high profile speakers representing a very good overview over the current
applications of spin hyperpolarisation strategies. Details of the speakers can be found in the scientific
report for the Chianti workshop in part III of the annual progress report. The feedback from the
community was very positive and provided evidence that the intention of the MC to raise the visibility
of the Action and advertise the activities of the newly established network to a wider audience was
successful.
1st working group and joint MC meeting in Dublin
The major annual conference of the European NMR and EPR communities EUROMAR took place
this year in Dublin from the 1st to the 5th July. The MC had decided to organise the 1st WG meeting
of the network as a satellite meeting just before the EUROMAR to attract the highest possible number
of participants and to simultaneously provide the highest advertisement for the Action. In addition,
the Action chair liaised with the organisers of this year's XeMAT meeting because this meeting
traditionally covers also optical pumping of Xenon and hence scientists working in this field and
attending the XeMAT are likely to form also a subgroup of the hyperpolarisation community. It was
decided to organise the Action WG meeting between the XeMAT and the EUROMAR to enable
scientists either to stay on from the XeMAT meeting or alternatively to arrive earlier before the
EUROMAR to also attend the WG meeting. Advanced registration for the actual WG meeting was
already very high with 143 scientists and ESRs confirming their participations. In particular, the
portion of your scientists and ESRs was very high since the Action offered financial support for more
than 33 ESRs. The WG program included 21 scientific presentations with many internationally
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leading experts of the field attending (see details of the program provided in the scientific report of
the WG meeting in part III) and individual WG discussion sessions with presentations mainly given
by ESRs (details of these discussions are summarised in the scientific report of the Dublin meeting).
The expectation of the MC in terms of attendance of this meeting were more than met by a very high
turn up. In addition to the 143 registered attendees there were at least another 50 people attending
the lectures because they stayed on from the XeMAT or arrived before the start of the EUROMAR
conference. All five parallel WG discussion sessions had at least 30 participants. Feedback after the
WG meeting was very positive and a proposal was submitted to the MC to consider the continuation
of combining the annual Action WG meeting with the future EUROMAR conferences. Many ESRs
expressed their positive feedback to the Action chair after the end of WG meeting. Several top
scientists from the US who also attended the WG meetings motivated by their own interest indicated
that they would like to initiate a similar network within the US. However, they pointed out the
difficulties in realising this and the huge advantages of the COST funding since similar schemes are
apparently not available from US funding agencies.

III.A. Innovative networking (2012)




Innovative knowledge resulting from COST networking through the Action.
The Action has decided to approach the commercial sector directly asking for additional
sponsorship. A proposal was sent to the COST office in February and after internal discussions
the Action chair received an approval to go ahead with this innovative networking idea.
Because of the anticipated amount of administrative work involved in such an initiative a
commercial liaison officer at the University of Nottingham will help with the communication
between the Action network and the industrial sector. The MC expects that the direct
involvement of industry will provide several advantages. In short term this could lead to a
tangible outcome of more scientific collaborations. However, in long term, it may be possible
to establish a sponsor scheme which would make a continuation of the network possible
beyond the COST funding period. This is a pilot project and it remains to be seen how it can
be developed further.
Significant scientific breakthroughs as part of the COST Action.
Two research groups in Rehovot and Nottingham focusing on the quantum dynamics of large
spin systems have made substantial progress in the quantum mechanical description of the
complex spin dynamics taking place during dynamic nuclear polarisation (DNP). During the
last WG meeting it was decided to use the STSM scheme provide by the Action to join forces
for further progress in this field. This initiative may lead to a scientific breakthrough in the
description of the dynamics of large spin ensembles since mathematical strategies are
developed that makes it possible to calculate the dynamics of an unprecedented high number
of 104 coupled spins. The Rehovot group has also made substantially progress in describing
the spin dynamics of DNP in a solid sample under magic angle spinning. Further advances
have been made in the field of hardware design for dissolution DNP with scientists in
Lausanne now demonstrating that spin polarisation up to almost 80% can be generate in a
low temperature DNP setup. The collaboration established between Florence and Frankfurt
is aiming at a full theoretical understanding of the DNP enhancements of radical solutions in
the presence of different solvents. The enhancements, measured in Frankfurt over a wide
temperature range are analysed using the Overhauser coupling factor obtained from relaxation
dispersion studies in Florence. A very good agreement is observed between theoretical
predictions and the DNP enhancements observed in water solutions. Further work is required
to confirm these very encouraging results. In a further development, the University of
Barcelona, the Material Science Institute of Barcelona and the Weizmann Institute of Science
in Rehovot have initiated a collaboration to explore innovative aspects of the polarization
processes in glasses at 1.4K. The three groups are studying a novel polarization mechanism
involving chlorine atoms in chlorinated radicals. In a very successful STSM sponsored visit the
groups in Rehovot and Kopenhagen were able to record the first single shot acquisition image
of hyperpolarised compounds in vivo (see STSM reports in Annex). Collaboration between the
FU Berlin and the Russian colleagues in Novosibirsk has also lead to interesting progress in
understanding spin states with very slow relaxation (see STSM report in Annex).
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Tangible medium term socio-economic impacts achieved or expected.
At this early stage of the Action it is difficult to make a prediction about socio-economic impacts.
However, it is clear that a major part of the commercial sector with activities in the field of
research of the spin hyperpolarisation is based in Europe. The proposed targeting by the Action
of the commercial sector may lead to an economic impact in medium term but this is currently
still speculative.



Spin off of new EC RTD Framework Programme proposals/projects.
none at this early stage
Spin off of new National Programme proposals/projects.
There are already a number of national initiative on spin hyperpolarisation in place (e.g.
Switzerland, Israel, Germany, Netherlands) with have attracted a number of large grants.
As a specific example the Centre for Magnetic Resonance in Florence has established a link
with the research centre Fondazione Monasterio of the Region Toscana (Italy) with the aim of
integrating the available infrastructure and providing access to a DNP instrument for research
projects involving small animals. A research proposal by Miguel Pons (Barcelona, Spain)
involving DNP among other techniques to address issues related to the study of antibiotic
resistance has been received an A rating and therefore passed the first selection stage of the
Advanced ERC grant call currently under evaluation. Furthermore, a proposal by Pons to study
drug delivery systems is currently under evaluation by a national research council in Spain. In
the Netherlands several grants have been awarded to Matysik, with one particular grant award
enabling collaboration between the Netherlands and Germany.



III.B. Inter-disciplinary networking (2012)






Additional knowledge obtained from working with other disciplines within the COST
framework. (Specific examples)
The Action is highly interdisciplinary with scientists from Physics, Chemistry, Biology and
Medicine involved. A typical examples are the currently ongoing investigations for properties
of ideal radical molecules to maximise the DNP enhancement effect. Paul Tordo, a synthetic
chemist from the University of Marseille is providing a number of radical compounds to the
groups in Frankfurt and Lyon where a characterisation in terms of the physics is carried out.
The WG 5 of the Action is dedicated to interface between synthetic chemistry and physics.
Progress in the generation of higher spin polarisation will provide colleagues J. ArdenkjaerLarsen, Technical University of Denmark, Kopenhagen, or K. Brindle, Cambridge, with
improved sensitivity for medical applications.
Evaluation of whether the level of inter-disciplinarity is sufficient to potentially provide
scientific impacts. (Specific examples)
This Action has been set up as a highly interdisciplinary forum for technology development. In
medium and long term it will be important to reach out even more to the application community.
Evaluation of whether the level of inter-disciplinarity is sufficient to potentially provide socioeconomic impacts. (Specific examples)
See above. It is too early for tangible results.

III.C. New networking (2012)
 Additional new members joining the Action during its life.
Ireland, Estonia, Lithuania, Portugal, Slovakia joined the Action after the KO meeting on the
27th October 2011 in Brussels.
 Total number of individual participants involved in the Action work. (Number of participants:
100 (10% female and 45% ESRs)
 Involvement of Early Stage Researchers in the Action
ESR involvement is very high with 33 being reimbursed to attend the WG meeting and many
of them being asked to give presentations in the WG parallel sessions. Currently we have 4
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STSMs for ESRs (two already carried out successfully: Visit of from Rehovot, Israel to
Kopenhagen, Denmark, and Novosibirsk to FU Berlin; two have applied for visits: TU Munich
to Kopenhagen, and Nottingham to Rehovot)
 Involvement of researchers from outside of COST Countries.
Three research from the International Tomography Institute, Russian Academy of Sciences,
Siberia, have joined the Action under the neighbouring country status. The participation is
approved by the CSO.
 Advancement and promotion of scientific knowledge through publications and other outreach
activities: Current none published but several in preparation.
 The capacity of the Action members to raise research funds: See above. Several large scale
grants awarded in the application period of the COST Action.
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Annex 2013
Scientific Report
COST Summer school on Spin-Hyperpolarization
Leiden, 29 Oct. - 2 Nov. 2012

Organnisers:
Arno Kentgens (Nijmegen)
Jörg Matysik (Leiden)

Monday (29 Oct 2012)
09.00-10.00

Arrival, registration

10.00-10.15

Welcome, Opening remarks

10.15-10.45

Participants introduce each other

10.45-11.15

Coffee/tea

11.15-12.00

Lecture Marc Baldus (Utrecht)
“Spherical tensor operators in NMR”

12.00-13.00

Lunch

13.00-14.00

Informal discussion guided by Marc Baldus (Spherical tensor operators)

14.00-14.45

Lecture Konstantin Ivanov (Novosibirsk):
“General view on hyperpolarization methods”

14.45-15.15

Coffee/Tea

15.15-16.30

Students present their work (3 min flash presentations)

16.30

Wine & cheese party, poster session

Tuesday (30 Oct 2012)
09.00-09.45

Lecture Konstantin Ivanov (Novosibirsk)

“PHIP”
09.45-10.30

Lecture Shimon Vega (Weizmann)

“Basics of solid-state DNP (I)
10.30-11.00

Coffee/tea

11.00-12.00

Tutorial 1 (3x 20 min, L1, L2, L3)

12.00-13.00

Lunch

13.00-14.00

Informal discussion guided by Konstantin Ivanov (on PHIP)

14.00-14.45

Lecture Konstantin Ivanov (Novosibirsk)
“CIDNP in solution”
15

14.45-15.15

Coffee/Tea

15.15-17.15

Tutorial 2 (5x 20 min, L4, L5, L6, L7, L8)

17.45

Poster session

Wednesday (31 Oct 2012)
09.00-09.45

Lecture Shimon Vega (Weizmann)

“Basics of solid-state DNP (II)”
09.45-10.30 Lecture Patrick Berthault (Gif-sur-Yvette)
“Optical pumping”
10.30-11.00

Coffee/tea

11.00-12.00

Tutorial 3 (2x 20 min, L9, L10)

12.00-13.00

Lunch

13.00-14.00

Informal discussion guided by Patrick Berthault (on optical pumping)

14.00-14.45

Lecture Gunnar Jeschke (ETH)

“Coherent spin dynamics in solids”
14.45-15.00

Coffee/Tee

15.00-16.15

Tutorial 4 (3x 20 min, L11, L12, L13)

17.00

Boat trip & Conference dinner

Thursday (1 Nov 2012)
10.00-10.45

Lecture Gunnar Jeschke (ETH)
“Relaxation of electron (and nuclear) spins”

10.45-11.15

Coffee/tea

11.15-12.00

Lecture Gunnar Jeschke (ETH)

“CIDNP in solids”
12.00-13.00

Lunch

13.00-14.00

Informal discussion guided by Shimon Vega (DNP overview)

14.00-14.45

Lecture Shimon Vega (Weizmann)

“Liquid DNP”
14.45-15.30

Lecture Patrick Berthault (Gif-sur-Yvette)
“Practical aspects of optical pumping”

15.30-16.00

Coffee/Tea

16.00-18.00

Tutorial 5 (5x 20 min, L14, L15, L16, L17, L18)

Friday (2 Nov 2012)
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09.00-09.45

Lecture Jan van Bentum (Nijmegen)

“Practical aspects of DNP and other methods”
09.45-10.30

Lecture Gunnar Jeschke (ETH)
“Polarization flows- An overview of important concepts”

10.30-11.00

Coffee/tea

11.00-12.00

Tutorial 6 (3x 20 min, L19, L20, L21)

12.00-13.00

Lunch

13.00-14.30

Informal discussion guided by G. Jeschke (CIDNP) & J. v. Bentum (DNP)

14.30-14.45

Feedback

14.45-15.15

Coffee/Tea

The summer school brought PhD students and young postdocs together with scientist with specific expertise in the
different subfields of spin-hyperpolarization in magnetic resonance. Together we aimed to explore these hitherto largely
separate areas and the overlap between them. The aim was to enable a new generation of young researchers in the
spin-hyperpolarization to learn the specific problems and solutions in the various different approaches to create
hyperpolarized nuclear spin systems. Such transfer of knowledge, as it turned out, is possible in various aspects such as
relaxation control and analysis, polarization transfer, theoretical modeling and hardware development.

About 20 scientists and 5 teachers attended. There were 13 teaching lessons, student presentations on existing
literature on various aspects of hyperpolarization, two poster sessions with the students presenting their own research,
guided discussions and time for private communication. Also the common social events allowed for personal and
scientific exchange.

In the application, we stated that the workshop will be a success when
(i) the basics of the field are transferred to a new generation of scientists,
(ii) the current discussions in the field are presented allowing the new generation of early state researchers to identify
their own area of active research,
(iii) contacts among young researchers as well as between young and experienced researchers are established,
(iv) the COST education programme gets running and establishes a basic set of literature.
We can safely state that all four aims have been reached fully or at least to a high degree. The educational programme
of the COST Network on spin-hyperpolarization (EuroHyperPol) obtained a jump-start, the teachers were well prepared
and kept a high scientific and educational level, all students were always present and highly motivated, a number of
new contacts were established and, last not least, the atmosphere was over the entire week friendly and open. The
community is looking forward to the next summer school in this area of research.

Science:
1. A concise version of the description and aims of the workshop. Nuclear Magnetic Resonance (NMR) spectroscopy and
imaging techniques (MRI) are well known and versatile analytical methods. The key issue is frequently sensitivity limiting
the applicability. To overcome this problem, various hyperpolarization methods have been developed. Within a new 4-
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year COST action we bring for the first time together PhD students and young postdocs working on those different
approaches to stimulate exchange between research communities and to grow a new generation of scientist able to
oversee the entire field.

2. Is a tangible outcome of the workshop expected? Existence of a waiting list of almost 10 people who intended to come
but could not do so because of the limited capacity of the Lorentz-Center confirms that organizing a new type of summer
schools on this subject was a right decision. The summer school provided sufficient overview of what is done in the field,
what strategies and methods are advantageous, what are the current scientific problems and strategies for their
solution. The oral contributions by teachers and students triggered lively discussions, in both, the seminar room as well
as in the other areas of the Snellius Center. The summer school was the first one within the COST network and the
Snellius environment provided a wonderful infrastructure. We expect that the new generation in hyperpolarization will
be able to use knowledge from all different fields.

3. Where there any developments which could, already, be termed a (beginning) scientific breakthrough? It was clearly
a teaching event but we feel that the interconnection of the different fields in hyperpolarization has the potential to
lead to scientific breakthroughs. It is necessary to educate a new generation of scientist who can move beyond the
borders of their own subfield

to come up with a generic solution to nuclear hyperlozarization which would

revolutionalize the field of magnetic resonance.

4. Did you, or to your knowledge any of the participants, experience notable “Aha” moments? Yes, thanks to excellent
teachers and highly motivated students, many presentations lead to new insights. Sometimes it was of the participants
obtained new knowledge, sometimes new intellectual connections were made.

Organization/Format:
5. How did you experience the format of the workshop? Did you try something new? Would you do it again or advise it
to others? The advice of the Lorentz Center was very helpful. In particular we were suggested to give more room for
free discussions and for involvement of younger scientists. Both worked out very well. The workshop offered an optimal
combination of teaching lessons, poster presentations, discussion rounds and presentations of young scientists. There
was also enough time for informal discussions that were very helpful for establishing new contacts and efficient
exchange of ideas.

6. Other comments. We are very grateful to the staff of the Lorentz-Center for their expert handing of all administrative
matters. The workshop was a joy to organise with such friendly and professional assistance. The meeting would not
have been possible without the Center’s generous financial support for which we are most grateful. We are sure that
all the participants enjoyed the infrastructure of the Snellius-Center that is optimal for a such small meetings. It was
particularly convenient that each participant had an office space and internet password. The cultural program was also
perfectly organized. The only small point of criticism was that participants had difficulties to find the Snellius-Center at
the first day.
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Scientific Report
6th EFEPR School on Advanced EPR Spectroscopy
January 12-18, 2013, Weizmann Institute of Science, Rehovot, Israel
Daniella Goldfarb, Chair of the Organizing Committee

The 6th EFEPR (European Federation of EPR groups) school on Advanced EPR Spectroscopy took
place during a warm sunny week in January at the Weizmann Institute, Rehovot Israel. The school
was extremely well attended. There were 120 participants, among which were 21 lecturers and 82
graduate students from all over the world, including the USA, Japan, Taiwan and India (see Fig. 1).
The course was very extensive, starting every morning at 8:30 am, and ended officially at 9:00 pm,
followed by fun social activities. Yes, 8:30 am is early in the morning – but all school students
were there with a cup of coffee ready to continue and learn!
The school started with the very basics of magnetic resonance like the spin Hamiltonian and the
density matrix formalism and ended with the newest advances in closely related fields like optical
and electric detection of EPR and dynamic nuclear polarization (DNP). Although the school was
dedicated to EPR, it was important to stress that EPR is a part of magnetic resonance and not a
standalone field. This was taken into account in choosing the program and the lecturers, trying to
convey its broad scope. Not all were practicing EPR spectroscopists.
The lecturers and their topics were: Z. Luz, Early days of Magnetic Resonance in Israel; G.
Denninger, Bloch Equations, Rotating Frame, FID; S. Vega: Density Matrix Formalism and Spin
Hamiltonian; M. Brustolon: Relaxation Theory; P. Carl: EPR Instrumentation; L. Frydman With a
little help from my friends...Dynamic Nuclear Polarization; S. Ruthstein: Lineshape analysis of
Nitroxide spin labels; S. Stoll: Introduction to Pulse EPR and ESEEM; K. Möbius: CW ENDOR
Methods; D. Goldfarb: Pulse ENDOR Methods; Stoll: Introduction to Easy Spin; S. Van Doorslaer:
ESEEM/HYSCORE spectroscopy; G. Jeschke: DEER/PELDOR; V. Krhamtsov: In-vivo EPR; R.
Bittl: High Spin Systems and Metalloenzymes; F. Neese: Quantum Chemical Calculations of EPR
Parameters; C. Timmel: Spin-correlated Radical Pairs; G. Smith: High Field EPR; A. Blank: EPR
Imaging and EPR sensitivity; E. Lifshitz: ODMR; K. Lips : Electrical Detection of EPR. More
information is available at http://mr-lab.technion.ac.il/epr_school/grants.html.
In addition to the lectures, there were lab demos and tutorials, led by the lecturers, with small groups
of participants where it was possible to digest the material presented in the lectures and do exercises.
The lecturers did an outstanding job, presented wonderful lectures, at times also accompanied by
experimental demonstrations. Many of them stayed throughout the full week of the school and
interacted closely with the students. The engagement and degree of interest of the students was very
impressive. Two of the students, Thomas Nick (MPI, Gottingen) and Alex Taguchi (U. of Illinois),

19

were awarded prizes for their active participation. There was a very lively poster session with about
60 excellent posters and very enthusiastic presenters covering all areas of EPR spectroscopy. It was
a pleasure watching all the young scientists at the poster discussions. Two poster prizes, contributions
of PCCP, were awarded, to Andrin Doll (ETH) and Mizue Asada (Nagoya University).
In addition to the scientific program there was also time for social activities that included a mixer at
the beginning of the school, a couple of evenings getting together with beers, and a trip to Jerusalem
followed by the conference dinner, also in Jerusalem. This helped form personal contacts, friendships
that hopefully will develop in the future to scientific collaborations.
The school was successful and fulfilled the organizers’ high expectations. All this was made possible
by very kind support from many sources. The Weizmann Institute of Science supported the school
most generously along with COST (European network for hyperpolarization physics methodology in
NMR and MRI, EFEPR, Bruker Biospin, ISMAR (Internation Society for Magnetic Resonance), BarIlan University, Technion (Israel Institute of Technology), Jeol, Lumitron and Tzamal. The strong
support from sponsors allowed the organizers to provide grants to many students, which made it
possible for them to attend the school. This support is highly appreciated by the organizers and the
EPR community. I will end with some personal words – organizing this school was a great privilege.
It allowed me to meet a wonderful cohort of young scientists from all over the world, all eager to
learn, discuss and question, open to make friends and enjoy. The field of EPR has a good future with
all these young scientists joining in. I now look forward for the next school.
Total

2

Germany

1 1 1 1
1 1

Israel

2
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2

Russia

2

UK

3

Italy
4

USA
Japan

5

France
Belgium

5

Taiwan
20

Denmark
Poland

7

Netherlands
Brazil

8
12

India

Fig. 1 – The geographic distribution of the school attendants (not including lecturers)
Scientific Report
Foresight Workshop on Sensitivity Problems in BioNMR
February 26, 27 & 28, 2013 Weizmann Institute of Science, Rehovot, Israel
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Lucio Frydman and Harald Schwalbe, Organizers
http://www.weizmann.ac.il/weizsites/bionmr/

Objectives of this three-day Workshop co-sponsored by BioNMR, the COST action on
hyperpolarization, Weizmann Institute, MPI and BMRZ, included the assemblying a small
group of world-class experts, to discuss and hopefully resolve some of the sensitivity
problems that challenge the use of all aspects of biomolecular NMR spectroscopy. Both in
liquids and in solids; in vitro and in vivo. Particular attention was given to nuclear
hyperpolarization and ultra-high-field magnet and ultra-sensitive coil developments.
Speakers at this workshop came from Europe, Asia and America, and as result of it we are
compiling a high-impact review article as this was one of the objectives submitted as part of
the BioNMR grant.
Speakers at this meeting included were:
J.-H. Ardenkjaer-Larsen | Technical University, Denmark
V. Bajaj | University of California, USA
M. Baldus | Utrecht University, The Netherlands
A. Blank | Technion, Israel
G. Boebinger | NHMFL, USA
A. Comment | EPFL, Switzerland
S. Duckett | University of York, UK
A. Edison | University of Florida, USA
L. Emsley | ENS-Lyon, France
F. Engelke | Bruker, Germany
D. Goldfarb | Weizmann Institute, Israel
C. Griesinger | MPI, Germany
R. G. Griffin | MIT, USA
C. Hilty | Texas A&M, USA
C. Luchinat | University of Florence, Italy
H. Maeda | Riken, Japan
H. Oschkinat | Leibniz-Institut, Germany
T. Prisner | University of Frankfurt, Germany
J. van Bentum | Radboud University, The Netherlands
S. Vega | Weizmann Institute, Israel
A. Webb | Leiden University Medical Center, The Netherlands
21

This Symposium was attended by nearly 100 experts and students from all over the world.
It was a success beyond all our expectations.
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Report on the COST WG3 (Relaxation) Meeting,
26-27 April 2013, Bad Hofgastein, Austria
The workshop was organized as a satellite meeting of the 13th International Symposium on Spin and
Magnetic Field Effects in Chemistry and Related Phenomena (SCM2013) that took place at the same
venue the days before. This made it financially attractive, as we could get lecture hall, discussion area
and technical infrastructure at the Konferenzzentrum Bad Hofgastein as well as coffee and
refreshments for the same discounted price as the SCM 2013 did. Also, the local organizers of the
SCM 2013, Professor G. Grampp and Professor S. Landgraf, agreed to serve as our local organizers,
too, thus substantially facilitating the necessary efforts for organization. In particular, they allowed
us to use their conference website, http://www.cecp.at/index.php/scm2013, for announcing our
workshop, in addition to the http://www.eurohyperpol.eu site. 26 participants from the fields of
physics, chemistry and medicine coming from 6 COST countries and from Russia attended the WG
Meeting. This size was ideal to keep the character of a workshop based on progress reports and lively
discussions.
The scientific program was composed of three sessions on Long-Lived Spin States (LLS), on
Polarization Transfer (PT) in Para-Hydrogen Induced Polarization (PHIP) and its recent off-spring
SABRE, and on Level Anti-Crossing (LAC) related PT. Altogether ten oral reports of 45 minutes
length were presented, mainly by PhD students and young PostDocs: the talks were mostly about
work in progress and stimulated an intensive discussion so that the designated discussion time of 15
minutes per talk often turned out to be too short. At the end of each session a general discussion on
the session topic followed. The detailed program is copied below.

Opening remarks
LLS Section
talk 1, G. Pileio (Southampton): Resealable Reservoirs of Nuclear
Spin Polarization
09:00-13:00
Day 1, April 26

Chair:

talk 2, A. Bornet (Lausanne): Long-Lived States and other Tricks
to Preserve Hyperpolarized Magnetization in Dissolution DNP

Malcolm

talk 3, B. Franzoni (Mainz): Long Lived Singlet Spin States

Levitt

Originating from Para-Hydrogen Stored at Different Magnetic
Fields
talk 4, A. Pravdivtsev (Novosibirsk): Magnetic Field Dependence
of the Lifetimes of Long-Lived States
General discussion on LLS
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13:00-15:00

Lunch
PT Section#1
talk 1, T. Trantzschel (Magdeburg): Transfer of PHIP to hetero-

15:00-19:00
Chair:
Konstantin
Ivanov

nuclei - aspects of long relaxation times and MRI applications
talk 2, M. Emondts (Aachen): Hyperpolarization Enhanced LowField NMR
talk 3, R. Mewis (York): Polarization Transfer in SABRE
Experiments
talk 4, E. Dücker (Göttingen): Field Dependence of SABRE
General discussion on PT
PT Section#2

09:00-13:00
Chair:
Hans-Martin
Day 2, April 27

Vieth

talk 1, T. Gutmann (Darmstadt): Para-Hydrogen as Molecular
Probe for Sensitivity Enhancement in NMR
talk 2, K. Ivanov (Novosibirsk): Exploiting Level Anti-Crossings for
Coherent Hyperpolarization Transfer
Discussion on design of new experiments and theoretical
development for extending longevity of hyperpolarization

13:00-15:00

Lunch

15:00-19:00

Departure

As the following excerpts from letters of participants show the general atmosphere as well as the
topics selected for the program were well appreciated, and thus this workshop may serve as guide for
future WG meetings.
-

-

I was delighted by this congress devoted to a precise and delimited
subject. In my case it is more efficient than a general NMR meeting. There
was enough time for speakers to expose their results… I also appreciated
the high level of all speakers.
Also the location and local organization were very pleasant (Bad
Hofgastein, the congress center, coffee breaks)… Thank you very much for
this meeting which helped me to progress in the field of
hyperpolarization, particularly via parahydrogen.
I enjoyed the meeting very much and think that I learned a lot!
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Annual Meeting 2013
Crete (Greece) 28-30 June 2013
Organiser: Dr. Bela Bode (St Andrews, Scotland)

COST Action TD1103
EuroHyperPol

Working Group and Management Committee Meeting
Hersonissos, Crete, Greece
28.06.2013 – 30.06.2013
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Working Group and Management Committee Meeting, Hersonissos, Crete, Greece 28. – 30.06.2013
During the plenary sessions emerging researchers and leaders in the field of spin hyperpolarisation
gave seminal lectures fully embracing the methodological width of the action. From theoretical
aspects of microwave-driven DNP in solids (Alberto Rosso, Paris) and experiments (Arno Kentgens,
Nijmegen) and theory (Deniz Sezer, Istanbul) in liquids hyperpolarisation via temperature jumps
(Stefan Berger, Leipzig) and the use of para-hydrogen (Igor Koptyug, Novosibirsk) to the use of light
excitation in optical pumping (Thomas Meersmann, Nottingham) or chemically induced DNP
(Gunnar Jeschke, Zürich) all fields of nuclear spin hyperpolarisation were covered.
The very lively poster session with 33 contributions from early stage researchers was a great success
and stimulated exchange across all participants bringing together synthetic approaches for new
polarisers, new developments in theory and hardware development as well as novel experimental
schemes. The discussions lasted well beyond the two hours scheduled for the poster session and also
sparked stimulating discussions during the workgroup meetings.
The parallel workgroup meetings had a total of 27 oral presentations involving into more detailed
aspects of the foremost frontiers of the field. A joined session by the workgroups instrumentation,
acquisition strategies and chemistry-physics interface has been a great success in stimulating crosstalk between these different experimental aspects. Furthermore a joined session of the workgroups
theory and relaxation was themed ‘The Role of Optical Excitation in Hyperpolarization’ and has
provided a detailed insight into various aspects of photo-chemically induced hyperpolarisation.
Overall the meeting can be considered a success even though a slight reduction in participation is
attributed to its more remote venue in this year. The reduction of plenary speakers and the introduction
of a poster session were very well received by the participants. The poster session in combination
with the parallel workgroup sessions provided an excellent platform for involving younger
researchers and for seeding collaboration and exchange, core objectives of the action
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Program of WG meeting
Friday 28th June
09:00

Saturday 29th June
A. Kentgens (Nijmegen)

09:30

T. Meersmann (Nottingham)

10:00

Coffee

10:30

Sunday 30th June

Closed Management
Committee Meeting

11:00
Workgroups

11:30
12:00
12:30
13:00

Lunch

13:30
14:00

A. Rosso (Paris)

14:30

I. Koptyug (Novosibirsk)

15:00

S. Berger (Leipzig)

15:30

D. Sezer (Istanbul)

16:00
16:30
17:00
17:30
18:00

G. Jeschke (Zürich)
Drinks and
Nibbles
sponsored by
Bruker
Poster
Session

Workgroups

Coffee

Plenary Discussion

18:30
19:00
19:30
20:00

Social evening

20:30
21:00
21:30
22:00

Friday 28th June
12:00-13:45

Registration

Plenary Session (Apollo Hall) Chair: Jörg Matysik
13:45-14:00

Welcome

14:00-14:30

Alberto Rosso: Thermal mixing DNP: a rate equation approach

14:30-15:00

Igor Koptyug: Parahydrogen-induced polarization in heterogeneous and biphasic

hydrogenations
15:00-15:30

Stefan Berger: Experimental Boundaries of the Haupt-Effect in High Resolution

NMR
15:30-16:00

Deniz Sezer: Rationalizing multifield DNP experiments of nitroxide radicals in

water

through atomistic MD simulations

16:00-16:30

Gunnar Jeschke: Polarization transfer by an anisotropic hyperfine coupling – The
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soft

matter case

Poster Session (Apollo Hall)
16:30-18:00

Drinks and Nibbles sponsored by Bruker

17:00-19:00

Poster Session

Saturday 29th June
Plenary Session (Apollo Hall) Chair: Bela Bode
9:00-9:30 Arno Kentgens: Progress in high-resolution liquid-state DNP NMR
9:30-10:00 Thomas Meersmann: New methods and recent advances in hp 83Kr and hp 129Xe
MRI
10:00-10:30

Coffee break outside the Romantic Bar

Parallel Workgroup Sessions (Apollo Hall East, Apollo Hall West and Rooms 14 and 19 in the
Terra Maris Building)
10:30-13:00

Morning Session

13:00-14:00

Lunch outside the Romantic Bar

14:00-16:00

Afternoon Session

16:00-16:30

Coffee break outside the Romantic Bar

Plenary Discussion (Apollo Hall) Chair: Jörg Matysik
16:30-17:30

Reports from the Workgroups

17:30-18:30

General Discussion

Social Evening

Boat trip and dinner in the village of Sissi

Sunday 30th June
Closed Management Committee Meeting (Apollo Hall)
9:00-13:00 Closed Management Committee Meeting by invitation

Working Group Program – Parallel Sessions (Saturday 29th June)
WG 1, WG 2 & WG 5 Hardware, Acquisition Strategies & Chemistry – Physics Interface
Coordinators: Jean-Philipe Ansermet, Pierre-Jean Nacher, Thomas Meersmann, Malcolm Levitt,
Patrick Berthault and Snorri Sigurdsson
Morning Session:
Olivier Lafon: Nanostructured materials: an Ariadne’s thread to understand Dynamic Nuclear
Polarization
Geneviève Tastevin: Optical pumping in high magnetic fields, and the IMAGINE project
Ville-Veikko Telkki: Microfluidic flow and reaction imaging using remote detection NMR

and
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paraH2-induced polarization + single shot 2D relaxation
Or Szekely: On the potential of radical-based, fast-dissolution DNP for protein NMR studies
Slava Kuzmin: Imaging of magnetisation patterns in polarised liquid He appearing during
precession instabilities and multiple maser emissions
Guilhem Collier: Compressed Sensing methods for accelerated phase contrast imaging of airflow in
the airways in vivo and in vitro with HP 3He and 129Xe
Chris Witte: Sub-sampling HyperCEST spectral images
Sami Jannin: acquisition strategies during the build-up of hyper polarization
Afternoon Session:
Jean-Philippe Ansermet: Fun, pain and successes with home-built gyrotron
Sami Jannin: New probe design for mm-wave handling: corrugated waveguide, miter bend etc…
Roberto Melzi: Design of NMR circuit for high field DNP
Slava Kuzmin: Signal feedback in NMR and MRI : controlling radiation damping, detection
bandwith, or rf decoupling in coil arrays
Joe Six: Practical experience with Variable Flip Angle FLASH MRI (10 min)
Evgeniy Salnikov: Optimizing DNP/ solid-state NMR on oriented membrane systems: Radicals,
sample composition, protocols and hard ware developments
Miquel Pons Valles: Supramolecular phenomena affecting DNP buildup rates from trityl radicals
Carolina Canape: Detecting treatment response in prostate and liver cancer cells using
hyperpolarized [5-13C]glutamine
Matthias Schnurr: Investigating biomembrane models using Xenon Hyper-CEST
WG2 & WG 3 Theory & Relaxation
Coordinator: Hans-Martin Vieth
Morning Session: The Role of Optical Excitation in Hyperpolarization
Konstantin Ivanov: Level Anti-Crossings in Solid and Liquid-State Radical Pair Systems
Gerd Kothe: Light-induced Generation and Coherent Manipulation of Entangled Quantum States in
Molecular Crystals
Tim Eichhorn: Triplet state DNP on pentacene:naphthalene crystals: high proton spin polarization
at moderate magnetic field and temperature
Kiminori Maeda: Photo-chemically induced spin polarization and its application to the study of
molecular structure and dynamics
Gunnar Jeschke: Different pathways of light-induced polarization in solid matrix
Afternoon Session: Short oral contributions
S. Colombo Serra: DNP with in-homogeneously broadened EPR radical lines: weak versus strong
spectral diffusion
M. Filibian: Effect of the temperature and of nuclear spin dilution on the DNP polarization and
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relaxation mechanisms of biological molecules
Y. Hovav: Insights on DNP mechanisms via EPR double resonance measurements
F. Mentink-Vigier: Theoretical aspects of Magic Angle Spinning - Dynamic Nuclear Polarization
Vladimir V. Zhivonitko: New ways for revealing unobservable nuclear spin order and
hyperpolarization
General Discussion on Current Topics
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Annex 2012
Scientific Report
Hot topics in Spin-Hyperpolarization
Lorentz-Center, Leiden, The Netherlands, 30 Jan – 3 Feb 2012

Organisers
Eike Brunner (Dresden, Germany)
Konstantin Ivanov (Novosibirsk, Russia)
Walter Köckenberger (Nottingham, United Kingdom)
Jörg Matysik (Leiden, Netherlands)

As the first action within the COST programme, the Lorentz Workshop brought scientist working in the different fields
of spin-hyperpolarization in magnetic resonance together to explore the overlap between these hitherto largely
separate areas. The aim was to identify critical issues of common interest that affect the performance of the
hyperpolarization strategy and make the experimental utilization of the high spin polarization difficult. In particular,
the workshop aimed to establish discussions in the commonly shared research fields such as relaxation control and
analysis, polarization transfer, theoretical modeling and hardware development. The Lorentz Center provided an
excellent infrastructure and professional advise to optimize the outcome of the workshop.

About 55 scientists attended. There were 20 invited talks, 6 contributed talks by junior scientist and about 12 poster
presentations. In three times three parallel working groups specific topics were discussed.
In the application, we stated that the workshop will be a success when
(i)

it extracts current questions and strategies for their solutions,

(ii)

it triggers international communication and collaborations,

(iii)

it is decided that the conferences on spin hyperpolarization will become regular,

(iv)

the COST network gets running.

We can safely state that all four aims have been reached fully or at least to a high degree. The COST Network on spinhyperpolarization (EuroHyperPol) obtained a jump-start, a number of new contacts and collaborations were established
and the community is looking forward to further meetings and summer schools in this area of research.

Scientific aim of the workshop. Nuclear Magnetic Resonance (NMR) spectroscopy and imaging techniques (MRI)
are well known and versatile analytical methods. The key issue is frequently sensitivity limiting the
applicability. To overcome this problem, various hyperpolarization methods have been developed. Within a
new 4-year COST action we bring for the first time together scientists working on those different approaches
to stimulate exchange between research communities which hitherto were working in parallel and
unconnected.

Tangible outcome of the workshop. The workshop gave a full overview of what is done in the field, what strategies and
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methods are advantageous, what are the current scientific problems and strategies for their solution. The meeting was
particularly timely as spin hyperpolarization is a hot topic now. Existence of a long waiting list of almost 20 people (after
that the internet page for enrolment was closed), and probably 10 to 15 more personal requests confirm that organizing
a workshop on this subject was a right decision. The capacity of the Lorentz-Center, although limited, was certainly the
right choice for such empirical test. The workshop triggered lively discussions, in particular in the discussion groups, and
stimulated new collaborations. The workshop was the first action within a COST network and the Lorentz Workshop
provided a wonderful start of this four-year process of exchange between the communities. We expect that the
hyperpolarization methods discussed during the workshop will find numerous applications in the NMR and MRI.

It is clear that theoretical understanding of DNP mechanisms has improved a lot and can be, perhaps, termed a
breakthrough. Due to the recent works on modeling polarization exchange in large spin systems substantial progress
has been achieved in this field that dates back to 1950s. Recent developments of NMR spectroscopy and
hyperpolarization techniques using the long-lived spin states and long-lasting spin coherences also have huge potential
in novel NMR applications. Improved spin-exchange optical pumping (SEOP) methods were introduced by several
speakers and discussed at the workshop which do now allow even the production of sufficiently high amounts of
hyperpolarized quadrupolar nuclei such as

83

Kr which will probably open new possibilities for MRI contrast, e.g., of

human lungs.

Most of the participants realized that the exchange between scientists of the different approaches is very valuable since
many problems are similar. In particular, this was the case with the solid-state and liquid-state CIDNP: previously the
two CIDNP communities did not have a common approach and common experimental systems to study after the
meeting they will hopefully cooperate. We expect that due to the workshop a synergistic effect can be achieved by
cooperation of the communities dealing with spin relaxation (in particular, with the long-lived spin states) and with DNP,
PHIP and CIDNP. The same is true for the communities interested in hyperpolarization of noble gases which is shown to
be feasible by both, SEOP and DNP. Recent advances in experimental setup do now allow the dissolution of substances
hyperpolarized by SEOP or PHIP in liquids such as blood. This will e.g. help to image blood flow in the human body.

32

Programme
Lorentz-Workshop

30 Jan – 3 Feb 2012

Hot topics in spinhyperpolarization
Monday
09.00-10.00 Arrival, registration
10.00-10.15 Welcome by Lorentz Center
10.15-10.30 Opening by organizers
SESSION THEORY 1 (Chair: R. Kaptein)
10.30-11.15 Lecture 1 Shimon Vega, Weizmann Institute (DNP)
11.15-12.00 Lecture 2 Eike Brunner, TU Dresden (SEOP)
12.00-14.00 Lunch, informal discussions
14.00-14.45 Lecture 3 Peter Hore, Univ. Oxford (liquid-state CIDNP)
14.45-15.00 Coffee/tea
SESSION THEORY 2 (Chair: E. Brunner)
15.00-15.45 Lecture 4 Gunnar Jeschke, ETH Zürich (solid-state CIDNP)
15.45-16.30 Lecture 5 Gerd Buntkowsky, TU Darmstadt (PHIP)
16.30-16.40 Flash presentations of posters (1 min per presenter)
16.45

Wine & cheese party, poster session

Tuesday
SESSION RELAXATION 1 (Chair: J.P. Ansermet)
09.00-09.45 Lecture 1 Hans-Martin Vieth, FU Berlin (Relaxation of multispin systems)
09.45-10.30 Lecture 2 Malcolm Levitt, Univ. Southampton (Concept of Long-lived states)
10.30-11.00 Coffee/tea
SESSION RELAXATION & POLARIZATION TRANSFER (Chair: N. Lukzen)
11.00-11.45 Lecture 3 Geoffrey Bodenhausen, EPFL (Experiments on Long-lived states)
11.45-12.30 Lecture 1 Bela Bode, St. Andrews (Solid-state photo-CIDNP effect)
12.30-14.00 Lunch
14.00-16.00 Small group discussions
1 (mechanism) What is the spin-dynamics in the DNP experiment? (Vega)
2 (concepts) Fighting relaxation losses of hyperpolarization (Levitt)
3 (practical) Data acquisition session (Griesinger)

16.00-17.00 Plenum discussion (Bodenhausen & Hore)
PRESENTATIONS OF JUNIOR SCIENISTS (Chair: K. Ivanov)
17.00-17.20 A. Bornet, Lausanne (Low-temp CP in view of enhancing dissol. DNP in NMR)
17.20-17.40 Alexandre Zagdoun, Villeurbanne (DNP surface enhanced NMR spectroscopy)
17.40-18.00 Giuseppe Pileio, Southampton (Long life nuclear spin hyperpolarization)
18.00

Poster session

Wednesday
SESSION POLARIZATION TRANSFER (Chair: G. Jeschke)
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09.00-09.45 Lecture 2 Thomas Meersmann, Nottingham (Polariz. Transf. in optical pumping)
09.45-10.30

Lecture 3 Walter Köckenberger, Nottingham (Dissolution DNP)

10.30-11.15 Coffee/tea
SESSION DATA AQCUISITION 1 (Chair: M. Baldus)
11.15-12.00 Lecture 1 Igor Koptyug, Novosibirsk (MRI & remote detection)
12.00-13.30 Lunch
13.30-15.30 Small group discussions
4 (mechanism) Liquid & solid CIDNP: similarities & differences (Ivanov & Matysik)
5 (concepts) Strategies for using hyperpolarization in MRI (Webb & Engelke)
6 (practical) SEOP hardware: High throughput/cont. flow (Brunner & Meersmann)

15.30-16.30 Plenum discussion (Prisner & Köckenberger)
PRESENTATIONS OF JUNIOR SCIENISTS (Chair: K. Ivanov)
16.30-16.50 Alexey Kiryutin, Berlin (PHIP at variable magnetic field)
16.50-17.10 Nadia Amor, Aachen (Biomed. applic. of continuously dissolved hyperpol.

129Xe)

17.10-17.30 Smitha Surendran Thamarath, Leiden (Photo-CIDNP MAS on heliobacterial RCs)
18.00

Bus leaves to boat at 18.00 (exactly!!)

18.30

Boat trip & Conference dinner

Thursday
SESSION DATA AQCUISITION & EXP METHODS (Chair: C. Griesinger)
09.00-09.45 Lecture 2 Maria Belen Franzoni, MPI Mainz (PHIP & MRI)
09.45-10.30 Lecture 1 A. Yurkovskaya, Novosib. (Shuttle & time-resolved liq-phase CIDNP)
10.30-11.00 Coffee/tea
SESSION EXPERIMENTAL METHODS 1 (Chair: P. Tordo)
11.00-11.45 Lecture ExpMethods 2 Jürgen Senker, Bayreuth (SEOP setup)
11.45-12.30 Lecture ExpMethods 3 Thomas Prisner, Frankfurt (Liq DNP in high-field)
12.30-14.00 Lunch
14.00-16.00 Small group discussions
7 (mechanism) PHIP: Field dep. & polariz. transf. to heteronuclei with long T1 (Norton & Vieth)
8 (concepts) The future of hyperpolarized xenon for biosensing (Mitschang).
9 (practical) DNP hardware session (Köckenberger & Prisner)

16.00-17.00 Plenum discussion (Kentgens & Buntkowsky)
SESSION EXPERIMENTAL METHODS 2 (Chair: V. Norton)
17.00-18.00 Lecture ExpMethods 4 Bennati, Göttingen & Engelke, Karlsruhe (Shuttle DNP)
Friday
SESSION EXPERIMENTAL METHODS 3 (Chair: J. Matysik)
09.00-09.45 Lecture ExpMethods 5 Valerie Norton, Pasadena (Hardware for PHIP)
09.45-10.30 Lecture ExpMethods 6 Arno Kentgens, Nijmegen (Hardware for DNP)
10.30-11.00 Coffee/tea
11.00-12.30 Plenum discussion (Bodenhausen & Vieth) extracting scientific questions
12.30-13.30 Lunch
13.30-14.45 Planning future of hyperpolarization community
14.45-15.15 Summing up by senior members of the community
15.15

End
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Scientific Report
12th Chianti/INSTRUCT Workshop on BioNMR
Vittoria Centro Congressi, Montecatini Terme (Pistoia), Italy, June 17th – 22nd, 2012

Organizers:
Co-chairs
David Fushman (University of Maryland, USA)
Ivano Bertini (University of Florence, Italy)

Program Committee
Lucia Banci (University of Florence, Italy)
Ad Bax (NIH, Bethesda, USA)
Robert G. Griffin (Massachusetts Institute of Technology, USA)
Claudio Luchinat (University of Florence, Italy)
Hartmut Oschkinat (Free University of Berlin, Germany)

Organizing Committee
Elena Gaggelli (University of Siena, Italy)
Marco Geppi (University of Pisa, Italy)
Enrico Luchinat (University of Florence, Italy)
Riccardo Peruzzini (University of Florence, Italy)
Roberta Pierattelli (University of Florence, Italy)
Enrico Ravera (University of Florence, Italy)
Paola Turano (University of Florence, Italy) - Coordinator

The tradition of the Chianti Workshop is based on electron and nuclear relaxation: this is what made it so peculiar among
the many existing magnetic resonance conferences. The obvious outcome of being focused on electron and nuclear
relaxation is that magnetic resonance of systems with unpaired electrons plays a key role. Paramagnetic metal ions are
important in structural biology and unpaired electrons are part of the game of DNP. A number of scientists at the
forefront in the world in the different fields of spin hyperpolarization in magnetic resonance have been invited to
present and discuss the advantages achievable through these techniques.
About 120 scientists attended the workshop. The format of the workshop consisted of thematic sessions of modules of
3, 4 or 5 talks. A total of 44 contributions, lasting 25 minutes each and followed by 10 minutes of discussion, were
provided. A total of 45 posters by participants non belonging to the organizing University, plus 17 posters from the
organizing center, were presented in two poster sessions.
The success of the workshop among the scientific community is testified by a very high acceptance rate for the invited
speakers. The geographical distribution, based on the affiliation, is of 73% of speakers from Europe and Associated
States, 27% from USA.
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Scientific aim of the workshop. The main peculiar feature of the Chianti Workshops is that of bringing together top-level
scientists and young students working in the field of nuclear and electron relaxation. Hyperpolarization represents a
new frontier in the study of the relaxation-dependent effects for overcoming the sensitivity limitations of NMR and MRI.
Therefore, a number of talks (about 20% of the total) were devoted to hyperpolarization for a proper dissemination of
the opportunities provided such techniques and for updating on the recent developments.

Tangible outcome of the workshop. We have designed a scientific program that includes sessions on hyperpolarization,
solid state NMR, advancements in solution NMR relaxation, in-cell NMR, with a clear bias toward applications to
biomolecular systems. The workshop covered the most relevant aspects of the above mentioned methodologies applied
to biomolecules. The program has been organized in 44 lectures of 25 minutes with at least 10 minutes discussion after
each of the lectures, in order to stimulate an active participation of all participants.
The workshop was an ideal stage for advertising the opportunities offered nowadays by the hyperpolarization
techniques and the outstanding progresses performed in this field. The participants were also informed of the European
COST action program EUROHyperPOL and of the activities performed within this established network.
The opening lecture of the workshop was provided by Alex Pines (University of California at Berkeley) and presented
the outstanding results in hyperpolarized xenon signal amplification in both NMR spectra and magnetic resonance
images. The closing lecture, provided by Claudio Luchinat (University of Florence), was focused on the recently
introduced technique of NMR of sedimented proteins, and discussed the advantages of sedimentation for DNP
applications. Two sessions on hyperpolarization took place on Monday and Wednesday afternoon. A further lecture on
hyperpolarization was provided on Tuesday afternoon. The lectures covered both solid state DNP studies (Robert Griffin,
Massachusetts Institute of Technology, and Hartmut Oschkinat, Leibniz-Insitut für Molekulare Pharmakologie in Berlin),
solution DNP studies (Thomas Prisner, Goethe University Frankfurt, and Marina Bennati, MPI Göttingen),
Hyperpolarized xenon for probing biological events (Patrick Berthault, Gif sur Yvette), Dissolution DNP studies on the
metabolism of hyperpolarized pyruvate and glucose (Lucio Frydman, Weizmann Institute). All lectures were well
attended and in most cases stimulated extensive discussions. Outstanding lectures on paramagnetic relaxation effects
were also provided by Lyndon Emsley (Lyon) on structure and mobility studies through solid state NMR and by Daniella
Goldfarb (Weizmann Institute) on distance measurements in proteins and nucleic acids through EPR.
DNP was also the subject of a number of posters.

Report of the 1st joint working group meeting, Dublin 29th June -1st July
Satellite meeting to EUROMAR 2012

Participants statistics:
143 registered, however estimated 200 due to scheduling of the meeting sandwitched between Xemat 2012 workshop
and EUROMAR 2012 conference.
Reimbursement through COST Action: 80, comprising invited speakers from WGs 11, MC members: 31, Russian
partners: 2, International experts: 2, ESR: 33, Rapporteur: 1.

Program:
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The joint program of this meeting consisted of 30 min presentations of 21 invited experts working in all fields related to
spin hyperpolarisation, including theory, hardware, spin relaxation, acquisition strategies and synthetic chemistry.
Topics also ranged from developmental work to applications in diagnostic medicine. COST funding was used to attract
also several international speakers (E. Chekmenev, Vanderbilt University, B. Corzilius, MIT, K. Ivanov Novosibirsk).
Furthermore, two international experts (W. Warren, Durham, R.Griffin, MIT) participated in this meeting as speakers
supported through other sources.
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Working Group 1 : hardware and instrumentation for hyperpolarization

Coordinators : Jean-Philippe Ansermet, Pierre-Jean Nacher
About 50 people gathered for a full afternoon of discussion. Roughly, 10 of the participants are active in the field of
optical pumping, and the rest use various forms of DNP.

We used the format of rapid presentations (5 slides) to give people an opportunity to present each other. First we gave
the word to OP specialists, namely : Bill Hellmans, Mike Barlow, Xavier Maître, Ana Wojna, Pierre-Jean Nacher.

Then, DNP experts from industry spoke : Marc Caporini, Thorsten Marquardsen, Alex Krahn, Hiba Sarrouj, all of
various subdivisions of Bruker Biospin, then Thorsten Maly of Bridge to 12, then Emile de Rikj and Alessandro Macor
of Swiss to 12.

From academia, Christian Griesinger presented his research on the Overhauser effect, Sami Jannin his first results on 6T
dissolution DNP, Yannick Crémilleixu his home-built polarizer, Walter Kockenberger his shuttling system and quasioptical millimetre wave bench, Gisuppe Annino proposed a novel probe design, and Kent Thurber, DNP MAS at 30K.

These presentations were interspersed with questions and lively discussions:
-

Should OP and DNP form separated groups, or OP joins detection? It was decided that the aim of COST is to
create new synergies, so people should hear of hardware issues in other fields.
A theoretical problem of OP remains to determine the optimal conditions
OP needs to belong to larger community
How much is needed on the sample to achieve DNP? 5 W maybe. From pure spin relaxation point of view,
one needs 1 Watt, Denysenkov measured 3 W coming into his probe.
Waveguiding : there are impedance jumps along, simulations show every discontinuity generates higher
modes, it is not sure how these contribute to DNP.
How to couple mm wave to sample is the big practical issue.
COST MP1204 TeraHertz should be able to help us with material design parameters.
AirForce, DOE, DOD have research programs on THz sources.
Is enhancement useful considering that it changes with molecule?
Dissol DNP : should we go even higher than 6 T ?
Dissol DNP : if run at higher temperatures, need more efficient transmission and more power
Dissol DNP does not need as much power as gyrotron-DNP because T1 is so long at very low temperature. B1
is relevant, and it depends if one has a resonator.

The meeting adjourned at 18h00, as scheduled. But the discussions were still vivacious at that time.

Working Group 2 : Theory of spin hyperpolarization

Coordinators : Shimon Vega, Matthias Ernst
The working-group meeting of the WG 2 (Theory of Hyperpolarization) was attended by about 35 people with a wide
range of interests: 20 people were interested in solid-state DNP, 5 people in liquid-state DNP, 5 people in PHIP, 3 people
in CIDNP, and 2 in optical polarization methods.
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The meeting was split in two parts with the first part concentrating on solid-state DNP. Three early-stage researchers
(Sonia Colombo Serra "Electronic and nuclear spin dynamics in the thermal mixing model of dynamic nuclear
polarization."; Yonatan Hovav "When Two Worlds Meet: Multi-Spin Simulations of Thermal Mixing DNP"; Greg
Kwiatkowski “Quantum mechanical simulations of large spins ensemble for DNP”) presented different aspects of
understanding the polarization transfer processes in solid-state DNP. Each talk was followed by a lively discussion with
many connections between the three talks. For the second part which covered the other techniques, we had asked leaders
in the various fields (Thomas Prisner for liquid-state DNP, Simon Duckett for PHIP, Jörg Matysik for PHIP, and Brian
Saam for OP) to present their view very briefly such that a discussion could get started. It became very soon clear that the
number of people who were interested in the theory of these fields was too small and in the discussions only a few people
participated.
For the next meeting, we plan to email the participants beforehand and ask them for suggestions which topics should be
discussed. We will then select 2-3 topics and distribute literature for these topics to make sure all interested participants
can contribute to the discussion.

Working Group 3: Relaxation and Spin Hyperpolarization

Coordinator: Hans-Martin Vieth
Participants ca. 23

All participants introduced themselves, described their background and their particular interest in relaxation. It has
become clear that they represent very wide and diverse field. Despite this, we managed to find common interests and
subjects. All participants agreed to focus on two topics: How to suppress relaxation, how to utilize relaxation in
hyperpolarized spin systems.

Short presentations:

1.
2.
3.
4.
5.
6.
During

Problems with relaxation in 129Xe Optical Pumping experiments (W. Kilian, Berlin)
Polarization transfer phenomena and relaxation in Para-Hydrogen Induced Polarization (M. Plaumann,
Magdeburg)
Analysis of paramagnetic nuclear relaxation in short-lived radicals by CIDNP (A. Yurkovskaya, Novosibirsk)
Relaxation effects in solid-state photo-CIDNP (J. Matysik, Leiden)
Nuclear Magnetic Relaxation Dispersion in solution doped with paramagnetic additives as used for DNP (G.
Parigi, Florence)
Singlet NMR signal-to-noise enhancement using multiple spin-echo signal acquisition (J. Bocan, Southampton)
each presentation the participants asked many questions. The diversity of topics and interests was reflected in

problems of finding a common language and avoiding jargon. At the end of the meeting we had a short discussion on
how to continue the activities of the WG. As the field of spin relaxation is particularly broad we decided to focus on
special subjects, which can be then discussed in detail: the main concepts are to be introduced, and a common terminology
elaborated. A number of particular problems are to be selected and a strategy for their solution suggested. The participants
agreed that this is the most efficient way to continue the WG activities.
Such future activities are to be organized as specialized sessions at common COST meetings. For the next session the
topic ‘Relaxation of Long Lived States: achievements, problems, and perspectives’ was selected. We are planning to
introduce the main concepts in a clear way: a tutorial lecture for students and young scientists is planned followed by
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scientific talks and a discussion session. In a second session other urgent issues in spin relaxation will be introduced, in
order to choose subjects for the following WG meetings. We will prepare a list of speakers who can not only give a critical
overview of their own achievements but also present topical problems in fighting relaxation or utilizing relaxation in
hyperpolarization experiments. This will allow us to make the optimal decision on how to continue with WG3. It has
turned out that having only one afternoon is not enough for dealing with the current problems and challenges in relaxation
and discussing them in sufficient detail. For this reason we ask to have at least one working day for the next meeting of
WG3.

Working Group 4: Acquisition Strategies and Spin Hyperpolarization

Coordinators Lucio Frydman, Jim Wild
1. Rolf F. Schulte (GE Munich): Metabolic Imaging with Hyperpolarized C13
Requirements of Hyperpolarized imaging:
-magnetization (relaxation)
-gradients
-coils
-post-processing
-biology
-5D encoding (3D spatial, 1D frequency)
Pre-scan – not enough signal, therefore use an external reference sample (13C lactate) for pulse calibrations, etc. Also
possible to observe Bloch-Siegert shift (following an off-resonance pulse) for gain calibration
Useful sequences:











FID acquisition of hyperpolarized sample: doesn’t give spatial resolution
Chemical Shift Imaging: inefficient, single-slice, poor resolution
EPSI: limited dynamic acquisition and multi-slice
Spiral CSI: fast and efficient, but does not give a frequency spectrum, also very sensitive to gradient errors.
IDEAL Spiral CSI: robust, efficient, although no spectra (only pseudo-spectra)
Spectral-Spatial Excitation + Spiral Imaging: requires a long spectral-spatial pulse
Spec-Spatial Excitation allows a turnover mapping from which the metabolic conversion rate can be
calculated.
Parallel Imaging can be combined with any sequence, but for small objects when imaging C13, not much is
gained.
Fast Spin-Echo – utilize long T2. Possible to gain a lot of SNR, although in practice this is not the case. Also
possible to measure T2 with this experiment.
Steady-State Free precession – utilize long T2. No crushers. Complicated to implement and difficult
implementation.

2. G Leung (University of Sheffield): Hyperpolarized 129Xe MRI
129Xe in vivo shows 3 distinct peaks, is easily dissolved into blood stream.
3-4 ppm shift of Xe129 peak based on red blood cell concentration. Possible to measure red blood cell count from Xe
signal?
Large chemical shift separation between gas phase peak and dissolved peak.
Gas phase: 99% of signal, dissolved: 1 % of the signal (129Xe has low solubility)
Use of spiral trajectory gives a large read-out bandwidth.
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Blurring of dissolved phase image results from partial excitation of the gas phase 129Xe.
Attempted Sinc and Gauss pulses to avoid excitation of gas phase 129Xe.
Main challenges are the short T2* and the selectivity required to avoid exciting the gas phase when attempting to image
the dissolved phase.

3. Ville-Veikko Telkki (University of Oulu): Microfluidic flow and reaction monitoring using PHIP
PHIP used to boost the sensitivity thereby allowing observation of microfluidic flow.
Using remote detection. Encode with a larger coil, detect with a smaller coil. This gives a large sensitivity boost, and
also ‘time of flight’ information.
Used immobilized Rhodium as a catalyst.
1st experiment: reactor was outside of the magnet.
SNR ~88 of propane signal.
2nd experiment: created polarization inside of the NMR magnet.
Enhancement: 60
Used mass balance to estimate the amount of absorbed gas.
Remote Detection + PHIP allows non-invasive observation of flow profiles.

4. Jim Wild (Sheffield): Hyperpolarized 3He and 129Xe MRI
Field dependence of 129Xe: 3T vs. 1.5T
Need homogeneous transmit field. Use Shielded 3He quadrature birdcage.
Use variable flip-angle to get a flat magnetization response.
Radial under-sampling
Compressed Sensing
Steady-state sequences – possible to recycle magnetization

5. Max Puckeridge (Singapore): Distinguishing T1 from flip angle decays in hyperpolarized NMR
Applying a train of small flip-angle pulses gives a curve that is attenuated both by cos(alpha) where alpha is the flip
angle, and also T1.
T1 attenuation curve can also be fit using non-linear sampling.
13C Urea: T1 ~ 50 s

6. Pierre-Jean Nacher (Paris): MRI Sequences for low field HP 3He MRI
For fast diffusion (gas), use small tip angle excitation and moderate gradients
Cover k-space in narrow bands
Standard reconstruction
DC scheme could be extended to 3D imaging
Very long T2* enables a much slower acquisition

7. Sean Bowen (T. U. of Denmark): Chemical shift correlations in reacting systems
Correlations determined by inverting the peak of interest in the substrate.
18O isotope effects shift the C13 peak
Uronate Isomerase catalyzes the conversion of glucuronate. This reaction can be monitored by the selective inversion
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method.

8. Ryan Mewis (U of York): Progress in SABRE for Analytical Measurements
Use a flow system to do repeated SABRE measurements
Create 0, 1, 2, 3, 4 quantum coherence orders, and convert these to observables
Relaxation effect of Iz at high field.
Optimal polarization transfer occurs around 70 G (determined empirically), although this is variable for the difference
coherence orders.
Collected NOESY, OPSY-DQCOSY (long-range interactions), reverse decoupled INEPT, HMBC
UF-COSY shows a dependence on the polarization field strength

9. Kevin Donovan (Weizmann Institute of Science): Emerging methods in Multidimensional NMR of
Hyperpolarized Solutions
HyperSPASM creates 2D heteronuclear correlation information from a single data point in the indirect dimension by
simultaneously collecting echo and anti-echo data sets.

Working Group 5: Synthetic chemistry - physics interface

Coordinators: Patrick Berthault, Snorri Sigurdson
After a short presentation by Snorri Sigurdsson (Reykjavik) of the activities in his lab dealing with site-directed spin
labeling and potential applications for DNP, Bela Bode (St Andrews) described his work where photo-CIDNP MAS NMR
is used as an analytical tool to study the photochemical machinery. Today it seems that chemical models well defined and
characterized are required to go further in the simulation of this effect.
Then two talks on para-hydrogen applications were given by Xiang Xu (NY University) and Johannes Bernarding
(Magdeburg). While Xiang showed us an unusual remote effect of polarization transfer during the hydrogenation step,
Johannes mainly presented
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F hyperpolarized substances generated via PHIP, and the MRI results on phantoms. The

crucial point now is the research of biocompatible substances (catalysts, substrates, solvents) for in vivo delivery and use
of these probes.
Three talks about solid-state DNP followed. Olivier Lafon (Lille) first explained the problematics of the impregnation
technique for porous surface analysis and compared the direct and indirect (1H-mediated) 29Si enhancement methods,
second he described solvent-free DNP on mesoporous silica functionalized with TEMPO. Improvement of this technique
will pass by the choice of radicals, concentration, temperature, etc. Also the quantitative aspect remains a major concern.
Olivier Ouari (Marseille) then presented the palette of bi-radicals they synthesized for CE-DNP and the prospects for
achieving higher enhancement (increase T1e, T2e, separate the influence of the different factors D, J, T1e, T2e). Finally
Burkhard Bechinger (Strasbourg) gave a presentation of his activities in the field of mechanically oriented membranes
and showed us its future flat-coil DNP/ssNMR probehead. Many questions appear with this new development: what will
be the best bi-radicals for membrane studies ? What about their stability ? What will be the effect of orienting such biradicals ?
The last minutes (we were late for the dinner at 19:30) I tried to describe the problematic for chemistry in the field of
129Xe NMR based biosensing experiments. The future developments here deal with increasing the SNR or contrast by
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playing with the local density of xenon delivered, or using frequency-responsive as well as bimodal biosensors.
The session based on informal talks punctuated by questions and discussions was intense. In my opinion, this WG was
fruitful and instructive to all participants. This formula must be kept and extended to more than a half day. In the future,
I think that several things could be improved:
-

-

-

The program and time schedule of all WGs should be given to the participants well before the beginning of
the session (not easy to do so but …), and when someone registers for a given WG it could be good to know
what are his/her research interest and how (s)he envisions to participate in the WG.
This formula inevitably lead to a partitioning of the topics, which is unfortunate. For instance, the chemistry
of the para-hydrogenated molecules is strongly linked both to the ability to create long lived spin states and
to perform fast MRI experiments.
If possible we should install a turnover for the coordinators the future WG meetings. It was very frustrating
for me to miss the discussions in some of the other WGs.

General Remarks
Feedback directly provided by attendees after the COST meeting was very positive, in particular many ESRs found this
meeting very useful and informative. Several leading researchers working in the field of spin hyperpolarization
suggested to link this meeting for the duration of the COST Action to the EUROMAR since this combination was
considered to offer mutual benefits for both meetings. In discussions after the COST meeting, it was decided to focus
the working group meetings in the future to only a few topics that will be advertised well in advance to allow a better
preparation of the attendees. Furthermore, it was decided to give more time to moderated discussions rather than
research presentations.

43

STSM Reports 2013

44

45

46

47

48

49

1.
1.1.1.

REPORT ON THE STSM OF NATALYA SAPRYGINA

Work plan of Natalya Saprygina for her STSM, 1 February - 3 March 2013:
Laser flash photolysis investigation of reactions of triplet excited TCBP with free amino acid

(His, Tyr) and its acetylated derivative (N-Ac His, N-Ac Tyr) in the wide range (from 2 to 12) pH of
aqueous solutions, aimed at determining quenching rate constants of TCBP triplets. These LFP data
will help to understand in details the CIDNP formation mechanism for these molecules and to
discriminate between two factors that can contribute in the geminate polarization magnitude:
quenching factor and magnetic interactions (enhancement coefficient). This will allow optimizing
conditions for TR-CIDNP experiment and improving hyperpolarization method for studying fast
radical reactions of biologically relevant molecules.
Main Results and discussion
At the laboratory of Prof. Günter Grampp at the Institute of Physical and Theoretical
Chemistry, Graz University of Technology, Austria I learned how to use a laser flash photolysis
apparatus working on the nanosecond-microsecond time scale. This set-up was used for studying
photoinduced radical reactions which lead to hyperpolarization of biologically relevant molecules; I
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learned experimental protocols for measuring quenching rate constants of dye triplets and transient
absorption spectra at different pH values of aqueous solution.
Using laser flash photolysis technique we investigated the reactions of triplet excited TCBP
with free amino acid (His, Tyr) and its acetylated derivative (N-Ac His, N-Ac Tyr) in the wide range
(from 2 to 12) pH of aqueous solutions and determined rate constants of TCBP triplets quenching.
Depending on the pH value of the aqueous solution reactants can exist in different protonation
states related to acid-base equilibrium. The protonated state of carboxylic group of amino acids with
acidity constant < 2.5 was not taken into account. In the pH range from 2 to 12 protonated states and
pKa values of histidine are as follows: NH3+HisH2+, imidazolyl and amino group are positively
charged, pKa1His=6.0; NH3+HisH, imidazolyl is neutral, amino group is positively charged,
pKa2His=9.2; NH2HisH, imidazolyl and amino group are neutral, pKa3His is not known from the
literature, the reported value for imidazole is 14.5. For N-acetyl histidine: N-AcHisH2+, imidazolyl is
positively charged, pKa1N-Ac His=7.0; N-AcHisH, imidazolyl is neutral, pKa2N-Ac His=14.3. For tyrosine:
NH3+TyrOH, phenyl is neutral, amino group is positively charged, pKa1Tyr=9.0; NH2TyrOH, phenyl
and amino group are neutral, pKa2Tyr=10.1; NH2TyrO–, phenyl is negatively charged, amino group is
neutral. For N-acetyl tyrosine: N-Ac TyrOH, phenyl is neutral, pKa1 N-Ac Tyr=10.1; N-Ac TyrO–, phenyl
is negatively charged. For triplet TCBP, pKa1* = 2.1 and pKa2* = 4.7.
The dye TCBP was chosen because it is well soluble in water, suitable for the laser initiation
both on 308 nm and 355 nm, hyperfine coupling constants of its radicals are well-known, that is
important for correct interpretation of CIDNP data. In the presence of quencher lifetime of triplet
TCBP is decreased and long-lived radicals of TCBP and amino acid appears. From Stern-Folmer plot
we obtain quenching rate constant for each pH value.
pH-dependences of quenching rate constants (Fig. 1-2) can be divided into several pH regions
with boundaries at pKa values of the initial compounds, which determine the nature of the reacting
species. Each pair of reactants, TCBP and quencher in the protonation states (i,j) is characterized by
quenching rate constant (kij), and the observed kobs can be treated as a sum of kij multiplied by the
fractions of the corresponding species (αi, αj) according to eqn. (1):

kobs   kij   i   j .

(1)

i, j

Intrinsic rate constants obtained from the best fit for each reactant pair are summarized in Tab.
1.
At 2<pH<7.6 (for His) and 2<pH<8.1 (for N-Ac His) with the deprotonation of dye triplets
and amino acid (imidazolyl of His or N-Ac His become neutral) the increase of the quenching rate is
observed. Upon the deprotonation of terminal amino group of histidine, reaction rate decrease by a
factor of 2 (pH range from 7.6 to 12). In the case of N-acetyl histidine the quenching rate was pH
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independent in the pH range from 8.1 to 12. Moreover, reactivity of His with positively charged
amino group is about 6 times higher than N-Ac His.
At 2<pH<6.0 (for Tyr and N-Ac Tyr) with the deprotonation of dye triplets the decrease of
the quenching rate is observed. Similar to the case of His/N-Ac His, in neutral solution N-Ac Tyr is
3 times more reactive than Tyr. For Tyr at pH range from 8 to 12 reaction TCBP triplets quenching
rate constant decreases due to deprotonation of amino and phenyl groups of amino acid (pKa1Tyr=9.0,
pKa2Tyr=10.1). In the case of N-acetyl tyrosine the quenching rate was pH independent in the pH range
from 6 to 10.1. The measurements at pH>10.1 for Tyr/ N-Ac Tyr both were complicated by the fact
that upon deprotonation of phenyl, tyrosine also absorb laser light. Therefore decay curves at pH>10.1
indicated not only the decrease of triplet lifetime, but the increase in absorption of the solution due to
increased concentration of tyrosine (Fig. 3).
We also measured transient absorption spectra for the reaction of TCBP triplets with His (pH
7.8; 10.6), N-Ac His (pH 8.7), Tyr and N-Ac Tyr (pH 6.8) thereby we attempted to compare transient
spectra of TTCBP*, TCBP•– and TCBPH•. However the large linewidth does not allow us to
discriminate between two TCBP radicals (Fig. 4).
Obtained LFP results are in a good agreement with CIDNP data obtained earlier in the
photoreactions of TCBP with His, N-Ac His, Tyr and N-Ac Tyr. In general two factors can influence
the magnitude of geminate CIDNP: concentration of radicals (in other words, how effective dye
quenching by electron- or H-transfer proceeds) and magnetic interactions in the radical pair. If
concentration of quencher is high enough quenching factor does not affect the geminate CIDNP
intensity. Using obtained LFP results we can optimize TR-CIDNP experiment conditions, under
which we will be able to study only magneto-resonance properties of short-lived radicals. On the
other hand we will use these LFP results to optimize conditions for obtaining
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C hyperpolarized

signals of His, Tyr and TCBP to study structure of their radicals.
Main results and conclusions
Using laser flash photolysis we investigated the reactions of triplet excited TCBP with free
amino acid (His, Tyr) and its acetylated derivative (N-Ac His, N-Ac Tyr) in the wide range (from 2
to 12) pH of aqueous solutions. pH dependence of quenching rate constants of TCBP triplets by His,
Tyr and acetylated derivatives N-Ac His, N-Ac Tyr was revealed and explained in terms of pKa of
reactants. Transient absorption spectra at different pH values of aqueous solution were measured. The
influence of protonated state of amino group on reactivity of His, Tyr was shown. This observation
is in a good agreement with CIDNP data.
Obtained LFP data will help to understand in details the CIDNP formation mechanism for
these molecules, to optimize conditions for TR-CIDNP experiment and to improve
hyperpolarization method for studying fast radical reactions of biologically relevant molecules.
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Fig. 1. pH dependencies of the quenching rate constants of TCBP triplets by His (black dots) and
N-Ac His (red dots). Solid lines – the best fits obtained according eqn. 1.

Fig. 2. pH dependencies of the quenching rate constants of TCBP triplets by Tyr (black dots) and NAc Tyr (red dots). Solid lines – the best fits obtained according eqn. 1.
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Fig. 3. Decays for TCBP+N-Ac Tyr system in water at pH 11.5. Decreasing of A550 at time=0 µs
observed due to increasing of N-Ac Tyr concentration and in absorption accordingly.

Fig. 4. Transient absorption spectra obtained in the photoreaction of TCBP with His (pH 7.8; 10.6),
N-Ac His (pH 8.7), Tyr (pH 6.8), monitored between 360 and 690 nm, obtained right after the laser
pulse and in 19 µs.
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Table 1. Quenching rate constants of TCBP triplet by quenchers
Quencher

pH region

Reactant pair

kq (M-1s-1)

Histidine

pH<2.8

TH4 and NH3+HisH2+

5×107

2.8<pH<4.7

TH22– and NH3+HisH2+

5.2×108

4.7<pH<6.0

T4– and NH3+HisH2+

3.1×108

6.0<pH<9.2

T4– and NH3+HisH

1.6×109

pH>9.2

T4– and NH2HisH

4×108

pH<2.8

TH4 and N-Ac HisH2+

0

2.8<pH<4.7

TH22– and N-Ac HisH2+

6.7×107

4.7<pH<7.0

T4– and N-Ac HisH2+

4.6×107

pH>7.0

T4– and N-Ac HisH

2.9×108

pH<2.8

TH4 and NH3+TyrOH

3.1×109

2.8<pH<4.7

TH22– and NH3+TyrOH

2.5×109

4.7<pH<9.0

T4– and NH3+TyrOH

1.8×109

9.0<pH<10.1

T4– and NH2TyrOH

7.2×108

pH>10.1

T4– and NH2TyrO–

0

pH<2.8

TH4 and N-Ac TyrOH

3.4×109

2.8<pH<4.7

TH22– and N-Ac TyrOH

2.5×109

4.7<pH<10.1

T4– and N-Ac TyrOH

4.2×108

pH>10.1

T4– and N-Ac TyrO–

0

N-acetyl histidine

Tyrosine

N-acetyl tyrosine
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Scientific report of the STSM of Enrico Ravera
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SCIENTIFIC REPORT ON THE SURFACE CHARACTERIZATION OF FUNCTIONALIZED NANOPARTICLES
USING DNP/NMR CARRIED OUT IN EPFL (LAUSANNE) FROM 29TH OF APRIL TO 10TH OF MAY 2013
Visiting scientist:
Aany Sofia Lilly Thankamony, Univ. Lille North of France, 59000 Lille; CNRS UMR 8181, UCCS;
Univ. Lille 1, 59652 Villeneuve d’Ascq, France
Host research institute: Laboratory of G. Bodenhausen, EPFL, Lausanne (Switzerland)
Measuring time: April 29th to May 10th, 2013, i.e. 10 working days
Non-disclosure commitment: This research project should remain confidential. In
particular, it should not be sent to competitors, including the group of L. Emsley in Lyon
or C. Copéret in Zurich.
Objectives: Because it can give information on local scale, solid-state NMR spectroscopy is well
suited to the study of nanoparticles. However, poor sensitivity limits the ability of conventional
solid-state NMR to characterize the surface of nanoparticle, especially when they contain nuclei
with low gyromagnetic ratio and/or low natural abundance, such as 13C, 15N or 29Si. We have
shown recently that Dynamic Nuclear Polarization (DNP) can enhance the NMR signals of
nanoparticles by one or two orders of magnitude.1-3
Here, DNP experiments at 9.4 T and under magic-angle spinning (MAS) were carried out in
the laboratory of Geoffrey Bodenhausen at EPFL (Switzerland) to detect the 13C and 15N NMR
signals of nanoparticles. These nanomaterials have potential applications for information or
gas storage.
Two types of experiments have been conducted:
(O1) 13C NMR experiments on paramagnetic nanoparticles, which have potential application
for information storage or as markers for cell imaging,
(O2)

15N

NMR experiments on functionalized silica nanoparticles, which catalyzes

condensation reactions of carbonyl compounds.
Used equipment: Commercial Bruker Biospin DNP/NMR system operating at 9.4 T equipped
with a triple resonance 1H/X/Y 3.2-mm MAS probe.
Performed experiments: 1H 

13C

and 1H 

15N

CPMAS experiments with and without

microwave irradiation at MAS frequencies of 8 and 10 kHz.
Rating:
Level of success of the experiments: high (We showed that polarization leakage limits the DNP
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enhancement for paramagnetic materials and we recorded the 1H  15N CPMAS spectra of silica
nanoparticles).
Quality of technical support: high (Diego Carnevale and Angel J. Perez Linde were really helpful
to set up the DNP experiments).
Performance of the DNP instrument: high
Scientific results:
(O1) 13C NMR experiments on paramagnetic nanoparticles
(a)

(b)

Fig. 1. 1H  13C CPMAS NMR signals of paramagnetic nanomaterials dispersed in bTbK solution with (red) and
without (black) microwave irradiation. Subfigures a and b display the solvent and nanomaterial signals,
respectively. The spectra were acquired at a MAS frequency of 10 kHz.

Larger DNP enhancements are observed for

13C

signals of the impregnation solvent (see Fig.

1a) than those of dispersion solvent (see Fig. 1b). Such a difference in DNP enhancement is
consistent with polarization leakage produced by nuclear relaxation via paramagnetic centers
of the nanomaterials. We also measured a slower build-up of 1H polarization with microwave
than without microwave [results not shown]. This difference stems from the lower DNP
enhancement for nuclei close to paramagnetic center.
(O2) 15N NMR experiments on functionalized silica nanoparticles
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Fig. 2. 1H  15N CPMAS NMR signals of functionalized nanoparticles dispersed in bTbK solution with (red) and
without (black) microwave irradiation. The three subfigures correspond to three samples of nanoparticles
functionalized with different functional groups containing nitrogen. The samples in subfigures a and b are enriched
in 15N, whereas that of subfigure c is in isotopic natural abundance.
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Fig. 3. 1H  15N CPMAS NMR signals of functionalized nanoparticles dispersed in bTbK solution with microwave
irradiation. Each spectrum corresponds to a different functionalization of the silica nanoparticles.

The detection of 15N signal using conventional NMR is difficult owing to its low gyromagnetic
ratio and its low natural isotopic abundance. DNP is a promising solution to circumvent this
issue. For 15N-enriched nanoparticles, we measured DNP enhancements ranging from 25 to 38
(see Figs. 2a and b). These DNP enhancements enabled the acquisition of 1H  15N CPMAS NMR
spectra of functionalized nanoparticles in natural isotopic abundance in 20h (see Fig. 2c). Using
DNP/NMR, we were able to acquire 1H  15N CPMAS NMR spectra for a series of nanoparticles
functionalized with different groups containing nitrogen (see Fig. 3). The difference between
these spectra provided new insights into the functionalization process. From the experimental
point of view, a specific challenge was that the surface of these nanoparticles is very sensitive
to moisture. Therefore, DNP/NMR rotor has been prepared in a glovebox using anhydrous
solvents.
1. O. Lafon et al J. Phys. Chem. C 2013, 117, 1375
2. O. Lafon et al Chem. Commun. 2013, 49, 2864
3. T. Kobayashi et al Phys. Chem. Chem. Phys. 2013, 15, 5553
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REPORT ON THE STSM OF NATALYA SAPRYGINA
1.1.2.

Work plan of Natalya Saprygina for her STSM, from 13/05/2013 to 02/06/2013
Laser flash photolysis investigation of reactions of triplet excited TCBP with adenosine

monophosphate (AMP) and guanosine monophosphate (GMP) in the wide range (from 2 to 12) pH
of aqueous solutions, aimed at determining quenching rate constants of TCBP triplets. Knowledge
of quenching rate constants of TCBP triplets by GMP and AMP will allow us to interpret correctly
CIDNP data obtained in these reactions and will be compliment to our study of deprotonotion of
guanosyl cation radical [1]. These LFP data will help to understand in details the CIDNP formation
mechanism for these molecules and to discriminate between two factors that can contribute in the
geminate polarization magnitude: quenching factor and magnetic interactions (enhancement
coefficient). This will allow optimizing conditions for TR-CIDNP experiment and improving
hyperpolarization method for studying fast radical reactions of biologically relevant molecules.
Main Results and discussion
At the laboratory of Prof. Günter Grampp at the Institute of Physical and Theoretical
Chemistry, Graz University of Technology, Austria I continued to learn in details how to use a laser
flash photolysis apparatus working on the nanosecond-microsecond time scale. This set-up was
used for studying photoinduced radical reactions which lead to CIDNP of biologically relevant
molecules.
Using laser flash photolysis technique we investigated the reactions of triplet excited
3,3´,4,4´-benzophenone tetracarboxylic acid (TCBP) with guanosine-5´-monophosphate (GMP) as
well as adenosine-5´-monophosphate (AMP) in the wide range (from 2 to 12) pH of aqueous
solutions and determined rate constants of TCBP triplets quenching. This study continues the
project on pH-dependent photochemistry leading to hyperpolarization of biologically relevant
molecules. In the 1st STSM photoreactions of amino acids His and Tyr were studied, namely the
influence of amino group charge on the hyperpolarization magnitudes of these amino acids was
established.
Depending on the pH value of the aqueous solution reactants can exist in different
protonation states related to acid-base equilibrium. The 1st protonated state of phosphate group of
nucleotides with acidity constant pKa´<1 was not taken into account. The 2nd protonated state of
phosphate group of GMP and AMP is pKa´´~6. In the pH range from 2 to 12 protonated states and
pKa values of GMP are as follows: positively charged GH+, pKa1=2.4; neutral G, pKa2=9.4; and
negatively charged G(–H)–. AMP: positively charged AH+, pKa1=3.5; neutral A. For triplet TCBP,
pKa1*=2.1 and pKa2*=4.7.
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The dye TCBP was chosen, as in the case of reaction with amino acids, because it is well
soluble in water, suitable for the laser initiation both on 308 nm and 355 nm, hyperfine coupling
constants of its radicals are well-known, that is important for correct interpretation of CIDNP data.
The decay of the triplet dye was measured at 550 nm (pH>pKa2*=4.7) and 590 nm (pH<pKa2*=4.7),
where the absorption of the triplet dye is much stronger than that of the radicals. In the presence of
the nucleotide the triplet decay becomes exponential with a pseudo-first-order rate constant k, which
is proportional to the concentration of quencher (GMP or AMP), c0 ; k=kobs×c0 , where kobs is the
quenching rate constant. In the presence of quencher lifetime of triplet TCBP is decreased and longlived radicals of TCBP and nucleotides appears. From Stern-Folmer plot we obtain quenching rate
constant for each pH value.
pH-dependences of quenching rate constants (Fig. 1) can be divided into several pH regions
with boundaries at pKa values of the initial compounds, which determine the nature of the reacting
species. Each pair of reactants, TCBP and quencher in the protonation states (i,j) is characterized by
quenching rate constant (kij), and the observed kobs can be treated as a sum of kij multiplied by the
fractions of the corresponding species (αi, αj) according to eqn. (1):

kobs   kij   i   j .

(1)

i, j

Intrinsic rate constants obtained from the best fit for each reactant pair are summarized in
Tab. 1.
At 2<pH<4.7 (for GMP) and 2<pH<6.0 (for AMP) for reactant pairs TH4 and GH+, TH4 and
G, TH22– and G as well as TH4 and AH+(HPO4–), TH22– and AH+(HPO4–), TH22– and A(HPO4–), T4–
and A(HPO4–) quenching rate constants are relatively high (≥109 M-1s-1) and it is impossible to the
mechanism of the quenching from LFP data. E-transfer and PCET could be both proposed. With the
deprotonation of dye triplets (pKa2*=4.7) the rate constant of the reaction between TCBP and GMP
decreases by 4 times (reactant pair T4– and G) and we can assume two reaction mechanisms in this
case H-atom transfer and PCET. At pH higher than 9.4, the quenching reaction rate of fully
deprotonated TTCBP* by G(–H)– molecule was very slow (kq<3×107M-1s-1), since G(–H)– has no
abstractable H atoms and e-transfer is restricted in this case due to Coulombic repulsion between
negatively charged T4– and G(–H)–. It is interesting that for AMP the influence of protonated state
of phosphate residue was observed: with the 2nd deprotonation of phosphate group the quenching
reaction rate decreased in about 10 times. We cannot explain this effect right now and additional
TR-CIDNP measurements are required.
Obtained LFP results are in a good agreement with CIDNP data obtained earlier in the
photoreactions of TCBP with GMP: maximum of polarization was achieved at acidic and neutral
pH while at basic solution no significant CIDNP of reaction products was observed. Complimentary
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TR-CIDNP data for the photoreaction of TCBP with AMP will be obtained soon in ITC
(Novosibirsk). In general two factors can influence the magnitude of geminate CIDNP:
concentration of radicals (in other words, how effective dye quenching by electron- or H-transfer
proceeds) and magnetic interactions in the radical pair. If concentration of quencher is high enough
quenching factor does not affect the geminate CIDNP intensity. Using obtained LFP results we can
optimize TR-CIDNP experiment conditions, under which we will be able to study only magnetoresonance properties of short-lived radicals. On the other hand we will use these LFP results to
optimize conditions for obtaining 13C hyperpolarized signals of nucleotides to investigate structure
of their radicals. Also obtained data will be used to study “chemical reparation” of chosen
nucleotides radicals by amino acids and proteins.
Main results and conclusions
Using laser flash photolysis we investigated the reactions of triplet excited TCBP with with
guanosine-5´-monophosphate (GMP) as well as adenosine-5´-monophosphate (AMP) in the wide
range (from 2 to 12) pH of aqueous solutions. pH dependence of quenching rate constants of TCBP
triplets by GMP and AMP was revealed and explained in terms of pKa of reactants.
Obtained LFP data will help to understand in details the CIDNP formation mechanism for
these molecules, to optimize conditions for TR-CIDNP experiment and to improve
hyperpolarization method for studying fast radical reactions of biologically relevant molecules.

[1] O. B. Morozova, N. N. Saprygina, O. S. Fedorova and A. V. Yurkovskaya, Deprotonation
of Transient Guanosyl Cation Radical Catalyzed by Buffer in Aqueous Solution: TR-CIDNP Study,
Appl. Magn. Reson., 2011, 41, 239-250.

Fig. 1. pH dependencies of the quenching rate constants of TCBP triplets by AMP (black dots)
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and GMP (red dots). Solid lines – the best fits obtained according eqn. 1.
Table 1. Quenching rate constants of TCBP triplet by GMP and AMP

Quencher

pH region

Reactant pair

kq (M-1s-1)

Guanosinemonophosphate
(GMP)

pH<2.4

TH4 and GH+

1.2×109

Adenosinemonophosphate
(AMP)

2.4<pH<2.8 TH4 and G

1.2×109

2.8<pH<4.7 TH22– and G

1.4×109

4.7<pH<9.4 T4– and G

3.2×108

pH>9.4

T4– and G(–H)–

<3×107

pH<2.8

TH4 and AH+(HPO4–)

1.0×109

2.8<pH<3.5 TH22– and AH+(HPO4–) 1.1×109
3.5<pH<4.7 TH22– and A(HPO4–)

9.5×108

4.7<pH<6.0 T4– and A(HPO4–)

1.1×109

pH>6.0

T4– and A(PO42–)

1.5×108

STSM Reports 2012
ESR Rita Schmidt (Weizmann Institute of Science, Rehovot, Israel) visit to J.H. Ardenkjaer-Larsen,
TU Denmark, Copenhagen, Denmark

1.2.

Work plan of the STSM 23-28 June 2012:

-

Single shot Spatially Encoded (SPEN) sequence integration and verification on C13 phantom with
hyperpolarized injection

-

Animal experiments - in-vivo normal rats - test the imaging with SPEN sequence for dynamics of
hyperpolarized injection of pyruvate.

1.3.

Set of completed experiments during the visit:
-

Integration of the new single shot spatially encoded sequence was completed.

-

Two C13 phantoms sets with different chemical shifts were examined in thermal equilibrium
experiments for chemical shift imaging quality using SPEN single scan.

-

-

First set of hyperpolarized experiments on phantom was done using :
o

Low flip angle experiment

o

90° flip angle experiment

Two animal (rat) hyperpolarized pyruvate injection experiments were conducted with dynamic
imaging using spatially encoded sequence once with Coronal plane imaging and second time with
Axial plane imaging focusing in the kidneys’ region of interest.
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1.4.

Short summary of the results:

The visit was a success; we ran sessions integrating the single shot SPEN sequence developed in Weizmann
on the different Varian MRI machine and software version available in the Copenaguen laboratory. In
addition, we had a great opportunity during the integration time for both sides to accumulate more expertise
in understanding of the SPEN capabilities from one hand and for the experimental needs for the dynamic
imaging in hyperpolarized experiments from the other hand. Set of experiments of thermal equilibrium on
C13 phantoms was executed, working on optimizing the SPEN scan parameters for better SNR and chemical
sites separation. One of the reconstructed examples is displayed in the following figure.

Figure 1: Thermal Equilibrium experiment
using single shot Hybrid SPEN. Left – scout
reference image, Right – scout image with
added overlay of the two chemical sites
images reconstructed from the single shot
Hybrid SPEN scan. The chemical shift in this
experiment was ~200Hz. Both images were
added as overlays on the scout image, when
one is using “hot” color map and the second
one is using “winter” color map.

Initial hyperpolarized experiments on phantoms were conducted, getting reasonable imaging of the phantom.
This allowed us to proceed to the next step of an animal experiment. Following figure shows the low flip
angle experiment with images of one of the chemical sites and the graph that displays the magnetization
propagation versus repeated scans.
Figure 2: Phantom hyperpolarized experiment. Low flip angle experiment. Top – set of images versus repeated
scans. Bottom – signal decrease versus repeated scans.

Finally, initial animal
experiments with dynamic
imaging of the injected
hyperpolarized pyruvate were
performed. Once with Coronal
imaging plane and second
injection with Axial plane. In
this experiment the pyruvate
image revealed reasonable areas of signal, mainly matching the kidneys’ areas of the proton anatomical
image. The SNR of the pyruvate image was relative low, which is probably the reason that the SNR of the
lactate image was too low. It can be due to lower spatial resolution that was hoped to be obtained versus
conventional used CSI sequence, therefore more challenging parameters were used. The following Fig.3-4
display the Coronal and Axial planes pyruvate images compared to the anatomical proton image.
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Figure 3: Animal Coronal plane
scan during hyperpolarized pyruvate
injection. A – Proton anatomic
image. B – The same image with
overlay of the Pyruvate Image using
Hybrid SPEN scan. C – The
Pyruvate image.

Figure 4: Animal Axial plane scan
during second hyperpolarized pyruvate injection.
A – Proton anatomic image. B – The same image
with overlay of the Pyruvate Image using Hybrid
SPEN scan. C – The Pyruvate image.

1.5.
1.6.

Summary

The visit was a great starting point in exploring SPEN potential for dynamic imaging using the
Copnhagen hyperpolarized injection protocol. The dynamic imaging has high importance for cancer
diagnosis and therefore is intensively explored, but the short possible scan times require single shot
robust sequences. First animal imaging experiment became possible due to this STSM visit. Next
steps analysis and optimizations and then new experiments are now planned and will be more
implemented soon.

ESR Andrey Pravdivtsev (Intl. Tomography Center, Novosibirsk, Russia) visit to H.M. Vieth, FU
Berlin, Berlin, Germany.
Intermediate report for STSM of Andrey Pravdivtsev
Work plan of Andrey Pravdivtsev for his STSM, 15 June -1 September 2012:





Learn the design and operation of a field-cycling high-resolution NMR spectrometer that can be used
for studying spin relaxation and hyperpolarization at variable field
Learn the methodology of Long-Lived Spin States (LLS) and NMR relaxometry
Investigate the possibility of population LLS by means of CIDNP. Measure the field dependence of LLS
lifetime for spin systems of increasing complexity
Perform field-cycling high-resolution NMR relaxation dispersion experiments for amino acids and short
peptides

Tasks accomplished during the period 15 June – 18 July 2012



Design and operation of the field-cycling NMR spectrometer at FreieUniversität Berlin was learned and
practised.
Composite zero-susceptibility material for new probehead designed for the International Tomography
Center, Novosibirsk, was produced and tested.

Photo-CIDNP in the system of Tyrosine (Tyr) with Dipyridyl (DP) was used to generate
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hyperpolarization at low magnetic field for populating the singlet state of the Tyrosine protons in 
position. The relaxation kinetics of the long-lived spin state (LLS) at variable magnetic fields was
measured. In order to determine the influence of neighboring spins the following spin systems of
variable degree of deuterium substitution were compared: N-acetyl Tyrosine, Tyrosine, Tyr-D2,6, TyrD3,5,, Tyr-D2,3,5,6,(Figure 1) A prolongation of the sustaining interval by a factor of 43 from
T1=0.62s to TLLS=27s is seen in Tyr-D2,3,5,6, while in the fully protonated N-acetyl Tyrosine this
factor is reduced to 4.6. Coherent transfer of polarization among spin states was observed in field
regions near level anti-crossings (see Figure 2)
The influence of paramagnetic additives on the LLS was investigated. Field dependences of LLS in
Tyr-D2,6,3,5, with different concentration of the nitroxide radical TANOL were measured. (Figure 3)
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STSM Scientific Report of Irene Marco-Rius
Cost Action:
European network for hyperpolarization physics and methodology in NMR and MRI
(TD1103)
Visiting PhD student: Irene Marco-Rius,
METAFLUX ITN Marie Curie Early Stage
Researcher at Kevin Brindle’s laboratory
Cambridge University Department of Biochemistry, 80 Tennis Court Road, Cambridge CB2 1GA, U.K.
Hosts: Prof, Arno Kentgens, Dr. Jan Van Bentum
Institute for Molecules and Materials
Huygens Building, Radboud University, 6500 GL Nijmegen, The Netherlands
Period of STSM: 5/11/2012-14/11/2012
Background
In the Brindle group we are interested in understanding cancer cell metabolism using magnetic resonance
spectroscopy enhanced by dissolution-dynamic nuclear polarisation (DNP). DNP provides a non-invasive
method for studying cancer cell metabolism, detecting disease and responses to treatment [1-5]. DNP may
amplify nuclear spin polarizations to approximately 104 to 105 times that of a room-temperature sample at
equilibrium in a magnetic field [6]. However, while the initial spin polarisation may be very large, there are
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several potential limitations of the technique. The purpose of my STSM was to investigate whether some of
these may be overcome.
A limitation of nearly all NMR experiments is the lifetime of non-equilibrium spin order (this includes
hyperpolarised spin order), which is constrained to the longitudinal relaxation time, or T 1, of the substrate. A
severe source of signal loss during the dissolution-DNP experiment is the relaxation occurring during transport
between the polarisation apparatus, a cryostat, and the location where NMR signals can be detected, usually
an NMR spectrometer or MRI unit. Transport times range between 3-5 seconds using automatically controlled
hardware [7], to 10-15 seconds when operated manually [8]. Consequently, while dissolution DNP is practical
for hyperpolarised NMR experiments on metabolites with relatively long T1, such as carbon-13 labelled
pyruvates [9-13], it excludes those with short T1. The latter includes a large range of important metabolites
including glucose (13C T1 of order 10 seconds in aqueous solution) and the protons of non-isotopically enriched
molecules (proton T1s up to 5-6 seconds at best, but usually shorter than 1 second).
An alternative to dissolution for solution-state DNP is the so-called “Overhauser”-DNP method (O-DNP),
which can be performed at room temperature. This technique may be better-suited for fast-screening of
metabolites with 1H-NMR [14]. Like dissolution DNP, O-DNP is also based on the Overhauser mechanism of
cross-relaxation between the unpaired electrons from radicals and the magnetic nuclei contained in the sample.
Generally speaking, the nuclear hyperpolarization achieved at room-temperature by O-DNP is much lower
than that produced using a diss-DNP setup (for protons, it is typically two orders of magnitude less [15]), the
operation at ambient temperature allows a much faster repetition time for successive sample polarizations. In
some situations, this may open the way to higher-resolution MRI images or NMR measurements over
prolonged durations to study the effect of drug treatment. O-DNP has the following other applications:
(1) it is the most suitable DNP method for sub-microlitre samples (at present, minimum solution volume
typically ~10 nl);
(2) it allows one to hyperpolarize delicate samples, those which would not survive freezing nor the temperature
jump involved in diss-DNP protocols;
(3) it potentially allows a shorter time between the location where the sample is polarised to where an NMR
spectrum is acquired. In some cases, O-DNP may even be performed in-situ. This is desirable for nuclei with
T1 of only a few seconds.
Due to the interest of Brindle's laboratory in imaging metabolism by NMR, we are interested in boosting the
proton signal in glucose, which heads major metabolic pathways in animals. We ask the following question:
Can O-DNP be a helpful tool for the study of cell metabolism in vitro?
Purpose of the visit
The group of Arno Kentgens at Radboud University, Nijmegen is expert in NMR of small samples, typically
working at a detection limit of 1015 nuclear spins. The group has been a pioneer of solution DNP in a
microfluidic setup using Overhauser-DNP. These techniques are not yet available to the wider scientific
community, let alone commercially available. The purpose of this STSM was to familiarise myself with
Kentgens' techniques, explore the options to hyperpolarise and preserve the spin order of protonated glucose,
and compare them with dissolution DNP. As an exchange of knowledge, I would give advice on using NMR
to study metabolism.

Brief description of the work carried out during the visit and summary of main results
a) Hyperpolarization options for 13C-labeled glucose,viewing as a potential tracer of cancer metabolism:


The “leakage factor” for each proton environment in glucose was measured at 11.0 T field and room
temperature using a high-resolution liquid probe. It is determined from measurements of the nuclear
T1 in the (i) presence and (ii) absence of the radical dopant, providing an indication of the Fermi contact
interaction between the radical and the protons, which is required for DNP enhancement (see Table
1).
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Hyperpolarisation of protons by O-DNP at 3.4 T: An enhancement of the proton polarisation between
4- and 5-fold is predicted by theory. This is much less than polarisation of water protons (expected
polarisation enhancement 10- to 50-fold), due to the slow self-diffusion constant of glucose molecules.
In experiment, there was no remarkable enhancement of the glucose 1H-NMR signal in 0.5 M aqueous
solution of the sugar (see Figure 1). In this case, we believe the high viscosity / slow rotational
tumbling devastates the success of O-DNP on the protons. We observed a water signal enhancement
much lower than achieved in the same solution without glucose.
We discussed the possibility of “indirectly” hyperpolarising the glucose protons by exchange of the
hyperpolarised water protons at the hydroxyl groups of glucose. In our experiments performed in 99%
D2O, however, no appreciable glucose hyperpolarisation was observed at OH. This may result because
the water proton concentration is too low, or because the OH exchange happens too fast to allow
spontaneous transfer of polarisation. This does not rule out whether one can use pulse sequence
methods to transfer polarisation, e.g. nuclear Hartmann-Hahn.
We discussed the option of hyperpolarizing a glucose solution by freezing at 70K, polarising by
microwaves, then rapidly shuttling over a short distance (a matter of centimetres, taking less than one
second) where it is rapidly melted and the NMR spectrum acquired. This may give a better signal
enhancement by reducing the polarisation loss during transport. The development of such hardware is
an ongoing project in Kentgens' lab.

Chemical shift
(ppm)
5.22
4.85 (water)
4.62
3.8
3.45
3.25

T1

(ms)
2240±40
5787±200
1812±90
719±18
1260±12
1734±12

T1TEMPOL
405±2
400±6
374±1
280±1
394±1
475±1

(ms)

Leakage factor f=1T1TEMPOL/T1
0.829±0.003
0.930±0.003
0.79±0.01
0.61±0.01
0.687±0.003
0.726±0.002

Table 1 Proton longitudinal relaxation times of 1M glucose in 99.9% D2O at 11.0T with and without 10mM
TEMPOL, and leakage factor.
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Figure 1. NMR spectra of 0.5M glucose with 10mM TEMPOL dissolved in D2O. (a) High-resolution spectrum
at 11.0T (black) and at 3.4T (blue). (b) Spectra at 3.4T having the microwave source on (red) and off (blue).
b) Accessing the singlet state in pyruvate using strong decoupling fields:
The singlet state of [1,2-13C2]pyruvate is known to be long-lived (slower relaxing than the pair T1) at
sufficiently low magnetic field where the carbons become magnetically equivalent. In Cambridge we have
observed this in solutions of pyruvate in water and in blood.
At higher magnetic fields, one can bring the carbons into magnetic equivalence by applying a resonant
decoupling field. The strength of the field required, however, is relatively large for most NMR probes due to
the large chemical shift difference of the two carbons (approximately 30 ppm), the decoupling field being of
about 40 kHz at a B0 field of 9.4 T; on most hardware, this rf amplitude is unlikely to be feasible over a few
seconds, let alone over a few times T1. During the weeks I was at Radboud, we attempted the possibility to use
small rf coils and a small liquid sample of pyruvate (approximately 1 uL of 1.0 M pyruvate in water) to measure
the singlet relaxation at high field, in the presence of on-resonance rf irradiation . By the end of my stay, both
the hardware needed to perform the experiments and the pulse sequence to access the singlet were tested and
working. The study will be continued as of January 2013.

Future collaboration with host institution
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The O-DNP experiments performed during my STSM remain a step away from obtaining strong proton
polarisation enhancement in glucose. However, other techniques are being developed continually that could
give some success. Once these techniques are working, one may attempt to combine O-DNP and singlet states
in glucose. Following this STSM, I will work back in Cambridge on accessing the singlet state in glucose using
non-hyperpolarised samples, which could later combined with the techniques developed at Radboud to
enhance the proton NMR signal of glucose. I will also work towards determining the best experimental
protocol and sample preparation to measure the singlet relaxation at high fields. Once these samples are
prepared I will send them to Nijmegen for the measurements to be run.
Projected articles/publications resulting or to the results from the STSM
During my stay at Radboud I also performed some T1 measurements on a sample of fumaric acid at 3.4T.
These will be included in a paper led by Brindle's group on “Quantifying intermolecular relaxation of
hyperpolarized 13C labeled molecules”.

Other comments
I would like to kindly thank the COST office for allowing me to visit Radboud University.
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SCIENTIFIC REPORT ON THE SURFACE CHARACTERIZATION OF DISPERSED NANOPARTICLES VIA DNP/NMR
EXPERIMENTS CARRIED OUT IN EPFL (LAUSANNE) FROM 10TH TO 21ST OF DECEMBER 2012
Visiting scientist:
Aany Sofia Lilly Thankamony
Univ. Lille North of France, 59000 Lille; CNRS UMR 8181, UCCS; Univ. Lille 1, 59652
Villeneuve d’Ascq
Host research institute: Laboratory of G. Bodenhausen, EPFL, Lausanne (Switzerland)
Measuring time (working days): 10 days
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Non-disclosure commitments: This research project should remain confidential. In
particular, it should not be sent to competitors, including the group of L. Emsley in Lyon
or C. Coperet in Zurich.
Objectives: As a local and non-destructive technique, solid-state NMR provides precious
insights into the atomic-scale structure and dynamics of nanoparticules, i.e. materials with
three external dimensions between 1 and 100 nm. Nevertheless, the low sensitivity of NMR can
preclude the observation of diluted species, such as the edge, corner, grafting or surface sites.
We have shown recently that Dynamic Nuclear Polarization (DNP) under magic-angle spinning
(MAS) can circumvent this issue.1
DNP experiments at 9.4 T and under magic-angle spinning (MAS) were carried out in
December in the laboratory of Geoffrey Bodenhausen to detect the 13C NMR signals of organic
molecules grafted on the surface of nanoparticles. These nanomaterials have potential
applications for information storage or as markers for cell imaging.
We aim at measuring the DNP enhancements and the polarization build-up for direct 1H and
13C

polarization experiments as well as 1H13C cross polarization experiments
(O1) on non-dispersed nanomaterials, the endogeneous paramagnetic centers being used
as a source of polarization for DNP experiments;
(O2) on nanomaterials dispersed in solvent containing exogenous polarizing agents, such
as TOTAPOL or bTbK. Several solvents and polarizing agents have been tested;
(O3) on nanomaterials grafted with different organic functionalities.

Used equipment: Commercial Bruker Biospin DNP/NMR system operating at 9.4 T equipped
with a triple resonance 1H/X/Y 3.2-mm MAS probe.
Performed experiments: 1H and 13C direct polarization as well as 1H  13C CPMAS experiments
with and without microwave irradiation at MAS frequencies of 10 kHz.
Rating:
Level of success of the experiments: high (We show that the dispersion of nanomaterials in
solutions of nitroxide radicals is required to enhance the NMR signals via DNP).
Quality of technical support: high (Diego Carnevale was really helpful to set up the DNP
experiments)
Performance of the DNP instrument: high
Scientific results:
(O1) DNP enhancement for non-dispersed nanomaterials
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For non-dispersed nanomaterials, no DNP enhancement was measured for 1H and
polarization experiments as well as 1H 

13C

13C

direct

CPMAS experiments [spectra not shown]. This

absence of DNP enhancement can stem from the too high concentration of unpaired electrons
within the nanoparticle core.
(O2) DNP enhancement for dispersed nanomaterials
(a)

(b)

(c)

Fig. 1. (a) 1H direct polarization spectrum, (b-c) 1H  13C CPMAS NMR signals of nanomaterial dispersed in bTbK
solution with (black) and without (red) microwave irradiation. Subfigures b and c display the solvent and
nanomaterial signals, respectively. The spectra were acquired at a MAS frequency of 10 kHz.

In 1H direct polarization experiments of nanomaterials dispersed in bTbK solution, the DNP
results in a 20-fold enhancement of the 1H signal (see Fig. 1a). For this sample, identical
enhancement was measured for the solvent signal in 1H  13C CPMAS NMR (see Fig. 1b). Fig.
1c shows that the signal of nanomaterials exhibits a significantly lower DNP enhancement in 1H


13C

CPMAS NMR experiments since the interactions between the nuclei and the unpaired

electrons of the nanomaterial produce a polarization leakage, which decreases the DNP
enhancement. We also measured the polarization build up times with and without microwave
irradiation in 1H direct polarization and 1H  13C CPMAS experiments.
Conversely, in

13C

direct polarization experiments, no DNP enhancement was measured for

nanomaterials dispersed in bTbK solutions.
We tested different nitroxide radicals and different dispersion solvents. The mass fraction of
nanomaterials, the concentration of radicals and the MAS frequency were also optimized.
Hence, optimal conditions for these paramagnetic nanomaterials were found.
(O3) Nanomaterials grafted with different organic functionalities
The optimal dispersion conditions found for the nanomaterials of Fig. 1 were used to
investigate nanomaterials grafted with organic functionalities. DNP enhancements similar to
those of Fig. 1 were measured for 1H direct polarization and 1H  13C CPMAS NMR experiments
[spectra not shown]. These experiments allowed investigating the functionalization of
nanomaterials with different functionalities and the conformations of the grafted chains on
nanomaterial surface.
4. O. Lafon, et al., Chem. Commun. published online doi:10.1039/C2CC36170A
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