
 

First Conference on Zero 
and Ultra-Low Field NMR 
A virtual  school and conference  

The 20 posters below have been posted on Twitter by the poster presenters from Friday August 28 th to Tuesday 
September 1st 2020. Virtual rooms will be set during two sessions so that participants can talk with the poster 
presenters, one room per poster. Poster 1-10 will have a dedicated virtual room during Session I (4:00-5:30 pm 
UTC, Wednesday September 2nd 2020) while posters 11-20 will have a dedicated virtual room during Session II 
(4:00-5:30 pm UTC, Thursday September 3rd 2020) 

Poster session I – 4:00-5:30 pm UTC, Wednesday September 2nd 2020 

Poster 1: Optical detection of zero to earth's field nuclear magnetic relaxation 
dispersion (NMRD) 
Sven Bodenstedt1, Morgan Mitchell1, Michael Tayler1 
1 ICFO, The Institute of Photonic Sciences, 08860 Castelldefels (Barcelona), Spain 

Nuclear magnetic relaxation dispersion can be used to study nanoscale dynamic processes that occur on milli- to 
microsecond timescales. For relaxation mechanisms with correlation times above τc > 10 μs accurate fitting to a model 
requires spin relaxation data below or close to the earth's magnetic field. Here, we demonstrate a detection method 
based on an optically pumped magnetometer that is capable of efficiently measuring 1H T1, T2 and T2

* relaxation between 
zero and 2.5 times the earth's field. 

Poster 2: Effect of solvents on J-spectrum of Urea 
S. Alcicek1, P. Put1, V. Kontul1, S. Pustelny1 
1 Institute of Physics Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University, Krakow, 
Poland 

Urea is the major end-product of protein catabolism and an amide with two -NH2 groups joined by a carbonyl functional 
group. Protein exchange kinetic of amides, peptides, and proteins can provide information about the structure of the 
molecules in solution. We are investigating the behaviour of urea under different solutions and conditions using zero-
field NMR. In our poster, we present the effect of proton exchange between urea amide protons and/or solvent on the 
J-spectra of urea. 

Poster 3: Homemade high-resolution NMR spectrometer 
Pavel Kupriyanov 1 
1 Russia, St.-Petersburg state University 

Despite the seeming simplicity, many complex problems were solved when creating the laboratory device. Laboratorian 
room have a many inconveniences. Far from industrial sites and cities, it is easy to use NMR in the Earth's field if solar 
activity is low. 

Conference proceedings – Posters 



Poster 4: Photo-chemically induced dynamic nuclear polarization of 
heteronuclear singlet order  
Kirill Sheberstov1,2, Liubov Chuchkova3, John W. Blanchard1,2, Dmitry Budker1,2,4, Konstantin L. Ivanov5,6, Alexey S. 
Kiryutin5,6, Ivan V. Zhukov5,6, Alexandra V. Yurkovskaya5,6 
1 Institut für Physik, Johannes Gutenberg Universität Mainz, 55128 Mainz, Germany 
2 Helmholtz-Institut, GSI Helmholtzzentrum für Schwerionenforschung, 55128 Mainz, Germany  
3 University in Bourgogne, 21000 Dijon, France 
4 University of California at Berkeley, California 94720-7300, USA 
5 International Tomography Center SB RAS, Novosibirsk, 630090, Russia 
6 Novosibirsk State University, Novosibirsk, 630090, Russia  

Nuclear spins are usually polarized by a strong magnetic field, still resulting in just a small level of about 10-5 of the total 
possible polarization. One way to boost the NMR signals is to perform chemically induced dynamic nuclear polarization 
(CIDNP), allowing in some cases to enhance signals up to thousands of times. The range of magnetic fields below ~10 mT 
is not usually considered to be interesting for CIDNP, as the achievable hyperpolarized magnetization goes down to 
zero, whereas the polarization character stays the same. In this work we report the case for which polarization character 
essentially changes when the magnetic field is lowered below ≈1 μT. This range is called zero-to ultra-low fields (ZULF) 
and it is special because in these fields nuclear spins of different types, e.g. 'H and 13C, may become strongly coupled. 
Here we show that photo-CIDNP hyperpolarizes heteronuclear singlet order of directly bonded 1H-13C spin pair in para-
benzoquinone molecule. 

Poster 5: Proton-relayed side-arm hydrogenation in high- and low-field 
Laurynas Dagys1, Anil Jagtap2, Sergey Korchak1, Salvatore Mamone1, Philip Saul1, Malcolm H. Levitt1, Stefan Glöggler2 
1 University of Southampton 
2 Max Planck Institute for Biophysical Chemistry  

In this work we compare two different methods to polarize pyruvate with para-hydrogen via a side-arm hydrogenation 
routine that uses one additional proton to relay the polarization to a heteronucleus. One method is a pulsed transfer at 
high field and the second being a field cycling approach in nanotesla fields. The polarization transfer efficiency was 
experimentally tested at high-field and is compared to the numerically simulated efficiency for a magnetic field cycling 
experiment which has not yet been performed. The results suggest that both methods should be potentially applicable 
in a system where polarization is relayed to heteronuclei via a single proton. 

Poster 6: Rapid generation and purification of parahydrogen-polarized 
fumarate 
Stephan Knecht1, John W. Blanchard2, Danila Barskiy3, Eleonora Cavallari4, Laurynas Dagys5, Erik Van Dyke3, Maksim 
Tsukanovo3, Bea Bliemel 3, Kerstin Münnemann6, Silvio Aime4, Francesca Reineri4, Malcolm H. Levitt5, Gerd Buntkowsky1, 
Alexander Pines3, Peter Blümler7, Dmitry Budker2,7, James Eills2,7 
1 Eduard-Zintl-Institute for Inorganic Chemistry and Physical Chemistry, Technical University Darmstadt, 64287 
Darmstadt, Germany 
2 Germany  Helmholtz-Institut Mainz, GSI Helmholtzzentrum für Schwerionenforschung GmbH, 55128 Mainz, Germany 
3 Department of Chemistry, University of California, Berkeley, U.S.A. 
4 USA Dept. of Molecular Biotechnology and Health Sciences, University of Torino, Torino, Italy 
5 University of Southampton, Southampton, United Kingdom 
6 Technical University of Kaiserslautern, Kaiserslautern, Germany 
7 Johannes Gutenberg University, D-55090 Mainz, Germany 



Hyperpolarized fumarate is a novel biosensor for magnetic resonance imaging. It can be hyperpolarized cheaply and 
conveniently using parahydrogen-induced polarization. However, this process requires a chemical reaction, and the 
resulting hyperpolarized fumarate solutions are contaminated with the catalyst, unreacted precursor, and reaction side 
product molecules, and are hence unsuitable for use in vivo. We show hyperpolarized fumarate can be purified by acid 
precipitation as a pure solid, and later redissolved at a chosen concentration in a clean aqueous solvent. We form 
hyperpolarized fumarate in ~150 mM concentrations, at 13C polarization levels of 20-45%. 

Poster 7: 15N SABRE Hyperpolarization of Radio sensitizing Antibiotic 
Nimorazole in Micro-tesla Magnetic Fields 
Oleg G. Salnikov1,2,3, Nikita V. Chukanov1,2, Alexandra Svyatova1,2, Ivan A. Trofimov1,2, Mohammad S. H. Kabir4, Kirill V. 
Kovtunov1,2, Eduard Y. Chekmenev4 and Igor V. Koptyug1,2 
1 International Tomography Center SB RAS, Novosibirsk, Russia 
2 Novosibirsk State University, Novosibirsk, Russia 
3 Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
4 Wayne State University, Detroit, Michigan, United States 

Nimorazole is a 5-nitroimidazole-based antibiotic which is now in Phase 3 clinical trial in Europe for potential use as a 
hypoxia radiosensitizer for treatment of head and neck cancers. Here we report hyperpolarization of three 15N nuclei of 
isotopically labeled [15N2]nimorazole using SABRE in microtesla magnetic fields. Polarization (P15N) of the 15NO2 group 
reaches 3.2% and has a long-lasting lifetime of 5.9 min at the clinically relevant 1.4 T magnetic field. Dependences of 
P15N on polarization transfer field and temperature showed the maxima at ~0.4 μT and 54 °C, respectively. The feasibility 
of 15N MRI visualization of hyperpolarized [15N3]nimorazole was demonstrated with high spatial and temporal resolution. 

Poster 8: Probing SABRE Polarisation Transfer to Heteronuclei with Earth's 
Field NMR 
Matheus Rossetto1, Fraser-Hill Casey1, Meghan Halse1 
1 Department of Chemistry, University of York, Heslington, York, Y010 5DD, UK 

Earth's field NMR (EFNMR) detection enables hyperpolarisation of target substrates in-situ of the detection field through 
the use of an additional switchable electromagnetic coil to meet conditions necessary for SABRE polarisation transfer 
during para-Hydrogen (p-H2) bubbling. SABRE-polarised 1H and 19F signals of 3,5-bis(trifluoromethyl)pyridine (3,5-bis 
TFMP) under different Polarisation Transfer Fields (PTF) of 6 mT and 48 μT show the influence the polarisation transfer 
condition has on the substrate spin-state that is hyperpolarised, using EFNMR simulations to predict those 
hyperpolarised states. By integrating SABRE-polarisation with in-situ EFNMR detection we hope to better understand 
the processes involved in SABRE. 

Poster 9: Nuclear Magnetic Resonance Gyroscopes for Precise Positioning 
Riccardo Cipolletti1,2, Janine Riedrich-Möller1, Robert Rölver1, Tino Fuchs1, Arne Wickenbrock2 and Dmitry Budker2 
1 Robert Bosch GmbH, Corporate Sector Research and Advance Engineering, Advanced Technologies and Micro Systems 
2 Helmholtz-Insitut Mainz, Johannes Gutenberg-Universität Mainz 

Precise positioning of vehicles is essential for modern mobility solutions. In the case when GPS signals and other systems 
are temporarily unavailable, high performance inertial sensors become a key component of navigation systems that 
widely use dead reckoning i.e. localization based on a previously determined position and precise directional sensor 
signals, including rotation and acceleration. Nuclear Magnetic Resonance (NMR) based gyroscopes enable high precision 
measurement of rotation rates – with a high potential of miniaturization. We present modelling of a Xenon and Rubidium 
based NMR gyroscope for parameter studies. 



Poster 10: Might a magnet be a spinning top? 
Pavel Fadeev1, Tao Wang2, Y. B. Band3, Dmitry Budker1,4, Peter W. Graham5, Alexander O. Sushkov6 and Derek F. Jackson 
Kimball7 
1 Helmholtz Institute Mainz, Johannes Gutenberg University, 55099 Mainz, Germany 
2 Department of Physics, Princeton University, Princeton, New Jersey 08544, USA 
3 Department of Chemistry, Department of Physics, Department of Electro-Optics, and the Ilse Katz Center for Nano-
Science, Ben-Gurion University, Beer-Sheva 84105, Israel 
4 Department of Physics, University of California at Berkeley, Berkeley, California 94720-7300, USA 
5 Department of Physics, Stanford Institute for Theoretical Physics, Stanford University, California 94305, USA 
6 Department of Physics, Boston University, Boston, Massachusetts 02215, USA 
7 Department of Physics, California State University - East Bay, Hayward, California 94542-3084, USA 

Might a magnet be a spinning top? 
Instead of pointing to once north,  

wobble around it and nod 
by intrinsic spins cohort.  

Aye, at small enough magnetic field  
a spectrum splitting is revealed. 

We propose a strategy to construct a solid-state magnetometer operating in ultra-low fields, which we call a 
ferromagnetic gyroscope (FG). In it, intrinsic spins in a ferromagnet precess coherently around the direction of the 
magnetic field due to its intrinsic spins. In low enough magnetic fields, a splitting is predicted to occur in the resonance 
of the device, which will serve as a telltale sign of the precessing behaviour. Once realized, it can be used to test the 
reaction of intrinsic spin to general relativistic precession. 

  



Poster session II – 4:00-5:30 pm UTC, Thursday September 3rd 2020 

Poster 11: Instrumentation for Probing and Optimizing SABRE Processes at 
Ultra-low Fields 
Fraser-Hill Casey1, Matheus Rossetto1, Aminata Sakho1,2 and Meghan Halse1 
1 Department of Chemistry, University of York, York, UK 
2 Centre for Hyperpolarisation in Magnetic Resonance, University of York, York, UK 

Efficient Signal Amplification By Reversible Exchange (SABRE) hyperpolarisation for a given analyte requires the 
optimisation of a wide range of experimental conditions. In the standard approach, SABRE experiments are achieved 
using a two-stage method, where hyperpolarisation and detection are separated in time and space. Integration of a 
liquid nitrogen-based para-hydrogen generator with Earth's Field NMR (EFNMR) detection enables SABRE experiments 
to be performed in situ and allows for processes to be decoupled. Combined with an active field correction device, 
complex time-resolved and multi-step experiments, such as monitoring the formation of the SABRE-active catalyst, can 
be performed in a simple and reproducible manner. 

Poster 12: Towards ZULF detection of parahydrogen polarized metabolite 
Oksana Bondar1, James Eills2, John W. Blanchard2, Eleonora Cavallari1, Carla Carrera1, Kirill Sheberstov2, Silvio Aime1 and 
Francesca Reineri1 
1 Dept. of Molecular Biotechnology and Health Science, University of Torino 
2 Johannes Gutenberg-Universität Mainz 

[1-13C]-pyruvate into lactate, is widely used to study different types of cancer. To obtain polarized metabolites, our 
laboratory uses the PHIP-SAH method, that greatly expands the number of molecules that can be polarized using para-
hydrogen. In this work we explore the possibility to observe metabolites derivatives, hyperpolarized by means of PHIP-
SAH, at Zero Magnetic Field. 

Poster 13: Relaxation measurements from zero to Earth's magnetic field 
Piotr Put1, Danila Barskiy2 and Szymon Pustelny1 
1 M. Smoluchowski Institute of Physics, Jagiellonian University, Łojasiewicza 11, 30-348 Kraków, Poland 
2 Department of Chemistry, University of California Berkeley, Berkeley, CA, 94720-3220, USA 

NMR relaxometry is an important tool for characterization of heterogeneous materials, porous media, and chemical 
mixtures. Its combination with portability and operation at ultra-low magnetic fields makes such incarnation of NMR an 
attractive tool for chemical characterization.  

We present a novel ultra-low-field NMR setup enabling relaxometry in a magnetic field range from Earth's magnetic 
field all the way to zero field. We demonstrate initial results on aqueous solution of glucose and propose research 
program aiming at low-field relaxation studies of blood and long-lived pyridine derivates used as contrast agents. 

 

 

 

 



Poster 14: NV center based super resolution Nano-NMR 
VS Anjusha1, D Cohen2, A Marshall3, C Findler1, J Lang1, J Scheuer3, P Neumann3, A Retzker2, GT Genov1 and F Jelezko1 
1 Institute for Quantum Optics, Ulm University, Albert-Einstein-Allee 11, D-89081, Ulm, Germany  
2 Racah Institute of Physics, The Hebrew University of Jerusalem, 91904 Jerusalem, Givat Ram, Israel 
3 NVision Imaging Technologies GmbH, Albert-Einstein-Allee 11, D-89081, Ulm, Germany 

NV center based room-temperature spectrometer is a promising tool for performing NMR in nanoscale volume at low 
field. However, poor spectral resolution is one of the major challenges in NV Nano-NMR. In this work, we try to 
investigate the correlation function of the temporal magnetic field noise induced by the diffusing spins at the NV centre 
and thereby understanding the line shape of the NMR spectrum. We show that the magnetic noise power spectrum can 
be deviated from the Lorentzian noise spectrum due to diffusion and this can lead to an improved resolution. 

Poster 15: Dissolution dynamic nuclear polarization-enhanced ZULF NMR 
(dDNP-ZULF NMR) 
R. Picazo-Frutos1, Q. Chappuis 2, J. Eills1, S. F. Cousin2, Morgan Ceillier2, S. J. Elliott2, O. Cala 2, John Blanchard 1, D. 
Budker1 and S. Jannin2 
1 Helmholtz Institute Mainz, GSI Helmholtzzentrum für Schwerionenforschung, Mainz 55090, Germany 
2 Centre de Résonance Magnétique Nucléaire à Très Hauts Champs, 5 Rue de la Doua, 69100 Villeurbanne, France  

Zero- and ultra-low field NMR is a modality of NMR experiment that do not require strong magnets with applications 
ranging from molecular spectroscopy and chemical-reaction monitoring to dark-matter searches and study of physics 
outside of the standard model. However, as any NMR experiment, it suffers from low sensitivity. In this work we combine 
a hyperpolarization technique called dissolution Dynamic Nuclear Polarization to enhance our signal and thus extend 
the reach of future applications.  

Poster 16: Zero-field NMR J-Spectroscopy of Organophosphorus Compounds 
S. Alcicek1, P. Put1, V. Kontul1, S. Pustelny1 
1 Institute of Physics Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University, Krakow, 
Poland 

Organophosphorus compounds are a wide and diverse class of chemicals often investigated in NMR. The interest is 
driven by their role in biology and medicine as phosphorus-31 (31P) is key element of such important molecules as nucleic 
acids, ATP, etc. Here we present our investigation of organophosphorus compounds using zero-field NMR. We report 
the results of theoretical and experimental studies on phosphorus-based organic compounds by analysing their J-
spectra. We demonstrate a good agreement between measurements and simulations. 

 

 

 

 

 

 



Poster 17: Real-time Nano diamond thermometry probing in-vivo 
thermogenic responses 
Masazumi Fujiwara, Simo Sun, Alexander Dohms, Yushi Nishimura, Ken Suto, Yuka Takezawa, Keisuke Oshimi, Li Zhao, 
Nikola Sadzak, Yumi Umehara, Yoshio Teki, Naoki Komatsu, Oliver Benson, Yutaka Shikano1,2, and Eriko Kage-Nakadai  
1 Quantum Computing Center, Keio University 
2 Institute for Quantum Studies, Chapman University 

Real-time temperature monitoring inside living organisms provides a direct measure of their biological activities, such 
as homeostatic thermoregulation and energy metabolism. Here, using quantum nanothermometers based on optically 
accessible electron spins of nitrogen vacancy centers in nanodiamonds, we demonstrate in-vivo real-time temperature 
monitoring inside nematode worms. We developed a thermometry system that can measure the temperatures of mobile 
nanodiamonds inside the worms. Using this system, we determined the increase in temperature based on the 
thermogenic responses of the worms during the chemical stimuli of mitochondrial uncouplers. 

Poster 18: Optimising SABRE of amines via in-situ Earth's Field NMR 
Aminata Sakho1, Fraser-Hill Casey2, Meghan Halse2 and Simon B. Duckett1 
1 Centre for Hyperpolarisation in Magnetic Resonance, University of York, York, UK 
2 Department of Chemistry, University of York, York, UK 

Amines have previously been successfully hyperpolarised by SABRE and detected using high-field (HF) instruments. In 
this study, we report the detection of amine hyperpolarisation using an Earth's field NMR (EFNMR) instrument, where 
the catalytic activation process of SABRE has been followed in situ. The hyperpolarization level of these amines is 
increased by adding a co-ligand, dimethyl sulfoxide (DMSO). The effect of the addition of co-ligand on polarisation 
efficiency is studied herein. In parallel, the chemical exchange rate of the ligands (both amines and hydrides) and the 
corresponding thermodynamic parameters for these complexes have been explored at 11.7 T (500 MHz) to produce 
further insight into these processes. 

Poster 19: Applications of the NV centers in diamonds 
D. Olivares-Postigo1,2, F. Gorrini1,2 and A. Bifone1,2  
1 Center for Neuroscience and Cognitive Systems, Istituto Italiano di Tecnologia, Corso Bettini 31, 38068 Rovereto, 
Trento, Italy 
2 Department of Molecular Biotechnology and Health Sciences, University of Torino, Italy 

Diamonds with nitrogen-vacancy (NV) centers provide intrinsic biocompatibility, robust chemistry within and on the 
surface of the diamond, combination of very high photostability, significant coupled magneto-optic properties, etc. that 
exceed the characteristics of other classes of fluorophores. This exceptional combination of properties makes NV centers 
unique fluorophores with emerging applications in a variety of fields such as ultra-sensitive nanoscale metrology as 
temperature / electric field sensors or measuring the magnetic field of biological molecules, as a magnetic resonance 
contrast agents or in the field of bioimaging among many other more applications. 

 

 

 

 

 



Poster 20: Chemical reaction monitoring at zero magnetic field 
Dudari B. Burueva1,2, James Eills3,4, John W. Blanchard3, Antoine Garcon3,4, Román Picazo Frutos3,4, Kirill V. Kovtunovt1,2, 
Igor V. Koptyug1,2, Dmitry Budker3,4,5 
1 International Tomography Center, Novosibirsk, Russia 
2 Novosibirsk State University, Novosibirsk, Russia 
3 Helmholtz Institute Mainz, GSI Helmholtzzentrum für Schwerionenforschung, Mainz, Germany 
4 Johannes Gutenberg University, Mainz, Germany 
5 University of California Berkeley, Berkeley, U.S.A. 

Herein, the kinetics of the two-step hydrogenation of dimethyl acetylenedicarboxylate with parahydrogen was studied 
by zero-field nuclear magnetic resonance spectroscopy. It was shown that heterogeneous/biphasic chemical reactions 
can be monitored with high spectroscopic resolution using ZULF NMR. Importantly, the reaction can be monitored even 
when it is carried out in a metal container. 
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