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NMR is powerful BUT has limitations:

ü Not all elements are accessible (e.g. Mg, Zn - poor or no response)
ü Small degree of magnetization (<< 1%)
ü Requires strong magnets (high B0 needed, Boltzmann distribution)
ü Intrinsically weak signals (nuclear magnetic moments are small)
ü Solubility is a limiting factor (M concentrations required for biomolecules)

Why β-NMR Spectroscopy?

http://www.lakeforest.edu/academics/programs/chemistry/spectroscopy_tables.php

http://www.lakeforest.edu/academics/programs/chemistry/spectroscopy_tables.php
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Why β-NMR Spectroscopy?

ü Ultrahigh sensitivity (107 probes, physiological relevant concentrations achievable)
ü Possible to select oxidation state (e.g. Mg+ or Mg2+)
ü Elements with no stable isotope accessible (e.g. Ac3+)
ü Zero-field measurements possible
ü Small sample volumes (2-4 µL)

β-NMR is powerful AND sensitive 
ü In principle, more than 70 chemical elements 

accessible
ü High degree of polarization (up to 80%)
ü Doesn’t require strong magnets 

(hyperpolarization with lasers)
ü Very effective detection (radiotracer)
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β-NMR Spectroscopy in a Nutshell

Ø β (e-) emission correlated with the spin direction of the 
decaying nucleus

• Asymmetric nuclear β decay 
• Angular distribution of β radiation 

Experimentally measured quantity

Ø Asymmetry in β count rate between 180º and 0º detectors:

ββ β

Mg2+

180º

0º

31𝑀𝑔 → 31𝐴𝑙 + 𝑒! + 𝜈" ( 𝐼 = #
$)

𝑎 =
𝑁 0! −𝑁 180!

𝑁 0" +𝑁 180!

B0
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β-NMR Spectroscopy in a Nutshell
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NMR vs β-NMR Spectrometer

β-NMR spectrometer at TRIUMFConventional NMR spectrometer
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Sample for solution NMR and β-NMR

10 mm

β-NMR spectrometer at TRIUMFConventional NMR spectrometer

ü Glass tube, plastic cap
ü Typically, M concentrations

ü Al sample holder
ü Typically, mM concentrations
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31Mg b-NMR

31Mg b-NMR of MgCl2 in EMIM-Ac and EMIM-DCA

D. Szunyogh, et.al. Dalton Trans. 2018, 47, 14431-14435.

EMIM-Ac

EMIM-DCA
1-ethyl-3-methyl-

imidazolium-dicyanamide 

1-ethyl-3-methyl-
imidazolium-acetate 
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31Mg b-NMR

31Mg b-NMR of MgCl2 in EMIM-Ac and EMIM-DCA

D. Szunyogh, et.al. Dalton Trans. 2018, 47, 14431-14435.

8 ppm

6 ppm

Structure Chemical shift
(ppm)

[Mg(DCA)6]4- -60

[Mg(DCA)5(H2O)]3- -52

[Mg(Ac)4(H2O)2]2- -32

[Mg(Ac)2(H2O)4] -38
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31Mg b-NMR

β-NMR Properties NMR
31Mg Isotope 25Mg
1/2 Spin 5/2

3.41 Magnetic Field
(T) 11.7

22 Temperature
(°C) 72

2-4 Sample volume
(uL) 550

20 min Time of meas. 72 hours

D. Szunyogh, et.al. Dalton Trans. 2018, 47, 14431-14435.

25Mg NMR
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8Li ( I=2, condensed matter) 
31Mg (I=1/2, chemistry, biology)
29Mg (I=3/2, nuclear physics)

December 2019
September 2021

Planned in 2021

Routine at TRIUMF

Past, Present, Future…

75mZn

230Ac (I=1, chemistry, radiopharmaceutical design)
232Ac (I=1, chemistry, radiopharmaceutical design)  

Next….

58Cu (I=1, chemistry, biology, radiopharmaceuticals)
74Cu (I=2, chemistry, biology, radiopharmaceuticals)
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CFI 2022

CMMS spectrometers

Existing at ISAC-I

POLARIS @ TRIUMF
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(Physical Sciences Div)

Bio-bNMR
(Life Sciences Div)
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β-NMR in Liquids – Metals for Life

TRIUMF (2015)
8Li, 29,31Mg, 58,74Cu*, 230,232Ac

β-NMR in IL
ILL, France (2018)
8Li, 20F, 52V, 66Cu 
β-NMR in D2O

2022*
ANSTO, Australia

8Li, 66Cu

NIRS, Japan (2014)
12,17N β-NMR in water

ISOLDE-CERN (2017)
26,28Na β-NMR in IL

**
Led by UBC, TRIUMF & U. Copenhagen
In discussion



mstachura@triumf.ca
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TRIUMF

• TRIUMF – Tri University Meson Facility 
• Canada’s particle accelerator centre
•Founded in 1968, now 21 member universities

Member Universities:
• University of Alberta
• University of British Columbia
• University of Calgary 
• Carlton University
• University of Guelph
• University of Manitoba
• Université de Montréal
• Queen’s University
• University of Regina
• Simon Fraser University
• University of Toronto
• University of Victoria 
• York University

Associate Members:
• McGill University
• McMaster University
• University of Northern BC
• Saint Mary’s University
• Université de Sherbrooke
• University of Waterloo
• Western University
• University of Winnipeg
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Past…

2016
Dec

First 31Mg b-NMR 
in liquids

2017
April

31Mg b-NMR in different
ionic liquids

2017

Conventional 25Mg NMR 
measurements

2018 
April

First 8Li, b-asymmetry
measurements in D2O at

atmospheric pressure

2018
July

b-NMR of 31Mg in 
Mg-ATP complexes

optimization
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Future…

ioniza'on decay-spectroscopy of 98Rb (M.M. Rajabali, Tennessee Technical U); S1596 Development of spin-

polarized 32Na beam and search for collec've mode in 32Mg (T. Shimoda, Osaka U);  S1840 Coexistence of

various structures in neutron-rich 31Al and 33Al inves'gated by beta-decay spectroscopy of spin-polarized

31Mg and 33Mg (C.D.P. Levy, TRIUMF); S1183 Test of Time Reversal Symmetry Using polarized Unstable Nuclei

(J. Murata, Rikkyo U).

c) Life Sciences: a dedicated ENMR sta'on will be established for chemical and biological applica'ons, such as

Magnesium Chemical ShiP  Measurements by 31Mg  ENMR (M1424); copper chemical shiP measurements by

54Cu, 74Cu or 75Cu (M1649) (M. Stachura, TRIUMF). The current OSAKA beamline would be modi?ed to meet

the stringent beam op'cs requirements of a new liquids spectrometer for bio-ENMR (P0382.0).

d)  Nuclear  Structure  and  Symmetry:  a  three  meter  long  sec'on  from  the  Polarizer  to  the  GRIFFIN

spectrometer, with magne'c coils to supply guide ?elds of 1 mT would be constructed.  It would transport

nuclear-spin polarized beams or puri?ed beams which are isotope and/or isomer selected using resonant laser

ioniza'on for decay spectroscopy studies.  

Figure 1 : Proposed posi�on of new channels within

the  ISAC-1  experimental  hall,  showing  there  is

su$cient space.   Footprints  and beamline lengths

are to scale. The nuclear physics experiments at the

NSP  can  be  temporarily  removed  if  forkli* truck

access becomes necessary.

The three secondary channels and two endsta'ons

proposed will expand the opportuni'es for training

of highly quali?ed personnel in all three arenas of

materials  sciences,  life  sciences  and  nuclear

structure and symmetry.  In addi'on, they will help

develop  and  support  a  broader  mul'disciplinary

user community  with e1cient  mul'plexing of  the

beam.

PROJECT DESCRIPTION:

Polarizer Beamline and Laser Upgrade

The Polarizer has the capability of op'cally pumping an ionic or atomic species using circularly polarized lasers

to preferen'ally populate magne'c substates in the electronic and nuclear levels.  The nuclear spin polarized

beam is then transported to a measurement loca'on.  A major expansion of the ISAC Polarizer is proposed:

1) the addi'on of a ring 'tanium-sapphire-laser (TiSa) system with frequency mixing and frequency doubling

to provide reliable delivery and development of new polarized beams. The envisioned system will consist of a

Template: Document-119916 Rel.1

1. 9 T, b-NMR spectrometer
field ⏊ sample surface

2. 300 G, b-NQR spectrometer
field || sample surface

3. 1 T, b-NMR spectrometer
field ⏊ sample surface or 0.3 T field || 
sample surface

4. 10 T, b-NMR spectrometer for
biological applications, field ⏊ sample
surface

5. 0.3 T, b-NMR spectrometer for Nb
research, field || sample surface
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