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ARTICLE INFO ABSTRACT

Article history: NMR detected by radioactive beta decay, /-NMR, is undergoing a renaissance largely due to the
Received 19 December 2014 availability of high intensity low energy beams of the most common probe ion, °Li*, and dedicated
Received in revised form facilities for materials research. The radioactive detection scheme, combined with the low energy ion

9 February 2015

Available online 21 February 2015 beam, enable depth resolved NMR measurements in crystals, thin films and multilayers on depth scales

of 2-200 nm. After a brief historical introduction, technical aspects of implanted-ion -NMR are

Keywords: presented, followed by a review of recent applications to a wide range of solids.
g]:_NMR © 2015 Elsevier Inc. All rights reserved.
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A “nanoscience”’ example
8Li B-NMR of a monolayer of Mnq, single molecule magnets
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Z. Salman et al., Nano Lett. 7, 1551 (2007)
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The “killer” features of S-NMR at TRIUMF

e ~1010 times more sensitive than “conventional” NMR.

e depth resolution on the scale of ~1 nm to ~500 nm.

e can be used to study (almost) any material.
Raison d’étre:

A technique for studying materials / systems that are
difficult / inaccessible by conventional means!
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What about “chemical” applications of B-NMR?

chem:-is-try
noun

1. the branch of science that deals with the identification
of the substances of which matter is composed;

the investigation of their properties and the ways in
which they interact, combine, and change;

and the use of these processes to form new substances.

2. the complex emotional or psychological interaction
between two people.
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8Li B-NMR senses the elementary “hopping” rate 71
of Li* and e defects in rutile TiO,
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R. M. L. McFadden et al., Chem. Mater. 29, 10187 (2017)
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Dynamics of Liquid 1-Ethyl-3-Methylimidazolium Acetate Measured
with Implanted-lon Li -NMR
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ABSTRACT: We demonstrate the application of implanted-ion f-detected NMR as a m

probe of ionic liquid molecular dynamics through the measurement of *Li spin-lattice
relaxation (SLR) and resonance in 1-ethyl-3-methylimidazolium acetate. The motional " =
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8Li B-NMR senses the elementary fluctuations arrising from
molecular dynamics of the host solvent
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D. Fujimoto et al., Chem. Mater. 31, 9346 (2019)
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M) Check for updates Direct observation of Mg?* complexes in ionic

Cite this: Dalton Trans., 2018, 47,

liquid solutions by Mg p-NMR spectroscopy

14431
Daniel Szunyogh, @ 2 Ryan M. L. McFadden, ( 1> Victoria L. Karner, ¢
Aris Chatzichristos,“® Thomas Day Goodacre,® Martin H. Dehn,“¢ Lia Formenti,
Derek Fujimoto, (& ©¢ Alexander Gottberg,® Evan Kallenberg,? Ildiké Kalomista, ©2
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rsc.li/dalton Peter W. Thulstrup, ®2 Lars Hemmingsen** and Monika Stachura %

NMR spectra of Mg?* ions in ionic liquids were recorded using a
highly sensitive variant of NMR spectroscopy known as p-NMR.
The B-NMR spectra of MgCl, in EMIM-Ac and EMIM-DCA compare
favourably with conventional NMR, and exhibit linewidths of
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Resolving different coordination complexes using B-NMR

31Mg B-NMR in two room temprature ionic liquids
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Some friendly competition from CERN
26Na B-NMR in two room temperature ionic liquids

PHYSICAL REVIEW X 10, 041061 (2020)
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First results towards studying Mg" biochemistry
31Mg B-NMR in EMIM-Ac + ATP solutions

Mg"" ding to ad tript hate in l-ethyl -3-methylimidazolium acetate
characterized by *'P NMR and *'Mg g-detected NMR
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R. M. L. McFadden et al. Angew. Chem. Int. Ed. under review (2021)
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Concluding remarks

e TRIUMF’s B-NMR facility is a unique scientific tool
with a diverse portfolio of applications.

e TRIUMF is pioneering new applications of 3-NMR,
with long-term goals of studying
biochemistry / medicine.

e The potential for novel discovery is high!

Acknowledgements:
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(whose names populate the author lists of the works presented here)!
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Technical / scientific reviews of 3-NMR at TRIUMF
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Gerald D. Morris Implanted-ion SNMR: A new probe for nanoscience ®nmm

W.A. MacFarlane
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ARTICLE INFO ABSTRACT

e history NNIR detected by radioactive beta decay. f-NMR. is undergoing a renaissance largely due o the
Reccived 19 December 2014 availability of high intensity low energy beams of the most common probe ion, °Li” . and dedicated

Received in revised form fcltes for materal eseath. Th rdioative detection scheme, combined with the low enrgy on

Rk —  depih resohed MK . hi fms and
Published online: 23 October 2013 Acalale colne 21 Februny 2005 O 3200 . AR et Mol msoduction. ehmical apecs of Implamedion SNMR sre
© Springer Science +Business Media Dordrecht 2013 Keywors presented, followed by a review of recent applications to 2 wide range of solids.
/’L'NMR © 2015 Elsevier Inc. All rights reserved.
Interfces
Thin fims
Abstract The S-NMR facility at ISAC is constructed specifically for experiments Radioactive fon beams

Muon spin rotation

in condensed matter physics with radioactive ion beams. Using co-linear optical
pumping, a *Li* ion beam having a large nuclear spin polarisation and low energy
(nominally 30 keV) can be generated. When implanted into materials these ions Contents
penetrate to shallow depths comparable to length scales of interest in the physics of

Introduction.

2
surfaces and interfaces between materials. Such low-energy ions can be decelerated B poised ioacive o bea 2
with simple electrostatic optics to enable depth-resolved studies of near-surface ii Spa:w":‘m;immm - §
phenomena over the range of about 2-200 nm. Since the 8-NMR sienal is extracted Fanerimentl acummery 3

G. D. Morris, Hyperfine Interact. 225, 173 (2014) W. A. MacFarlane, Solid State Nucl. Magn. Reson. 68-69, 1 (2015)
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Development of a polarized 3'Mg* beam as a spin-1/2
probe for BNMR

C.D.P.Levy! - M. R. Pearson' - M. H. Dehn? . V. L. Karner? - R. F. Kiefl"45 .
J. Lassen! - R. Li' - W. A. MacFarlane®* - R. M. L. McFadden® - G. D. Morris! -
M. Stachura' - A. Teigelhofer® - A. Voss”

Published online: 22 November 2016
© Springer International Publishing Switzerland 2016

Abstract A 28 keV beam of *'Mg* ions was extracted from a uranium carbide, proton-
beam-irradiated target coupled to a laser ion source. The ion beam was nuclear-spin
polarized by collinear optical pumping on the 2S;/2->P > transition at 280 nm. The polar-
ization was preserved by an extended 1 mT guide field as the beam was transported via
electrostatic bends into a 2.5 T longitudinal magnetic field. There the beam was implanted
into a single crystal MgO target and the beta decay asymmetry was measured. Both hyper-
fine ground states were optically pumped with a single frequency light source, using
sezmentation of the beam energy. which boosted the polarization by approximately 50 %

C. D. P. Levy et al., Hyperfine Interact. 237, 162 (2016)
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Development of 3'Mg as a B-NMR probe

Proceecings ofthe 14th nternatonal Conterence on Muon Spin Rotation, Relaction and Resoance (4 SR2017)
from journals ps jp by University of British Columbia on 06/30/19

Proc. 14t Int. Conf. on Muon Spin Rotation, Relaxation and Resonance (1SR2017)
IPS Canf. Proc. 21, 011047
ps/doLorg/10.7566/JPSCP.21.011047

On the Use of Mg for -Detected NMR Studies of Solids
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It has long been desirable to develop a spin-1/2 nucleus as a probe for S-detected NMR studies of
solid materials. As a pure magnetic probe. it would sreatly compliment our most extensively used

R. M. L. McFadden et al., JPS Conf. Proc. 21, 011047 (2018)
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TRIUMF’s isotope seperator and accelerator (ISAC) facility

ISAC-I and ISAC-II Facility

TIGRESS

|
High Resolution
LEBT  Mass Separator

500 MeV/
Protons

Target Stations

J. Dilling et al., Hyperfine Interact. 225, 1 (2014)
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My list(s) of TRIUMF’s B-NMR (and related) publications

https://rmimcfadden.github.io/bnmr/publications/
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BNMR / Publications

Publications

This is my (unoffical) curated list of B-NMR (and related) publications coming out of TRIUMF. Most of the
literature is related to materials science, but results from nuclear physics experiments are also included

for completeness.

The current number of publications, broken down by category, is:

Electronic Preprints:

Journal Articles: 45

Reviews: 5

Conference 58

Proceedings:
Theses: 10

For a glimpse at ongoing research using the technique, have a look at the B-NMR / Experiments page.
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