An application of a novel magnetic resonance technique

Muons provide a valuable
probe of the atomic-level
properties of materials.
Unique information can be
obtained using the technique
of Level Crossing Resonance
(LCR).

LCR can be used to:

+ determine free radical
structures by measurement
of muon hyperfine coupling
constants

+ investigate the reactions,
molecular dynamics and
local environment of free
radicals

+ study spin dynamics in
magnetic systems

+ determine muon sites, for
example in semiconductors

This leaflet provides examples
of how the LCR technique can
be used.

The muon technique — implantation of positive,
spin-polarised muons into a sample,

followed by detection of positrons emitted
when the muons decay.
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What can LCR tell us about free radicals?

Structure

The structure of a free
radical can be inferred
from the muon and
nuclear hyperfine
couplings.
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spin density

13C,,Mu radical. The 3C
hyperfine couplings can be
determined from the
positions of the resonances.
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P W Percival et al., Chem.
Phys. Lett. 245 (1995) 90
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Molecular dynamics

The resonance lineshape
provides information
about molecular
dynamics in the solid
state.

The lineshape indicates that
norbornenyl radicals

rotate around an axis
parallel to C3-C5.

M Ricco et al., Phys. Lett. A
129 (1988) 390; E Roduner et
al., Chem. Soc. Rev. 22
(1993) 337
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Reaction rates

Radical reaction rates
can be measured from
the broadening of
resonances, are a
function of reactant
concentration.

Reaction of cyclohexadienyl
radicals with paramagnetic
Ni2*.

H Dilger et al, Physica

B 374-375 (2006) 317
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Muon LCR: the basic idea

Once implanted inside a material, muons interact with
their local atomic environment. This interaction can be
particularly strong when an energy level in the muon
system matches one within the environment. The
muons and their surroundings are then put on
‘speaking terms’, and this can strongly affect the
muons’ behaviour.

Such resonances — called level crossing resonances,
LCR, (or, sometimes, ‘avoided level crossing
resonances’) — between the muons and their
environment can be produced by changing the applied
magnetic field in a muon experiment. The resonances
can be detected by observing the muon polarisation —
they are seen as a dip in the polarisation as the applied
field is changed. Observation of such resonances gives
us additional information about the muons’ atomic
environment.
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Level crossing resonances occur when muons are put 'on
speaking terms' with their surroundings. This might be directly
with neighbouring nuclei via dipole-dipole coupling as in (a), or
via hyperfine coupling with an unpaired electron — as found in
radical systems — as in (b).



Example applications of LCR

LCR as a probe of soft matter Muon sites in semiconductors

LCR can be used to determine the local environment and
dynamics of co-surfactants present in low concentrations in
soft matter structures such as lamellar phases. In the example
here, phenylethanol co-surfactants are spin labeled by the
addition of muonium.

R Scheuermann et al., Langmuir 29 (2004) 2652, A Martyniak et al., Phys.
Chem. Chem. Phys. 8 (2006) 4723
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In semiconducting materials muons are frequently used as light
proton isotopes to model hydrogen behaviour, as hydrogen
itself can be very difficult to study directly.

LCR has been used to determine the lattice site of diamagnetic
muons (p*) in p-type GaAs. Ga and As are quadrupolar nuclei
(1>1/2), and so level crossing resonances occur at fields for
which the muon Zeeman energy matches the combined
Zeeman and quadrupolar energy of a nucleus. The positions of
the resonances allow both the distances and angles of the
muon with respect to neighbouring nuclei and crystal
directions to be found.

Paramagnetic muonium species (Mu) are also ,\ )
present in GaAs, and LCR can again be used //
to determine its precise lattice location. ‘ru
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Magnetic systems

Muon level crossings in magnetic systems have been used
to study spin dynamics in the single-ion magnet

LiY, ,Ho,F,. The enhancement of the spin lattice relaxation
at the crossing in @ magnetic system is due to a direct
exchange of energy between the electronic and probe
reservoirs, which results in a cross relaxation. The position,
shape and relative intensity of the peaks in the measured
spin lattice relaxation provide important information about
the spin Hamiltonian of the system and the details of its
interaction with the spin probe and its environment.
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Using the Facilities
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Above: High field muon spectrometer at PSI,
Switzerland.

Left: High field muon spectrometer at ISIS, UK

Contacts:
ISIS Facility = o
Dr Adrian Hillier, 1%
adrian.hillier@stfc.ac.uk

[*]
Tel: +44 (0)1235 446001 (O

Web: www.isis.stfc.ac.uk/groups/muons

STFC

Rutherford Appleton Laboratory
Harwell Oxford

Didcot OX11 0QX

UK

PSI Facility
Dr Elvezio Morenzoni,
elvezio.morenzoni@psi.ch

Tel: +41 (0)56 310 4666
Web: Imu.web.psi.ch
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Paul Scherrer Institut

Laboratory for Muon-Spin Spectroscopy
CH-5232 Villigen PSI

Switzerland



