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R TRIUMF

Muons and Chemistry

Mu* Mu* hopping in PEO
 Can’t resolve chemical shifts
so no structural information

about diamagnetic muonated
molecules.
 Mu* diffusion in materials.

Relaxation in WTF: Good for pulsed source 1000/[T(K)]
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R TRIUMF

Muons and Chemistry

Mu
Muoniated Radicals @ Mu ©<
o Structure y

* Molecular dynamics R R R Mu

. T N /M N/
* Reaction kinetics o= — /C—CQWR
« Spin labels R R : R
" Mu

R\ - R\. /

C=—0 > /C—O

R/ R

September 8, 2016 MSR and BNMR of Soft Matter and Chemical Systems 3



R TRIUMF

Identification of Muoniated Radicals

TF-uSR
Precession frequencies

(requires CW source) \

ALC-uSR
Resonance fields
\ Nuclear hfccs

(H, D, 13C, N....)

Muon hfcc (A,)

Hyperfine Coupling Distribution of
Constants unpaired electron

Temperature Dependence » 3D structure
of HFCs * Intramolecular motion
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R TRIUMF

Level Crossing Resonance
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Time integral measurement
RATE IS CRITICAL!

HiFi @ ISIS: ~100 Mevents/hr
Helios @ TRIUMF: ~1800 Mevents/hr
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R TRIUMF

Why Rate is Important

 Ability to scan over wider field range. Find all resonances.
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PRL 2013, 710, 216602

 Measure more samples, temperatures, field points, etc.
« Stability of beam over day. Can distort long ALC sweeps.
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R TRIUMF

Probing Reactivity of Biradical
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R TRIUMF

Possible Muonium Addition
EB Bu
P
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Probing Reactivity of Biradical
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R TRIUMF

Muoniated Probes in Soft Matter

 Introduce spin label in
soft matter system
(liquid crystal, polymer)

« Similar to spin labeling
with stable nitroxides
except smaller
perturbation.

« Radical sensitive to:
» QOrientation of probe

» Polarity of local
environment

* Fluctuations on the ns
to us timescale
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R TRIUMF

Cosurfactants in Bilayers and Micelles
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R TRIUMF

Cosurfactants in Bilayers and Micelles

Bilayer doesn’t rotate.
L Rapid uniaxial rotation.
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R TRIUMF

Cholesterolic Liquid Crystal

A, = 441.9 MHz
Bo(D)=162T

Cholesteryl
nonanoate

A, =T71.7 MHz
B . (A)=026T

UB3LYP/6-31G(d,p)//
UPBEO/EPR-II
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R TRIUMF

Cholesterolic Liquid Crystal

Isotropic phase
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R TRIUMF

iscotic Liquid Crystals
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 Formation of 1D “molecular
wires” in Col,, and H phases.

* A, ~100’s of us'in Col,, and
H phases of HHTT.
Mechanism unknown.
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R TRIUMF

Polymer Electrolytes

Polyethylene oxide (PEQO) or

& Load (CH,-CH,-0), is used as
: T electrolyte in lithium-ion
mecrons: curent; batteries.

Separator

Understanding microscopic
dynamics of Li* in polymer
electrolyte essential to
optimize materials.

Solid Polymer Electrolyte
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R TRIUMF

Bulk Measurements Versus Local Probes?

PEO:LITFSI (EO:Li 10:1)

* a-relaxation (main chain e SELEEEEEE
motion) and DC | T, =213 | e
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 Implication is that the 8 4l o;?a' {6 D
a-relaxation plays an : #° .1 2
_ P .y &l °©  Arrhenius{s —
important role in long _ 28 kJ/mol
range Li* transport. 10 | 1%
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R TRIUMF

B-NMR of Lithium Diffusion in PEO
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R TRIUMF

Glass Transition in Polystyrene Thin Films

30— o7 7+ Reduction of Tg for thin,
370} supported PS films
_ 1 Results suggest region
— st near the surface with
I enhanced dynamics
330
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i
h
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R TRIUMF

Evidence for Lower Tg Near the Surface

-------------------------------------------------------

] 5th layer

Neutron reflectometry

on 100 nm thick

multilayer film

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

240F

238k 4th Iayer
236
234F
232 f—
230F..
254
252F
250F
248F
246 -
228}
226
224f
222F
220
218 i. .
142F

- Substrate

1345 © 5
132"_. | il aalasastay 1. 1 aalesaataaaaly 1 il ..l-‘
300 320 340 360 380 400 R. Inoue et al.

Temperature (K) PhyS Rev. E 2011, 83, 021801

Thickness (A)

September 8, 2016 MSR and BNMR of Soft Matter and Chemical Systems 19 I



R TRIUMF

B-NMR of Polystyrene
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