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Soft Matter

Polymers Liquid Crystals Surfactants
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Characteristics of Soft Matter

* Predominant physical behaviors occur at an energy
scale comparable with room temperature thermal energy

« Materials that are easily deformable by external stresses,
electric or magnetic fields, or even by thermal
fluctuations

« Soft matter can self-organize into mesoscopic physical
structures; the structure and dynamics at the mesoscopic
scales determine macroscopic physical properties
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Muoniated Probes in Soft Matter

B +B,+B,=0
Sensitive to:

* Orientation of probe

* Local environment

* Fluctuations on the
ns to us timescale
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Longitudinal Field uSR
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Level Crossing Resonance
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Classification of Liquid Crystals

Liquid Crystals
! !

Thermotropic Lyotropic

— —~

Calamitic Discotic
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Rod-like Liquid Crystals

3

Isotropic Liquid Nematic

s= [ "4(3c0s0-1)£(6)a

August 5, 2011 MSR of Soft Matter 9



R TRIUMF

Rod-like Liquid Crystals

5CB PCHS MBBA
I-N 308 K I-N 328 K I-N 314 K I-N* 364 K
N-Cr 297 K N-Cr 303 K N-Cr 290 K N*-SmA 348 K
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Spin Probes in Liquid Crystals

o T . -~
gH . EPR
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ALC-uSR of 5CB
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Temperature Dependence of Hfccs in 5CB

A [ MHz
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Hfcc Shifts in 5CB

AA [ MHz
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Molecular Motion and Dipolar Coupling

* Rapid uniaxial rotation produces
axial hyperfine tensor (D!l = -2D-)

* Angle between rotation axis and
the C—Mu bond results in small Dl

« Hfccs depend on the angle
between rotation axis and
magnetic field (6)

Ax(0) = AY® +4 Dy (3c0s” 0 - 1)
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Molecular Motion and Dipolar Coupling

August 5, 2011

* Fluctuations about director
average the dipolar hfcc

)04

cCosQ,. + cos” ¢, )
2

Ax(8) = AY° +%<D§< >(3 cos” 0 — 1)
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Motionally-Averaged Hfccs

« Sample aligned by magnetic field

(Ax)= [ :[ iso +%<DQ<>(300826—1)] £(0)de
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Dynamics of Spin Probes in 5CB
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ALC-uSR of PCH5

Corrected Asymmetry
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ALC-uSR of PCH5
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ALC-uSR of MBBA
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Dynamics of Spin Probes in MBBA
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Comparison of 5CB and MBBA

AHy, = 1.56 J g* AH,, = 0.92 J g

August 5, 2011 MSR of Soft Matter 23



R TRIUMF

Cholesterolic Liquid Crystal

Cholesteryl
nonanoate

I. McKenzie et al. J. Phys. Chem. B (2011)
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ALC-uSR of a Cholesterolic Liquid Crystal
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ALC-uSR of a Cholesterolic Liquid Crystal

Below Ty,
A, and A, narrow
with increasing
temperature
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ALC-uSR of a Cholesterolic Liquid Crystal

High Temperature (I phase) Low Temperature (N* phase)
Slow isotropic reorientation Wobbling around preferred axis
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Lyotropic Liquid Crystals
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Location of Cosurfactants?

Cosurfactants

OH

4HBA
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Mu Adducts of Phenylethanol
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Partitioning of Phenylethanol in DHTAC
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Partitioning of Phenylethanol in DHTAC
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Spin Exchange Reactions in DHTAC

T/OC kortho kmeta kpara
> 10% M- s
©
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Mu Adducts of 4HBA
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Partitioning of 4HBA in DHTAC
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Partitioning of 4HBA in DODMAC

02k A1A X d

04} .

-0.6 |
0.0 pkihisstids

02F | .

Corrected Asymmetry / %

04l 35°C (uLﬁ) i
1.6 1.7 1.8 1.9 2.0 2.1 2.2
Magnetic Field / T

August 5, 2011 MSR of Soft Matter 36



R TRIUMF

MSR of Non-Conducting Polymers

Muli H
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MSR of Conducting Polymers

NN N NN NN

Interchain diffusion rate D
D|| Intrachain diffusion rate

Mu &
~
~
~
~
~
~
.
FRRY

Diffusion of the electron causes fluctuating spin
density at the muon and relaxation of the muon’s spin.
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Risch-Kehr Model

G.(t)=e"erfc(NTr) when A, >>1

Fast Diffusion
Three parameters: Limit
* Muon hfcc wy = 2TA, I- d ' »
» Electron spin flip rate v 1+2D, 200»/] I'= » (;)2
- Site-to-site hopping rate D, : o
Interchain diffusion r, L.
Empirical cut-off (1+e,/D,) %

= No cutoff
A cutoff using Eqn.
==== RK model I with empirical cutoff

F. L. Pratt, J. Phys. Condens. Matter 16, S4779 (2004) 0.1 ! m
w/D;

"~

1
100
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Polyphenylenevinylene
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A Cautionary Tale: Alq,
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A Cautionary Tale: Alq,
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Assumed Behaviour in Alq,

A,=425MHz A, =0MHz

\

Energy '

LUMO

If D =1.4x1012 g1
then <A“> =0 MHz

| S | S S | R |
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Actual Behaviour in Alq,

Energy

UB3LYP/6-31G(d,p)

I

Algs
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LUMO
AG°=42-55¢eV
A=03-0.5eV
AGY=4.3-5.7¢eV
T \)\ =0.2-0.5eV
Tl Tl lT Tl HOMO
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MU'A|CI3 |. McKenzie, JPCA 114, 12759 (2010)
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ALC-uSR of Alq,

UB3LYP/6-31G(d,p)
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Cytochrome C
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Cytochrome C

Muons can be used to spin
label biological molecules
But

« Many sites for Mu addition

« Many types of radicals with
very different hyperfine
parameters

What is the physical meaning

of ['?

K. Nagamine, Eur. Phys. J. A13, 189 (2002)
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Conclusion

The muon is a local probe; you need to understand it's
local environment before you draw conclusions about
material properties
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