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Soft Matter 
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Surfactants Liquid Crystals Polymers 

Colloids Biological 



•  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 

Characteristics of Soft Matter 
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Sensitive to: 
•  Orientation of probe 
•  Local environment 
•  Fluctuations on the 

ns to µs timescale 

Muoniated Probes in Soft Matter 
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Longitudinal Field µSR 
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Level Crossing Resonance 
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Classification of Liquid Crystals 
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Rod-like Liquid Crystals 
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Spin Probes in Liquid Crystals 
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ALC-µSR of 5CB 
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Hfcc Shifts in 5CB 
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Molecular Motion and Dipolar Coupling 
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•  Rapid uniaxial rotation produces 
axial hyperfine tensor (D|| = -2D⊥) 

•  Angle between rotation axis and 
the C!Mu bond results in small D|| 

•  Hfccs depend on the angle 
between rotation axis and 
magnetic field (") 

! 
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2 DX
|| 3cos2 " #1( )



Molecular Motion and Dipolar Coupling 
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•  Fluctuations about director 
average the dipolar hfcc 
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Motionally-Averaged Hfccs 
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•  Sample aligned by magnetic field 

! 

"AX = AX # AX
iso = DX

|| S

! 

AX = AX
iso + 1

2 DX
|| 3cos2 " #1( )[ ] f "( )d$

0

%

&

270 280 290 300 310 320 330

-0.20

-0.15

-0.10

-0.05

0.00

! = 0.34(5)

Isotropic

"
A

p / 
M

H
z

Temperature / K

Nematic

! = 0.58(10)

! 

"2 #
kBTqc
$2S2



Dynamics of Spin Probes in 5CB 
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ALC-µSR of PCH5 
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ALC-µSR of MBBA 
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I. McKenzie et al. J. Phys. Chem. B (2011)  



Comparison of 5CB and MBBA 
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#HNI = 1.56 J g-1 #HNI = 0.92 J g-1 



O

H

H H
O

Cholesterolic Liquid Crystal 

August 5, 2011 µSR of Rod-like Liquid Crystals 24 

Cholesteryl 

nonanoate 

I. McKenzie et al. J. Phys. Chem. B (2011)  

P/2 



ALC-µSR of a Cholesterolic Liquid Crystal 

August 5, 2011 µSR of Soft Matter 25 

1.50 1.55 1.60 1.65 1.70 1.75 1.80

C
or

re
ct

ed
 A

sy
m

m
et

ry

Magnetic Field / T

363 K

349 K

357 K

368 K

376 K

383 K

#1 #0 

Aµ = 441.9 MHz 
Bres(#1) = 1.62 T 

UB3LYP/6-31G(d,p)//UPBE0/EPR-II 

Aµ = 71.7 MHz 
Bres(#1) = 0.26 T 



ALC-µSR of a Cholesterolic Liquid Crystal 
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ALC-µSR of a Cholesterolic Liquid Crystal 
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High Temperature (I phase) 
Slow isotropic reorientation 

Low Temperature (N* phase) 
Wobbling around preferred axis 

Fluctuation amplitude and $R determined from FWHM #1 



Lyotropic Liquid Crystals 
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Location of Cosurfactants? 
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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 
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Mu Adducts of 4HBA 
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Wertheim reaction field model 
AX(%) = AX

vac + k ln(%) 
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Partitioning of 4HBA in DHTAC 
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Partitioning of 4HBA in DODMAC 
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Polybutadiene 
•  Localized spin density 

due to isolated double 
bonds. 

•  Narrowing of 
resonances and shift 
of Bres due to rotation 
about the single bond. 

µSR of Non-Conducting Polymers 
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Aµ = 0 Aµ & 0 

Diffusion of the electron causes fluctuating spin 
density at the muon and relaxation of the muon’s spin. 

µSR of Conducting Polymers 
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Mu H

Interchain diffusion rate D$ 

D|| Intrachain diffusion rate 



Polyacetylene 
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K. Nagamine et al., PRL 53, 1763 (1984) 

Aµ = 91 MHz Aµ ~ 0 
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1-D diffusion 



Risch-Kehr Model 
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Polyphenylenevinylene 
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F. L. Pratt et al. Physica B 326, 34 (2003) 



A Cautionary Tale: Alq3 
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A Cautionary Tale: Alq3 
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A. J. Drew et al., PRL 100, 116601 (2008) 

D = 1.4±0.2 x 1012 s-1 



Assumed Behaviour in Alq3 
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If D = 1.4x1012 s-1 
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Actual Behaviour in Alq3 
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#G0 = 4.2 - 5.5 eV 
* = 0.3 - 0.5 eV 

UB3LYP/6-31G(d,p) 

#G0 = 4.3 - 5.7 eV 
* = 0.2 - 0.5 eV 
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ALC-µSR of Alq3 
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Position 
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Cytochrome C 
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K. Nagamine, Eur. Phys. J. A 13, 189 (2002) 



Cytochrome C 
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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. A 13, 189 (2002) 



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

Conclusion 
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