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STRUCTURE – DYNAMICS - FUNCTION 

Micelles – a new dynamical model 

Endofullerenes – quantum mechanics 
in a nano lab 

Oxide ion conductors 

Thermoelectric materials 
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IRIS basckscattering, 0.17micro-eV 
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• Surface is rough and fluctuating 

• Tails can move from surface to centre and 
back in nanoseconds (analysis of radial 
distance) 

• Head groups are more mobile than tails 

• Head group motion is mainly tangential – 
about 15% of micelle circumference 

• Dynamical model can be tested by… 
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   Anode  Electrolyte  Cathode 

H2 O2 

H2O 

• Clean and efficient energy generation 

• Currently used electrolyte: YSZ (s ~ 10-2 Scm-1 at T > 
750oC) 

• Current obstacles: device cost and reliability 

 

• Aim: lower operating temperature (450-600oC)  
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•  d-Bi2O3 – best oxide ion conductor: ~1 Scm-1 

• 25% O vacancies → vacancy hopping mechanism 

• BUT narrow, high temperature stability range 

 
• Dope with e.g. divalent cation to remove O (Bi3+ →  

Ca2+) → create more vacancies 

• BUT doping with V5+ works best: s ~ 10-1 Scm-1 at T < 
500oC 

• New conduction mechanism in dual sub-lattice 
systems: Bi2O3 and VOn  

– Dopant cations have variable coordination; 4,5,6 

– Polyhedral rotation creates dynamic disorder 

– Enhanced vacancy population and conduction in Bi2O3 lattice 
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 Low frequency vibrations trigger diffusion 

 Some structural disorder is essential 

 Variable coordination cations and mixed sub-
lattices help 

 QENS experiments to go to longer times 

 Measure microscopic diffusion 

 Compare with macroscopic conductivity 
measurements 
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Measuring phonon 
linewidths - TAS 
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Simulating 
phonon linewidths 
- MD 

Model 1: ordered                         Model 2: disordered 

 



In the time domain… 

τ = 1.81 ps τ = 1.60 ps 

τ = 8.41 ps τ = 2.49 ps 
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Thermal conductivity 

Kph 

Positions, velocities 
Energy and forces 
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Calculating 
thermal 
conductivity 
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Kph vs T: MD-GK 
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CONCLUSION - THERMOELECTRICS 

 

• Phonon-phonon scattering processes are 
responsible for reduced phonon lifetimes and 
low thermal conductivity in Skutterudites. 

 

• Phonon lifetimes in QC approximant are 
weakly T dependent → defects/disorder is 

limiting factor 



Enjoy exploring potential energy surfaces  


