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New phenomena at the nanoscale: 
Interfaces can dominate behavior

4 nm nanocrystal 
> 50% “surface”
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Green manufacturing with nanomaterials

‣ Solution phase synthesis and processing 

‣ Low temperature for low embodied energy 

‣ Low cost for viable large area/scale devices  

‣ smart windows, solar cells, batteries
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Nanocrystal-based materials and devices

Chemical control 
of nanocrystals
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Assembly and 
integration

Various%kind%of%solGgel%films%

•  Highly%transparent%

•  Thin%films%from%urea%combus+on%shows%highest%conduc+vity%

•  Combining%of%combus+on%solGgel%process%and%nanopar+cles%

–  Local%heat%may%induce%be]er%par+cle%connec+on%%

Before%N2%annealing%

AEer%N2%annealing%

Urea%

Combus+on%

Conven+onal%

method%

Acetylacetonate%

combus+on%

8.9%kΩ/sq% 15%kΩ/sq% 65%kΩ/sq%

4.9%kΩ/sq% 8.8%kΩ/sq% 20%kΩ/sq%



Semiconductor Nanocrystal 
Plasmonics 

Tunable and responsive properties 
Application: Electrochromic windows 

Interface-Mediated Transport 
Ion transport through pores and 

composites 
Application: Fuel cell, battery 

membranes

Nanocrystal Assembly and 
Integration 

Polymer-nanocrystal assembly, gels 
Application: Sensors, electrochemical 

devices

Phase Stability and Transitions 
Meta-stable phases and phase 

switching materials 
Application: Thermochromic windows, 

solar cells
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Electric field enhancement using  
plasmonic metal oxide nanocrystals
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Shape-dependent field-enhancement

Synthesis and Simulation of ICO Nanoparticle 
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Sample preparation

5

4 sizes each of CeO2 and TiO2

3 nm TiO2 6 nm

12 nm 12x30nm

2.8  nm CeO2 4 nm

6.3 nm 11 nm

range of pore sizes

Proton transport through  
microporous metal oxides

Measuring proton conductivity
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Measuring proton conductivity
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Conductivity of 4 nm CeO2 nanocrystal films
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Typical electronic conduction 
behavior for nanocrystalline 
CeO2

Significant increase in 
conductivity already occurring 
at 300℃
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Enhanced proton (and 
electron) conductivity 
compared to previous work

50 nm

Evan Runnerstrom

H+



Who we are
‣ Engineers, chemists, and physicists from around the world 

‣ Visitors and a broad network of collaborators 


