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Abstract: 
As a textbook example of strongly correlated electron materials, vanadium dioxide features a 

metal-insulator phase transition accompanied by a structural transition at 67oC. The physics of 

the electron correlation and the transition has challenged researchers for decades, while 

fascinating device applications have been proposed or realized based on this material. In this 

talk, I will highlight our recent discoveries in the study of vanadium dioxide and related 

materials. (i) We discovered a new electron conduction mode in the metallic phase of vanadium 

dioxide, in which the Wiedemann-Franz law was found to be broken, and itinerant electrons 

were shown to conduct charge but (almost) not heat. The work revealed a totally new, but very 

likely general, behavior of electron dynamics in a strongly correlated electron fluid where heat 

and charge diffuse independently. (ii) Using these materials, we developed new technologies 

for smart thermal radiation regulation. A thermal imaging sensitizer (TIS) boosts the sensitivity 

of uncooled thermal infrared imaging from the previous 0.04 K to 0.003 K at room temperature, 

leading to unprecedented products for early detection of subcutaneous tumors and inspection 

of hidden building defects. A temperature-adaptive radiative coating (TARC) was also 

invented that adapts its thermal emittance to different ambient temperatures. The TARC 

automatically switches thermal emittance from 0.20 for ambient temperatures lower than 15 

°C to 0.90 for temperatures above 30 °C. The TARC is simulated to outperform all existing 

roof coatings for energy saving in most climates, especially those with significant seasonal 

variations. 
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Professor Junqiao Wu received a B.S. from Fudan University and a M.S. from 
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