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Efficient heat transport materials have been pursued over centuries for addressing various 
technological challenges in society. It is known that simple crystals made of strongly bonded light 
elements can yield a high thermal conductivity contribution from phonons, the energy quanta of 
lattice vibration. Following these long-held criteria, diamond and graphite exhibit record-high 
thermal conductivities that are much larger than typical values for metals, where the electronic 
contribution to the thermal conductivity is dominant and proportional to the electrical 
conductivity according to the Wiedemann-Franz law. Here we show experimental results that 
have validated a proposed phonon band engineering approach to achieving unusual high lattice 
thermal conductivity in semiconducting boron arsenide (BAs), which contains both light boron 
and heavy arsenic atoms. In addition, our electronic thermal transport measurements of graphene 
reveal that the Wiedemann-Franz law is violated at low-temperatures by electron-electron 
interaction and at high temperatures by inelastic electron-phonon scattering, and is recovered at 
intermediate temperatures due to quasi-elastic electron scattering by low-frequency flexural 
phonon modes. Meanwhile, the spin degree of freedom can carry a surprisingly high heat flux 
according to our measurements of spin-heat coupling in spin ladder compounds and across the 
interface between a heavy metal and a magnetic insulator.  
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His academic training included a bachelor degree in thermal engineering from Tsinghua 
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