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The variation in the thermal conductance from gold nanowires (100 nm wide) of different 
lengths (100 nm to 1100 nm) into water through a hydrophobic interface has been measured as 
the solute concentration is changed.  The thermal conductance and temperature change is are 
shown below for an extremely hydrophobic interface (left) and a moderately hydrophobic 
interface on the right.  A small amount of aqueous solute molecules increases the heat dissipation 
into the surrounding liquid.  Both glucose and dissolved NaCl solutes show an effect that is 
consistent with a thermal conductance that is limited by an interface interaction where minority 
aqueous components significantly alter the surface properties and heat transport through the 
interface.  The increase in heat dissipation can be used to make an extremely sensitive molecular 
detector that can be scaled to give single molecule detection without amplification or utilizing 
fluorescence labels. 

 

The heat transfer through the interface also affects the phase transformation properties (bubble 
formation) of the interfacial fluid.  Nanostructures having both cavities and posts (nanowrench) 
were characterized by measuring the temperature upon optical excitation and observing bubble 
formation optically.  The 532 nm continuous wave excitation of a single gold nanowrench results 
in superheating of the water to the spinodal decomposition temperature of 580 ± 20 K with 
bubble formation below the spinodal decomposition temperature being a rare event.   Between 
the spinodal decomposition temperature and the boiling point, liquid water is trapped in a 
metastable state because a barrier to vapor nucleation exists.  The small cavity size of the 
nanowrench (~100 nm diameter) is not capable of nucleating the vapor; consistent with the 
classical theory of boiling.  This is in contrast to a colloidal gold nanoparticles solution where 
collective heating effects dominate and lead to the solution boiling at the saturation temperature.     
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