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Radiative heat transfer via the emission 
of light, which largely involves photons 
at infrared wavelengths, is a well-known 
phenomenon taught in undergraduate 
physics courses. Yet, the effect is still not 
fully understood when it occurs on the 
nanoscale. Studies have shown that the 
rate of thermal radiation by light can be 
modified by altering the optical properties 
of structures and can dramatically 
deviate away from the values expected 
from conventional black-body physics. 
In particular, enhanced heat transfer 
has been achieved via structures such 
as diffraction gratings and small gaps 
between surfaces supporting modes at 
infrared wavelengths. Unfortunately, it is 
difficult to quantify the effects for gaps 
smaller than a few tens of nanometres. 
And, not all of the theoretical studies on 
nanoscale heat transfer are in agreement.

Kyeongtae Kim, Bai Song, 
Víctor Fernández-Hurtado and 
colleagues from the USA, Spain and 
South Korea have now experimentally 
demonstrated a technique to measure 
radiative heat transfer for gaps as 
small as 2 nm using custom probes 
with embedded thermocouples 
(Nature 528, 387–391; 2015).

One of the authors of the study, 
Pramod Reddy, told Nature Photonics 
that the motivation of this work was to 
elucidate the principles governing the 
exchange of thermal radiation between 
objects separated by gaps as small 
as a few nanometres and to establish 
the basic laws that can be applied to 
a great variety of nanoscale systems 
and devices. Reddy explained that one 
of the most important findings is the 
unambiguous demonstration that the 
theory of fluctuational electrodynamics 
provides an accurate description 
of the radiative heat transfer all 
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the way down to separations of 
a few nanometres.

According to Reddy, it was a real 
challenge to measure the very small 
heat flux between the gold surfaces in 
their experiment, which was beyond the 
sensitivity of existent techniques. “This 
required the combination of our scanning 
probes with microdevices capable of 
periodic temperature modulations, 
which led to an increase in resolution by 
more than an order of magnitude. This 
improvement was crucial to establish a 
definitive picture of the radiative heat 
transfer between metals at the nanoscale,” 
Reddy explained.

“Our results demonstrated that in 
nanometre-scale gaps the radiative heat 

fluxes can be many orders of magnitude 
larger than what it is expected from the 
Stefan–Boltzmann law for black bodies,” 
Reddy told Nature Photonics. “This 
discovery can be extremely useful for 
technologies that make use of thermal 
radiation such as thermophotovoltaics, 
heat-assisted magnetic recording 
or nanolithography.”

The team now hopes to use their 
findings to tackle a variety of open 
problems such as the active control 
of thermal radiation in nanoscale 
devices and applying nanostructuring 
to shape the spectral characteristics of 
thermal emissions.
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