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Abstract  

Thermoelectric cooling is based on the Peltier effect that consists in the generation of a reversible 
heat flow in response to the passage of an electrical current. Thus, depending on the direction of 
the electrical current in a junction, one can cool down an electrode at the expense of heating up 
the other one. Thermoelectric or Peltier coolers have many applications, especially in electronics, 
and they possess several advantages over conventional vapor-compression refrigeration systems, 
although they are typically less efficient than these latter ones. In the context of nanoscale 
systems, a lot of attention has been devoted to the study of thermoelectricity in molecular 
junctions with the hope, in particular, to increase the efficiency of Peltier cooling. However, in 
spite of the fact that a lot of progress has been made in probing related phenomena such as the 
Joule heating [1] or the Seebeck effect [2], the observation of Peltier cooling in molecular 
junctions has remained inaccessible thus far. 

In this talk, I will present our recent work in collaboration with the group of Pramod Reddy and 
Edgar Meyhofer (University of Michigan) in which we report for the first time the direct 
observation of Peltier cooling in molecular junctions [3]. This observation was possible due to 
the use of a novel experimental platform that combines conducting-probe atomic force 
microscopy with home-built calorimetric micro-devices with picowatt resolution. This platform 
enables the simultaneous measurement of electrical, thermoelectric and energy dissipation 
characteristics of molecular junctions. Using this platform, molecular junctions formed with gold 
electrodes and a variety of organic molecules were investigated. Our study revealed not only the 
possibility to achieve molecular-based refrigeration, but it also showed the close relationship 
between heating or cooling and the transmission characteristics of these junctions. In particular, 
we demonstrated that the Peltier cooling can be tuned and optimized by an appropriate choice of 
the molecular architecture, and all this in exquisite agreement with density-functional-theory-
based calculations performed in the framework of the Landauer approach for quantum coherent 
transport. The advances reported in this work are expected to stimulate the exploration of atomic- 
and molecular-scale thermal transport and the quantification of the thermoelectric figure of merit 
in a variety of interesting molecules, nanostructures and materials. 
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