Interfacial thermal transport in Bi2Te3: the impact of twin boundaries
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Nanostructured thermoelectric materials are generally highly polycrystalline, meaning defects, such as
grain boundaries, are prevalent. To advance beyond the current state-of-the-art nanostructured
thermoelectric materials a detailed understanding of the impact of specific interfaces on thermal
properties is required. An example of a specific interface (a twin boundary) is shown in Fig. 1. Ideally,
we would be capable of linking specific interfacial structures with optimised materials properties. In
addition to the importance of nanoscale engineering, it is highly desirable to achieve improved
thermoelectric performance at room temperature for Internet of Things, energy harvesting, and active
cooling applications. Bi2Te3 is currently the best performing thermoelectric material at room temperature.
One route to achieving highly efficient thermoelectrics at room temperature is to understand the impact
of interfaces in materials such as Bi2Te3 on thermal transport at an atomistic level.
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Figure 1 A schematic showing a polycrystalline material with a specific interface (a twin boundary) highlighted.

In this work, we utilise reverse non-equilibrium molecular dynamics (rNEMD) simulations, with a
recently developed empirical interatomic potential [1], to elucidate the impact of specific twin boundary
(TB) structures on thermal transport in bismuth telluride (Bi2Te3). Three basal plane TBs in Bi2Te3 and
the 60° TB[2] are investigated. The interfacial thermal resistance (Kaptiza resistance) is calculated, along
with an analysis of the structural changes observed at interfaces. We find that interfacial thermal
resistance increases with decreasing stability of the interface. A comparison of the properties of these
TBs is carried out, enabling us to identify and discuss which may be the most effective in terms of
suppressing lattice thermal conductivity at room temperature and why.
As classical interatomic potentials are known to break down and fail in complex interfacial cases, the
ultimate aim of this work is to develop a Gaussian Approximation Potential (GAP) for Bi2Te3. This GAP
will be used to reliably investigate more complex interfaces in Bi2Te3. The progress and ideas behind
this work will also be discussed.
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