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ABSTRACT: Layered and 2D materials are currently one of the most well-studied classes of solid-
state compounds, due to the plethora of unique physical phenomena found in these materials 
coupled with advances in the characterization of structure and properties down to the single layer 
scale.    Here, we will describe our recent work in the synthesis, properties, and applications of 
layered materials that simultaneously exhibit n-type conduction and p-type conduction depending on 
the direction that conduction occurs through the crystal. Electronic materials generally exhibit a single 
majority carrier type, either electrons or holes, uniformly along all directions of the crystal, which are 
then integrated together to create virtually all modern electronic devices.  Recently, we discovered 
that NaSn2As2, an exfoliatable 2D van der Waals material, simultaneously exhibits p-type conduction 
along the in-plane direction and n-type behavior along the cross-plane direction, a phenomenon we 
define as “goniopolarity”.  We will establish the origin of this behavior, the chemical design principles 
for creating new goniopolar materials, and our recent successes in significantly expanding the 
number of known materials that exhibit this effect. Finally, we will show that goniopolar materials can 
significantly improve the efficiency of energy-harvesting technologies ranging from thermoelectrics 
and photocatalysis. 
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