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Janus structures has recently emerged as a new 
class of 2D materials resembling the TMD family 
after the first experimental realization of 
monolayer MoSSe[1] and BiTeI[2]. The intriuging 
feature about this class of structures is that they 
posses a finite out-of-plane dipole moment. This 
is due to the broken mirror symmetry of these 
structures, meaning there will be a net electron 
transport from one side to the other, because of 
the difference in electronegativity of the atoms 
of either sides of the plane. In this talk I will from 
density functional theory calculations show that 
by stacking such Janus structures into multilayer 
structures, after a certain number of layers the 
valence band maximum of the first layer, will 
align with the conduction band minimum of the 
last layer, creating a natural p-n junction. I will 
also show how such Janus structures can be 
used to predictively control the band alignment 
of semiconductor-semiconductor interfaces and 
minimize the Schottky-barrier at semiconductor-
metal inerfaces. By matching the out-of-plane 
dipole moment of the Janus structure with the 
desired shift in potential, we find that the effect 
on the band lineup or the Schottky barrier can 
be predicted from the properties of the 
freestanding Janus structure. 

In addition to this, we perform a 
computational study, where we 
combinatorically substitute the elements of 
the two known exfoliated Janus structures. 
From this we predict more than 40 to be both 
semi-conducting, dynamically, and 
thermodynamically stable. These 40 Janus 
structures have an out-of-plane dipole 
moment that we predict can shift the 
electrostatic potential up to 2 eV. This 
underlines the wide range of band lineup 
tuning and Schottky barrier minimization 
made possible by these novel Janus 
structures. 

 
 

Figure 1: Electron and hole dissocation in 
a multilayer Janus structure

Figure 2: Over 40 stable Novel Janus 
structures predicted from computational 
screening

References:

[1] Zhang, J.; et al. ACS nano 2017, 11, 8192–
8198.

[2] Ma, Y.; et al.  Phys. Chem. Chem. Phys. 
2014, 16, 17603–17609.

mailto:achrii@fysik.dtu.dk

