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Introduction

Density functional theory (DFT) is a widely employed
guantum mechanical method for studying the electronic
structure of materials. Previously, DFT calculations
have shown promise in accurately modelling metallic
and semiconducting photocathode materials.

Our goal in this work is to:

* Determine the validity of using DFT based
approaches to predict the workfunction of several
photocathode materials
Highlight a newly discovered class of materials which
we refer to as assembly-free bulk layered
heterostructures as promising photocathode
candidates

Workfunctions and
Photocathode Performance

Photocathodes are typically modelled according to the
Spicer three step model of photoemission. Following
this model, the quantum efficiency can be shown to be:
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where ¢.¢ Is the effective work function of the

material.
The intrinsic emittance of the photocathode can also be
calculated as:
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As such, accurately predicting the workfunction of a
material is vital for determining its performance as
a photocathode.
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Calculation of Workfunctions with DFT

Calc. Workfunction Exp. Workfunction

Cu 110 4.46eV 4.59eV1
Bulk MoS, 5.03eV 5.4eV?
K,CsSb 111 2.10 eV 1.89 eV3
Bulk WTe, 4.21eV 4.39eV4
Bulk Graphene 4.16eV 4.6eV>

 All calculations use periodic, KS-DFT with a plane-wave basis set and the PBE
functional

Calculating the workfunction first involves generating and relaxing slab
supercells of each material. The workfunction is then calculated by plotting the

Kohn-Sham potential in the direction normal to the surface of the slab and
calculating the vacuum level

Discovery of New Assembly-Free
Bulk Layered Heterostructures

Flgure 1. Bulk structures of layered, bulk, lattice-commensurate
heterostructures studied in this work. (a)Tetragonal Ti;(BiO;),,(b)
Sm,Ti;(BIOy),, (c) Orthorhombic Tiy(BIO3),, (d) Nb,(BiO;)., (e)
LaTiNbBI,O,, (f) AgPbBro and (g) Hg(SbS,),.°

Heterostructures as
Candidate Photocathode
Materials

These bulk layered heterostructures possess several
key properties which make them interesting candidate
materials for photocathodes:

* Nearly unlimited number of unique van der Waals
heterostructures can be created resulting In
endless design opportunities

vdW interactions preclude surface reconstructions
or surface states, allowing for simpler modelling

Heterostructures are assembly-free! No vertical
stacking is required to create bulk forms of these
materials
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