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Introduction and Motivation S CHICACO
e Materials used in devices for the development of * Density Functional Theory (DFT) has been
any technology exhibit inherent heterogeneity widely and successfully used for decades to

provide insight into the mechanisms that
govern the behavior of materials

* However, it is still challenging for available
exchange and correlation (xc) functionals to
describe with the same accuracy the
electronic properties of different components
of heterogeneous systems
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* Introduction to Screened-Exchange Range-Separated Hybrid (SE-RSH)

* Applications of SE-RSH to
* analyze the electronic structures of heterogeneous systems:
* Interfaces
 Two-dimensional (2D) systems
e Defective 2D systems
* metal oxides

* Conclusions and future work
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Dielectric-Dependent Hybrid functional

Generalized Kohn-Sham theory:
TS =0Ty + (1 — )V oA
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Dielectric-Dependent Hybrid functional CHICAGO

Family of Dielectric-Dependent Hybrid:

| Global Dielectric-Dependent Hybrid (DDH)=

1 / Introduce spatial dependency into \
~ ghulk dielectric screening-s;

(04

Range-Separated Dielectric-Dependent
Hybrid (RS-DDH)ae

Local dielectric function (1) via finite field method:
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Screened-Exchange Range-Separated Hybrid(SE-RSH)

The ratio of Fock exchange to semi-local depends on position:

Local dielectric function (1)

SE—-RSH . _ 1 ( _ 1 ) f
a (r,r’; e(r), u(r)) l\/E(I')E(l").-I_ 1 \/e(r)e(r’) erfc(u(rr,y)

4.0
long-range screening short-range screening
. 2.5
non-empirical
P 1.0

Finite-field@PBE
Local screening parameter p(r)

p(r) = %kTF _ (3,0751-))1/6

SE-RSH generalizes the definition of
RS-DDH by introducing a spatially
dependent dielectric screening.
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Band offset at interfaces band gap (eV) of 2D systems Defects in 2D systems
2101 ‘
o e
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Local Functions

Energy Level / eV

[
<

Band offset at interfaces

band gap (eV) of 2D systems

systems*  HSE06  SE-RSH  GoW, [Ref.]
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Defects in 2D systems
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‘ SE-RSH is a nonempirical hybrid functional that enable accurate
calculations of the electronic properties of heterogeneous systems.
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Controversial results for metal oxides
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e Applications of metal oxides are found in a wide Dielectric-Dependent Hybrid functionals
range of fields. tends to overestimate the bandgap of
metal oxide.

Materials
chemistry

systems  DD-RSH-CAM*;;  Exp.+ZPR

In203 3.51 2.7~ 2.92
TiO2 4.18 3.65 ~ 3.95 3]
' Metal oxide ‘ MnO 4.93 3.974.1 4
Applications CoO 5.61 2.6 4
Electron ormation NiO 6.34 4.0~4.3 (4]
and Optical Technology
/‘ ’ N *DD-RSH-CAM is a dielectric-dependent

hybrid that achieve high accuracy in
various semiconductors and insulators.

‘ Biomedical
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Spatial dependence of screening in metal oxides
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Challenges in applying DDH to metal oxides:
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Marked spatial dependence
of screening in ionic-bonded
systems.
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Application of SE-RSH to metal oxides
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Electronic band gap (eV) of metal oxides

systems*  DD-RSH-CAM(;; SE-RSH Exp. + ZPR
In203 3.51 2.99 2.7~ 2912
TiO2 4.18 4.02 3.65 ™ 3.95 [3]
Zn0O 3.74 3.56 3.61 4]
Al203 9.51 9.45 9.1~ 9.5 5]
Ca0 7.17 7.05 7.43 (g
MgO 8.19 8.17 8.3
W03 3.92 3.70 3.7~3.8
YINIAY) 0.286 WIE!
MARE(%) 6.87 3.70
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SE-RSH results appear to be more accurate than
RSH results, due to the inclusion of the spatial
variation of the screening.
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Conclusions and future work

We proposed a nonempirical range-separated hybrid functional with spatially dependent
screened exchange, SE-RSH, enabling accurate calculations of the electronic properties of
heterogeneous systems and metal oxides.

non-empirical

The validation of our results for diverse materials shows

that:

1. Utilization of local dielectric function €(r) help SE-
RSH achieve high accuracy.

2. Metal oxides exhibit a strong spatial variation of the
screening, which is captured by SE-RSH.

Future Work

1. Study metal-oxide interfaces w/wo defects.

2. Integrate Time-Dependent Density Functional Theory (TDDFT) with SE-RSH.

3. Accelerate exact exchange calculations in SE-RSH for modeling large-scale complex systems.
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GW Static Screening is well approximated by « T CHICAGO
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