The Hubbard- and van der Waals-corrections
on the DFT calculations of the epsilon-zeta
transition in the solid oxygen

INTRODUCTION 1

High-pressure physics and strongly-
correlated materials

10 P (GPa)

Simplified phase diagram of solid
oxygen

Le The Anh
Quemix Inc.

INTRODUCTION 2 INTRODUCTION 3

Experimental methods to explore Theoretical physics of many-body

the structures

systems

1. Hartree-Fock

Intensity (counts)

11.2 GPa

Observed
Simulated

('b;;,k (rl)(.b;;z,q (TZ ) ('bn,k (TZ ) ¢m,q (Tl)

3. van-der-Waals

-
(3]
L

=
=)
T r 7

E . 1
480 540 600

(3)]

Absorbance

56 2(4)

ool

Intensity (arb. units)

o

Semi-empirical

800 1200

° L L

P -0.2
Frequency (cm

1400 1450

1500

Raman IR absorption

Yuichi Akahama et al 2019 Jpn. J. Appl. Phys. 58 095502

+U vs +U+vdW: Structure

/I\/Ietallization vs Structural transition

PBE+vdw-D+U vdw-DF+U

PBE+U PBE+U+vdW-D  vdW-DF+U "
| T 1 1 | —e— PBE [ i 1 i —*— PBE+dWD | [ | | —e— vIW-DF2 :
- —— Exp. (Weck er¢l) | Lo —e— Exp. (Weck er al) 8 |

Latice parameters (A)

SN
' I ! I ! I

(OS]
T

0 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160

Pressure (GPa) Pressure (GPa)

Phys. Chem. Chem. Phys., 2023,25, 25654-25658

— 10 GPa
— 20 GPa
— 40 GPa
— 60 GPa
—— 80 GPa
— 100 GPa

Pressure (GPa)

Hartree-Fock physics

Pressure (GPa)

J. Chem. Theory Comput. 2015, 11, 3, 1195-1205

B3LYP also predicted the co-existence of
the epsilon and zeta phases.

Summary

* High pressure phases of solid oxygen are complex.

* It requires both correct short-range and long-range

treatments on the equal footing.
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Summary

* Possible long-range treatments are:

Hartree-Fock exchange
Inter-site Hubbard +V

* van-der-Waals

* Within the two-body correlation approximation.
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