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INTRODUCTION

Palladium and its oxides are important catalysts in many

catalytic reactions with diversity of technological
applications.
The only thoroughly scientifically studied and

technologically exploited palladium oxide is PdO.

Formation of one PdO, polymorph was observed under
elevated hydrostatic pressure and temperature and rutile
structure was proposed [1,2].

We focus on theoretical prediction of stable PdO,
polymorphs and impact of pressure and temperature on
their stability using Density Functional Theory modelling.

We model PdO, in 19 crystal structures observed for
dioxides of transition metals.

All PdO, models were fully optimized at six pressure
points: 0, 20, 40, 60, 80 and 100 kbar.
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METHODS

DFT calculations were performed in program VASP[3].

All models were fully optimized using DFT GGA PBEsol
functional and hybrid DFT HSEQ6 functional. Plane-wave
cut-off was set to 700 eV and k-mesh spacing to 0.2 AL,

Lattice dynamics was calculated for 2x2x4 supercells using

direct phonon method and quasiharmonic approximation as

iImplemented in the program PHONOPY [6].
Visualization of crystal structures was done in VESTA[4].

CONCLUSIONS

All 19 PdO, models are stable relative to Pd+O, and 13
structures are stable in respect to PdO in the pressure range
0-100 kbar.

The lowest-E structure at zero pressure is predicted to be
MnO, type at hybrid DFT level (VO, type at standard
DFT).

Rutile type structure (claimed by experiment) is 10™ in
energy and dynamically unstable at all pressures, while all
models that are energy-preferred over rutile structure are
dynamically stable.

Increase of the electronic temperature via smearing,
stabilizes tetragonal rutile type.

At low temperatures structural transformation from
tetragonal to orthorhombic rutile occurs through a B, soft
mode that relaxes the very short d,(O-O) distance that
seems to be the key parameter that drives the phase
transition.
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structure becomes stable.

For ¢ < 15 eV rutile type PdO, becomes
unstable in respect to B;; mode that lowers the

N
o
o

N
o
o
N
o
(=}

Frequency (cm™!)

Frequency (cm™)

Frequency (cm™!)
o

o
=

Y, 3 -
/V
B c=05eV 00| B c=1leV.  -200 | c=1.5eV

*Ilg . 1g
r X M T

o
o
o

q

-200

' XM T

ACKNOWLLEDGEMENTS

The European Regional Development Fund, Research and Innovation
Operational Programmme, for project No. ITMS2014+: 313011W085.

Scientific Grant Agency of the Slovak Republic, grant No. VG 1/0223/19.

The Slovak Research and Development Agency, grant No. APVV-18-
0168.

Interdisciplinary Center for Mathematical and Computational Modelling
at University of Warsaw, grant No. G62-24.

Aurel supercomputing infrastructure in CC of Slovak Academy of
Sciences acqiured in projects ITMS 26230120002 and 26210120002
funded by ERDF.

Computing cluster of the Institute of Experimental Physics SAV, v. v. 1. in
Kosice part of the infrastructure SIVVP.

PRACE FENIX Project fnxp070004 at TGCC high performance
computing infrastructure, France.

rXM I' ZRA Z ZRA Z ZRA Z tetragonal symmetry to orthorhombic rutile.
HIGH PRESSURE REGIME « At zero pressure, the lowest
Relative enthalpies vs. pressure energy type Is VO, In DFT, Wh”e
_ the hybrid DFT method predicts
DFT results . Hybrid DFT results that the energetically preferred type
0.5 - T 0'5 2 —-Ni0,5Mn1,504 IS MnO.,.
o ad Q.f' - ° I
_ 04 &1 o . g ngz « Both standard and hybrid DFT
Z 43 i _ ! o cdl predict orthorhombic rutile type
> 0. I < 03 I —o—BaSi2
2 ! ® ., ! N2 structure to be preferred at
5 02 N l . elevated pressure above 20 kbar
0.1 —e—rutile )
0.1 0o V02 (DFT) and 50 kbar (hybrid DFT).
0.0 _ o1 100" —e-Nb02 * In both methods, tetragonal rutile
o 20 40 ' 80 100 02 —e-0-Pb0O2 structure is disfavoured at all
p [kbar] p [kbar] —e—CaCl2

Pressures.

Rutile structures: geometry analysis (hybrid DFT results)

L attice parameters vs. pressure Interatomic O...O distances

 In the tetragonal rutile

type

REFERENCES

[1] I. S. Shaplygin, G. L. Aparnikov, V. B.Lazarev, Zhurnal Neorganicheskoi
Khimii, 23, 884 (1978).

[2] G. I. Goncharenko, V. B. Lazarev, I. S. Shaplygin, Zhurnal Neorganicheskoi
Khimii, 30, 3032 (1985).

[3] G. Kresse and J. Hafner, Phys. Rev. B 47 , 558 (1993); ibid. 49 , 14 251
(1994).

[4] K. Momma a F. Izumi (2008): J. Appl. Crystallogr., 41, 653 - 658.
[5] D. Fabusova, Bakalarska praca 2020, dostupna na: https://opac.crzp.sk/ .
[6] Atsushi Togo and Isao Tanaka. Scr. Mater., 108, 1-5 (2015)

4.46 - : : structure, the d,(O-O) distance is
z, Tetragonal rutile  Orthorhombic rutile considerably Slh(o rter) than _ the
S s pd.-275  (CaCly) B d;=2.699A  typical distance between O? anions
E 4.40 d, = 43 N A (28 4),

g " q « Orthorhombic distortion relaxes the
g 438 ° " very short d,(O-O) distance.
4.36 o e The d,(O-0) length remains longer
o [kbar] Change of d1 (O-0) length under pressure In the orthork_\ombic rutile than in
Z 3.07 . 48 tetragonal rutile at all pressures up
> 3.06 1 etr, Eong, 5 46 IW to 100 kbar.
g3% 7 5 o 244 - The relaxation of the d,(0-O)
g ig: “~e._’ jt‘hg%%' = 2.42 Tetragona/ rutil distance seems to be the key
g Tty o 240 "\‘\’\o'\e‘\. parameter that drives the phase
8 L0 = = ;22 ' transition from the tetragonal to the
0 20 40 60 80 100 0 20 40 60 80 100 orthorhombic rutil type structure in
p [kbar] o [kbar] PdO, at low temperatures.

2022 Workshop on Recent Developments in Electronic Structure (ES22), May 31—

Friday June 3 at Columbia University


https://opac.crzp.sk/

