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Motivation: cesium oxides as a low work function material

* Oxidation can significantly lower their work functions

WORK FUNCTION (eV)

ond
CLEAN OXYGEN EXPOSURE (Longmuirs)

P. E. Gregory, et al. Appl. Phys. 46, 3525 (1975)
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Application

* Recent applications as a low work function coating

- Improvement in thermionic emission in thermionic energy convertor

o V. Giorgis, et al., J. Appl. Phys. 120, 205108
10 : —»— KO : (2016)
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- Improvement in electron jnjection 1n solar cells  A. Hoff, et al., Solar Energy Materials and Solar Cells 171, 1
(2017)
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Discovery of a new class of 1D electrides with nontrivial band
topology: Cs,0

* Electrides are ionic compounds where the
anions are electrons, making them promising
for chemical synthesis and electronics.

* First-principles density functional theory
calculations are coupled to a materials database
search to analyze key materials’ properties and
to investigate their detailed band structures.

e The new class of 1D electrides (Cs,O and

Ba,N) is the first electrides with nontrivial

(a-b) Charge density distribution of band topology presenting band inversion and
newly identified electrides, Cs,O based .

on 1D nanorods, where anionic topologically protected quantum states.

electrons near the Fermi level are ° E . 1 h . s h H

highly concentrated in the inter-rod Xperlmenta Synt €S1S 1S a Cha enge'

cavity space, and the electronic band C. Park, S.W. Kim, M. Yoon, Phys. Rev. Lett. 120, 26401 (2018)
structure (c) shows topologically

protected Dirac node line loops. Talk presented by M. Yoon (K12.00010)
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Computational exploration of Cs-O: First-principles approach

* Difficulties in experimental characterization of cesium oxides

a

- High air sensitivity (Low chemical stability) g o
800 | omerro o HRctl
- Unusual large number of oxides ctmtrts o/ \,\
700 |
- Poor crystallinity 600 i
[ ] [ ] [ ] i: 500 ) ik
* Theoretical characterization | g
- First-principles density functional theory calculation (DFT) + 30 o,
global structure prediction with particle swarm optimization: ol SAEE ¥ FE N\|
0 Q;O.Z c;: 0.4 0.6 0.8 1.0

G. Kresse and J. Furthmiiller, Phys. Rev. B 54, 11169 (1996) Cs 9 3 x(O) @)

(VASP + CALYPSO) Y. Wang, J. Lv, L. Zhu, and Y. Ma, Phys. Rev. B 82, 094116 (2010)
- Exploring metastable crystal structures: Cs,0O, Cs,O, CsO

C. Guéneau and J. L. Fleche, Calphad 49, 67 (2015)

- Electronic structure analysis

- Work function calculations
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Computationally identified metastable configurations
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* Our results agree well with
the experimental data.

* Our computational approach identifies
new crystal structure that is energetically

more stable than the experimentally
synthesized one.
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Crystal structures and electronic properties : Cs,O
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e New 1D based electride (P6,/mcm)

* metals
* New 1D/ 2D structures were identified.
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Crystal structures and electronic properties : Cs,O
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Crystal structures and electronic properties : CsO
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Work functions
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B. Woratschek, et al. J. Chem. Phys. 86, 2411 (1987)

Cs,0 and CsO compositions show
low work function below 1.5 eV

The change in the work function
is in good agreement with
experimental results.

Newly found most stable structure
of CsO turned out to have the
lowest work function

Configurations with low work
function show 2D layered
structure.
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Summary

Metastable structures of cesium oxides compounds(Cs,0O, Cs,O, CsO)

were predicted and characterized by using PSO and DFT.

Cs,0O metastable structures show crystal and electronic structures

that could be seen as electrides.

Newly found most stable structure of CsO shows the lowest work function.

Calculated work functions are in good agreement with the experimental results
and structural condition that allows low work function is suggested.
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Center for Nanophase Materials Sciences

A DOE User Facility for Creating, Characterizing,
and Understanding Nanomaterials

Providing free access to staff expertise and equipment if intent is to publish results.

Proposals: Research areas:

* Simple, two-page * Synthesis — Soft matter (precision synthesis, selective deuteration), 2D materials, hybrid structures,
narrative epitaxial oxides

« Two general calls per * Nanofabrication — Direct-write (3D) fabrication, e-beam lithography, multiscale fluidics,
year 10,000 sq. ft. cleanroom

* Advanced Microscopy — AFM, STM, aberration-corrected and in situ TEM/STEM, He-ion microscopy,
atom-probe tomography

_ _ * Chemical Imaging — Multiple approaches based on mass spectrometry or optical spectroscopies
 Joint proposals with

neutron sources (SNS * Functional Characterization — Laser spectroscopy, transport, magnetism, electromechanical
HFIR) ’ phenomena

* TheorylModeling, Data Analytics — Including interactions and co-development with leadership-class,
high-performance computing

* Gateway to Neutron Sciences — deuterated materials, sample environments, multimodal

cnms.ornl.gov measurements

e Short-term projects
accepted continuously
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Computational approach

Crystal Local optimization (VASP)  Evolution of particles (CALYPSO)
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CsO : stable structures

14(P2_1/c)

x-y averaged electric potential

{ 1.38843

1 0.3445

‘| . \‘ ‘|
.'.ul.l. e @ w4
0O 5 10 15 20 25 30 35 40 45 50
Position along z-axis

Work function: 1.07026 eV

%

OAK RIDGE | \G.n%8

National Laboratory | MATERIALS SCIENCES



Cs,0 : (meta)stable structures
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