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Application of First-principle Calculation to Development of Water Electrolysis Anode Catalyst
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Abstract

The design of a cost-effective and highly active anode catalyst for water electrolysis is a critical challenge to achieve a hydrogen
economy. Delafossite oxides (ABO,; A=Cu or Ag, B = transition metal) were investigated for their potential as oxygen-evolution
reaction catalysts using a first-principle calculation. From the investigation of copper delafossite oxides, it was confirmed that there is
a strong correlation between the electrochemical catalytic activity (onset potential) and the electronic state at the B site (e, electron
occupancy) which was estimated using “bulk” density-functional theory calculations. From this finding, we predicted the catalytic
activity of silver delafossite oxide and found a highly active catalyst composition. This paper also introduces an examination of the

reaction mechanism, case study on the surface electronic structure calculation and device application examples.
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Fig. 1 Schematic figure of electrolyzer
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Fig. 3 Powder XRD patterns of synthesized delafossites

3.2 fhisEMEEEM
OERfMILTE O F 1L, WERFEM (RDE) % Hw5%
A7) 7RV AR — (CV) 2L fTo7. 55

(#£1) The Chemours Company FC, LLC. D& $ki1%.



SImATEAEE | KEET / — FAERRIC S 1 25— RIFSEOER

NIZRLT- % — R VHKRICHFRE, Nafion 2 TR L
TEMBEME L7z | MKOHKBH R, MARIZPt) > 7,
SR MK FEEM (RHE) % MV EEEEIE2000 rpm
&L, RS0 mV/isTHE L7

33 F—RESHICEOCIEENEY

7T 7 %A MBI OE TSR, Fird AR
BXUOEETF Yy VIZEDSW B EE R

(Density Functional Theory : DFT) (2320 STATEZ 1
7T NEHWZ14]. Ay b F 7T ANVE— 3BT
XL C25 Ry ), HiiRAEATH LIS A L C225 Ry & L 72,
R BIPLEI X GGA-PBE & I\ 7z,

757 % %4 FRLY OB-OK AT A S HW T
W57z, fhishila Mg Xe 52 T, B A N oOdilE
e, Lt MEIZHEL 72, BY A+ OdETFOHGIRER
J£ (Partial Density of States : PDOS) Df#HT 2> He, T4
AEEER L #ET— 7 AR oREERTH 53R
B EDT— 5 2 H», AY U BRORELEE LHtE
A 9L L 7213].

I 4 HBREEE

41 HEAYA MIETET 77 +9 4 FE L EE

WEAYA MCHETHTT 744 MRILY (CuF 5
TAHA ) OCVEIEEFARIIRT. FF7I1IBITA
BWAREI I, BRKPORELME GREE) Lz F
7oEMEEE, MR T ORI L D EREREE
FEH L SEREERIE, L Ao iR
EBETHRMBME L Y EH L R ELRTIEAD
PHHETTay PLTWAS., 22T, BRALVEVWE
WEMTYE L2 ACVEEE, X0 Sl ESw &

0.25

] /,CuFeOa

;o

CuRhO2

0.10 CuCo0:

./ CuCrO;

EMERBE [MA/cm’]

13 14 15 16 17 18 19 20
-0.05 * - 1
EBEN (iR #HE) vs. RHE [V]

BAR CuT T 7+ VA bOCVEE
Fig. 4 Cyclic Voltammetry (CV) characteristics of Cu delafossites
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Fig. 6 Cyclic Voltammetry (CV) characteristics of Ag delafossites
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Fig. 7 Proposed OER mechanism on transition-metal oxide catalysts
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