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Fig. 1. Multistep machine learning-based screening framework for double perovskite oxides. There are four steps including data col-

lection, feature selection, machine learning process and DFT verification.
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Fig. 2. (a) Three different perovskite structures; (b) occurrence frequency of A- and B-site elements in the training set.
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Fig. 3. (a) Relative feature importance of top 10 most important features and confusion matrix for bandgap classification; (b) re-

ceiver operating characteristic (ROC) curve for bandgap classification test set, area under the ROC curve (AUC) is provided; (c) re-

lative feature importance of top 10 most important features for bandgap regression; (d) performance of bandgap regression model,
coefficient of determination (R?), mean square error (MSE), mean absolute error (MAE) and explained variance (EV) are provided.
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A FR A R Y XUES R BE, b B/ B! AL dO Bl 40 4 e B T

Fig. 4. (a) The percentage chart of predict set of bandgap values with the percentage of perovskites, red represents all B/B' sites are
d" or d' metal ions, grey represents only one of B/B' sites is d’ or d!° metal ion, blue represents none of B/B' sites are d or d!°
metal ion; (b) the perovskite bandgap distribution diagram, colored area represents visible light energy range; (c) pie chart of the

distribution ratio of different B/B’ site ions; (d) comparison of bandgap values of 3 different structures, B/ B’ sites are all with d° or

d!® metal ions.
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Fig. 5. (a) DFT bandgap verification of 29 rhombohedral double perovskites in the prediction set; (b) the HSE band edge positions

with respect to the water reduction and oxidation potential levels of selected double perovskites. SrTiO; (cubic) is listed as a bench-

mark.
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B, AEESEITR. W, 8% BT EJLA,
EATRA AT RE R4 G A R

1 3T E AL BL WM KB PBE A B .

HSE #5 B B s B sl

Table 1. PBE and HSE bandgap of three kinds of
double perovskite candidates and their bandgap cat-
egories.

Formula E, ppr /eV E,usg /eV Bandgap
Sr,GaSbOyg 1.37 2.80 indirect
SroInSbOg 1.63 3.07 indirect
K,NbTaOyg 1.77 3.06 direct
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1. 71, No. 17 (2022) 177101
-3
SrTiO3(Cubic)
_al SraoInSbOg Sr,GaSbOg
T KelNbTe0s
H*/H,
—5F
_eLoymo| [ [
—T7F - e
-8

(a) 29 FhZET7 AL K UL BB A4 E DEFT 45 Bt 15 4L 2 ~J SO0 A B A B (b)) 3 M A6 2o XSUET A AR X T 7K 9 S A i Jt 3
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RN E] I AR F At R A 0 90%. LAk, X i
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&R BT RS ER AR, A T REIR BN Ao
A fifoK BRESR B AL, [WIEE, ¥ B/ B Ay 4
BB TSN A 485 T o] LT B/,
e, I et HSE 4 11407 8 A4 fff K i 75 1 4
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1l KoNbTaOg = Fidi 515 A 4l A G AR 57 A L
FEER T E AL bR 7 T AR g e | w07 1k
WSS ER Sk AL T

SRS AR R R B T R E SO PO S b Y
TSR

iy x

£ AL HEREI NG Hubbard U{E
Table Al.  Hubbard U value for the transition metal
elements.

LR UfE
A% 3.25
Mo 4.38
W 6.2
Ni 6.2
Mn 3.9
Fe 5.3
Cr 3.7
Co 3.32
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Table A2.  The symbol of features and their corres-

ponding meanings.
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Abstract

Double perovskite oxide A3 BB'Og4 has better stability and wider bandgap range than A BOs-type oxide, and
exhibits great prospects in photocatalytic overall water splitting. However, owing to the diversity of crystal
structure and constituents of perovskite oxide, rapidly and accurately searching for A, BB'Og for photocatalyst is
still a big challenge, both experimentally and theoretically. In this work, in order to screen out suitable double
perovskite oxide photocatalysts, a multi-step framework combined with machine learning technique and first-
principles calculations is proposed. Nearly 8000 candidates with proper bandgaps for water splitting are screened
out from among more than 50000 A,BB'O4type double perovskite oxides. Statistical analysis of the results
shows that double perovskite oxides with d!° metal ions at B/B’ sites are more likely to have good absorption of
visible light, and the structural symmetry of double perovskite also has influence on the bandgap value.
Furthermore, first-principles calculations demonstrate that Sr,GaSbOg, SroInSbOg and KyNbTaOg4 are non-toxic

photocatalyst candidates with proper band edges for overall water splitting.

Keywords: machine learning, double perovskite oxides, photocatalysis, overall water splitting, first-principle
method
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