IAREASL__Paper

BRFBzRAWAOT7ADM1 PERILDICHITS
70 b VREOTF AR i
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Abstract : The prediction capability of proton concentration in perovskite oxides using machine learning has been
evaluated using four classified dataset of proton concentrations gathered from 40 perovskite compounds. Hydration
data includes 4 acceptor-doped strontium zirconates determined in this study using thermogravimetry and 36
perovskites in the literature. Although not large difference in leave-one-group-out cross validation (LOGOCV)
within the training data, the prediction capability of proton concentration in extrapolated situation was drastically
improved using the dataset that was composed of a wider variation in perovskite oxides. This would be a great
strategy to maximize the prediction capability of machine learning model within a confined dataset.
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Table 1 Type of host perovskites and dopants used in this work. Dopant is an element that replaces the A or B-site host

element of ABO; perovskite.
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Table 2 Descriptors used in constructing machine learning

model.
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Fig. 1 Classifications of four training and test datasets. The tables at the starting and ending points of arrow represent is the training
and test data used in each case. Dark and light gray in the periodic table indicate elements that compose the host crystal and
dopants, respectively. (A&B) in the dopant represents the co-doping of A and B elements into the host perovskite.
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Fig. 2 Schematic workflow to predict proton concentration using machine learning.
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Fig. 3 Temperature dependence of a) proton concentration

and b) equilibrium constant of hydration reaction in
acceptor-doped strontium zirconates.
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Table 3 Top 7 descriptors in importance ranking of model composed by using a) dataset 1, b) dataset 2, c) dataset 3,
and d) dataset 4. Each dataset is defined in Figure 1.
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2 BERCILE.  Sinter Temperature 0.070

3 BHA MOKAFTEE F—8Y FIEEOE 4+ ML IV F—DEE . E| qoun/Ers e nos 0.046

4 FABMLEOE— A F MEZ ANV F—DIMNEFIE. Eg o 0.035

5 ARAMCEL F— Y FLEOE A F VLT AV T —DEE. E\y gopun/Eret psite host 0.031

6 FA M ILHEOEFEOIMETFI. wyy, 0.026

7  BAADMCEOETFEOIMET. wyge 0.023
b)

rank RLIR EREE

1 JEilE. T 0.399

2 KRAPMEERE NS FEROESEGTEOEE. X/ Xios 0.150

3 RAPTLEFEL F=232 FIEROA & EEOHEE. 7o Thos 0.085

4 AH A MIEEEBYA FEEDA F VP EOEE. rage/ e 0.039

5  AVA MCHEOBRUREOMEFY. Tage 0.034

6 AV A PeFE LB A NTHEDETEEEDEE. pave/Posie 0.032

7 NVT Y RT 77 ¥ —. Tolerance factor 0.024
c)

rank Al 7 ERE

1 Wl T 0.619

2 AVAMEBYA FORZXPILHEDA F VA EDEE. e nos/ amsite host 0.035

3 A¥A FEBHA FOESKBEEOEIE. Xy g/ Xp e 0.035

4  BY A PDOKRRADPMTCEDAF VPEDFEY. e tos 0.032

5  BYA PORAMTHEE F—NUBEOHE A F MACT IV F—DEE. ELy opn/Era pte bos 0.030

6 AV A PEBYA MOFAMLEDFETEOER. Wi nost/ Wasite host 0.030

7 A¥ AL FEBHA FOKRA MTEOBLRIEMEDE G, X e nost/ Xasite host 0.290
d)

rank it ERREE

1 WERE. T 0.595

2 BYAPMDRRMTHRE PRV FEEOE A F MEZ ANV F —DEIE. Elg dopant/E st Bsite host 0.129

3 WIMITFE DML 0.032

4 KA MCEOBRBEEOTY. X, 0.028

5  FAMTLEOMMIL 0.019

6 W KER ST 0.018

7 KRAMGEE F= Y FLEOE A F VLT ANV T —DEE. Elg aopune/E s bost 0.015
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Fig. 6 Characteristics of four training and verifying datasets in top two ranked descriptor spaces. The gray highlight represents the

interpolated area defined in this study.
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Fig. 7 Plot of prediction capability of proton concentration vs
distance from cluster center. a) Dataset 1, b) dataset
2. ¢) dataset 3, and d) dataset 4. The vertical and
horizontal dashed lines indicate the boundary between
interpolated and extrapolated regions and the averaged
value of predictability calculated in equation (3) using
training data in the interpolation region. The proton
concentration used here is one determined at 375-425
.
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Fig. 8 Characteristics of each dataset and its predictability of
proton concentration in interpolated and extrapolated
conditions. a) Predictability of training data using
LOGOCV and b) predictability of verification data. The
number 1 to 4 in the bar are the same as those defined
in Figure 7. The numbers under interpolation and
extrapolation show the predictability calculated in eq.
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