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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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2 BERGILE.  Sinter Temperature 0.070

3 BYA PORAMTEE F—/5Y FEEDE A F LT AV F—DEE. E\y o it pste b 0.046

4 FABMLEOE— A+ MEZ ANV F—DINEFIE. Eg o 0.035

5  RAMCEE F— 80 FEDE A 4 ML AV F—DEE. E\y gopn/Er s nos 0.031

6 KA P LEOIEFEOMET. wy 0.026

7  BAADMCEOETFEOMET. wyge 0.023
b)

rank RLIR YT

1 WEREE. T 0.399

2 KRAPMEERE N3 FEZOESEGTEOEE. Xy Xios 0.150

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

4 AYA PEEEBYA PEEOA F EROEIE. ryge e 0.039

5  AY¥A NCHOBERBIREOMET. Thrge 0.034

6 A A FEEREBY A FuEOETFEEEDER. page’Posie 0.032

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

rank RLIR WY

1 Wi, T 0.619

2 AYA MEBHA POKRRMCHDA F ZLEDEE. e host/ T asite host 0.035

3 AYA MEBYA FOBEBRBHEOHE. X/ Xoe 0.035

4 BYA bPOKRAMLEDAF VPEEDOFE. 1y g tos 0.032

5 BY¥AFOKZXIEHRE F—NUTROFE—AF M ANV F—DHE. Eg gopan’E st Bsie nost 0.030

6 AV A PEBYA MOFAMCEDOFETEOER. Wi nost” Wasite host 0.030

7 AV A NEeBYH A bPOKRA PLEOERIEHEEDOEE. Xo e nos’ Xassie host 0.290
d)

rank it Y

1 WERE. T 0.595

2 BYAPDRRMTHRE PRV FIEEOE A F MEZ ANV F—DEIE. Elg dopant”E 15t Bsite host 0.129

3 IIMITE OB 0.032

4 KRR P EROBELEEEOT. X, 0.028

5 R MILHEOMBLL 0.019

6 e RZE RS 0.018

7 RAMTEE F— Y FREDE A F AMET RV F—DEE. E gt/ Ersi nos 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
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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
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