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Supplementary Notes

Note S1 Original result of implementing MT-SR on 12 datasets

The best one-dimensional (1D, eq. 1) and two-dimensional (2D, eq. 2) descriptors

obtained by MT-SISSO were (a 2D descriptor is a linear combination of two 1D

descriptors),
R + Bar
—_— 1
t+ Agg M
N4R
4G g T PING = 2nl = INa — Al 2)

where a and b are constants. The average PCC of 1D and 2D descriptors on 12 datasets
were shown in Table S2. The overall performances of the best 1D and 2D descriptors
are shown in Fig. S1 and Fig. S2, respectively. The 2D descriptor showed a better linear
relationship with OER activity than the 1D descriptor but still lacked accuracy on some
datasets. The performances of these two descriptors on the independent testing set are
shown in Fig. S3.
Note S2 Supplementary result of implementing MT-SR with .-fold CV

The best 1D (eq. 3) and 2D (eq. 4) descriptors produced by the 3-fold cross-

validation method on 12 datasets:

Ayp — N,
o (3)
Ny Anp Anp Ay
- < b i
4 QA R |+ |){B_RAR| (4)

The best 1D (eq. 3) descriptors produced by the 3-fold cross-validation method on 16

datasets.
_Na
AFI e Oa

)
Note S3 Bayesian optimization
The Bayesian optimization python package[ 1] was used to optimize the parameters

in descriptor 6, the main hyper-parameters setting and their meanings are shown in

Table S4.



Note S4 Calculation of ranking accuracy and rank-biased overlap

For two ranking lists 4 and B, the ranking accuracy is calculated by:

k
Soe  (Li<iamda<s,
RA = l;{iz_k , 048 =91,i>jand 4,> B, (6)
0, else

where £ is the length of lists 4 and B, 4; and B; is the i-th and j-th element in lists A and
B, respectively.
The rank-biased overlap measures the similarity between two ranking lists[2]:

k
4N By
RBO — 1 _ d—1 ‘ 1:d 1:d 7
(1=p) ; P (7)
where d is the depth of lists 4 and B, p is an adjustable parameter and the A1.sand Bi.4
means the 1:d-th element in lists 4 and B, respectively. |4,.,MN B, .,| is the proportion of

common elements between two rankings lists 41.sand Bi.q4.

Note S5 Calculation of overpotential

In order to consider the influence of temperature, the Gibbs free energy difference
AG of O, OH and OOH before and after adsorption on the surface was calculated,
according to eqgs. 5-7:

AGo. =AGH,0(g)++ — 0" +H,(g))
:GO* +GH2_GHZO_G*

(8)

AGyy. =AG(H,0(g) ++ —OH* +1/2H,(g))
:GOH* +0.5GH2 _GHZO_G*

)

AGoon- =AG(2H,0(g) ++ — OOH" +3/2H,(g))
=Goon- +1.5Gy, —2Gy,0—G.
(10)
where G+, Go*, Gon*, Goon*, Gu, and Gy, are the free energy of the surface, the
surface after O, OH, OOH absorption, Hz and H2O, respectively. The standard hydrogen
electrode approximation was adopted to avoid calculating the energy of electrons. The

free energy was calculated by eq. 8:

G=E+ ZPE-TS



(11)

where E is energy, ZPE and S are the zero-vibration energy and entropy, respectively,
which can be obtained by VASP vibrational calculation. 7 is the temperature setting to
300K. The free energies of O*, OH* and OOH* are replaced by energy E.

Thus, the free energy differences between the four reaction paths can be obtained:

AG,=AGyy-. (12)
AG,=AG,. — AG - (13)
AG;=AG oy —AG,.- (14)
AG,=4.92 —AGyoy- (15)
Finally, the overpotential was calculated according to the free energy difference,:
n=max (AG,,AG,,AG5,AG,)/e —1.23eV (16)

the free energy difference before and after OER is 4.92¢V, so the ideal free energy
difference of each step is 4.92/4 = 1.23eV.



Supplementary Tables

Table S1. 33 features used in this work and their abbreviations and meanings.

Feature Meaning Feature Meaning Feature Meaning
A site ionic A site boiling . .
Ra . App . Bvru B site UFF radius
radius point
B site ionic B site boiling . )
Rs . Bgp . Avrm A site MM3 radius
radius point
t Tolerance factor ApE A site density Bvrm B site MM3 radius
d electron ) ) A site ghosh
Ny Bpe B site density Agc ..
number electronegativity
A site A site lattice B site ghosh
XA .. Arc Brg ..
electronegativity constant electronegativity
) B site lattice . )
Oa A site valence Bic Avra A si7lvarezrez radius
constant
B site A site melting . )
XB . Awmr . Bvra B si7lvarezrez radius
electronegativity point
A site atomic B site melting A site first ionization
Aaw Bur . Arr
mass point energy
B site atomic A site Van der B site first ionization
Baw Avr . Bri
mass Waals radius energy
A site atomic B site Van der A site Mendeleev
Aar ) Bvr . Amn
radius Waals radius number
B site atomic A site UFF B site Mendeleev
Bar . Avru . Bun
radius radius number




Table S2. Average performance (PCC) of descriptors on training sets, testing sets and
independent testing sets.

Index Training sets Testing sets  Independent set Calculation data

1 0.709 \ 0.621 0.756
2 0.894 \ 0.669 0.695
3 0.893 0.873 0.691 0.631
4 0.971 0.800 0.809 0.775
5 0.761 0.779 0.696 0.654
6 0.924 0.821 0.857 0.850




Table S3. Important hyper-parameters settings and meanings of MT-SISSO.

Hyper-parameters Value Description
) The maximum number of dimensions of a
desc_dim 2 ]
descriptor
The number of iterations in constructing
rung 2
feature space
(HEE)((exp)(log)(*-
opset Set of operators
D(*2)(*3)(sqrt)(cbrt)(-])
. The maximum number of operators in a
maxcomplexity 30
feature
Features having the maximum absolute value
maxfval Ib le-3
<maxfval Ib will be discarded
Features having the maximum absolute
maxfval ub le5
value >maxfval ub will be discarded
The size of the subspace selected by SIS in
subs_sis 20000
each descriptor dimension
metric RMSE Error function
nsample The number of samples in each dataset (separated by ",")
nsf Number of selected features
ntask The number of datasets




Table S4 | Main hyper-parameters setting of Bayesian optimization.

Hyper-parameters Value Meaning
pbounds a: [-5:5]; b: [-10:10] Bounds of aand b
n_iter 500 Number of iterations

.. . Number of initial points for
Init_points 5 .
random exploration

10



Table S5 | The result of Bayesian optimization using different target functions.

T t Optimized t t
ar“?’e Optimized a, b The ratio of a and b P 1rn.1ze aree
functions function values
RBO a=177;b=17.15 4.04 0.785
RA a=2.25,b=28.89 3.95 0.801
PCC a=2.15b=28.81 4.10 0.743
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Table S6 | The top 200 predicted active double perovskites and screened by descriptor (4)
(a=1,b=4).

Ranking Perovskites
1 Cs0.5Pro.sNi1.00;3
2 Cso5Lao.sNi;1003
3 Rbo.5ProsNi1.00;
4 Cs0.5Pr0.5C00.25Ni0.7503
5 Rbyo.sCe0.5Ni1.003
6 Rbo sLao sNi1.003
7 Cso.5La0.5C00.25Nio.7503
8 Ko.5Pro.sNi1 003
9 Ko.5Ceo.sNi1.003
10 Ko.sLaosNi1.003
11 Rbo.5Pr0.5C00.25Ni0.7503
12 Cs0.5Pro.5C00.5Nio 503
13 Rbo.5Ce0.5C00.25Ni0.7503
14 Cs0.5Pro.sFeo25Nio.7503
15 Rbo.sLa0.5C00.25Nio.7503
16 Cso:5Lao.5C00.5sNio 503
17 Ko.5Pro.5C00.25Ni0.7503
18 CsosLaosFe025Nio7503
19 Ko.5Ce0.5C00.25Ni0.7503
20 Ko.sLao.5C00.25Nio 7503
21 Rbo.sPro.sC00.5Nio 503
22 Ba 0Ni1.00;3
23 Rbo 5ProsFeo.25Nio 7503
24 Cs0.5Pr0.5C00.75Ni0.2503
25 Rbo.5Ce0.5C00.5Ni0503
26 Cs0.5Pro.sFe0.25C0025Ni0503
27 Rbo sLao sC00.5NiosO3
28 RbosCeo.5Fe0.25Ni0.7503
29 Cs0.5Pro.sMng25Ni.7503
30 Rbo.sLao sFeo.25Nio.7503
31 Cso.5La0.5C00.7sN10.2503
32 Ko.5Pro.5C00.5sNio 503
33 CsosLaosFe025C00.25Nio 503
34 Ko.5Pro.sFeo25Nio.7503
35 Ko.5Ce0.5C00.5sNio 503
36 Sro.25Bag.75Ni1.003
37 Ko.5Lao5C00.5Nis03
38 Cso.5Lao.sMno25Ni.7503
39 Ko.5Ceo.sFe0.25Nio.7503
40 Ko.sLao sFeo25Nio 7503

12



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

Rbo.5Pr0.5C00.75N10.2503
Ba.0C00.25Ni0.7503
Rbo.5Pro.sFeo.25C00.25Ni0.s03
Cs0.5Pro.5C01.003
Cao.25Bao.7sN11.003
Rbo.5Ceo.5C00.75Ni0.2503
Sro.sBao.sNi1.003
Cs0.5Pro.sFe0.25C00.5Ni0.2503
Rbo.sLag 5C00.75Ni0.2503
Rbo.sPro.sMno.25Nio.7503
Rbo.sCeo.5Fe0.25C00.25Ni0 503
Cs0.5Pr0.sMno.25C00.25Ni0.5s03
Cso.5Pro.sFeo.sNiosO3
Rbo sLag.sFeo.25C00.25Ni0.s03
Ko.5Pr0.5C00.75N10.2503
Cso.5La05C01.003
Rbo.sCeo.sMno.25Nio.7503
Cso.sLao.sFe025C00.5Nio.2503
Ko.5Pro.sFe0.25C00.25Ni0.503
Rbo.sLag.sMno 25Nio.7503
Ko.5Ce0.5C00.75Ni0.2503
Sro.25Ba0.75C00.25N10.7503
Cso.5La0.sMno.25C00.25Nio sO3
CsosLao.sFeo.sNiosO3
Ko.5sLa0.5C00.75Ni0.2503
Sro.75Ba0.25Ni1.003
Ko.5Pro.sMno.25Nio.7503
Ko.5Ceo.sFe0.25C00.25Nio.503
Ko.sLao.sFe025C00.25Nio 503
Ko.5Ceo.sMno 25Nio 7503
Rbo.5Pro.sC01.003
Ba;.0Co0.5Nio.5s03
Ko.sLao.sMno.25Nio.7503
Rbo.sPro.sFe0.25C00.5Ni02503
Cao.sBao sNi1.003
Cap25Bao.75C00.25Ni0.7503
Rbo.5Ce0.5C01.003
Sro.5Ba0.sC00.25Ni0.7503
Bai oFeo.25Nio 7503
Rbo sPro.sFeo.sNiosO3
Rbo.5Pro.sMno 25C00.25Nio.s03
Sr1.0Ni1.003
Cs0.5ProsFe0.25C00.7503
Rbo.sLao sC01.003
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&5
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

Rbo.sCeo.5F€025C00.5N10.2503
Cs0.5Pr0.sMno.25C00.5Ni0 2503
Cs0.5Pro.sFeo.sC00.25Ni0.2503
Rbo sLag.sFeo25C00.5Nio.2503
Rbo sCeo.sFeo.sNio.sO3
Rbo.sCeo.sMno.25C00.25Ni0.503
Cs0.5Pro.sMno.2sFe.25Nio.s03
Ko.5Pr05C01.003
Rbo.sLao.sFeo.sNiosOs
Rbo.sLag.sMno 25C00.25Nios03
Ko.5Pro.sFe0.25C00.5Ni0.2503
Cso.sLaosFe025C00.7503
Sro.25Ba0.75C00.5Ni0 503
Ko.5Ce0.5C01.003
Cao.25S10.75N11.003
Cso.5La0.sMno.25C00.5Ni0.2503
Ko.5Pro.sFeo.sNio.sO3
Cso.sLao.sFeo.sC00.25Nio.2503
Ko.5Pro.sMng.25C00.25Ni0.503
Sro.75Ba0.25C00.25N10.7503
Ko.5LaosC01.003
Ko.5Ceo.sFe0.25C00.5Ni0 2503
Sro.25Bag.75Fe0.25Nio.7503
Cso.sLao.sMno2sFeo25sNiosO3
Ko.sLao.sFe025C00.5Nio.2503
Ko.5Ceo.sFeo.sNiosO3
Ko.5Ce0.sMno 25C00.25Ni0.s03
Ko.sLaosFeo.sNio.sO3
Ko.sLao.sMno.25C00.25Nio.sO3
Cao.7sBao.2sNi1.003
Ba.0C00.75Ni0.2503
Cao.sSro.sNi1.003
Cao.sBao sC00.25Ni.7503
Cao.25Bao.75C00.5Nio.s03
Rbo.5Pro.sFeo.25C00.7503
Sro.sBao.sC00.5Nio.s03
Bai 0Feo.25C00.25Ni0.s03
Rbo.5Pro.sMno.25C00.5Ni0.2503
Sr1.0C00.25Ni0.7503
Rbo.sPro.sFeo.5C00.25Ni02503
Cao.25Bao.7sFe0.25Ni0.7503
Rbo.5Pro.sMno2sFeo 25Nio sO3
Rbo.sCeo.5F€0.25C00.7503
Sro.sBao.sFeo.25sNio.7503
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129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

Cs0.5Pr0.sMng25C00.7503
Bai oMno 25Nio 7503
Cso.5Pro.sFeosC00.503
Rbo.sCeo.sMno.25C00.5Nio.2503
Cs0.5Pro.sMno sNio.sO3
Cs0.5Pro.sMno.25Fe0.25C00.25N10.2503
Rbo sLag sFeo.25C00.7503
Rbo.sCeo.sFe0.5C00.25Ni0.2503
Cao.75S10.25N11.003
Cs0.5Pro.sFeo.75Nio.2503
Rbo.sCeo.sMno.2sFe0.25Nio.s03
Rbo.sLag.sMno 25C00.5Nio.2503
Rbo sLag.sFeo.sC00.25Ni0.2503
Ko.5Pro.5sF€025C00.7503
Sro.25Ba0.75C00.75N10.2503
Rbo.sLao.sMno25Feo.25Nio.s03
Cap.25810.75C00.25N10.7503
Cso.5La0.sMno25C00.7503
Ko.5Pro.sMno.25C00.5sNio.2503
Sro.75Ba0.25C00.5Ni0 503
Ko.5Pro.sFeo.sC00.25Nio 2503
Cso.sLaosFeosC00.503
Cso.sLao.sMno2sFe25C00.25Ni0 2503
Cso.sLao.sMno.sNio sO3
Sro.25Bag.75F€0.25C00.25Ni0.503
Ko.5Ceo.5Fe0.25C00.7503
Ko.5Pro.sMno.2sFe25Nio.sO3
Cso.sLao.sFeo.7sNio2503
Cay 0Ni1.00;3
Sro.75Bao.2sFe0.25Nio.7503
Ko.5Ce0.sMno25C00.5Nio.2503
KosLaosFeo25C00.7503
Ko.5Ceo.sFeo.sC00.25Nio 2503
Sro.25Ba0.7sMno.25Nio.7503
Cao.7sBao.25C00.25Ni0.7503
Ko.sLao.sMno.25C00.5Nio.2503
Ko.5Ceo.sMno.25Feo.25Nio.503
Ko.sLao.sFeo.5C00.25Ni0.2503
Cao.5510.5C00.25Ni0.7503
Ba;0C01.003
Cao.sBao.sCo0.sNio 503
Ko.sLao.sMno.2sFeo.25Nio.sO3
Cap.25Bao.75C00.75Ni0.2503
Sro.5Ba0.sC00.75Ni0.2503
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173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

Bai oFeo.25C00.5Ni02503
Rbo.sPro.sMno.25C00.7503
Sr1.0C00.5Nio.503
Cao.sBao sFe.25Nio.7503
Cao.25Bao.7sFe0.25C00.25Ni0.503
Rbo.5ProsFeo.sC00.503
Rbo sPro.sMno 25Feo.25C00.25Ni0.2503
Bai oFeo.sNio.s03
Rbo sPro.sMno.sNio.sO3
Sro.sBao.sFeo.25C00.25Nio.sO03
Bai ¢Mno 25C00.25Ni0.s03
Sr1.0Feo.25Nio.7503
Rbo.sPro.sFeo.7sNio.2503
Cs0.5Pr0.sMno.sC00.25Ni0 2503
Rbo.sCeo.sMno.25C00.7503
Cs0.5Pro.sMno25Fe0.25C00.503
Cap.75810.25C00.25N10.7503
Rbo sCeo.5Fe0.sC00.503
Cap25Bag.7sMno 25Nio.7503
Rbo sCeo.sMno.25Fe0.25C00.25N10.2503
Cs0.5Pro.sMno.2sFeo.sNio2503
Rbo sLag.sMno 25C00.7503
Rbo sCeo.sMno.sNio.sO3
Cs0.5ProsFe0.75C00.2503
Sro.sBao.sMno.25Nio.7503
Rbo.sCeo.sFe0.7sNi0.2503
Rbo sLag.sFeo.sC00.503
Rbo sLag.sMno 25Fe0.25C00.25Ni0.2503
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Table S7 | The top 100 predicted active double perovskites with Ir and Ni in B-site screened
by descriptor (4) (a=1,b=4)

Ranking Perovskites

1 Pro.5Cso.5Iro3Nio 703
2 Pro.5Cso.5Ir0.4Nio 603
3 Pro.5Cso.5Iro2Nio sO3
4 Pro.5Cso.5Iro.sNio.sO3
5 Pro.5Cso.5Ir0.1Ni0.9O3
6 Pro.5Cso.5Iro.sNio.4O3
7 Ndo.5Cs0.51r0.3Nio 703
8 Ndo.5Cs0.51r0.4Nio 603
9 ProsCso.sNi1.003
10 Ndo.sCso.5Ir0.2Nio.sO3
11 Ceo.5Cs0.51r03N10.703
12 Ceo.5Cs0.5Ir0.4Nio 603
13 Ndo.5Cs0.51r0.sNig 503
14 Ceo.5Cs0.5Ir2Nio 303
15 Ndo.sCso.5r0.1Ni0.003
16 Pro.5Cso.5Iro.7Ni0 303
17 Ceo.5Cs0.51r0.sNi.503
18 Ceo.5Cs0.5Ir0.1N10.9O3
19 Ndo.sCso.5Ir0.6Ni0.4O3
20 Lao.sCso.51r0.3Nio.703
21 Lao.sCso.5Ir0.4Nio.cO3
22 NdosCs0.sNi1.00;
23 Lao.sCso.5Ir0.2Nio.sO3
24 Ceo.5Cs0.5Iro.sNio.4O3
25 Ceo.5Cs0.sN11.003
26 Lao.sCso.51r0.sNio.s03
27 Pro.5Cso.5Iro.sNio 203
28 Lao.sCso.5Ir0.1Ni0.003
29 Ndo.sCso.5Ir0.7Ni0.303
30 Ceo.5Cs0.5Ir0.7Ni0 303
31 Lao.sCso.5Iro.6Nio.4O3
32 LasCspsNil1.003
33 Ndo.sCso.5Ir0.8Nip.2O03
34 Pro.5Cso.5Iro.9Ni0.103
35 Lao.sCso.5Ir0.7Ni0.303
36 Ceo.5Cs0.5Ir0.sNio 203
37 Lao.sCso.5Ir0.sNio.203
38 Ndo.sCso.5Ir0.90Nio.1O03
39 Pro.5Cs.sIr1.00;
40 Ceo.5Cs0.5Ir0.90Ni0.103
41 Rbo.5Pro.5Iro.3Nio.7O3

17



42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

Rbo 5Pro.5Ir0.4Nio.6O3
Lao.sCso.5Iro.9Nio.103
Rbo 5Pro.5Iro.2Nio.sO3
Ndo.5Cs0.5Ir1.003
Rbo 5Pro 5Iro.sNio.sO3
Rbo 5Pro 5Iro.1N10.9O3
Ceo.5Cs0.51r1.00;
Rbo 5Pro 5Iro.sNio 403
Ndo.sRbo.sIro.3Nio 703
Ndo.sRbo.sIr0.4Nio.cO3
Rbo.5Pro.sNil1.00;3
Ndo.sRbo.sIro.2Nio.sO3
Rbo.5Ce.51r0.3Nio.703
Rbo.5Ce.51r0.4Nio.O3
Lag.5Cso.51r1.003
Rbo.5Ce.51r0.2Ni.sO3
Ndo.sRbo.sIro.sNio.sO3
Ndo.sRbo.sIro.1Ni0.9O3
Rbo 5Pro.5Iro.7N10.303
Rbo.5Ce.5Ir0.sNio.s03
Rbo.sCeo.5Ir0.1Ni0.903

Cs0.5Pr0.5C00.25Ni0 7503

Ndo.sRbo.sIro.sNio 403
Rbo sLag sIro3Nio 703
Rbo sLag sIro.sNio 603
Rbo sLag sIro2NiosO3
Ndo.sRbo.sNi1.00;3
Rbo.5Ce.5Ir0.6Ni.4O3
Rbo.5Ce0.sNi1.003
Rbo sLag sIro.sNio.sO3
Rbo sLag sIro.1Nio.9O3
Rbo 5Pro 5Iro.sNio203
Ndo.sRbo.sIro.7Ni0.303
Rbo.5Ce.51r0.7Ni0303
Rbo sLao sIro.sNio.4O3
Rbo_sLao_sNil .003
Ko.5Pro.5Iro.3Nio.7O3
Ko.5Pro.5Ir0.4Nio.cO3
Ko.5Pro.5Iro 2Nio.sO3
Ko.5Pro.5Iro sNio.sO3
Ndo.sRbo.sIro.sNio.203
Ko.5Pro.5Iro.1Ni0.003
Rbo sLag sIro.7Nio 303
Rbo 5Pro 5Iro.9Nio.103
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86 Rbo 5Ceo sIro sNig 03

87 Cso.5La05C0025Nip7503
88 Ko.5Pro.5Iro.6Nio.4O3
89 Ko.sNdo.5Iro3Nip.703
90 Ko.sNdo.sIro.4Nio.cO3
91 Ko.sNdo.sIro2Nio sO3
92 Ko sProsNil.00;
93 Ko.5Ceo.5Ir03N10.703
94 Ko.5Ceo.5Ir0.4Nio 603
95 Ko.5Ceo.5Ir02Nio 303
96 Ko.sNdo.5Iro.sNio.s03
97 Rbo sLag sIro.sNio203
98 Ko.sNdo.sIro.1Ni0.9O3
99 Ndo.sRbo.5Iro.9Ni.103
100 Ko.5Pro.5Iro.7Ni9.303
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Table S8 | Calculated overpotentials and the Gibbs free energy differences of each step
(AGo*, AGon* and AGoon~) of 15 double perovskites.

Index Materials AGo+(eV) AGon+(eV) AGoon+(eV) Noer(V)
1 K0.5Ce0.5Ni1.003 3.679 1.773 4.517 0.640
2 Cs0.5La0.5Ni1.003 3.091 1.220 4.205 0.675
3 BaNiO; 3.409 1.426 4.580 0.752
4 Bay 75S10.25Ni1.003 2.726 1.945 4.596 0.715
5 BaCoo.25Ni0.7503 4.174 2.068 4.792 0.877
6 Bay.75Ca0.25Ni1.003 3.297 0.927 4.600 1.140
7 Bayg 5S10.5Ni1.003 4.090 2.011 4.674 0.848
8 Bag25S10.75Ni1.003 4.280 1.960 4.550 1.090
9 BaCoy.sNio.sO3 3.662 1.194 3.930 1.238
10 Bag.5Cao.sNii.003 2.805 2.001 4.709 0.771
11 BaFeo.25Nio.7503 4.161 1.792 4.652 1.139
12 SrNiO3 4.366 2.025 4.591 1.112
13 BaMny.25Nio.7503 4.178 1.778 4.612 1.170
14 SrCoo.5Nig.503 3.559 1.217 4.650 1.111
15 BaFe sNigs03 4.222 1.781 4.865 1.211
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Figure S1 | Overall performance of the original best 1D descriptor on 12 datasets.
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Figure S2 | Overall performance of the original best 2D descriptor on 12 datasets.
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Figure S5 | Overall performance of the best 2d descriptor derived from 16 datasets after
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Figure S13 | SEM images of (¢)Cso.4LaosNiO3 and (d)Ko 5Ceo sNiOs.
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Figure S15 | (a) HR-TEM image and (b) EDX mappings of Cs4LagsNiOs; sample. (¢) HR-

TEM image and (d) EDX mappings of Ko sCeosNiOs sample.
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Figure S16 | XPS spectra for (a) K 2p, (b) Ce 3d, (c) Ni 2p, (d) O 1s of Ko5CeosNiOs,
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Figure S17 | XPS spectra for(a)La 3d, (b)Cs 3d, (c)Ni 2p, (d)O 1s of Cs4LaosNiO3
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Figure S18 | Comparison of the Tafel slopes and overpotentials at 0.05mA cm and 0.5mA
cm? with perovskites in training data.
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Black-box regression model
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Figure S19 | Key difference between SR model and black-box regression model.
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Figure S20 | Schematic diagram of k-fold CV process of MT-SISSO.
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Figure S21 | An example of structures used for DFT calculations. (a) The (001) surface
structures of perovskites. The adsorption structures of three intermediates (b) O, (¢) OH and (d)
OOH on (001) surface.
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