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Fig. S1 (a) The schematic diagram of the adsorption of hydrogen atoms on the upper
surface. (b) The schematic diagram of hydrogen atoms adsorbed on the lower surface.
The white balls are the hydrogen atoms adsorbed on the surface of the amorphous

alloy.

The amorphous alloy is spatially periodic. Hence, we need to expand the unit cell into
supercell before sampling, otherwise there are errors occurring when sampling at the
edges of the amorphous alloy. We extended the unit cell in the X and Y axes to make
the substrate continuous when sampling at edges. Since the catalytic performance of
the amorphous alloy is closely related to the local atomic environment, we uniformly
sampled 270 adsorption sites on upper and lower surfaces of PdyoNijoCuszoP2

amorphous alloy.

Here, we set o on the diagonal of the kernel function to be in the range of 103 ~

4 %102, and the step size is 0.0026. The amplitude factor °f is set to 10! ~ 102, and

its initial value is 10. The characteristic length factor T1is set to 1~ 103, and its initial



value is 80. When a is given, the values of 9f and ! can be obtained through the L-
BFGS algorithm optimization whose number of optimization iterations is set to 10.
Fig. S2 shows the search results. As the value of a increases (adding noise to the
model to prevent over-fitting), the training error of the model gradually increases, and
the test error gradually decreases. When o = 0.0114, it achieves balance where the

£=10.9

corresponding g and “1= 320 This means that the model achieves the

optimal performance and has good generalization ability.

We employed our home-made code (Chinese software No. 2020SR0773207) to
perform machine learning, including Atomic Simulation Environment (ASE) and

Dscribe packages.
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Fig. S2 Gaussian process regression model hyperparameter adjustment process.

Table S1 The representative feature data set was extracted using Smooth Overlap of

Atomic Positions (SOAP) method

0 1 2 3 4 9 6
0 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
1 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
2 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
3 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763




4 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
5 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
6 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
7 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
8 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
9 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
10 0.028129 | 0.341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
11 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
12 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
13 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
14 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
15 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
16 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
17 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
18 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
19 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
20 0.028129 | 0.341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
21 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
22 0.028129 | 0.341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
23 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
24 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
25 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
26 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
27 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
28 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
29 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
30 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
31 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
32 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
33 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
34 0.028129 | 0.341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
35 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
36 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
37 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
38 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
39 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
40 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
41 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
42 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
43 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
44 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
45 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
46 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763




47 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
48 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
49 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
50 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
51 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
52 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
53 0.028129 | 0.341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
54 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
55 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
56 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
57 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
58 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
59 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
60 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
61 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
62 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
63 0.028129 | 0.341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
64 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
65 0.028129 | 0.341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
66 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
67 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
68 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
69 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
70 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
71 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
72 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
73 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763
74 0.028129 | 0. 341014 | 0. 780525 | 0. 815767 | 4. 134202 | 9. 462517 | 9. 889763




