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Figure 1 (Color online) Schematic illustration for single atom
catalysts [29].
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Table 1 Initial features for a machine learning model
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Figure 2 (Color online) (a) Schematic illustration for MoS, edge supported SAC [30], (b) the volcano relationship for OER overpotentials versus ¢
[30], (c) schematic illustration for transition metal atom doped MoS, bilayer supported Fe SAC [31], (d) the volcano relationship for free energy

changes of the potential-determining step versus ¢ [31].
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Figure 3 (Color online) (a) Schematic of graphene-supported SACs:
single vacancy with three carbon atoms (SV-3C), double vacancy with
four carbon atoms (DV-4C), four pyridine nitrogen atoms (pyridine-4N)
and four pyrrole nitrogen atoms (pyrrole-4N). Green, TM; blue, N; grey,
C; (b, c) theoretical onset potential for the ORR versus the descriptor

- for graphene-supported SACs with pyridine-4N and pyrrole-4N
local coordination; (d, e) theoretical onset potential for the OER versus
the descriptor - for graphene-supported SACs with pyridine-4N and
pyrrole-4N local coordination; (f, g) theoretical overpotential for the
HER versus the descriptor o, for graphene-supported SACs with
pyridine-4N and pyrrole-4N local coordination [14].
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Figure 4 (Color online) (a) Overpotential for CO formation as a function of the intrinsic descriptor [43]; (b) CO, adsorption energies compared with

two predictors, transition metal cohesive energy and workfunction [41].
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Figure 5 (Color online) (a) Schematic of Pd-based alloy catalysts, (b) activity and selectivity on the catalyst surface structures for the hydrogen
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Abstract: Heterogeneous catalysts play a key role in the chemical industry, and present complex surface structures. The
traditional “trial and error” method to develop efficient heterogeneous catalysts takes lots of experimental and
computing resources, to accelerate the process of catalyst study. It is a good choice to build “structure descriptor” based
on the density functional theory (DFT), which quantitatively describes the relationship between ‘“surface structure-
performance” of catalysts, and the catalyst theoretical design can be completed by changing structure characteristics of
catalysts. Herein, taking single atom catalysts, alloy catalysts and nanoparticle catalyst as examples, we display the
initial influence of element composition, morphology and sizes of catalysts on catalytic performance, introduce in detail
common features of electronic and geometric structures and the building process of “structure descriptor”, illustrate the
progress of theoretical design research on heterogeneous catalysts based on "structure descriptor” in recent years, and
discuss the limitations and future development directions of "structure descriptor” in theoretical catalyst design.

Keywords: density functional theory, heterogeneous catalyst, catalyst design, descriptor
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