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Fig. 4 Calculated structures (Left: Side view; Right: Top view) and adsorption energies of the initial state, transition state (TS) and final state
of heterolytic H, dissociation at different sites on the ZnCr,0,(111)-Oy surface. (a)—(c), Zn-O site; (d)—(f), Oy-O site. The
corresponding bond length of the heterolytic H, dissociation are also shown
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Fig. 5 Calculated energy profiles of homolytic H, dissociation at
different sites on the ZnCr,0,(111)-Oy surface, Blue
route: Zn-O, site, pink route: O-O site. H,(g), H,*,
TS(H,), and H/H™ represent the states of gas-phase H,,
surface adsorbed H,, transition state for the surface
adsorbed H, to dissociate to two surface adsorbed H, co-

adsorption of two H species, respectively
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Fig. 6 Calculated structures (Left: Side view; Right: Top view) and adsorption energies of the initial state, transition state (TS) and final state
of homolytic H, dissociation at different sites on the ZnCr,0,(111)-Oy surface. (a)—(c), Zn-O site; (d)—(f), O-O site. The
corresponding of the bond length of the homolytic H, dissociation are also shown
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Table | Bader charges of heterolytic H, dissociation on the

ZnCr,04(111)-Oy surface

Bader charge/|e|
Item
O-H Zn-H Oy-H
(Zn-0O)-Heter TS 0.37 -0.33 —
(Zn-0O)-Heter FS 0.64 -0.33 —
(Oy-O)-Heter TS 0.27 — -0.29
(Oy-O)-Heter FS 0.63 — —-0.45

TS—Transition state; FS—Final state

# 2 ZnCr,0,(111)-0y F T H, ¥ 24 fif 5 L WA K=Y 1
Bader Hi.fuf
Table 2 Bader charges of homolytic H, dissociation on the
ZnCr,04(111)-Oy surface

Bader charge/|e|
Item
Oy-H Zn-H O-H
(Zn-Oy))-Homo TS —-0.26 —-0.13 —
(Zn-Oy))-Homo FS —0.46 —-0.31 -
(0-0)-Homo TS — — 0.57,0
(0-0)-Homo FS — — 0.67,0.61

TS—Transition state; FS—Final state
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Fig. 7 Calculated the different energy profiles of CO

hydrogenation to HCO* and COH* species on the
ZnCr,04(111)-Oy, surface
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Fig. 8 Calculated key structures (Left: Side view; Right: Top view) and adsorption energies for the selective hydrogenation of CO with O-H

species to generate HCO and COH species on the ZnCr,0,(111)-Oy, surface. Dark grey: C atoms; Azure: O atoms of CO
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Fig. 9 Calculated key structures (Left: Side view; Right: Top view) and adsorption energies for the selective hydrogenation of CO with O-H

species to generate HCO and COH species on the ZnCr,0,(111)-Oy surface. Dark grey: C atoms; Azure: O atoms of CO
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Generation of Active Hydrogen and Its Application to CO
Hydrogenation on the ZnCr,0,(111)-Oy, Surface

LIU Huihui', LAI Zhuangzhuang', WEI Hehe!, WANG ZhiQiang', HU Peijun'-

(1. Centre for Computational Chemistry, Research Institute of Industrial Catalysis, State Key Laboratory of
Green Chemical Engineering and Industrial Catalysis, School of Chemistry and Molecular Engineering,
East China University of Science and Technology, Shanghai 200237, China; 2. School of Physical Science and
Technology, Shanghai Tech University, Shanghai 201210, China)

Abstract: The reduced ZnCr,0,(111) surface is an important catalytic material for CO hydrogenation, but the
mechanism underlying the generation of active hydrogen species and its role for CO hydrogenation on this surface are
controversial. In this work, we systematically calculate the activation of the most stable H, species on the
ZnCr,04(111)-0Oy, surface, and the calculated results show that the heterolytic H, dissociation producing Oy-H™ and O-H
species on the ZnCr,O4(111)-Oy, surface is the optimal activation pathway. The heterolytic H, dissociation can form the
highly active and stable Oy-H™ species, which is mainly attributed to the flexible 3d orbitals of the Zn species on the
ZnCr,0,(111)-0y, surface, which favours the stabilization of hydride species due to the high symmetry of the Zn 3d
orbitals. Moreover, we systematically investigate the reaction mechanism of CO-selective hydrogenation on the
ZnCr,04(111) surface, and the results show the energy barriers of the Oy-H /O-H species attacking with the C°/O°" of
CO to generate HCO species are lower than those generating COH species. When the O-H species is used as a
hydrogen source to initiate the CO hydrogenation reaction, the H-species is converted into radicals during the reaction;
whereas, when the Oy-H™ species is used as an H-source, the hydride species can be directly used as a hydrogen source
to participate in the highly selective hydrogenation of CO. We also find that the O,-H™ species activates CO to produce
HCO species with the lowest energy barriers, indicating that Oy-H™ species also possesses high activity and selectivity.
This work can provide some theoretical guidance for the rational design of Zn-based catalytic materials for selective
hydrogenation of syngas.
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