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Fig.1 Reaction energy profiles of the CO, reduction on Cu(111) surface in the gas phase
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Fig.2 Reaction energy profiles of the CO, electrochemical reduction on Cu(111) surface at —0.50 V(vs. RHE)
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Fig.4 Reaction energy profiles for CO, electrochemical reduction on Cu(111) surface at —0.90 V(vs. RHE)
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DFT Study of CO, Reduction to Hydrocarbons on Cu Surfaces

OU Li-hui'*, CHEN Sheng-li'*
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2. College of Chemistry and Chemical Engineering, Hunan University of Arts and Science,
Changde 415000, Hunan, China)

Abstract ; The CO, reduction on Cu(111) single crystal surfaces was studied using DFT calculations on the re-
action energies and the minimum energy paths. The results indicated that the possible reaction paths for CO, re-
duction on Cu(111) surface are CO,(g) + H*—>COOH* —(CO +OH) *,(CO +H) *—CHO",CHO + H—
CH,0"—(CH,+0) " ,CH," +2H" —CH, or 2CH, * —C,H,. On Cu(111) surface,the reaction rate is con-
trolled by steps of CH,0*—(CH, +0) *,C0,(g) + H*—~COOH—(CO +OH) " and (CO+H) *—CHO".In
addition , the reaction energies for various steps in the electrochemical reduction of CO, were calculated under dif-
ferent electrode potentials. The results indicated that HCOO™ and CO are mainly formed when the potential is
more positive than —0.50 V (vs. RHE). The hydrogenated dissociation of CO, to form CO and the subsequent
hydrogenation of CO become increasingly exothermic as the potential goes negative ,so that hydrocarbons gradual-
ly become the favored products in the electrochemical reduction. Under electrochemical conditions,the CHO in-
termediate prefers to dissociate to form CH ,rather than to form CH,O intermediate via protonation as does in gas
phase reduction.

Key words: density functional theory calculations; carbon dioxide reduction; the minimum energy paths



