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Understanding of catalytic behaviors of TiO,/CuOy catalysts

Hyun You Kim and Ping Liu

Aiming to reveal the catalysis at the metal-oxide and oxide-oxide interfaces,'? the
water-gas shift reaction (WGS, CO + H,0 - CO; + H,) and CO oxidation (2CO + O, =
2CQy) at the interface of the Cu(111) and Cu,0(111) supported TiO, clusters were
studied based on DFT calculations,

Our DFT calculations showed that TiO,/Cu(111) and TiO,/Cu,0O (111) behave
differently. TiO,/Cu(111) was found to be more selective to catalyze the CO oxidation
reaction, where a bifunctional effect is confirmed. Under the CO oxidation condition, O,
interacts strongly with both Ti and Cu at the interface of TiO; and Cu(111) and the O-O
bond cleavage is barrierless. The dissociated O atoms oxidize the CO adsorbed at
Cu(111) efficiently. The WGS reaction on Cu(111) is slowed down by water dissociation.
On depositing TiO, clusters, H,O prefers to adsorb and dissociate easily at Ti ions to
produce OH species. However, the facilitated water dissociation does not seem to help
the WGS reaction. According to our calculations, CO is much more strongly bound at the
interface of TiO, and Cu(111) than that on pure Cu(111), which hinders the reaction
between CO and OH and therefore the overall WGS conversion. When Cu support is
oxidized to Cu,0, the TiO,/Cu,0 (111) system favors H,O adsorption and dissociation
more significantly than CO adsorption, and the surface is likely to be saturated by OH
species. Thus, the surface fraction of CO is minimized and the further oxidation via both
WGS and CO oxidation is hindered.

Our results highlight the importance of the interface effects in multi-component
catalysts, particularly as a means to tune the catalytic activity and selectivity. Such
understanding is the key for the interface engineering in catalysis design.
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