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Theoretical Study on the Effect of Oxygen Vacancy on Ethylene and Acetylene Interaction with
Title Anatase TiO, (001) Surface
(FBEFEXMDOT F 4 —ETi0,(001)-=F L > KT T L M AIEHA~OREICEET 2 BEim0E)

There is a growing interest in the study of transition metal oxide - hydrocarbon molecule interaction. This
is because the aforementioned interaction plays an important role in various applications, ranging from the
decomposition of volatile organic compounds (VOCs) and hydrocarbon cracking processes in chemical industries

to sensitizing oxide surface for solar cell.

In the present work, we focus on ethylene (C,H,) and acetylene (C,H,) interaction with pristine and reduced

anatase Ti0, bulk-terminated (001) with oxygen vacancy (0,,.). Both molecules can be regarded as representative

vac)
molecules for two large classes of unsaturated hydrocarbon, namely, alkene and alkyne. Here, we also consider
the presence of common intrinsic defect i.e., 0, on TiO, surface due to their ability to transfer charge to
the incoming molecule. Hence, potentially enhance the adsorbate - Ti0, interaction. In general, it can be said

that the interaction of pristine and highly reactive anatase Ti0, (001) coupled with O, can be regarded as

c

a prototype interaction to further study more complex alkene/alkyne - TiO, systems.

On the pristine anatase Ti0O, (001), we found that both molecular ethylene and acetylene prefer to adsorb on
top of the unsaturated Ti,, (5-fold Ti) via x - bonding interaction. The calculated adsorption energies are
-0.2 eV and —0.04 eV (-0.49 eV and -0.21 eV with van der Waals correction) for ethylene and acetylene,
respectively. Vibrational frequency analyses show that only some small modifications are observed in the
calculated vibrational modes of ethylene/acetylene adsorbed on Ti, —site as compared to the ethylene/acetylene

gas—phase vibrational frequencies

In the case of ethylene/acetylene adsorption on reduced anatase Ti0, (001), we found that oxygen vacancy (0,,.)
plays an important role to enhance ethylene/acetylene adsorption to Ti0, surface. The excess electrons
originating from the O, weaken the ethylene/acetylene unsaturated CC bond by filling the lowest unoccupied
molecular orbital (LUMO) of both molecules. The bonding between the two ethylene C atoms and the two Ti atoms
nearest to the 0, —site produces two o - type bonding, leading to the emergence of a new localized mid-gap
state. This mid-gap state can account for the increased photoactivity of C-modified Ti0O,, extending the system
photoabsorption to UV - visible—-light range. Further investigation also shows that in the vicinity of 0, —site,
acetylene can also adsorb on the reduced surface through the formation of deoxy—glyoxal species (—OCHCHTi-),
preceded by the breaking of one surface bridging-0,, (two-fold 0) - Ti,, bond. Subsequent calculations on two
initial decomposition pathways of ethylene/acetylene adsorbed on 0, ~site show similar tendency to favor the
CH bond cleaving over CC cleaving. On the other hand, acetylene adsorbed in the vicinity of 0O, through the
deoxy-glyoxal configuration, favors the CC bond cleaving over CH cleaving. This is due to the immediate bond
making process between the -CH group with the nearest Ti,,. This bond-making process then compensates some
of the activation energy needed to completely break the CC bond, lowering the CC bond activation barrier in

the process.

From these results, we conclude that oxygen vacancy play an important role to stabilize molecular
ethylene/acetylene adsorption on anatase Ti0, surface via several adsorption configurations. Energetics of
initial decomposition reactions of both molecules on the reduced surface of Ti0, indicates ethylene/acetylene

adsorb on the 0. site favors the molecularly adsorbed ethylene/acetylene. On the other hand, in particular




for acetylene, the formation of the so—called deoxy—glyoxal adsorption configuration may favor the CC bond
cleaving over the CH bond cleaving. These findings would serve as essential guides to further the
functionalization of anatase TiO, surface with unsaturated hydrocarbon molecules for more specific purposes

and applications
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