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Adsorption of both CO and Cl, on TiO, (110) surface
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Abstract: The first principle calculation based on density functional theory(DFT) is used in this paper to
investigate the adsorption behavior of CO and Cl; on TiO,(110) surface. The behavioral mechanism of the
co-adsorption of CO and Cl; on the TiO, (110) surface is revealed by the calculation of the adsorption
structure, adsorption energy., charge density and density of states (DOS) of the system. The adsorption of
both CO and Cl; on the TiO, (110) surface was mutually reinforcing, and the average adsorption energy was
—1.367 4 €V, and Cl; could be captured by the surface Ti atom, the sd® orbital hybridization happening on

the surface Ti(5¢) atom. When the adsorption reaction occurred, a transient electron flow CO—TiOQ,(110)
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—Cl was formed on the surface. The DOS showed that the strength of Ti-O bond on (110) surface was
weakened, indicating that the presence of CO has a promoting effect on the chlorination of TiO,.
Meanwhile, the surface O atoms was activated and the average energy of 1.418 6 eV was released as the
dissociation of this O atom with CO from the surface to form CO, molecules, which destroyed the structure
of TiO,(110) and provided a good adsorption site for the next Cl, molecules.

Keywords: rutile TiO,; adsorption behavior; density functional theory; adsorption structure; density

of states
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Fig. 1 Crystal structure of rutile TiO,, in which the grey and red balls represent the Ti and O atoms respectively
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Fig. 2 The optimized TiO, (110) surface
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Fig. 3 Schematic diagram of adsorption structure of CO and Cl, onto TiO, (110) surface. The upper part is the positive
view and the bottom is the top view. The C, O and CI atoms are in grey, red and green respectively. The red dashed lines

represent van der Waals forces while the green dotted lines is used to mark distance without any practical significance
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Fig. 4 Differential charge density for adsorption of Cl, and CO on TiO, (110) surface. The isosurface level is

0.000 05 ¢/nm’. The blue and yellow colors indicate the electron accumulation and depletion, respectively.
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Table 1 Mulliken charge analysis for adsorption of Cl, and CO on TiO, (110) surface”

UTEROE SR qeo/e qa, /e qi/e Agy /e qu/e Aqy /e qu/e Aqu /e
s 1.95 1.94 0.01 1.94 0.01 1.95 0

Cl p 5.05 5.32 —0.27 5.29 —0.24 5.24 —0.19

s+p 7 7.26 —0.26 7.23 —0.23 7.19 —0.19

s 1.68 0.74 0.94 0.99 0.69 0.73 0.95

C P 1.91 2.35 —0.44 2.55 —0.64 2.36 —0.45

stp 3.59 3.09 0.50 3.54 0.05 3.09 0.50

s 1.83 1.83 0 1.82 0.01 1.84 —0.01

O P 4.58 4.54 0.04 4.54 0.04 4.49 0.09

s+p 6.41 6.37 0.04 6.36 0.05 6.33 0.08

CO s+p 10 9.46 0.54 9.90 0.10 9.42 0.58

TIEM Ag RARKHE T LM A FRFHRETF . XA C, O R CLEFER 3 hEtrid.
* Positive Aq indicates the electron donor and negative Aq indicates the electron acceptor. The C, O and Cl atoms are marked in configurations

in Fig. 3.
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Fig. 5 Partial density of states (PDOS) for O(3c) and Ti(5¢) atoms of TiO, (110) surface. The dashed

vertical line at energy = 0 eV indicates the Fermi level (Ef).
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Fig. 6 The energy profiles for reaction pathway of desorption of CO, from TiO, (110). IS" refers to a state of free
TiO, (110)surface, free CO and Cl, molecules, IS to a state of adsorption of Cl, and CO on TiO, (110) surface,

TS to a state of transformation of CO, species into transition state on surface, and FS to a state of formation of CO,
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