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TiO, photocatalyst by generating electron-hole pairs dissociates the adsorbed
water to the reactive oxygen species (ROS) by which environmental pollutants are
degraded. There are many experimental and theoretical studies on the band gap
reduction of rutile/anatase by single and dual doping of metals and non-metals. In
all these works, the dopants are considered to be doped in bulk, and by band gap

reduction, the more photocatalytic activity is explained. In this letter, by periodic

gg fv: gg‘fls(; o DFT method, the role of dopants that adsorbed on the surface is studied. To do
Cobalt PIng this, the synergistic effects of Co and N surface doping on the dissociation of
Anatase water to H+OH radicals are studied.
TiO,
Water splitting

To the Editor all cases. PBE functional [5] and dispersion potential of

Nowadays, DFT methods are widely used for the
prediction of the structural and the electronic properties
of novel materials [1, 2]. TiO, photocatalyst by
generating electron-hole pairs dissociates the adsorbed
water to the reactive oxygen species (ROS) by which
environmental pollutants are degraded. There are many
experimental and theoretical studies on the band gap
reduction of rutile/anatase by single and dual doping of
metals and non-metals. In all these works, the dopants
are considered to be doped in the bulk, and by band gap
reduction, the more photocatalytic activity is explained
[3]. However, the minor portion of the dopants may
present in the surface, but this part is not considered in
the modeling. In this letter, by periodic DFT method the
role of dopants which adsorbed on the surface is studied.
To do this, synergistic effects of Co and N surface
doping on the dissociation of water to H+OH radicals is
studied.

All calculations were done by a (2x1) supercell model
of TiO,(100) with 5 TiO, layers (20 Ti and 40 O atoms)
and 1500 vacuum. A K-grid of 4x3x1 according to the
Monkhorst-Pack algorithm [4] and spin-collinear
version of self-consistence field method were used for

the Grimm type were chosen for optimizations and post
processing calculations [6]. The charge SCF and force
convergence criteria were set to be less than 2x10” and
0.05 eV/[]. Three bottom layers were fixed to simulate
the bulk phase. Transition state findings were done by
ASE-NEB [7] and SIESTA [8] as calculator.

Fig. 1 shows the optimized TiO,(100) supercell with
lattice parameters of a=7.66 [1, b=9.8 [1, and ¢=22.66,
a=90, =90, and y=90. Fig. 2 shows the structures of
transition states of dissociation of water to H+OH
radicals. Pure anatase TiO,(100) has the barrier energy
of 0.60 eV for water dissociation, while the barrier
energy of the water molecule on the Co single doped
and (N, Co) dual-doped TiO, are 0.52 and 0.33 eV,
respectively. In other words, the energy required for
water splitting is reduced by half. Presence of nitrogen
atom is necessary for this reduction. Table 1 compares
important bond lengths and angles between the
transition state structures of Co single and (N, Co) dual
doped anatase TiO,(100). Table 1 shows that the
presence of Co and its better interaction with OH
stabilizes transition structure of Co-doped TiO,(100) by
only 0.08 eV. On the other hand, relaxation of the
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Fig. 2. TS structures of H,O dissociation on pristine (left), Co-doped (middle), (Co,N)-doped (right) TiO,(100). The side and top
views are shown in up and down figures, respectively.
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Table 1. Important bond lengths and angle in the transition structures of single and dual doped
Ti0,(100). The unit for bond lengths are picometer, and for bond angle is degree.

H-N(O)* O—Co(Ti)’ H-O—Co(Ti)* O-H*
Pristine 122.9 202.0 100 97.7
Co-doped 124.4 188.5 92.1 99.0
(N, Co) doped 137.0 190 934 99.3

a: distance of dissociating water’s hydrogen from N (in dual doped) or O (in single doped or pristine

TiO,)

b: the bond length between O of adsorbed OH radical and Co (or Ti in the pristine TiO,).
c: the bond angle between the adsorbed OH radical and Co (or Ti in the pristine TiO,).

d: the bond length of O and H in the adsorbed OH radical.

H-O-Co angle by simultaneously nitrogen doping
decreases the energy of TS by ~0.2 eV.
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