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Band structure information

Computational details for band structures

The computations were also performed by PWmat code, and based on HSE06 functional.
Except for the k-point setting, all the other parameters are consistent with what have been
described in the “Computational method” in the main text. In this HSE06 non-self-consistent
calculation for band structure, the Brillouin zone was sampled by considering a Brillouin
Zone Path of [—X—M—I—Z—R—A—Z consists of the following high symmetry k-
points: I'(0, 0, 0), X(0, 0.5, 0), M(0.5, 0.5, 0), Z(0, 0, 0.5), R(0, 0.5, 0.5), A(0.5, 0.5, 0.5).
Between each two high symmetry k-points, five more k-points were inserted, so there are 41

k-points in total.
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Fig. S1. Band structures of Sc, V, Cr, Mn, Y, Zr, Nb, Mo and Tc-doped TiO, systems and

pristine TiO,. The Fermi level is set at zero energy. Different colors donate spin up and spin

down.
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Fig. S2. Band structures of Fe, Co, Ni, Cu Zn, Ru, Rh, Pd, Ag and Cd-doped TiO, systems.

The Fermi level is set at zero energy. Different colors donate spin up and spin down.
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Fig. S3. Band structures of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr and Ba-doped TiO, systems.

The Fermi level is set at zero energy. Different colors donate spin up and spin down.
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Fig. S4. Band structures of Al, Ga, In, Ge and Sn-doped TiO, systems. The Fermi level is at

zero energy. Different colors donate spin up and spin down.
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Fig. S5. Band structures of B, C Si, N, P and S-doped TiO, systems. The Fermi level is set at

zero energy. Different colors donate spin up and spin down.



Table S1. Band information of pristine and doped anatase TiO,. The calculated band gap

values (E 9), the position of conduction band minimum (CBM) and valence band maximum

(VBM) described by k-points coordinates (kCBM and

k

of CBM and VBM (lkCBMkVBM|) and the type of bandgap.

VBM), the distance between the position

Dopant E oV kepm kysm |kcpmkyeml Type
TiO, 3.59 0, 0, 0) (0.083, 0.083, 0) 0.12 indirect
Sc 3.18 0, 0, 0) (0, 0.083, 0) 0.08 indirect
\ 2.20 0, 0, 0) (0.5,0.5,0.417) 0.82 indirect
Cr 2.03 (0, 0, 0) 0,0, 0.5) 0.50 indirect
Mn 3.41 (0.5, 0.5, 0) 0, 0, 0) 0.71 indirect
Fe 133 (0.25, 0.25, 0) (0,0, 0) 0.35 indirect
Co 2.14 0, 0, 0) 0, 0, 0) 0.00 direct
Ni 239 (0, 0, 0) (0.083, 0.083, 0) 0.12 indirect
Cu 0.91 (0,0, 0) (0.083, 0.083, 0) 0.12 indirect
Zn 2.86 0, 0, 0) (0.5,0.5,0.5) 0.87 indirect
Y 3.25 (0, 0, 0) (0, 0.083, 0) 0.08 indirect
Zr 3.65 0, 0, 0) (0.083, 0.083, 0) 0.12 indirect
Nb 3.3 (0,0, 0) (0.083, 0.083, 0) 0.12 indirect
Mo 0.33 (0.5,0.5,0.5) (0.5,0.5,0.5) 0.00 direct
Te 2.06 0, 0, 0) (0.5,0.5,0.5) 0.87 indirect
Ru 1.77 (0, 0, 0) (0.5,0.5, 0.5) 0.87 indirect
Rh 0.97 (0,0, 0) (0.5,0.5,0.5) 0.87 indirect
Pd 3.18 (0.5,0.5, 0.5) (0,0, 0) 0.87 indirect
Ag .44 (0.5,0.5,0.5) 0,0,0.5) 0.71 indirect
cd 2.43 (0, 0, 0) (0,0, 0) 0.00 direct
Li 0.70 (0,0.5,0.5) 0, 0, 0) 0.71 indirect
Na 0.85 (0,0.5,0.5) 0, 0, 0) 0.71 indirect
K 2.05 (0,0, 0) 0,0, 0.5) 0.50 indirect
Rb 2.11 0, 0, 0) 0,0,0.5) 0.50 indirect




Cs 0.92 (0, 0, 0) (0.1667, 0.5, 0.5) 0.73 indirect

Be 221 (0, 0, 0) (0, 0, 0) 0.00 direct
Mg 2.81 (0, 0, 0) (0, 0, 0) 0.00 direct
Ca 2.20 (0, 0, 0) (0, 0, 0) 0.00 direct
Sr 2.47 (0,0, 0.5) (0.083, 0.083, 0) 0.51 indirect
Ba 2.66 (0,0, 0.5) (0.083, 0.083, 0) 0.51 indirect
Al 2.96 (0, 0, 0) (0, 0, 0) 0.00 direct
Ga 3.30 (0, 0, 0) (0, 0, 0) 0.00 direct
In 3.22 (0, 0, 0) (0, 0, 0) 0.00 direct
Ge 3.67 (0, 0, 0) (0.083, 0.083, 0) 0.12 indirect
Sn 3.72 (0, 0, 0) (0.083, 0.083, 0) 0.12 indirect
Si 3.47 (0, 0, 0) (0, 0, 0) 0.00 direct
C 3.61 (0, 0, 0) (0, 0, 0) 0.00 direct
B 2.43 (0, 0, 0) (0, 0, 0) 0.00 direct
N 1.23 (0, 0, 0) (0.5,0.5, 0) 0.71 indirect
P 3.04 (0, 0, 0) (0, 0, 0) 0.00 direct
S 1.89 (0, 0, 0) (0.417,0.417, 0.5) 0.77 indirect

Annotation 1: The precise coordinates of the k-points at the specific position of the CBM

and VBM depend on the density of the k-points inserted in calculation, so the data of kepm ,

kypm and |kcamkypul listed in Table S1 are for reference only. The demonstration of kcpm

k

and “VBM in Table S1 are only for reflecting the type of bandgap, i.e., an indirect gap or a

direct gap. Besides, the influence of an indirect bandgap on carriers excitation process can be simply

evaluated by referring to the magnitude of |kcpmkvem | Because the larger the value of
|kC smkvem |, the larger changes of momentum is needed when carriers transition between VBM and

CBM occurs.

Annotation 2: In addition, the data of Eg listed in Table S1 are also for reference only. For

more detailed energy band information, please refer to the corresponding band diagram

displayed above (from Fig. S1 to Fig. S5). Since the doping concentration of 6.25% is already



relatively high, it can be seen from the bandgap diagrams (from Fig. S1 to Fig. S5) that most
of the intermediate levels are broadened in different k directions, that is, they have been
expanded into intermediate bands. This has a great influence on the process of excitation and

transition for the carriers, especially for application scenarios such as photocatalysis, so the

intermediate bands (IBs) have been taken into account in determining the values of Eq listed

in Table S1. However, we must point out that since the IBs introduced by the doping do not
overlap with the intrinsic conduction bands (CBs) or valence bands (VBs) for the most doped
systems, the electronic occupancy states that can be accommodated by these isolated IBs are
limited. Therefore, for some high current applications, the gap between IBs and the intrinsic
VBs or CBs must also be considered, especially for some doped systems where the IBs are
far from the intrinsic VBs or CBs. For example, for doping systems such as Mo, Rh, Cs, there
is still a large gap between IBs and VBs (2.43, 1.31 and 1.46 eV, respectively); and for Cu,
Li, Na-doped systems, there is still a large gap between IBs and CBs (1.68, 1.95 and 1.67 eV,
respectively). Hence, despite of the small bandgap obtained by doping these elements,

sometimes, the still exiting large gap should also be considered under some circumstances.

We believe that these two annotations can help readers better understand the data listed in

Table S1.



