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Fig. 1. (a) 1 x 2 x 1 supercell of pristine K2TigO13;
(b) supercell of M-doped K2TigO13 (M = Mn or Cu).
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Table 1. Parameters and average bond lengths of pure, Mn-doped and Cu-doped K2TigO13 for optimized structure.

Parameters Average bond length/A
a/A b/A c/A Vv /A3 Ti—O Cu—O Mn—O
Pure 15.850 7.616 9.243 1098.637 2.004
Mn-doped 15.837 7.623 9.232 1097.264 1.962
Cu-doped 15.756 7.635 9.208 1089.722 1.968
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Fig. 2. Band structures of (a) pure K2TigO13, (b) Mn-doped K2TigO13, and (¢) Cu-doped K2TigO13.
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Fig. 3. (a) Density of states of pure KoTigO13; (b) density of states of Mn-doped K2TigO13; (c) enlarged density
of states of Mn-doped K2TigO13; (d) density of states of Cu-doped K2TigO13; (e) enlarged density of states of

Cu—doped KQTiG 013 .
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Fig. 4. (a) The total density of states of Mn-doped K2TigO13; (b) the partial density of states of 3d orbits of Mn;
(c) the total density of states of Cu-doped K2TigO13; (d) the partial density of states of 3d orbits of Cu.
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Fig. 6. Absorption spectra of pure KoTigO13, Mn-
doped K2TigO13 and Cu-doped K2TigO13.
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Abstract

Potassium hexatitanate (K2TigO13) is a kind of wide band-gap semiconductor material with potential applications
in photocatalysis. Unfortunately, it only responds to the short wavelengths of ultraviolet light, which seriously limits the
utilization efficiency of solar energy. To extend its response to visible light, a promising strategy is to partly substitute
some other transition metals for the Ti element. In this work, the electronic structures and optical properties of Mn-
and Cu-doped K3TigO13 are systematically investigated by the first-principles calculations with the aid of the CASTEP
module in the Materials Studio software package. The PW91 exchange-correlation functional is used with a plane
wave basis set up to a 340 eV cutoff. The computational results show that the Mn- and Cu-doped K2TicO13 have
impurity bands mainly stemming from the mix of Mn or Cu 3d states with Ti 3d states and O 2p states. Compared
with the band gap of pristine K2TigO13 (2.834 €V), the band gap of Mn-doped one becomes narrow (2.724 e¢V), and
its impurity energy level in the middle of the band gap can be used as a bridge for electronic transitions to facilitate
the absorption of visible light. Although the band gap of Cu-doped K2TigO13 slightly increases (2.873 eV), it could be
greatly narrowed (1.886 €¢V) when taking into consideration the impurity energy levels closely connected to the valence
band. In addition, the impurity energy levels may form a shallow acceptor and suppress the carrier recombination in the
Cu-doped K2TigO13. As usual, the calculated imaginary part of dielectric function as a function of photon energy shows
that the e2(w) value is nearly zero for pure K2TigO13 when the photon energy is less than 3.5 €V, whereas there are finite
values and also some peaks for the Mn- and Cu-doped ones. These peaks may originate from the impurity energy levels,
whose occurrence makes the electron excitation occur readily by low photon energy. Thus, the absorption edges in the
doped ones can red-shift to the visible-light region with enhancing absorption intensity. Finally, the simulated absorption
spectra of the pristine and doped KsTigO13 are consistent with their electronic structures, which further confirms the
above analysis. All the results show that the Cu-doped K2TigO13 exhibits higher visible-light photocatalytic efficiency
than the Mn-doped one. The current work demonstrates that the absorption of visible light can be realized by the Mn
or Cu doped potassium hexatitanate, with the effect of the latter being better than that of the former. The obtained
conclusions are of great significance for understanding and further developing the potential applications of K2TigO13 in

the field of photocatalysis.
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