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Fig. 1. Crystal structures of the pure TiO, (a) and Er’'-
doped TiO, (b) by the CALYPSO structure search method.

K1 ErRTIO, AEERARE T B T A h
Table 1.
ergy structure of Er®*:TiO,.

Coordinates of all atoms for the low-en-

0(1) 0.247 0.249 0.204 4j
0(2) 0.753 0.751 0.204 4k
0(3) 0.249 0.753 0.796 29
0(4) 0.751 0.247 0.796 8l
0(6) 0.753 0.249 0.204 29
0(7) 0.250 0.247 0.796 4k
0(8) 0.751 0.753 0.796 45
o(11) 0250 0.000 0.545 2f
0(19)  0.500 0.753 0.036 2e
Ti(1) 0.000 0.250 0.251 4j
Ti(2) 0.000 0.750 0.251 4k
Ti(3) 0.250 0.000 0.749 29
Ti(4) 0.750 0.000 0.749 4h
Ti(10)  0.500 0.000 0.495 1d
Er(1) 0.500 0.500 0.500 le
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Fig. 2. Coordination structures of the metastable for Er’*:
TiO,.
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# 2 Er*tTiO, MRS DL K WARARS,

AR SEL 0, b, ¢, FRIARTR V, fAXRERAE

Table 2.  Structural parameters a, b and ¢, unit-cell volume, relative energies for the optimized TiO, and metastable Er**:TiO,.
Space group a/A b/A c/A V/A3 AE/eV
TiO, I4,/amd 7.568 7.568 9.515 545.003
Er**+:TiO, Pdm2 7.682 7.682 9.798 578.193 0
Isomer (a) Pdm2 7.681 7.681 9.799 578.213 0.051
Isomer (b) Cmmm 13.258 13.258 6.013 1051.764 0.853
Isomer (c) Cmmm 13.261 13.261 6.009 1051.988 0.975
=N p———y s E TR, 8 G AR H] BBk TiO,
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I 5 SL R AR AT 0 1L

Fig. 3. Simulated X-ray diffraction patterns of (a) TiO, and
(b) Er**-doped TiO, compared with experimental data.
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B 4 3R (a) TiO, Ml (b) Er¥HB2% TiO, (75 T3
Fig. 4. Calculated phonon spectra of the (a) TiO, and (b) Er3*-
doped TiO,.
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Fig. 5. Band structures and the DOS of (a) TiO, and (b) Er**-doped TiO,, all calculated by the LDA method.
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(b) (010) *F-ifi

Fig. 6. Electron localized function of the Er**:TiO,: (a) Gro-
und-state structure; (b) (010) plane.
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Abstract

Trivalent rare earth erbium ion (Er®*) doped titanium oxide (TiO,) can possess a very wide range of
applications due to its excellent optoelectronic properties, thus standing out among many rare-earth-doped
luminescent crystals. However, the issues regarding local structure and electronic properties have not been
finalized. To address these problems, the CALYPSO (Crystal structure AnaLYsis by Particle Swarm
Optimization) method combined with the first-principles calculations is employed, and many converged
structures of Er3*-doped TiO, are successfully obtained. Further structural optimization is performed by using
the VASP (Vienna ab initio simulation package) software package, and we report for the first time that the
lowest energy structure of Er®*-doped TiO, has the P4m2 symmetry. It can be observed that the doped Er?*
ions enter into the host crystal and occupy the positions of Ti** ions, resulting in structural distortion, which
eventually leads the local Er** coordination site symmetry to reduce from Dy, into C,,. We speculate that there
are two reasons: 1) the difference in charge between Er** ions and Ti*" ions leads to charge compensation;
2) the difference between their electron radii is obvious: the radius is 0.0881 for Er®* ion and 0.0881 for Ti** ion.
In addition, during the structural search, we also find many metastable structures that may exist at a special
temperature or pressure, which play an important role in the studying of structural evolution. When the
electronic band structure of the Er®*-doped TiO, system is calculated, we adopt the method of local density
approximation (LDA) combined with the on-site Coulomb repulsion parameter U to accurately describe the
strongly correlated system. For the specific value of U, we adopt 3.5 eV and 7.6 eV to describe the strong
correlation of 3d electrons of Ti** ions and 4f electrons of Er®* ions, respectively. According to the calculation of
electronic properties, the band gap value of Er®* doped TiO, is about 2.27 eV, which is lower than that of the
host crystal (E, = 2.40 eV). The results show that the reduction in the band gap is mainly caused by the f state
of Er** ions. The doping of Er ion does reduce the band gap value, but it does not change the conductivity of
the system, which have great application prospect in diode-pumped laser. These findings not only provide the
data for further exploring the properties and applications of Er**:TiO, crystals, but also present an approach to

studying other rare-earth-doped crystalline materials.

Keywords: CALYPSO, Er**-doped TiO,, local structure, first-principles calculations
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