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Abstract Perovskite models of supercell (2X2X3) were set up for PbMg;5Nb,30; (PMN). Ab initio com-
putations were performed for understanding the configuration distribution of PMN. The largest energy differ-
ence of the studied PMN supercell models was about 0.74 a.u. (1940 kJ). Pb*>" lattice distortion may be the
main factor for the PMN system deformation. Less MgQOg is favorable for Ti substitution of Nb. The configura-

tion distribution and local deformation in lattice are dependent on the preparation process of PMNT.
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Figure 1 Schematic view of a perovskite unit
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Figure 3 A 2X2X3 supercell model for PMN
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Table 1 The scheme for three selected B-cations lattices and local configurations after Ti substituted Mg/Nb
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Figure 5 The Boltzmann configuration distribution of in PMN
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Table 2 Supercell energies of ideal perovskite and optimized structure for three selected configurations
Configuration Ideal perovskite/a.u. Aa.u.
I —658.9547643 —659.2461973 —0.29143303
I —658.912966 —659.2466025 —0.33363654
I —658.7459489 —659.2412696 —0.49532071
A: GiRIRAL R R R84k, A=E(opt)— E(ideal perovskite).
F3 MBELL I S5RARAL TS Pb, Mg/Nb, O 53 HI1E x, y, z J7 17 K& AL AR
Table 3 The lattice deformation of configurations I, IT and IIT
No. x/A yIA z/IA
ideal” 4.033 4.033 8.066
Pb opt” 3.978 4.027 7.860
A —0.055 —0.006 —0.206
ideal 4.033 4.033 8.066
| Mg/Nb opt 3.956 4.036 8.053
A —0.074 0.003 —0.013
ideal 2.0165 2.0165 8.066
(0] opt 1.9761 2.1624 7.937
A —0.0404 0.1459 —0.129
ideal 4.033 4.033 8.066
Pb opt 3.669 3.579 7.772
A —0.364 —0.454 —0.294
ideal 4.033 4.033 8.066
I Mg/Nb opt 4.079 4.021 8.002
A 0.046 —0.012 —0.064
ideal 2.0165 2.0165 8.066
(0] opt 1.6312 1.9687 7.984
A —0.3853 —0.0478 —0.082
ideal 4.033 4.033 8.066
Pb opt 3.580 3.903 7.639
A —0.453 —0.130 —0.427
ideal 4.033 4.033 8.066
I Mg/Nb opt 4.031 4.031 8.070
A —0.002 —0.002 0.004
ideal 2.0165 2.0165 8.066
(0] opt 2.1420 2.3907 8.044
A 0.1255 0.3742 —0.022

¢ KM ideal FoRBARESERD”, opt LR UL F A5,
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Figure 6 The geometry of Pb*', B-cations, BOg cages in supercell for three selected configurations of PMN

dashline: optimized supercell from ideal perovskite
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Table 4 Energy changes &, &, and &, and total energy & for Ti substituted in three selected configurations of PMN

Model Brifte/(a.u.) A R o/(a.n.) BN e s/(a.u.) HftEe/(an)
1-Subst1 —2.69874 —0.288806 —2.98755 —661.942310
1-Subst2 1.658138 —0.094218 1.56392 —657.390844
1I-Subst 1.642824 —0.145049 1.497775 —657.415191
III-Subst 1.616873 —0.219684 1.397189 —657.348760

&: substitution energy; &: deformation energy; &.: & &: total energy change for Ti substitution.
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Figure 7 The geometry of Pb?", B-cations, BOg cages in supercell for configuration I and model I-Subst1 after Ti substituted in PMN

dashline: optimized supercell from ideal perovskite
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Table 5 The lattice deformation of configurations I and model I-Subst1 after Ti substituted in PMN

No. x/A yIA zIA

Ideal lattice” 4.033 4.033 8.066
I 4.069 4.010 8.069
Bcations I-Sub:tl“ 3.959 4.063 8.186
A 0.036 —0.023 0.003
A —0.110 0.053 0.117

A —0.074 0.03 0.12
Ideal lattice” 4.033 4.033 8.066
I 3.849 3.891 8.226
I-Subst1“ 4.065 3.672 8.050

Fb AP —0.184 —0.142 0.16
A 0.216 —0.219 —0.176
A 0.032 —0.361 —0.016
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