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Table S1. The special K points coordinates.

X—>R—-M—-I—R I-F—Q—Z—-T
X 0.5 0.0 0.0 T 0.0 0.0 0.0
R 0.5 0.5 0.5 F 0.0 0.5 0.0
M 0.5 0.5 0.0 Q 0.0 0.5 0.5
r 0.0 0.0 0.0 z 0.0 0.0 0.5
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Figure S1. The lattice constants of transition metals co-doped cubic BaTiOs. (a) V-M" (Cr, Mn,
Fe, Co, Ni, Mo, Tc, Ru and Pd) co-doping systems; (b) Nb-M" (Cr, Mn, Fe, Co, Ni, Mo, Tc, Ru

and Pd) co-doping systems.




Table S2. The average bond length obtained after optimization of the V-M" co-doping system.

Co-doping Average bond length Average bond length  Average bond length
system/pure BaTiOs (Ti-0) /A (V-0) /A (M”-0) /A
Pure BaTiOs 2.0179 - -

V-Cr 2.0562 1.941 2.0557
V-Mn 2.0611 1.9228 2.1472
V-Fe 2.0497 1.9392 2.1245
V-Co 2.0414 1.9457 2.0355
V-Ni 2.0576 1.9472 2.1334
V-Mo 2.0511 2.0410 1.9954
V-Tc 2.0307 1.9614 2.0583
V-Ru 2.0351 1.9458 2.0855

V-Pd 2.0436 1.9299 2.1814




Table S3. The average bond length obtained after optimization of the Nb-M" co-doping system.

Co-doping Average bond length Average bond length  Average bond length
system/pure BaTiOs (Ti-0) /A (Nb-O) /A (M”-0) /A
Pure BaTiOs 2.0179 - -

Nb-Cr 2.0582 2.0143 2.0628
Nb-Mn 2.0632 2.0024 2.1507
Nb-Fe 2.0482 2.0046 2.1095
Nb-Co 2.0370 2.0193 2.0291
Nb-Ni 2.0579 2.0197 2.1074
Nb-Mo 2.0313 2.0135 2.0320
Nb-Tc 2.0325 2.0152 2.0679
Nb-Ru 2.0341 2.0140 2.0804

Nb-Pd 2.0466 2.0095 2.1820




