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FIG. 1. The « phase of EuTiOj3: antiferromagnetic tetragonal
insulator. (a) Crystal structure of tetragonal EuTiOs. (b) The orbital
and atom projected density of states (DOS) for AFM-G type tetrag-
onal EuTiO



MALYI, ZHAO, BUSSMANN-HOLDER, AND ZUNGER PHYSICAL REVIEW MATERIALS 6, 034604 (2022)

" s

1 T
1 e _ B R ' ' - B R

- e - - — - ~AI o o WE_N_ _ . _i_u ' ' I Y
- o a2l ' | ¥ b oy - =,

VT T T e i O e e i T T O b LA S E VLG MLGC LT 3 . O e e

v 5 . u u T 1

- o O ] Bl 4w

[ LS R S RS T N VRN RIS WIS, ISR U T R TI

FIG. 2. The 8 phase of EuTiO3: paramagnetic tetragonal insulator. (a), (c) Electronic and (b), (d) magnetic properties of the paramagnetic
B phase of EuTiO; computed for (a), (b) nonmagnetic symmetry unbroken model and (c), (d) spin polymorphous symmetry broken model.
Spin polymorphous symmetry broken model is reproduced by the nudging of 160-atom SQS supercell of tetragonal EuTiO; allowing internal
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FIG. 3. The y phase of EuTiO3: paramagnetic cubic insulator. (a), (d) Electronic, (b), (¢) magnetic, and (c), (f) structural properties of
paramagnetic y phase of EuTiO3 computed for (a)-(c) nonmagnetic symmetry unbroken model and (d)—(f) spin polymorphous symmetry
broken model. The spin polymorphous symmetry broken structure is obtained by the nudging of 160-atom SQS supercell of cubic EuTiO;
allowing internal relaxation and volume optimization but keeping cubic lattice vectors. The band-gap region in (d) is shown in yellow. The
dashed black line in (e) shows the magnetic moments in the « phase. Contribution of different modes to symmetry breaking in paramagnetic
y phase is computed as Iy



LOCAL POSITIONAL AND SPIN SYMMETRY BREAKING ... PHYSICAL REVIEW MATERIALS 6



MALYI, ZHAO, BUSSMANN-HOLDER, AND ZUNGER PHYSICAL REVIEW MATERIALS 6, 034604 (2022)


https://doi.org/10.1103/PhysRevB.86.054112
https://doi.org/10.1103/PhysRevB.85.184107
https://doi.org/10.1080/01411594.2012.709634
https://doi.org/10.1103/PhysRevB.92.064102
https://doi.org/10.1103/PhysRevB.86.220301
https://doi.org/10.1088/0953-8984/26/49/495901
https://doi.org/10.1063/1.1708549
https://doi.org/10.1103/PhysRevB.88.144308
https://doi.org/10.1088/1361-648X/ac2f11
https://doi.org/10.1103/PhysRevB.83.212102
https://doi.org/10.1038/srep40621
https://doi.org/10.1016/j.tsf.2017.06.050
https://doi.org/10.1103/PhysRevB.94.220406
https://doi.org/10.1088/0953-8984/27/49/496003
https://doi.org/10.1021/ic2024567
https://doi.org/10.1063/1.3133351
https://doi.org/10.1039/C5CP06318C
https://doi.org/10.1080/01411594.2016.1199805

LOCAL POSITIONAL AND SPIN SYMMETRY BREAKING ... PHYSICAL REVIEW MATERIALS 6, 034604 (2022)



https://doi.org/10.1038/nmat4493
https://doi.org/10.1103/PhysRevB.85.115129
https://doi.org/10.1103/PhysRevLett.92.176403
https://doi.org/10.1038/s41586-019-0954-4
https://doi.org/10.1088/0034-4885/33/3/302
https://doi.org/10.1103/PhysRevB.103.165110
https://doi.org/10.1063/5.0015322
https://doi.org/10.1038/s41467-019-09698-6
https://doi.org/10.1103/PhysRevB.100.035119
https://doi.org/10.1103/PhysRevB.97.035107
https://doi.org/10.1103/PhysRevB.102.045112
https://doi.org/10.1143/JPSJ.46.1504
https://doi.org/10.1103/PhysRevB.19.2626
https://doi.org/10.1103/PhysRevB.20.4584
https://doi.org/10.1088/0305-4608/15/6/018
https://doi.org/10.1103/PhysRevB.42.11388
https://doi.org/10.1103/PhysRevB.44.10470
https://doi.org/10.1103/PhysRevLett.65.353
https://doi.org/10.1103/PhysRevB.90.064413
https://doi.org/10.1088/0953-8984/24/49/492201
https://doi.org/10.1103/PhysRevB.64.054415
https://doi.org/10.1088/1367-2630/14/9/093013
https://doi.org/10.1103/PhysRevLett.97.267602
https://doi.org/10.1088/0953-8984/26/2/022202
https://doi.org/10.1103/PhysRevB.88.094103
https://doi.org/10.1103/PhysRevB.85.104109
https://doi.org/10.1103/PhysRevLett.123.127201
https://doi.org/10.1103/PhysRevLett.109.267602
https://doi.org/10.1002/adfm.201202477
https://doi.org/10.1209/0295-5075/80/27002
https://doi.org/10.1140/epjb/e2009-00205-5
https://doi.org/10.1103/PhysRevB.102.144106
https://doi.org/10.1038/nature09331
https://doi.org/10.1088/0953-8984/19/40/406217
https://doi.org/10.1016/j.matt.2019.05.014
https://doi.org/10.1103/PhysRevLett.115.176602
https://doi.org/10.1063/1.4812323
https://doi.org/10.1007/s11837-013-0755-4
https://doi.org/10.1039/C9MH00574A
http://arxiv.org/abs/arXiv:2202.13723
https://doi.org/10.1021/acs.chemrev.0c00608
https://doi.org/10.1103/PhysRevB.102.235121
https://doi.org/10.1103/PhysRevB.47.558
https://doi.org/10.1016/0927-0256(96)00008-0
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1103/PhysRevB.57.1505
https://doi.org/10.1107/S0108767310016247
https://doi.org/10.1107/S0021889809028064
http://iso.byu.edu
https://doi.org/10.1107/S0021889806014075
https://doi.org/10.1039/C4CP01083C

