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ABSTRACT: To address the high cost and risks associated with experimental studies of tradi—
tional perovskite structures, plutonium—based perovskite structures were investigated using first—
principles calculation. For eight stable Pu=TM-O structures identified through crystal structure
prediction methods, mechanical stability and properties were studied using the stress—strain ap—
proach, and their elastic constant matrices were calculated. At the same time, the three—dimen-
sional Young’s and shear moduli of these structures were calculated to compare their compressive
strength, deformability, and wear resistance. The results show that all eight Pu=TM-0O structures
satisfy mechanical stability criteria and are mechanically stable. Among them, PuVOs; exhibits the

highest compressive strength and deformation resistance, while PuZnO; shows the best wear re—
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sistance. Except for PuZnQOs;, the remaining seven structures show good ductility. Pu-CrO; and

PuVOs; show good isotropy, whereas the others show varying degrees of anisotropy.
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Fig. 1 Eight plutonium-based perovskite structures
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Table 1 Lattice parameters of Pu-7M-O structures after structural optimization
4k fi 2R/ I A a/A b/A c/A o B Y V/A®
PuCrOs SL77/P213 6.081 6.081 6.081 90.000  90.000  90.000 224917
PuFeO; 1Ex/C2221 6.662 9.661 3.360 90.000  90.000  90.000  216.241
PuGaOs IE4Z/Cmce 13.015 5.391 7.648 90.000  90.000  90.000 536.586
PuMnO:; iE%2 /Pnma 5.460 6.853 6.180 90.000  90.000  90.000  231.242
PuNiOs; V45 /P4L 6.792 6.792 6.313 90.000  90.000  90.000  291.269
PuTiOs Bt/ Ce 7.039 10.165 6.946 90.000  91.190  90.000  496.916
PuVO; 3 J5/P213 6.092 6.092 6.092 90.000  90.000  90.000  226.126
PuZnOs 1EZ /Pca2l 5.445 8.111 5.614 90.000  90.000  90.000  247.908
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Table 2 Elastic constants of Pu-7M-O structures

G PuZnO; PuFeO; PuGaOs PuMnO; PuNiO; PuTiO;s PuVO; PuCrO;
ot 195.907 293.246 217.535 143.111 171.764 146.311 291.172 252.518
Cn 44.056 120.576 83.094 90.810 31.216 92.111 162.157 168.497
Gy 112.847 183.962 63.811 90.592 61.896 127.608 —
Gs — — — — — —29.628 —
G - — — — 3.346 — — —
Cy 109.073 206.408 407.286 325.253 176.347 161.105 —
Cs 84.936 151.441 145.827 26.094 — 116.769 — —
Gs - — — — — —4.321 — —
Gy 259.019 334.047 203.177 144.427 174.797 215.388 —
Gss - - — — — —1.290 — —
Ci 45.545 79.182 37.551 53.466 21.423 48.897 83.508 65.26
Cis — — — — — —6.337 —
GCss 77.752 63.244 38.707 62.878 — 53.347 — —
(o 46.090 32.140 32.100 57.926 14.150 68.609 — —
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Table 3 Mechanical property parameters of Pu-7M-O structures

Ly B/GPa E/GPa G/GPa B/G v H/GPa™ C./GPa
PuCrO; 197.963 151.437 55.168 3.588 0.373 1.671 103.2
PuFeO; 185.253 154.488 56.755 3.264 0.361 2.304 414
PuGaO; 146.248 138.237 51.486 2.841 0.342 2.892 455
PuMnO; 109.718 140.166 54.451 2.015 0.287 6.085 373
PuNiO; 92.486 85.358 30.467 3.036 0.352 1.016 9.8
PuTiO; 124.089 114.191 42.399 2.927 0.347 2.081 432
PuVO; 204.106 200.888 75.185 2715 0.336 4746 78.6
PuZnOs 102.946 134.938 52.647 1.955 0.282 6.226 1.5
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Fig.3 Three-dimensional Young's and shear moduli of eight plutonium-based perovskite structures
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