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FIG. 1. Distribution of energy above the DFT convex hull for
3262 experimentally reported ternary oxides (see details on a dataset
in the Supplemental Material [19
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TABLE I. Summary of Nd-Ni-O convex hull results including absolutely stable (on hull compounds that do not decompose) as well as
metastable (above hull) compounds. Convex hull includes only the lowest energy structure for each composition.

Compound Space group Energy above convex hull (meV/atom) Decomposition products

Ni Fm-3m 0 –
Nd P63/mmc 0 –
O2 Molecule 0 –
NiO Fm-3m 0 –
Ni3O4 Cmmm 0 –
Nd2O3 Ia-3 0 –
NdO2 C2/m 0 –
NdNi Cmcm 0 –
NdNi2 I41md 0 –
NdNi3 R-3m 0 –
NdNi5 P6/mmm 0 –
Nd3Ni Pnma 0 –
Nd5Ni19 P63/mmc 0 –
Nd2Ni7 P63/mmc 0 –
NdNiO3 P21/c 0 –
Nd4Ni3O10 P21/
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FIG. 2. Summary of Nd-Ni-O convex hull. (a) Nd-Ni-O convex hull showing the stable phases (O2, Ni, Nd, NiO, Ni3O4, NdO2, Nd2O3,
NdNi, NdNi2, Nd3Ni, NdNi5, Nd5Ni19, NdNi3, Nd2Ni7, and NdNiO3) as blue dots. (b) Main decomposition reactions for NdNiO2 and
corresponding decomposition energies (�Hd ). The results are presented for the SCAN XC functional. The decomposition energies for other
compounds are shown in Table I.

bonds to anions in n-type compounds (e.g., H-O bond in
ZnO [45]) and to cations in p-type compounds [44,47]. In
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zero [35,48–51]. In fact, paramagnets have different local
spin environments {Si; i = 1, N}, and hence then its physical
property P (e.g., electronic structure) cannot be approxi-
mated as the property 〈P〉 = P(S0) of the macroscopically
averaged structure S0
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