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FIG. 1. Structural models used for estimating mixing enthalpies in (a) Perovskite Related Layered Or-

thorhombic (PRLO), (b) Fergusonite, (c) Perovskite, (d) LaTaO4 structures.
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FIG. 2. Heat maps for mixing enthalpy in eV/B—site of NdQ(BB/)QOn two component ternary oxides in
phase P, A H i [AQ(BB/)2O7L, P], calculated from first principles using Eq. 1 of main text. Presented for
(a) pyrochlore, (b) PRLO, (¢) NdTaOy, (d) fluorite, (e) fergusonite and (f) perovskite phases. The annotation

‘G’ in each panel represents the ground phase for the two cation combination.
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FIG. 3. Contour heat map plotted for Ay as a function of 7" and po, /p°. The mathematical formula for the

evaluation of Auo is given in Eq. 2 of main text. The horizontal axis is plotted on log scale.
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FIG. 4. Heat map of (¢(P)) plotted as a function of T’ and po, /p" for A3 B207. (a-d) A = Laand B =
{Hf,Nb,Sc,Sn,Zr} and (e-h) A = Nd and B = {Hf,Nb,Sc,Sn,Zr}. The contour lines along with their

annotated values are also given for each panel.
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FIG. 5. Heat map of {¢(P)) plotted as a function of T and po,/p° for A3B>07. (a-d) A = La and
B = {Hf Nb,Sn,Ti,Zr} and (e-h) A = Nd and B = {Hf,Nb,Sn,Ti,Zr}. The contour lines along with their

annotated values are also given for each panel.
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FIG. 6. Heat map of (¢(P)) plotted as a function of T’ and po, /p" for A3 B207. (a-d) A = Laand B =
{Hf,Sc,Sn,Ta,Zr} and (e-h) A = Nd and B = {Hf,Sc,Sn,Ta,Zr}. The contour lines along with their annotated

values are also given for each panel.
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FIG. 7. Heat map of (¢(P)) plotted as a function of T’ and po, /p" for A3 B207. (a-d) A = Laand B =
{Hf,Sc,Sn,Ti,Zr} and (e-h) A = Nd and B = {Hf,Sc,Sn,Ti,Zr}. The contour lines along with their annotated

values are also given for each panel.
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FIG. 8. Heat map of (¢(P)) plotted as a function of T’ and po, /p" for A3 B207. (a-d) A = Laand B =
{Hf,Sn,Ta,Ti,Zr} and (e-h) A = Nd and B = {Hf,Sn,Ta,Ti,Zr}. The contour lines along with their annotated

values are also given for each panel.
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FIG. 9. Heat map of short range order parameter for each two component combination for A3 B2Or is plotted
in separate panel as a function of log(po,/p”) and T'. (a) A = La and B = {Hf,Nb,Sc,Sn,Zr} and (b) A =
Nd and B = {Hf Nb,Sc,Sn,Zr}. The contour lines along with their annotated values are also given for each

panel.
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FIG. 10. Heat map of short range order parameter for each two component combination for A3 B2y is
plotted in separate panel as a function of log(po, /p”) and T'. (a) A = La and B = {Hf,Nb,Ti,Sn,Zr} and (b)
A =Nd and B = {Hf,Nb,Ti,Sn,Zr}. The contour lines along with their annotated values are also given for

each panel.
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FIG. 11. Heat map of short range order parameter for each two component combination for A3 B2y is
plotted in separate panel as a function of log(po, /p°) and T'. (a) A = La and B = {Hf,Sc,Sn,Ta,Zr} and (b)
A =Nd and B = {Hf,Sc,Sn,Ta,Zr}. The contour lines along with their annotated values are also given for

each panel.
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FIG. 12. Heat map of short range order parameter for each two component combination for A3 B2y is
plotted in separate panel as a function of log(po, /p”) and T'. (a) A = La and B = {Hf,Sc,Sn,Ti,Zr} and (b)
A =Nd and B = {Hf,Sc,Sn,Ti,Zr}. The contour lines along with their annotated values are also given for

each panel.
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FIG. 13. Heat map of short range order parameter for each two component combination for A3 B2Oy is
plotted in separate panel as a function of log(po, /p°) and T'. (a) A = La and B = {Hf,Sn,Ta,Ti,Zr} and (b)
A =Nd and B = {Hf,Sn,Ta,Ti,Zr}. The contour lines along with their annotated values are also given for

each panel.



TABLE I. The ground state structures of the ternary compounds along with their space group symmetries.
The fergusonite and scheelite structures are equivalent, whereas the YNbQy, structure is obtained through a
monoclinic distortion of the fergusonite structure. Hence, to avoid confusion we refer to all these structures
as fergusonite. Also, even though there are multiple polymorphs [1] for NdTaOy, the structures and their

energies are very close.

Index A B Compound Ground state strucurue Symmetry Ref.
1 La Hf LasHf>0r Pyrochlore Fd3m 2]
2 La Nb LasNbyOg Fergusonite 141 /a [3]
3 La Sc LasScyOg Perovskite Pbnm [4]
4 La Sn LaySny 07 Pyrochlore Fd3m [5, 6]
5 La Ta LasTasOg LaTaOy4 P12y /cq [7]
6 La Ti LasTioO7 PRLO Pna2, (8]
7 La Zr NdsZr,O7 Pyrochlore Fd3m [2, 9]
8 Nd Hf NdyHf>07 Pyrochlore Fd3m [10]
9 Nd Nb NdyNboOg YNbO4 Li2/c; [11]

10 Nd Sc NdsSco0¢ Perovskite Pbnm [4]
11 Nd Sn Nd»Sn,07 Pyrochlore Fd3m [6]
12 Nd Ta NdyTasOg NdTaOy4 P12, /¢y [12]
13 Nd Ti Nd,TioO7 PRLO Pna2; [13]
14 Nd Zr NdsZryO7 Pyrochlore Fd3m [14]
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TABLE II. Pseudo potential files and electronic configuration used in this study. For Nd we used only one

valance electron in the 4 f valance states, and the remaining three electrons are included in the core potential.

Elemental VASP Valance Electronic
species PAW potential electrons configuration
1 La La 11 5525p56525d*
2 Nd Nd_3 11 5525p56s24 1
3 Hf Hf_sv 12 5525p56525d>
4 Nb Nb_sv 13 4524pS5st4d*
5 Sc Sc_sv 11 3523p%4523d*
6 Sn Sn.d 14 5524d05p?
7 Ta Ta_pv 11 5525p%6525d3
8 Ti Ti_sv 12 3p®4s23d*
9 Zr Zr_sv 12 45%4p85524d?
10 ¢} 0] 6 2s%p*

16



TABLE III. Symmetry, Wyckoff symbols and coordinates of pyrochlore and fluorite structures.

SI.No. Structure Space group Wyckoftf symbol Element Coordinates
1 16¢ A (10.000, 0.000, 0.000 )
2 ~ 16d B (0.500, 0.500, 0.500 )
Pyrochlore Fd3m
3 8a 01 (0.375, 0.375,0.375)
4 48 f 02 (0.329, 0.125,0.125)
1 16 ¢ A (10.000, 0.000, 0.000 )
2 16d B (0.500, 0.500, 0.500 )
3 Fluorite Fd3m 16a 01 (0.125,0.125, 0.125)
4 16b 02 (0.375, 0.125,0.125 )
5 16 f 03 (0.625,0.125,0.125)
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