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Figure S1. Powder X-ray diffraction data and Rietveld refinement of ScAl,. The black dots

represent the experimental data, the red line the respective fit while the blue line indicates the

difference between experimental and theoretical data. The green bars show the Bragg positions

of cubic ScAl, (MgCu, type).

ScAl, (see Figure S1)

Source Bruker D8 ADVANCE (Laboratory X-ray)
Chemical formular ScAl,
Formula weight / g mol™! 791.3
Temperature RT

Pressure ambient
Wavelength / pm 154.0596 and 154.4308
Crystal system cubic

Space group Fd3m (227)

A/ pm 757.98(1)

V / nm? 0.4355

YA 8

d-space range / A 0.85-14.35 (6-130° 26)
e 1.75

R, 7.99

Rup 10.56

Definition of R Factors
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Figure S2. Powder X-ray diffraction data and Rietveld refinement of YAl,. The black dots
represent the experimental data, the red line the respective fit while the blue line indicates the
difference between experimental and theoretical data. The green bars show the Bragg positions

of cubic YAl (MgCu, type).

YAl (see Figure S2)
Source Bruker D8 ADVANCE (Laboratory X-ray)
Chemical formular YAl
Formula weight / g mol™! 1143.0
Temperature RT
Pressure ambient
Wavelength / pm 154.0596 and 154.4308
Crystal system cubic
Space group Fd3m (227)
A/pm 786.29(1)
v/ nm3 0.4862
Y4 8
d-space range / A 0.85-14.35 (6-130° 26)
1 2.56
R, 3.09
Ryp 5.15
Definition of R Factors Rp = Z|W|Y0 - yc|2|;
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Figure S3. Powder X-ray diffraction data and Rietveld refinement of LaAl,. The black dots
represent the experimental data, the red line the respective fit while the blue line indicates the
difference between experimental and theoretical data. The green bars show the Bragg positions

of cubic LaAl, (MgCu, type).

LaAl, (see Figure S3)
Source Bruker D8 ADVANCE (Laboratory X-ray)
Chemical formular LaAl,
Formula weight / g mol™! 1542.9
Temperature RT
Pressure ambient
Wavelength / pm 154.0596 and 154.4308 pm
Crystal system cubic
Space group Fd3m (227)
A/pm 814.85(1)
v/ nm3 0.5410
Y4 8
d-space range / A 0.85-14.35 (6-130° 26)
1 2.63
R, 9.11
Ryp 11.77
Definition of R Factors Rp = Z|W|Y0 yc|2 l;
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Figure S4. Powder X-ray diffraction data and Rietveld refinement of YbAl,. The black dots
represent the experimental data, the red line the respective fit while the blue line indicates the
difference between experimental and theoretical data. The green bars show the Bragg positions

of cubic YbAI, (MgCu, type).

YbAI, (see Figure S4)
Source Bruker D8 ADVANCE (Laboratory X-ray)
Chemical formular YbAl,
Formula weight / g mol™! 1816.0
Temperature RT
Pressure ambient
Wavelength / pm 154.0596 and 154.4308 pm
Crystal system cubic
Space group Fd3m (227)
A/pm 788.36(1)
V / nm? 0.4874
Y4 8
d-space range / A 0.85-14.35 (6-130° 26)
¥ 2.17
R, 3.75
R., 5.11
Definition of R Factors R,=Xlw|Y, - yc|2|;
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Figure S5. Powder X-ray diffraction data and Rietveld refinement of as-cast LuAl,. The black
dots represent the experimental data, the red line the respective fit while the blue line indicates
the difference between experimental and theoretical data. The green bars show the Bragg

positions of cubic LuAl, (MgCu, type).

as-cast LuAl, (see Figure S5)
Source Bruker D§ ADVANCE (Laboratory X-ray)
Chemical formular LuAl,
Formula weight / g mol™! 1831.4
Temperature RT
Pressure ambient
Wavelength / pm 154.0596 and 154.4308 pm
Crystal system cubic
Space group Fd3m (227)
A/pm 774.37(1)
V / nm? 0.4643
Y4 8
d-space range / A 0.85-14.35 (6-130° 20)
1 2.61
R, 2.82
Ryp 3.94
Definition of R Factors R,=SIw|Yo -y’
o (Bl L)
P 2|WI |
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Figure S6. Powder X-ray diffraction data and Rietveld refinement of annealed LuAl,. The black
dots represent the experimental data, the red line the respective fit while the blue line indicates
the difference between experimental and theoretical data. The green bars show the Bragg

positions of cubic LuAl, (MgCu, type).

annealed LuAl, (see Figure S6)

Source Bruker D§ ADVANCE (Laboratory X-ray)
Chemical formular LuAl,
Formula weight / g mol™! 1831.4
Temperature RT
Pressure ambient
Wavelength / pm 154.0596 and 154.4308 pm
Crystal system cubic
Space group Fd3m (227)
A/pm 774.24(1)
V / nm? 0.4641
Y4 8
d-space range / A 0.85-14.35 (6-130° 20)
% 2.89
R, 3.28
Ryp 4.69
Definition of R Factors R,=SIw|Yo -y’
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27Al solid state MAS NMR spectroscopy
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Figure S7. ?7Al solid state MAS NMR for cubic ScAl, (MgCu, type). The experimental data is
shown in black, the fit in red.
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Figure S8. #*Sc solid state MAS NMR for cubic ScAl, (MgCu, type). The experimental data is
shown in black, the fit in red.
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Figure S9. 2Al solid state MAS NMR for cubic YAl, (MgCu, type). The experimental data is
shown in black, the fit in red.
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Figure S10. 2’Al solid state MAS NMR for cubic LaAl, (MgCu, type). The experimental data is
shown in black, the fit in red.
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YbAl, MAS

Cq from DFT
experimental
simulatiocn

I s T o T b T \ T ks T kS 1
6000 4000 2000 0 -2000 -4000 -6000
SC7AN

Figure S11. ?7Al solid state MAS NMR for cubic YbAl, (MgCu, type). The experimental data is
shown in black, the fit in red. The C,, value has been taken from the DFT calculations.
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Figure S12. ?7Al solid state MAS NMR for cubic YbAl, (MgCu, type). The experimental data is
shown in black, the fit in red. The Cq, values has been refined.
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as-cast LUAl, MAS
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Figure S13. ?7Al solid state MAS NMR for as-cast cubic LuAl, (MgCu, type). The experimental
data is shown in black, the fit in red.
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Figure S14. ?’Al solid state MAS NMR for annealed cubic LuAl, (MgCu, type). The
experimental data is shown in black, the fit in red.
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