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Figure S1. (a) Set-up view of the high-temperagas furnace, (b) Schematic description of tempesgtuogram

for redox treatment.
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Figure S2. XRD patterns @CZ and pyrochlore-type CZ as a reference: (a)020

= 20 =35° (log scale).

=< 80° (linear scale), (b) 10
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Figure S3. Rietveld refinement patternsce®Z, which was refined by cubic structure (spaaupP2:3). The red
“o” marks, solid light-blue line, green tick marksidalower solid blue line indicate experimental dat@iculated
data, Bragg-peak positions of cubieCZ, and the difference between experimental ardutzed intensities,

respectively. The finaR factor and chi-square weRa, = 11.9% ands = 42.4, respectively.
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Figure S4. Rietveld refinement patternsce€Z, which was refined by trigonal structure (spgoeupR-3m). The
red *” marks, solid light-blue line, green tick marksgddower solid blue line indicate experimental datlculated
data, Bragg-peak positions of cubieCZ, and the difference between experimental ardutzed intensities,
respectively. Lattice parameters wese10.534199(8) Ap=90.05°. The finaR factor and chi-square weR, =
16.2% ands” = 78.6, respectively. Inset: The diffracted paisefior thed-spacing between 3.0 and 6.5 A.
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Figure S5. Rietveld refinement patterns of oxygen-deficient cubic xCZ (CeZrOs.7731). The diffracted
patterns for thel-spacing between 2.0 and 6.5 A.
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Figure S6. Neutron PDF spectra of oxygen-deficient cubiCZ (CeZrQ 773q) in ther range (b) 5.4 r< 7.0 A
and 16< r< 19 A. The black #” marks, solid red line, and lower solid blue limelicate experimental @ data,
calculated data, and the difference between exeatahand calculated intensities, respectivelyos indicate that

the differences (miss fits) were observed by tHacphase.
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Figure S7. Rietveld refinement patterngdfZ, which was refined by double-phases of cubsiecstire (space group
P2,3). The red ¢” marks, solid light-blue line, green tick markeddower solid blue line indicate experimental data
calculated data, Bragg-peak positions of cubiCZ, and the difference between experimental arndutzed
intensities, respectiveliLhe final results gave the following crystallographic parameters: (1) CeZrQ; sz
belonging to space group 213 with 2=10.53803(4) A and (2) CeZrGs g6(3)belonging to space group F213
with a=10.52825(2) A. The finalR factor and chi-square weRa, = 8.17% and = 20.0, respectively. Inset: The
diffracted patterns for thé-spacing between 3.0 and 6.5 A.



Table S1. Crystal structure parametersoCZ: (a)P2:3, (b)R-3m

Sample k-CZ
Chemical formula CeZrekso() CeZrQy
Crystal system Cubic Trigonal
Space group P 2,3 (#198) R-3m (#166_2)
a (A) 10.534324(7) 10.53270(8)
a=p=y (°) 90 90.012(2)
V (A% 1169 1168.5
V4 16 16
@ site g X y z Biso (A7)
Cel ) 1 0.3814(1) 0.3814(1) 0.3814(1) 0.115(8)
Ce2 1D 1 0.1262(1) 0.1209(1) 0.3716(1) 0.115(8)
Zrl 4a 1 0.8676(1) 0.8676(1) 0.8676(1) 0.492(8)
Zr2 12 1 0.1283(1) 0.1293(1) 0.8689(1) 0.492(8)
01 4a 1 0.2523(1) 0.2523(1) 0.2523(1) 0.573(3)
02 4a 0.865(2) 0.4944(1) 0.4944(1) 0.4944(1) 0.573(3)
03 4a 1 0.7467(2) 0.7467(2) 0.7467(2) 0.573(3)
04 4a 0.417(2) 0.0133(2) 0.0133(2) 0.0133(2) 0.573(3)
05 1D 1 0.0049(1) -0.0027(1) 0.79536(5) 0.573(3)
06 12D 1 -0.0023(1) 0.0018(1) 0.23930(8) 0.573(3)
o7 1D 1 0.2523(2) 0.2506(2) 0.5074(1) 0.573(3)
08 1D 1 0.2540(2) 0.2514(1) 0.0018(1) 0.573(3)




(b)

site g X y z Biso (A7)
Cel B 1 0 0 0 1.44(8)
Ce2 2 1 0 12 12 1.44(8)
Ce3 ) 1 0.2013(8) 0.2013(8) -0.0133(9) 1.44(8)
Ced & 1 0.2667(8) 0.7332(8) 1/2 1.44(8)
Zrl 1b 1 1/2 1/2 1/2 0.38(5)
7r2 d 1 1/2 0 0 0.38(5)
7r3 6of 1 0.2601(4) 0.7398(4) 0 0.38(5)
Zr4 6h 1 0.2282(3) 0.2282(3) 0.5744(8) 0.38(5)
01 x 1 0.1444(9) 0.1444(9) 0.1444(9) 0.49(3)
02 éh 1 0.3511(9) 0.3511(9) 0.147(1)  0.49(3)
03 x 1 0.4118(7) 0.4118(7) 0.4118(7) 0.49(3)
04 éh 1 0.9249(8) 0.9249(8) 0.4610(8)  0.49(3)
05 éh 1 0.3085(7) 0.1049(4) 0.1049(4)  0.49(3)
06 12 1 0.4300(8) 0.1126(8) 0.6424(8)  0.49(3)
07 12 1 0.1544(8) 0.8548(8) 0.3568(8) 0.49(3)
08 éh 1 0.166(1) 0.361(1) 0.361(1)  0.49(3)
09 éh 1 0.3129(8) 0.6256(8) 0.6256(8)  0.49(3)
010 ) 1 0.7900(7) 0.0550(8) 0.0550(8)  0.49(3)




