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Fig. S1 Powder X-ray diffraction spectra of failed ambient-pressure attempts. 

  For the sample synthesized at 1373 K, the dominant phases identified by powder X-

ray diffraction are LaCuO3, La2CuO4, and NiO; under this condition rhenium species 

were observed to vaporize. At 1573 K the bulk residue consists primarily of Cu0.2Ni0.8O. 

We also observed that La-Cu containing products melted upon reaching their melting 

point and adhered to the inner wall of the crucible; rhenium was likewise lost from the 

bulk, consistent with volatilization and re-deposition on cooler parts of the reaction 

assembly. 
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Fig. S2 Powder X-ray diffraction spectra under different conditions. 

The powder X-ray diffraction data summarize samples prepared under varying 

pressure and temperature conditions. At lower pressure (6 GPa, 1323K) the reaction is 

incomplete, likely due to insufficient pressure to stabilize the target phase. At 7.5 GPa 

we initially employed a lower temperature (≈ 1173 K), relying on pressure to promote 

the reaction, but the diffraction pattern still show some intermediate impurity phases. 

Increasing the temperature at 7.5 GPa reduces some impurities, yet minor secondary 

reflections (e.g., near 2θ ≈ 30°) remain, suggesting the pressure is still inadequate. 

When using 9 GPa at 1323 K (the conditions reported in the manuscript) we can obtain 

a phase-pure sample.  
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Fig. S3 Field-dependent Hall resistivity measured at different temperatures. 

 
Fig. S4 Temperature dependence of the carrier concentration. 

 

The sample for Hall effect measurements was polished to a thickness of about 220 

μm (further thinning caused sample damage for our polycrystalline sample). To 

determine the carrier type, we analyzed the high-field region where the magnetization 

saturates. In this linear regime, the slope of the Hall resistivity (dρxy/dH) is negative, 

indicating electron-like majority carriers. From linear fits to this high-field region, we 

extracted the ordinary Hall coefficient RH, which yields an effective carrier 

concentration (n) on the order of 1.5×1020 cm-3, as shown in Fig. S4. This value is 

relatively constant across the measured temperature range and is consistent with an 

intrinsically metallic electronic structure with relatively weak/low carrier density1-4.  
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CALCULATION DETAILS 

 

Fig. S5 Total DOS calculation using the GGA+U and GGA+U+SOC method. 

 

The spin-polarized electronic structure calculations were performed using the full-

potential linearized augmented plane-wave (FP-LAPW) method as implemented in 

WIEN2K. The convergence criteria were set to 0.000001 Ry for total energy and 

0.000001 electrons for total charge. The initial magnetic configuration was chosen as a 

collinear antiferromagnetic state with Cu and Ni moments aligned parallel (↑) and Re 

moments antiparallel (↓). As shown in Fig. S5, the inclusion of SOC does not affect the 

ground state obtained with the GGA+U method. Subsequently, we discuss the GGA+U 

results. The optimization of the crystal structure using GGA+U(+SOC) clearly shows 

that the ions are already located in high-symmetry positions, with shifts in atomic 

positions (predominantly of oxygen) being negligibly small. Therefore, one may 

conclude that the ab-initio calculations confirm the experimental structure as largely 

applicable for LCNRO. The on-site Coulomb repulsion parameters were set to U = 8 

eV for Cu, 6 eV for Ni, and 2 eV for Re. The Hund's rule coupling parameters were set 

to JH = 0.9 eV for Cu and Ni, and 0.5 eV for Re. These U and JH values follow previous 

studies5-7. The GGA+U calculations employed the Fully Localized Limit (FLL) double-
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counting correction scheme (SIC method). Brillouin-zone sampling used a uniform grid 

amounting to 1000 k-points in the full Brillouin zone (76 k-points in the irreducible 

part). A plane-wave energy cutoff of −6.0 Ry was used. Semicore states La-5p and Cu-

3p were treated as valence states. 
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