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Fig. 1. Ruddlesden-Popper phases La,,Ni,O3,.1. From left to right: Lay,NiO,4, LagNiyO,, LayNizO;y and LaNiOg; the blue, purple
and red small balls represent La, Ni, and O atoms, respectively, the structures within the dashed box represent the changes in the

layers under different n values.
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Fig. 2. Superconductivity of LagNi,O; single crystal under pressure: (a) Resistance curves of LagNi,O; measured with solid as pres-
sure-transmitting medium (cubic boron nitride)?; (b) the a.c. susceptibility of LagNi,O; under pressurel?; (c) the zero resistance and
strange metal behavior of LagNi,O; with liquid as pressure-transmitting medium (Daphne 7373)["); (d) resistance curves of LagNiyO
under various magnetic fields'”); (e) superconductivity phase diagram of LagNi,O; under pressurel?!
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Fig. 3. Superconductivity of LazNi,O; polycrystalline under pressure: (a)—(d) Resistance curves of LagNi,O; (solid state reaction)
measured with solid as pressure-transmitting medium (cubic boron nitride)?2?%; (e) resistance curves of LagNi,O; (Sol-gel method)
under pressure with liquid as pressure-transmitting medium (Daphne 7373, glycerol)?4.
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Fig. 4. The oxygen vacancies in La3Ni,O; single crystals and superconductivity of La,PrNi,O; polycrystalline under pressure:

(a) The oxygen vacancies in LagNi,O; single crystals; (b), (c) the phase histograms from distinct oxygen sites with different oxygen

vacancy concentrations®”; (d) the stacking faults of LagNi,O; polycrystalline [%l; (e) the long-range orders of Lay,PrNi,O; polycrys-

tallinel*’; (f), (g) zero resistance and diamagnetic signals of La,PrNi,O; polycrystalline under pressurel*.
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Fig. 5. Superconductivity of LayNizO,, single crystal under pressure: (a) Resistance curves of La,NizO;, measured with solid as pres-

sure-transmitting medium (NaCl)Pl; (b) the d.c. susceptibility curves of La,NisO,, measured with gas as pressure-transmitting medi-

um (neon)?; (c), (d) the zero resistance of LayNizO,, measured with gas as pressure-transmitting medium (helium)!”; (e) resistance
4N13U10 g g

curves as a function of pressure under various magnetic fields (helium).
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Fig. 6. Phase transition of La,NizOy, single crystal under pressurel’: (a), (b) Synchrotron X-ray diffraction patterns of La,NisO;
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SPECIAL TOPIC—Research progress on nickelate superconductors
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Abstract

The recent discovery of high-temperature superconductivity in the bilayer nickelate LasNi,O; under high
pressure has drawn significant attention, further catalyzing intensive research on nickel-based superconductors.
Systematic comparative studies of unconventional superconductors are vital for advancing the mechanistic
understanding of high-T, superconductivity. In contrast to cuprates, bulk nickelates exhibit significant
differences in crystal structure, electronic properties, and physical behaviors, and their experimental

investigation faces specific challenges including the influences of hydrostatic conditions on the measurements of

zero resistance and diamagnetic response, oxygen
. . . 112 thin films
vacancy defects in single crystals, and pressure-induced

structural phase transitions. This review comprehen- Nickel-based La3Ni,O7
. . . L. superconductors

sively examines high-temperature superconductivity LasNizO1;

and the related research challenges in trilayer nickelate Ruddlesden-Popper phases e

. . . . , LaadN13U10 |

bulk materials, and provides experimental insights for ! !

iPr4Ni3Owi

future studies on nickel-based superconducting systems.

Keywords: nickel-based superconductors, unconventional superconductivity, high-temperature super-

conductivity
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