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Abstract:

The discovery of superconductivity in square-planar nickelates has uncovered a versatile materials
platform for studying cuprate-like superconductivity [1]. While most work has focused on chemically
doped infinite-layer nickelates, R,_,A,NiOs (R = 3+ rare-earth cation, A = 2+ alkaline metal), these
compounds represent only the n = oo endmember of a broader homologous series: the multi-layer
square-planar nickelates, R, +1Ni, 02,12 [2]. In this structural family, n RNiO, layers are separated by
RO, spacer layers, enabling systematic tuning of dimensionality and nickel 3d filling (d°~'/™) through
layering, n. Indeed, superconductivity was observed in five-layer NdgNisO;2, which shares the same
formal @®® electron count as the chemically doped superconductor Srg2Nd, sNiO, [3].

In this talk, | will present the superconducting phase diagram of multi-layer square-planar Nd,,  1Ni,,O2,, 1 2
thin films (n = 3—10) synthesized via ozone-assisted molecular-beam epitaxy (MBE) and subsequent
topochemical reduction [4]. We observe signatures of superconductivity in n = 4—-8 compounds, with

a maximum 7, ,neet Of 12.8 K for n = 6. With decreasing dimensionality n, the electronic structure
approaches cuprate-like behavior and neodymium 4f moment effects modify the superconducting
anisotropy. This work establishes a superconducting dome determined purely by structural layering,
demonstrating that hole doping can be achieved without chemical substitution in square-planar ni-
ckelates.

In the remainder of the talk, | will show that topochemical oxidation of Ruddlesden—Popper nickelates

reveals a distinct structural family through oxygen intercalation of rock salt spacer layers, broadening
the accessible phase space of layered nickelates [5].
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