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Superconducting phase diagram of multilayer square-planar nickelates
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A Abstractl] The discovery of superconductivity in square-planar nickelates has offered a rich materials
platform to explore the origins of high-temperature superconductivity. However, experimental investigations
have largely been limited to the infinite-layer RNiO2 (R, rare earth) nickelates. We constructed a phase
diagram of multilayer square-planar Ndn+1NinO2n+2 compounds and found signatures of
superconductivity for dimensionality n = 4 to 8. Upon decreasing n, the superconducting anisotropy evolves
owing to 4f electron effects, and electronic structure characteristics approach cuprate-like behavior. Magnetic
fluctuations persist from within the superconducting regime and into the overdoped, nonsuperconducting
regime. The superconducting regime overlaps with that of chemically doped infinite-layer nickelates,
demonstrating underlying commonalities as well as differences across varying structural realizations of square-
planar nickelates. Our work establishes this layered template for creating new nickel-based superconductors.

Nodeless superconducting gap and electron-boson coupling in (La,Pr,Sm)3Ni207 films
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A Abstractl] The discovery of superconductivity in Ruddlesden-Popper bilayer nickelate films under
ambient pressure provides an opportunity to directly investigate electronic energy scales of the
superconducting state and the pairing mechanism. We report angle-resolved photoemission spectroscopy
measurements of superconducting (La,Pr,Sm)3Ni207 thin films by developing an ultrahigh-vacuum
cryogenic sample quenching and transfer technique. A superconducting gap of ~18 milli— electron volts
with coherence peaks is observed along the Brillouin zone diagonal. The finite gap persists across the entire
Brillouin zone, revealing the absence of gap nodes. A kink is observed in the energy-momentum dispersion
at ~70 milli— electron volts below the Fermi level, indicating an electron-boson coupling. The simultaneous
observation of a nodeless superconducting gap and electron-boson coupling provides insight into the pairing
symmetry and gluing mechanism in Ruddlesden-Popper bilayer nickelates.
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A Abstract[] Strategies for lowering carbon emissions from hydrocarbons and waste must overcome the
challenges related to catalyst durability and the presorting of waste. Reforming low-value carbon sources with
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carbon dioxide (CO?2) offers an industrial-scale pathway for recycling waste streams into fuels and chemicals.
We developed a nickel-molybdenum alloy nanocatalyst on single-crystalline magnesium oxide (NiMoCat)
in pellet form on a kilogram scale suitable for high-pressure industrial reactors. Aliphatic hydrocarbons
(methane, n-butane) and aromatics (benzene, toluene) under pressurized CO?2 yielded quantitative syngas
without methanation or undesired oxidative by-products, such as butadiene or polyaromatics. Scaled-up
NiMoCat maintains activity during long-term operation and enables a two-step process involving
gasification of unsorted waste followed by hybrid reforming under realistic flue gas or CO2 flow. A detailed
life-cycle analysis of biogas-to-dimethyl ether conversion showcases a scalable, sustainable CO2 utilization
compatible with current fuel and chemical infrastructures.
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A Abstractl] High-resolution spectroscopy allows the probing of weak interactions and subtle phenomena.
Although such measurements are routinely performed in the gas phase and in crystalline materials, studies of
adsorbed species on surfaces have previously fallen short of the ultimate spectral resolution, where dephasing
is eliminated and the transition linewidth is determined by the excited-state lifetime. In this work, we devise
an approach to surface preparation and deposition that provides access to Fourier-limited electronic
transitions in single molecules on the surface of an organic crystal. By performing spectroscopy and super-
resolution microscopy at liquid helium temperature, we shed light on the spectral and spatial features of the
adsorbed species. Our results pave the way for investigations in solid-state physics, where angstrom spatial
resolution can be combined with high-resolution laser spectroscopy.

0 O O O Earth Science

Impact heating and the hidden Hadean
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A Abstractl] The nature of Earth’ s crust during the Hadean eon [> 4.03 billion years ago (Ga)] is
uncertain. Numerical models of early Earth geodynamics emphasize the control of mantle temperature but
generally consider only internally derived heat, despite empirical evidence for an intense Hadean impact flux.
Using a stochastic model of that flux, we show that the time-integrated heat due to impacts would have
dwarfed that produced internally throughout the Hadean. Earth’ s Hadean crust would have been
extensively molten at depths below a few kilometers, causing gravitational segregation of dense, iron- and
magnesium-rich material and driving average crustal compositions to become increasingly silica rich.
Globally, impact heating would have become much less important after 3.9 Ga, allowing the crust to thicken.
That enduring continental crust appeared around this time is likely not a coincidence.
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Diversification of angiosperm reproductive strategies predated the end-Cretaceous extinction
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A Abstractl] Angiosperm reproductive evolution is traditionally linked to the end-Cretaceous biotic crisis
and subsequent ecological restructuring. Here, we report diverse and unexpectedly large diaspores (dispersal
units) from an in situ late Campanian (74.6 million years ago) tropical forest from the Jose Creek Formation
in New Mexico. Nearly 80 distinct diaspore morphotypes demonstrate that the flora had increased
morphological specialization and an exceptionally large average and range of diaspore volume comparable to
the Cenozoic records. These findings suggest that substantial increases in reproductive investment and
specialization preceded the end-Cretaceous extinction. Our results indicate that Cretaceous angiosperms had
already evolved diverse dispersal strategies, suggesting that animal-mediated dispersal and dense, angiosperm-
integrated canopies were established far earlier than was previously recognized.
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