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Charge and spin transfer from copper-phthalocyanine organic molecules self-assembled
on superconducting atomic layers of indium modifies the superconducting transition
temperature of the indium.
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Figure: Modulation of Tc of indium by self-assembled layers of organic molecules.

There have been tremendous advances in the self-assembly of organic molecules on solid surfaces
via non-covalent bonds. Furthermore, research on self-assembly of two dimensional (2D) materials
has yielded deep insights into the properties of superconducting 2D materials with atomic-scale
thickness that could potentially lead to the creation of new hybrid materials and electronic devices
through the so-called ‘bottom-up’ approach based on self-assembly as opposed to nanofabrication
using etching and lithography. Notably, the unique physical proprieties of organic molecules offer
advantages in terms of flexible and rational design and are an appealing approach with the
possibility of opening up new fields of research.

With a view to controlling superconductivity in 2D atomic layers, Takashi Uchihashi and colleagues
at International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for
Materials Science, Tsukuba, Japan and collaborators at the Institute for Molecular Science, Okazaki,
Japan, and Graduate School of Advanced Integration Science, Chiba University, Chiba, Japan,
report the first observation of self-assembled organic molecules modulating the superconducting
transport properties of an underlying 2D atomic-layer metallic material.
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Specifically, the researchers fabricated 2D heterostructures consisting of an atomic layer of indium
(In) epitaxially grown on a silicon substrate and a highly ordered metal-phthalocyanine (MPc, M =
Mn, Cu) self-assembled onto the In layer. In this heterostructure, “charge transfer and local spins
due to the presence of organic molecules modified the superconducting properties of the atomic
layer”,

Examination of the 2D heterostructures led the researchers unexpectedly find that that substitution
of the atom of metal-phthalocyanine from Mn to Cu changed the superconducting transition
temperature (Tc) from 3.05 K to 3.20 K, that is, from a negative to positive direction. Further
analysis combined with scanning tunneling microscopy (STM), X-ray magnetic circular dichroism
(XMCD), and ab initio calculations revealed that this distinct phenomenon was due to competition
between charge and spin effects.

“Particularly important is the directionality of the relevant d-orbitals that play a decisive role in
magnetic interactions,” says Uchihashi. “It strongly suggests the feasibility of controlling
macroscopic superconducting properties through manipulation of molecular states.”
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