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Flipping the switch on supramolecular electronics
 

For the first time, two-dimensional 
materials have been decorated with 
a photoswitchable molecular layer, 
and electronic components have 
been fabricated from the resulting 
hybrid materials that can be 
controlled by light. The results of 
this fruitful collaboration of several 
European research groups have 
been published in Nature 
Communications.

Owing to their outstanding electrical, 
optical, chemical and thermal properties, 
two-dimensional (2D) materials, which 
consist of a single layer of atoms, hold 
great potential for technological 
applications such as electronic devices, 
sensors, catalysts, energy conversion and 
storage devices, among others. Thanks to 
their ultra-high surface sensitivity, 2D 
materials represent an ideal platform to 
study the interplay between nanoscale 
molecular assembly on surfaces and 
macroscopic electrical transport in devices.

In order to provide a unique light-
responsivity to devices, the researchers 
have designed and synthesized a 
photoswitchable spiropyran building block, 
which is equipped with an anchoring group 
and which can be reversibly interconverted 
between two different forms by illumination 
with ultraviolet and visible light, 
respectively. On the surface of 2D 
materials, such as graphene or 
molybdenum disulfide (MoS2), the 
molecular photoswitches self-assemble into 
highly ordered ultrathin layers, thereby 
generating a hybrid, atomically precise 
superlattice. Upon illumination the system 
undergoes a collective structural 
rearrangement, which could be directly 
visualized and monitored with sub-
nanometer resolution by scanning 
tunneling microscopy. 

This light-induced reorganization at the 
molecular level induces an optical 
modulation of the energetics of the 
underlying 2D material, which translates 
into a change in the electrical 
characteristics of the fabricated hybrid 
devices. In this regard, the collective 
nature of self-assembly allows to convert 
single-molecule events into a spatially 
homogeneous switching action, which 
generates a macroscopic electrical 
response in graphene and MoS2. 
"With our versatile approach of 
molecularly tailoring 2D materials, we 
are taking supramolecular electronics to 
a new level and closer to future 
applications," says Prof. Stefan Hecht, 
who is researching hybrid materials at 
IRIS Adlershof. The work is 
groundbreaking for the realization of 
multifunctional hybrid components 
powered by nature's primary energy 
source - sunlight.
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