
 

Multitasking monolayers lay groundwork for
devices that can do two things at once
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Illustration of the triangular pattern formed by the two-dimensional material
chalcogenide that allows the creation of dual-function devices. Credit: Yu-Yang
Zhang, Chinese Academy of Sciences

Two-dimensional materials that can multitask.

That is the result of a new process that naturally produces patterned
monolayers that can act as a base for creating a wide variety of novel 
materials with dual optical, magnetic, catalytic or sensing capabilities.
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"Patterned materials open up the possibility of having two functionalities
in a single material, such as catalyzing a chemical reaction while
simultaneously serving as a sensor for a second set of molecules," said
Sokrates Pantelides, William and Nancy McMinn Professor of Physics
at Vanderbilt University, who coordinated the research with Professor
Hong-Jun Gao at the Institute of Physics of the Chinese Academy of
Sciences in Beijing. "Of course, you can do such a thing by using two
materials side by side, but patterned materials offer a whole range of
new options for device designers."

Their achievement is described in a paper titled "Intrinsically patterned 
two-dimensional materials for selective adsorption of molecules and
nanoclusters" published Jun. 12 in the journal Nature Materials.

In electronics, two dimensional (2D) materials are a hot topic because of
their many potential applications. Graphene, which consists of a single
sheet of carbon atoms, has received the most attention, but it has proven
very difficult to tune its chemical and electrical properties. As a result,
chalcogenides (materials that contain sulfur, selenium or tellurium,
which are known for their widely varied optical, electrical and thermal
properties) are now the focus of worldwide research because some of
them naturally form monolayers that can serve as blank slates that are
readily tailored for specific applications.

Now, Pantelides and his collaborators have shown that monolayers
formed by two chalcogenides (platinum-selenium and copper-selenium)
naturally combine with nanoscale precision into alternating triangles with
different phases: metallic and semiconductor. Because each phase has
different electrical and chemical properties, two different types of
molecules can bond to its surface, allowing it to perform two functions
simultaneously.

"In general, 2D materials are 'functionalized' for specific applications by
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adsorbing different species of atoms or molecules on them or by
embedding impurities in their otherwise perfect crystalline structure in
the same way that semiconductors such as silicon are functionalized by
doping with impurities, which enables the fabrication of electronic
devices, such as the 'chips' that drive computers," Pantelides explained.
"Our new paper extends the realm of 2D materials by one important
step. It demonstrates a way to fabricate 2D materials that allows the two
phases of the material to be functionalized independently."

The experiments were conducted in Gao's laboratory in Beijing and
theoretical calculations were performed at Vanderbilt, the U.S
Department of Energy's National Energy Research Scientific Computing
Center and the University of the Chinese Academy of Sciences.

  More information: X. Lin et al, Intrinsically patterned two-
dimensional materials for selective adsorption of molecules
and nanoclusters, Nature Materials (2017). DOI: 10.1038/nmat4915
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