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Film forming process to create large-area
monolayers of exfoliated 2D nanomaterials

Background

There has been growing interest in a variety of 2D materials such as
graphene, graphene oxide, hexagonal boron nitride, transition metal
dichalcognides such as molybdenum disulfide, and more recently
silicine and phosphorene. These materials have a range of unique
properties and form a complete set of electronic materials which
include conductors, semiconductors (direct and indirect band gap) and
insulators which can, in principle, be arranged in various ways to build
advanced electronic and optoelectronic circuits. Furthermore, single
layers of these materials can be used as transparent conductors,
blocking layers for food packaging or corrosion protection, or as
selective membranes. The use of 2D nanomaterials in these
applications requires the development of processing methods to
deposit uniform thin films over large area and with fine control over film
thickness or layer number.

Description of the invention

The invention is a method to assemble densely tiled monolayers of
various 2D nanomaterials into large area films by edge-to-edge
aggregation at the air-water interface. It enables the continuous
deposition of one or more materials onto arbitrary substrates using roll-
to-roll processing strategies. The invention also describes a method to
pattern films to create electronic or optoelectronic circuits within a
single monolayer which can also be transferred continuously.

Advantages

The film forming method described is economically attractive as it
involves only a simple water bath and can be carried out under
ambient conditions. This is in contrast to conventional approaches
which require high vacuum conditions, expensive capital equipment
and select high purity substrates. Our approach also offers the unique
ability to pattern 2D materials with different electronic properties into
one monolayer. It is ideally suited to create inexpensive coatings,
membranes and electronic/optoelectronic components which can be
transparent and flexible.

Potential applications
The method describes can be used to create films from a single
material, can be patterned with multiple materials or can be coated
multiple times to create thicker films of one or more 2D materials.
These have a wide range of applications. Some of the most promising
are listed below:

e Transparent barrier layers in food packaging

e Corrosion prevention

e Filtration membranes (pervaporation, ultrafiltration, reverse
0sSmosis)

e Transparent conductors

o Flexible electronics and optoelectronic components

e Solarcells
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