
Nanoporous Graphene
Presenting a new holey graphene grown 
with identical pores in precise positions

Spanish researchers have devised an inexpensive way 
to grow a new kind of graphene, one with uniformly 
arranged pores of the same size and shape. No easy 
feat. Now imagine that this same method allows the 
geometry and chemistry of the pores to be configured 
at the level of individual atoms.

The result is a semiconducting graphene material 
with a bandgap similar to that of silicon and holes 
specifically designed to let through certain target 
molecules and block others. Potential applications 
include in electronics, photonics, and highly selective 
molecular filtration and sensing systems.



Researchers have devised a flexible 
method for the bottom-up synthesis of 
nanoporous graphene. Grown to order 
from molecular building blocks, the result 
is a range of versatile 2D membranes 
with high-density periodic arrays of 
subnanometer pores fabricated with 
atomic precision and full control over its 
chemical functionalisation. It is a totally new 
material which adds tunable permeability 
and semiconductivity to graphene’s 
already long list of properties, opening it 
up to new multifunctional applications that 
require pores, a bandgap, or both.

APPLICATIONS Field-effect transistors (FET)a Sensinga DNA sequencingaWater desalinationa Gas separationa

Holey graphene by Lego chemistry Applications in (opto)electronics

One of the most significant attributes of this nanoporous graphene is the energy 
bandgap induced by the unprecedented precision of the spacing between pores. 
This new semiconducting graphene-based material exhibits a bandgap similar to 
that of silicon, where standard graphene has none. Potential applications include 
as field-effect transistors (FET) for flexible transparent electronics, and near infra-
red and visible optoelectronics based on gate-modulated plasmonics.

Membrane applications

The mechanical properties of this new material, resulting from the atomic 
control over the exact size and shape of the pores, point to its use as a highly 
selective molecular sieve. This selectivity can be further enhanced through the 
careful design of the initial building block, allowing a high degree of chemical 
functionalisation. It also offers the advantage of being one-atom thick, affording 
high throughput at low pressures. The resulting membranes can be used for water 
desalination, pollutant treatment, gas separation and haemodialysis.

Multifunctional applications

More unique applications for nanoporous 
graphene emerge from the combination 
of these enhanced structural and (opto)
electrical properties. In an example of one 
plus one giving more than two, it can find 
multifunctional applications in gate-controlled 
sieving and sensing (FET sensors), in-operando 
electrical monitoring and gate-controlled 
electrical DNA sequencing.



This material is patent pending.
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