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Graphene based energy devices

Abd. Rashid bin Mohd Yusoff,*a Liming Dai,*b Hui-Ming Cheng*c and Jie Liu*d

In recent years, there has been an
upsurge of scientific interest in using
carbon and its derivatives in a host of
fields including the physical, chemical
and biological sciences. Graphene, the
one-atom thick sheet (2D) of sp2-hybri-
dized carbon atoms arranged in a hexa-
gonal fashion, is in principle the
building block of some of the most
important graphitic carbon materials of
all the other dimensionalities including
graphite (3D), carbon nanotubes (1D),
and fullerenes (0D).1 Owing to its
unique structure and outstanding pro-
perties, graphene has held a star role in
the scientific community ever since its
discovery. Graphene is known to have
extraordinary electrical and thermal con-
ductivities, a very high mechanical
strength,2,3 and a very high theoretical
specific surface area (>2600 m2 g−1).
These excellent properties of graphene
make it promising for a host of appli-
cations including energy storage,4–6

energy conversion,7–9 electronics,10 com-

posites,11 biotechnology,12 etc. The high
electrical conductivity, excellent mechan-
ical strength and high theoretical
surface area make this material particu-
larly suitable for energy storage devices
as a functional electrode material either
by itself or in conjunction with other
materials.

The articles in this issue cover the
latest developments in device architec-
ture, large-scale processes in line quality
control tools, and manufacturing pro-
cesses for numerous energy devices. The
minireview by He et al. demonstrates
that graphene-based anodes can improve
microbial fuel cells in terms of enhanced
electron transfer efficiency, higher
specific surface are and more active
microbe–electrode–electrolyte inter-
actions (DOI: 10.1039/C4NR05637J). In
addition, Kinloch and co-workers
emphasize the potential of electrochemi-
cal-based methods as promising
approaches to the solution phase prepa-
ration of graphene materials (DOI:
10.1039/C4NR06942K). Another compre-
hensive review by Chen et al. summarizes
recent progress in three-dimensional gra-
phene-based composite materials and
their potential applications in energy/
storage devices including supercapaci-
tors, lithium-ion batteries, dye-sensitized
solar cells and fuel cells. They discussed
the fact that three-dimensional graphene-
based composites are determined by
their electronic, electrochemical and
structural properties.

Graphene offers great progress in
energy-based storage devices, which is

demonstrated by an article that
employed mildly reduced graphene
oxide as a cathode material for lithium–

sulfur batteries (DOI: 10.1039/
C4NR07663J). Ahn and co-workers
demonstrate additive-free thick gra-
phene as an anode material for flexible
lithium-ion batteries (DOI: 10.1039/
C4NR06082B). Their thick graphene and
flexible graphene exhibited excellent
mechanical flexibility and could be bent
into any desired structure. Moreover, the
versatility of graphene has been demon-
strated by Zhang and co-workers, where
they demonstrate high-rate and long-
cycle-life supercapacitors (DOI: 10.1039/
C4NR06527A). Their hybrid graphene
shows excellent electrochemical per-
formance including an ultra-high
specific capacitance and a superior long-
term cycling stability with only 6%
capacitance loss. This article also
demonstrates the possibility of con-
structing binder- and additive-free
pseudocapacitive devices with an excel-
lent rate capability and a long-term life
cycle. The abovementioned work is
further supported by that of Chen et al.,
in which they describe several fabrica-
tion strategies to scientifically design
binder-free and self-standing graphene
materials for achieving better capaci-
tance performance (DOI: 10.1039/
C4NR05895J). One of the discussed strat-
egies has been implemented by Ozkan
et al. in their supercapacitors by per-
forming UV-ozone treatment (DOI:
10.1039/C4NR06795A). In their study,
they demonstrate the transition of
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graphene and carbon nanotube hybrid
foam nanostructures from hydrophobic
to hydrophilic depending on the treat-
ment time. Another interesting work by
Li and co-workers reports a simple and
effective electrostatic method to attach
molybdenum oxide belts onto a gra-
phene template to promote the hydrogen
evolution reaction (DOI: 10.1039/
C4NR06624C). They demonstrate that
the π-electrons on graphene facilitate the
reduction of molybdenum oxide, and
that the presence of graphene and
hydrogen leads to flaws in the defect
sites in the molybdenum oxide belts.
The current shortcoming for fuel cells
and metal–air batteries lies in the slug-
gish oxygen reduction reaction on the
cathode side. The development of a
simple highly active electrocatalyst for
the oxygen reduction reaction is intro-
duced by Yang et al. (DOI: 10.1039/
C4NR05917D). On the other hand,
Xu et al. (DOI: 10.1039/C4NR05879H)
show a facile one-step reflux route to syn-
thesize an enhanced visible light photo-
catalytic material. The higher
photoactivity of their proposed photo-
catalytic material is attributed to the
more efficient electron relay from an
excited state, with improved electron
transfer efficiency and electronic
conductivity.

Moreover, a series of articles based
on energy generation devices further
demonstrates the usefulness of graphene
in the optoelectronic and photonics
industries. An overview article by Baek
and co-workers (DOI: 10.1039/
C4NR06831A) discusses the recent
developments of non-precious metal cat-
alysts for the oxygen reduction reaction
in fuel cells. They emphasize that gra-
phene supported non-precious metal
catalysts demonstrate highly improved
stabilities. Wang and co-workers (DOI:
10.1039/C4NR06856D) demonstrate
efficient enzyme immobilization and
improved enzyme loading which facili-
tate direct electron transfer. Their pro-
posed graphene/enzyme network-based
enzymatic biofuel cells exhibit almost
seven times the maximum power density
compared to that of bare carbon micro-
pillar array-based enzymatic biofuel

cells. Dai et al. (DOI: 10.1039/
C4NR06969B) further demonstrate nitro-
gen-doped graphene nanoribbons as
efficient metal-free counter electrodes in
dye-sensitized solar cells. Their superior
performance is attributed to the
improved charge transfer capability and
electrocatalytic activity induced by nitro-
gen doping of the graphene nano-
ribbons. Moreover, tuning the work
function of a graphene film can be con-
trolled by doping with an electrical field.
This concept has been demonstrated by
Yang and co-workers (DOI: 10.1039/
C4NR06677D) by either connecting the
graphene–silicon solar cell to an external
power supply or by polarizing a ferroelec-
tric layer integrated in the graphene–
silicon solar cell. Their study shows how
one can manipulate the work function
and sheet resistance of graphene.
Jang et al. (DOI: 10.1039/C4NR05874G)
demonstrate the versatility of nitrogen-
doped graphene as an anode buffer layer
in both plasmonic polymer solar cells
and organic light emitting diodes. Their
findings show that graphene can replace
our commonly used anode buffer layer,
poly(3,4-ethylenedioxythiophene) : poly-
(4-styrenesulfonate).

In summary, the compiled articles in
this Nanoscale themed issue demon-
strate the great potential and versatility
of graphene to be deployed in opto-
electronic and photonic devices. A few
approaches that highlight the usefulness
of graphene are presented. A novel route
to enhance catalytic behavior is also dis-
cussed. Moreover, the approaches that
combine plasmonic solar cells with gra-
phene further demonstrate the great
potential of this two-dimensional
material for advanced photovoltaic appli-
cations. We hope that this themed issue
will promote the future generation of
novel graphene-based energy devices.

Finally, we would like to thank all
contributors to this themed issue.
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