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Graphene's unique combination of extraordinary properties offers a fascinating
material platform for the development of next-generation technologies in many
areas – wearable and superfast electronics, ultrasensitive sensors,
multifunctional composites & coatings, membranes, medicine & biotechnology,
energy harvesting & storage.

Graphene is the name for a honeycomb sheet of carbon
atoms. Its striking physical, electronic, and mechanical

properties originate from the two-dimensional (2D) electron
confinement within a one-atom-thick layer.

Graphene sheets are building blocks for other graphitic materials[24]...

stacked on top of each other they make
graphite (1 mm thick graphite contains
about 3 million layers of graphene)

rolled up they make a carbon nanotube

cut and folded into a spherical shape
they make a fullerene

First isolated in 2004, the Nobel Prize in Physics 2010 was

awarded jointly to Andre Geim and Konstantin Novoselov "for
ground-breaking experiments regarding the two-dimensional
material graphene". [11,12]

... and the discovery of graphene's extraordinary properties...
Atomic thickness

A single layer is only one atom thick
(therefore called "2D" or "two-dimensional"),
about 0.335 nanometers

Electron mobility

Transparency

The highest electron mobility of all
electronic materials with theoretical limit of
200,000 cm2/(V•s) (>100x higher than silicon) [1]

Absorbs only 2.3% of reflecting
light; better than ITO[9]

Strength

Thermal conductivity

Up to 5300 W/mK at room
temperature;[8] higher
than diamonds

Defect-free, monolayer graphene is the
strongest material ever tested[3] with a
strength of 42 N/m, which equates to an
intrinsic strength of 130 GPa (>100x stronger
than the strongest steel)

Key
Graphene
Properties

Electrical resistivity

1x10-8 Ω•m among the lowest
of any known material at
room temperature
(~35% less than copper)[1]

Toughness and Stretchability

Although graphene is relatively brittle,
it can be stretched by up to25% – highly
relevant for flexible electronics [3, 52]

Impermeability

Stiffness

Even the smallest atom
(helium atom) cannot pass
through a sheet of graphene[6]

Experiments on defect-free graphene
monolayer have yielded a Young's modulus
of ~1.0 TPa[3] – one of the highest value of any
material; abot the same as diamond

High surface area

2630 m2/g [5] – with less than 3 grams
you could cover an entire soccer field

...has led to a stampede in research and development
and a patent land rush with 31,000 patents and
hundreds of thousands of scientific papers...
China dominates the patent land rush with its 67% share

Annual volume of scientific papers with
the word graphene in the title[13]

of the almost 31,000 graphene-related patents filed by 2018
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... making graphene the 'new plastics': there appear to be
ubiquitous applications in nearly every field...
Electronics

The unique atomic arrangement of the carbon atoms in graphene allows its
electrons to easily travel at extremely high velocity without the significant

Membranes

Due to graphene's impermeability, a single layer of atoms can act as a
perfect barrier when dealing with liquids and gasses. However, pores in

chance of scattering, saving precious energy typically lost in other conductors.
The electronic properties of the graphene system rely heavily on the number of
graphene layers and the coupling effects from the underlying substrate.

graphene (defects) can selectively allow the transport of gas and water
molecules, which allows graphene to be tuned to enable selective
permeability of gases.

Applications
Flexible, stretchable and foldable devices [16]
Low-cost printable electronics [30]
High-frequency electronics [31]
High-performance transistors [17]
Thermal management and heat dissipation in nanoelectronic devices [18]
The optical properties of graphene can be controlled by doping and
make it well-suited for optoelectronic devices (electronic devices

Applications
Electrical control of water flow through graphene membranes[48]
Gas barriers, for instance in food packaging
Water purification and desalination[49, 50]
Separation of organic solvent from water[51]

that source, detect and control light)[29]

Biomedical Technologies

Graphene is paving the way for novel
biomedical technologies, thanks to high surface

area, electron mobility, and functionalization potential.
Graphene bioelectronics (transistors and electrode arrays)
has become a ground-breaking field that offers
exciting opportunities for developing new kinds
of biosensors capable of establishing
outstanding interfaces with soft tissue.
Applications
Thermal ablation of highly resistant
cancer cells[43]
Targeting and neutralizing cancer
stem cells[44]
Bioelectronics (bionics)[45]
Electronic interface to living cells and
nerve tissue[46]
Luminescent graphene tags
for bioimaging[47]

Sensors

Because every atom in graphene is exposed to
its environment it is an ideal material for

Key
Application
Areas for
Graphene

biological, gas, and chemical sensors.
Applications
Explosives detection[19]
Biosensor to detect biomarkers for
Parkinson's disease[20] and bacteria[21]
Selective gas sensing[22]
Self-healable, multifunctional
electronic sensor tattoos[23]
Environmental monitoring[7]

Composites and Coatings

Energy Harvesting & Storage

In addition to the impressive intrinsic mechanical properties of
graphene, its low mass and low loading requirements (that you

There are four major energy-related areas where graphene and
graphene-beased nanomaterials have an impact: solar cells,

can get a big change with relatively little material) make graphene
stand out as a reinforcing agent in composites. Coating objects
and reinforcing composites with graphene can serve different

supercapacitors, graphene batteries, and catalysis for fuel cells.
Applications
Graphene improves both energy capacity and charge rate in

rechargeable batteries[39]
Activated graphene makes superior supercapacitors for energy
storage[39]
Graphene electrodes may lead to a promising approach for making
solar cells that are inexpensive, lightweight and flexible[40]
Experimental designs for several graphene-based solar cells have
been reported so far, with graphene serving as different parts of the

purposes:
Applications
Lightweight composites for body structures

Lubricants with enhanced anti-wear properties[32]
Nanolaminates as ultra-high permeation barrier films[33]
Corrosion protection[34]
Transparent conductive coating for photonic devices[35]
Radiation shielding and lightning strike protections[36]
Superhydrophobic coatings[37]
Transparent, flexible and conductive thin films[38]
High performance sheets for EMI shielding[2]

cell[40]
Multifunctional graphene mats are promising substrates for catalytic
systems[41]
Proton transport in graphene shows promise for artificially
mimicking photosynthesis[42]

The greatly varying quality of graphene raw material available on the

market is holding back product development. Many device applications
require pristine and defect-free graphene, yet contamination and

mislabeling plagues most commercially available graphene.[27] Standards

for graphene like ISO[28] could help boost commercialization.

...although Environmental, Health & Safety (EHS) risks are not
yet well understood and need to be fully investigated

Based on the current knowledge on hazards of nanomaterials,
a number of characteristics can be identified that may be
relevant for hazard assessment of graphene.[25, 26]

Thickness

Composition

Chemical composition is one of the most
important considerations for determining the
biological interactions and fate of graphene in
vivo. The surface chemistry and the dissolution of
the material will be determined by it, which will in
turn affect the cellular interactions, uptake, and
biodistribution.

The biological response to a 2D geometry is
unique, and the physical interactions of
graphene with cells are expected to vary based
on their aspect ratio and mechanical properties.
Thus, the characterization of lateral size and
thickness of 2D materials is critical.

Chemical Transformation
As layered materials are
chemically exfoliated, the
fundamental properties of
the material change.
Similarly, biological
interactions with layered
materials vary as a function
of exfoliation state. Different
exfoliation and preparation
methods could change the
cytotoxicity.

Structural Form

Graphene is being explored in applications in which
qualitatively different physical form factors are
needed including thin-films, three-dimensional
constructs, and composites. In these cases,
biological interactions will fundamentally differ from
those of a well-dispersed 2D material in solution.

Surface Functionalization

Generally, the surface functionalization of
graphene will dictate the dispersion stability,
the surface reactivity, and the degradation
behavior, all of which will contribute to the
overall toxicity of the material.

Find out more about graphene and its applications
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