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A Guide to Graphene 
 These Slides are related to the properties, synthesis, and applications of 

graphene, is meant to provide a broad understanding of these topics for 

both researchers and non-researchers alike. 

 

Graphene’s Atomic Structure 
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What is Graphene? 
 
An allotrope of carbon, graphene exists as a two-dimensional (2D) planar 

sheet and can be regarded as a single atomic graphite layer. Technically, 

graphene is a non-metal but it is usually known as a quasi-metal because its 

properties are similar to that of a semi-conducting metal. Therefore, graphene 

possesses a number of unique properties that cannot be found in other non-

metallic materials. Each carbon atom is bonded covalently (sp2 hybridized) to 

three other carbon atoms in a hexagonal arrangement, leaving one free 

electron for each carbon atom.  
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Types of Graphene 
 
Real graphene has a thickness of a single atomic 

layer (often known as a monolayer). While this 

material usually exists as a film, it can be floated off 

the substrate and can be deposited again onto 

another substrate or employed in its isolated form. 

However, there are different types of graphene that 

contain powder-form materials, such as graphene 

nanoribbons, graphene nanoplatelets, graphene 

oxide, graphene quantum dots, and even graphene-

enabled products like graphene masterbatches or 

graphene ink. 

 

A Graphene Sheet 
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Graphene can be synthesized by three different ways.  

 

They are as follows: 

 

Chemical vapor deposition 

 

Mechanical cleavage from natural graphite 

 

Chemical or plasma exfoliation from natural graphite 
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In contrast to many other forms of graphene, which are 2D, graphene nanoribbons (GNRs) 

are quasi-one-dimensional materials possessing an ultra-thin width. The electrical 

properties that GNRs display are very tenable and can be tuned by edge morphology, 

dimension confinement, and functionalization of the GNR. GNRs also display large aspect 

ratios, a conductive matrix, a high surface area, and good mechanical flexibility. The 

combination of these properties has bestowed GNRs a robust footing in composite 

materials for electronic applications.  

 

Graphene Nanoribbons 
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Graphene Masterbatches 
 
Graphene masterbatches are composite materials that 

have a graphene-based compound (most frequently GO) 

and a polymer. The graphene is used to improve the 

properties of a range of common polymeric materials. 

Many polymers display desirable properties such as low 

toxicity, bio-compatibility, low cost, and chemical 

resistance, but they lack the necessary mechanical 

properties. By adding graphene into polymer matrices, the 

polymers keep their original properties but benefit from 

improved stiffness and rigidity, while still being lightweight. 
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Properties of Graphene 

Graphene has many unique and necessary properties because of its all carbon structure and 

nanoscale geometry. 

Electronic Properties 

 

Flexible Graphene Transistors 

As graphene has a delocalized pi-electron system across the totality of its surface, the 

movement of electrons is extremely fluid. The graphene system also displays no band gap, 

because of overlapped pi-electrons, allowing for a smooth movement of electrons without the 

need to input energy into the system. cm2 V−1 s−1. 
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Thermal Properties 

 

The repeating structure of graphene makes it a suitable material to conduct 

heat in plane. Interplane conductivity is challenging and normally other 

nanomaterials such as CNTs are added to increase interplane conductivity.  
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Mechanical Strength 

 

Graphene’s Strength Enables High Performance Composites 

Graphene is one of the sturdiest materials ever discovered possessing a tensile strength of 1.3 

x 1011 Pa. Besides having an unsurpassed strength, it is also extremely lightweight (0.77 mg 

m−2). The graphene’s mechanical strength is unrivalled and as such can considerably improve 

strength in a number of composite materials. 
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Flexibility / Elasticity 

The repeating sp2 hybridized backbone of graphene molecules permit 

flexibility, as there is rotation around few of the bonds, whilst still providing 

sufficient rigidity and stability that the molecule can endure variations in 

conformation and support other ions. This is a highly desirable property as 

there are not many molecules that can be flexible and supportive at the 

same time. With regards to its elasticity, graphene has found to possess a 

spring constant between 1 and 5 N m−1, with a Young’s modulus of 0.5 TPa. 
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Applications of Graphene 

Graphene is a ground-breaking material. It has numerous applications substituting conventional 

materials as well as the ability to support applications formerly not possible before the arrival of 2D 

materials. The applications of graphene are truly infinite, and many are yet to be discovered. 

 Sensors 

14 

Newly Developed Graphene Biosensor Could Provide Early Lung Cancer Diagnosis. 

The perfect sensor can detect miniscule changes in its 

surrounding environment. Due to the planar and 

consistent arrangement of atoms in a graphene sheet, all 

the atoms within the sheet are exposed to the 

surrounding environment.  
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Graphene can be added into both the anode as well as the cathode in a range of battery systems 

to boost the efficiency of the battery and enhance the charge/discharge cycle rate. The 

exceptional electrical conductivity, surface area, and dispersibility of graphene improve the useful 

properties found in many traditional inorganic-based electrodes, whilst simultaneously relieving 

the electrodes of their limitations.  

Graphene-Lithium-Sulfur Battery 
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Electron Emission Displays 

 

 

Graphene Displays 

Graphene is an ideal material for use in 

electron emission displays as it displays a 

high aspect ratio and the dangling bonds at 

either end of the sheet permit for efficient 

electron tunnelling.  

Structural Composites 

Graphene is added into a range of composites for applications where weight and strength are 

limiting factors, for instance in the aerospace sector. Graphene is being added to numerous 

materials to make the current material more lightweight and stronger. For the aviation sector, a 

composite material which is much lighter than steel but will still provide the required strength will 

save plenty of money on fuel consumption. 
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Graphene Nanotubes and Nanoribbons 

 Graphene is a one-atom thick, two-

dimensional layer of carbon atoms in a 

honeycomb structure. Its intriguing 

electrical, optical, and mechanical qualities 

have sparked monumental interest from 

various scientific fields. 

Carbon Nanotubes 

Carbon nanotubes are essentially rolled up sheets of graphene that can be as 

long as millimetres, but still retain nanometre dimensions. Nanotubes can be 

single-walled or have multiple walls, being essentially cylinders within cylinders. 
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Graphene has received an astonishing amount of interest these past few 

years, so much so that now it is commonly referred to as the miracle 

material that’s predicted to revolutionize the 21st century. However, all of this 

interest, and by extension, potential for commercialization, stems from 

graphene’s unique properties; it’s one-atom thick, incredibly strong, flexible, 

and a great electrical and thermal conductor, to name but a few.  
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How Graphene is Making Building with Concrete Greener 

New research  suggests that graphene could make concrete stronger, more 

water-resistant and greener than current forms of the building material. 

The so-called super material, graphene, has been added to concrete in 

order to form a brand-new composite material. During testing, the material 

has shown to be twice as strong as regular concrete and four times more 

water-resistant. 
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Making Brain Probes More Sensitive with Graphene 

 

Graphene helps to make Brain Probes more sensitive and detection of the 

problem. 

Human brain disorders, such as epilepsy, depression, migraine, schizophrenia, 

autism, and dementia, emerge when large-scale interactions within the brain 

are disrupted. Severe damage to the central nervous system of the body occurs 

as a result of extensive traumatic and degenerative lesions.  
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Graphene as a Renewable Energy 

There is a huge demand to find renewable alternatives to our traditional, finite energy 

sources. The elements are already playing an important role – only this year wind and 

solar energy generated more energy over a three-month period than coal – but other 

substitutes are still required. 

Renewable Fuels 

Researchers at the University of Manchester have recently discovered that graphene 

membranes, when illuminated with sunlight, can conduct protons at an increased rate. 

This photo-proton effect could be employed to artificially mimic photosynthesis and 

directly harvest solar energy to produce hydrogen gas. This gas, could then be used 

in fuel cells in electric vehicles.  
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Photovoltaic Cells 

Eight thousand times more solar energy is produced each year than is 

consumed worldwide; while some of the power reaching the Earth is harvested 

and utilized, a massive percentage is not. As energy need increase, solar 

power is becoming an attractive alternative, but its efficiency is still lagging. 

Furthermore, commercially available silicon-based photovoltaic cells are 

expensive to produce and install. 

Graphene could have an important role to play here too, in anti-reflection 

coatings for solar cells. Researchers in India found that such cells lower 

reflectance near the ultraviolet part of the spectrum from 35% to 15%. 
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The Optical Properties of Graphene 

Graphene exhibits some excellent optical properties, but again, these 

properties vary between the different types of graphene. Graphene, i.e. a 

pure CVD-grown monolayer of graphene, is a very transparent material, 

hence its used in optical devices. A single sheet of graphene will only absorb 

a maximum of 2.3% of incoming light (i.e. a 97.7% optical transmittance) 

with less than 0.1% reflectance. 
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A research team based at The University of Manchester has discovered a 

novel, low-cost technique for creating graphene printed electronics which 

considerably expedites and lowers the cost of conductive graphene inks.  

 

Printed electronics bring innovation to the penetration of information 

technology into daily life. The spread of the internet of things, or IoT, 

applications will be further promoted by the prospects of printing electronic 

circuits. 
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Industrial and Commercial Uses of Graphene in 2018 

Graphene a marked 2018 by launching a host of original products geared 

towards the commercial and industrial use of graphene, recruiting more 

experienced staff and continuing to provide high-quality graphene for 

advanced research and industrial use. 

Graphene Wafers 

In January, a company already began selling 6” graphene wafers on all their 

standard substrates along with user-provided ones.  
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Applications of Graphene Field Effect Transistor 

Being the most frequently used graphene device, The GFET’s applications 

include magnetic sensors, detection of dangerous chemicals, high-speed 

photodetectors for optical communications and biomedical applications. 

 

GFET – graphene field effect transistors 

Graphene Foundry Service 

Following up on GFET and 6” wafers, Graphene 

was introduced in foundry service for bespoke 

graphene circuits printed on the 6” wafers.  
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A New Approach to Create Waterproof Graphene-Based Sensors 

The electrical resistance of graphene—a two-dimensional (2D) material—is 

generally distorted by water molecules, but now a group of European 

researchers has reported that contact resistance is not affected by humidity 

when graphene is incorporated with the metal of a circuit. 

 
27 www.kpsimpex.com 



Graphene Fuel Cells 

 Unlike batteries and capacitors, fuel cells 

generate electricity rather than store it. 

Many fuel cells consist of a platinum-based 

catalyst, which is very expensive to 

produce. The cost of fuel cells can be 

lowered using carbon allotropes as a 

support for the platinum catalysts. One 

such catalyst support is graphene. 

A fuel cell inside view 
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1 + 1 does not equal 2 for graphene-like 2-D materials 

 
Physicists from the University of Sheffield 

have discovered that when two atomically 

thin graphene-like materials are placed on 

top of each other their properties change, 

and a material with novel hybrid properties 

emerges, paving the way for design of new 

materials and nano-devices. 
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