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Graphene is a one-atom-thick planar sheet of sp2-bonded 

carbon atoms that are densely packed in a honeycomb crystal 

lattice 

High resolution transmission 

electron microscope images 

 (TEM) of graphene 

Introduction to graphene 

Molecular structure 

of graphene 
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- Electronic properties 

- Thermal properties 

- Mechanical properties 

- Optical properties 

- Relativistic charge carriers 

- Anomalous quantum Hall effect 

Properties of graphene 

Electronic properties 

- High electron mobility (at room temperature ~ 200.000  cm2/(V·s),,  ex. Si at RT~ 1400 cm2/(V·s), 

carbon nanotube: ~ 100.000 cm2/(V·s), organic semiconductors (polymer, oligomer): <10 cm2/(V·s)  
 

 

 

 

 

 

- Resistivity of the graphene sheet ~10ī6 ɋĿcm, less than the resistivity of silver (Ag), the lowest 

resistivity  

substance known at room temperature (electrical resistivity is also as the inverse of the 

conductivity ů (sigma), of the material, or   
 

Where ɡd is the drift velocity in m/s (SI units) 

E is the applied electric field in V/m (SI) 

µ is the mobility in m2/(V·s), in SI units.  

 

 

Thermal properties 
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- High Youngôs modulus (~1,100 Gpa) 

High fracture strength (125 Gpa) 

- Monolayer graphene absorbs ˊŬ å 2.3% of white light (97.7 % 

transmittance), where Ŭ is the fine-structure constant. 

Mechanical properties 

Optical properties 

A representation of a diamond 

tip with a two nanometer radius 

indenting into a single atomic 

sheet of graphene (Science, 

321 (5887): 385) 

- Graphene is as the strongest material  

ever measured, some 200 times 

stronger than structural steel 

Preparation methods of  graphene 

Preparation methods 

Top-down approach 

 (From graphite) 

Bottom up approach  

(from carbon precursors) 

- By chemical vapour deposition (CVD)  

of hydrocarbon  

- By epitaxial growth on electrically  

insulating surfaces such as SiC 

- Total Organic Synthesis 

 

 

 

- Micromechanical exfoliation of graphite 

(Scotch tape or peel-off method) 

- Creation of colloidal suspensions from 

graphite oxide or graphite intercalation 

compounds (GICs) 
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Graphene and graphene oxide 

Graphene and graphene-based materials have interesting properties 

 

Exfoliation of graphite oxide (GO) to graphene oxide and then reduction 

to graphene is an affordable route to the large scale processing of 

graphene-based materials 
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HOPG-derived graphene 

Low temperature folding of graphene 

Graphene dried from 

isopropyl alcohol  
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How clean is your graphene? 

3 hrs 

 

J.P. Rourke, et al., Angew Chemie Int Ed, 50, 3173-3177 (2011) 

Compare this to  

Z. Wang, et al., Carbon, 47, 73 (2009) 

NaOH 

Consider a titration analysis... 

Same for fulvic acids, dissolved CO2, etc  

 

 

Z. Wang, R.L.D. Whitby, et al., Carbon, 47, 73 (2009) 

UNCLEAN 

CLEAN 
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The answer... 

4M HCl       4M NaOH 

 

 

 

R.L.D. Whitby, et al., Carbon, 49, 722 (2011) 

Very clean! X 
Always check! 

pH=neutral 

2 µm 
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From graphite intercalation compound 
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Worm -like structure

NGPs

Quang Trung Truong and Dai Soo Lee, IC-ME&D 2010, Sunchon, Korea ( Manuscript for Journal 

of nanosciences and nanotechnology) 

Single layer graphene ï new production route 

 

 

A.Korobeinyk, R.L.D. Whitby, S.V. Mikhalovsky, et al., European 

Polymer Journal, 48, 97 (2012) 
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Å Synthesis of PAN-Co-MMA by varying different ratio of monomers 

(5:5, 6:4, 7:3, 8:2, 9:1, 10:1, 12:1 etc.). 

Å Synthesis of PAN-Co-BA by varying different ratio of monomers 

(5:5, 6:4, 7:3, 8:2, 9:1, 10:1, 12:1 etc.). 

Å Thermal treatment of the copolymers in the N2 atmosphere up to 

a temperature of 850oC. 

Å Grinding of the carbonized copolymers up to 4 hours. 

Å Process the powder of carbonized copolymers in sc-CO2 medium. 

Å Ultrasonication of the powder in the NMP solvent. 

Single layer graphene ï new production route 
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Heating a copolymer 

XRD Analysis 

200 (a), 300 (b), 500 (c), 600 (d), 700 (e) and 850 (f) oC.  
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Single layer graphene ï new production route 

 

 

A.Korobeinyk, R.L.D. Whitby, S.V. Mikhalovsky, et al., European 

Polymer Journal, 48, 97 (2012) 

Single layer graphene ï new production route 

 

 

 

A.Korobeinyk, R.L.D. Whitby, S.V. Mikhalovsky, et al., Carbon, 50, 

2018-2025 (2012).  
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Single layer graphene ï new production route 

 

 

 

A.Korobeinyk, R.L.D. Whitby, et al., Carbon, 50, 2018-2025 (2012).  

  

  

  

carbonised PAN co MMA 9:1 sample 

processed in sc-CO2 and NMP 

sonication  

Acrylonitrile ï Methyl methyacrylate 
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PAN co BA 9:1 sample after 

carbonised, processed in sc-CO2 and 

in NMP sonication 

Acrylonitrile ï Butylacrylate 

PAN co styrene 

Acrylonitrile ï Styrene 
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PAN co DDAT 9:1 

Acrylontrile - 2,4 diamino, -6 

diallyl amino, 1,3,5-triazine 

(DDAT) 

PAN co EMA 9:1 

Acrylonitrile ï Ethyl methacrylate 
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PAN co EMA co MMA 9:1:1 at 850 

degree  

3 to 4 layers 

Acrylonitrile ï Ethyl methacrylate ï Methyl methacrylate 

Effect of processing solvent 

(sc-CO2 and NMP) 

PAN co EMA co MMA 

processed in only NMP 
PAN co EMA co MMA 

processed in both sc-CO2 

and NMP 

PAN co EMA co MMA 

processed in only sc-

CO2 


