Contents

1

INtroductionto Graphene.........cooiiiiiii e
11 The Origins of Graphene.....cccoooviiiiie e
111 Graphene: A Brief HiStOrY ..o,
1.1.2 Graphene: Meet the Family.......ccccooeviiiiniiniieee,
1.2 Fabricating Graphene.......oiiiieiiceee e
121 Mechanical EXToliation.........ccocooviiiiniiininiieeccccsins
1.2.2  Chemical EXfoliation......c.ccooiiiiiiiiiiieeeee e
123 Reduction 0f GO ...coceeiiiiiiiice e,
1.2.4 Miscellaneous Fabrication.........ccccocvvvevieicnsie e
125 CVD Fabrication.......cccocoiiiiiiinieiecsc e,
1.2.6 Fabrication for Electrochemical Applications.................
1.3  The Unique Properties of Graphene........cccocovvevvicvieve e,
131 Electrochemically Important Properties........c.ccocvvenenene.
R BT EIENCES ..t

Interpreting Electrochemistry...............

P22 R [ 01 o (1T 1 o] o SRR
2.2 Electrode KINeTICS. ..o
2.3 MaSS TranSPOIT. ittt

2.3.1  Cyclic VOItamMmMEry. ..o
2.4  Changing the Electrode Geometry: Macro to Micro...................
2.5  Electrochemical MechaniSms.......cccocoiiiiiiniiiiie e
2.6 EffeCt OF PH oo
2.7 Other Voltammetric Techniques:Chronoamperometry................

2.7.1 Experimental Determination

of Diffusion CoeffiCientS.......cccovevviieiinice i,

2.8 Other Voltammetric Techniques: Differential Pulse

VOIAMMETIY .o e
2.9  Other Voltammetric Techniques:  Square Wave

VOIAMMETIY ..o
2.10 Other Voltammetric Techniques:Stripping Voltammetry............
2.11  AddSOIPLION it
2.12  Electrode MaterialS......ccccoiiiiiiiiiiiie e
RTINS . i

~NOo A e

10
12
12
13
15
18
19
20

23
23
29
33
35
44
46
5l
54

58

59

63
65
70
76
76



3 The Electrochemistry of Graphene

31 Fundamental Electrochemistry of Graphite........ccccocvvvrnennne.
3.1.1 The Electronic Properties (DOS)
of Graphitic MaterialS........cccocevviviiiiiii e,
3.1.2 Electrochemistry of Heterogeneous
GraphitiC SUITaCES.....cciveve e
3.2 Fundamental Electrochemistry of Graphene.........ccccoeevvveennnene.
3.2.1 Graphene as a Heterogeneous Electrode Surface........
3.2.2 Effect of Surfactants on the Electrochemistry
Of Graphene. ...
3.2.3 Metallic and Carbonaceous Impurities
on the Electrochemistry of Graphene........c..cccoeevvnen.
3.2.4 Electrochemical Reports of Modified (N-doped)
Graphene. .
3.2.5 The Electrochemical Response of GrapheneOxide . ...
3.2.6 Electrochemical Characterisation of CVD
Grown Graphene.....ccccccieeie e
RTINS i

4.1  Sensing Applications of Graphene.......ccoeiiiiiiiininicienen,
4.1.1  ElectroanalysSiS....ccociiiiiiiiiiiiie e
4.2  Graphene Utilised in Energy Storage and Generation.............
4.2.1 Graphene SUPErcapacitorsS........ccoerireriereniisienneieesieens
4.2.2 Graphene Based Batteries/Li-ion Storage....................
4.2.3 Energy Generation.........cccccevvevveiieieesesiee e sie e,
4.3  Graphene: Final ThoUughtS......cccoooiiiiiiiiic e,
RTINS i

Author Biographies: Received 3-March-14
Appendix A: A Letter to the Nobel Committee
Appendix B: Useful Concepts for Data Analysis

Appendix C: Experimental Tips for the Graphene Electrochemist ...

Graphene Applications

Appendices References

Contents

79
79

83
86
93
97
S
e 112

w113

114

. 119
w123

e 127
e 128
. 128
w143
. 143

156

... 164
.. 170
w11

w175

177

... 183

199

201



