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Graphene (Part 1): Synthesis of a new carbon allotrope
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Abstract

Graphene is a new form of carbon which was recently discovered by two scientists, Andre Geim and
Konstantin Novoselov, working at the University of Manchester, UK. For this discovery they were awarded
the 2010 Nobel Prize in Physics from the Royal Swedish Academy of Sciences. Although graphene is an
allotrope of carbon, it has quite different physical and chemical properties from other carbon allotropes such
as graphite, diamond, carbon nanotubes and fullerene. Graphene consists of a single layer of carbon atoms
arranged in a honeycomb or chicken wire network which had previously been thought not to exist. However,
now that its unique structure and properties have been highlighted, graphene is attracting increasing research

interest worldwide. In Part 1 of this review article, the history and methodology of graphene development are
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described, while the subsequent Part 2 will describe its properties and applications. It is hoped that this

review will be of both general interest to the casual reader and of more specific interest to those interested in

entering this field.

Keywords: Graphene, synthesis, carbon materials
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5. Iwlslagavasluduaiananlas (Pyrolysis
of sodium ethoxide)
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6. mM3lanaranrlnariuan (Unzipping of
nanotubes)
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7. MIANATIMAUINARANSGIA (Thermal Chemical
Vapor Deposition, TCVD) uazNadIa (Plasma-
Enhanced Chemical Vapor Deposition, PECVD)
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(Planer Graphene (PG)/ Planer Few Layer
Graphenes (PFLG)
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8.  msadedwefiunndundanenaslud
(Epitaxial growth of graphene on SiC surface)

mMIsftweRunndundaneuaslud
Wuinaiiaf ldsuaanufisuadrouiniiiasain
Lmsﬂuﬁu§@1‘lﬁ'mn3%'i{ﬁqmmwggma:mmm
naaAsuAdvwalng e LoRunndiianunanois
Mgt HTaIHANA I RIUNARAI YRR TS
Wundnidies sndrednaumIsetuunsAui g
mwmﬁunﬁﬂgauu%ummﬁ'asaﬁ'uwﬁmﬁm
Fanoumslud Tulsuiishsuudasesiviiisuni
lounnITuaMaw (epitaxial film) WSt weRunnIFea
(epitaxial Layer)

1ui 2007 de Heer wazame [30] lawina
TuteRUNNEUBILNTAUTIUIU 1-2 TULU BH-SIC
(0001) nw»laﬂm‘l’ﬁqmmqﬁganﬁa‘lﬁlﬁﬂm:mun‘n
FNUAINIANNTOUTWALINDY Sutter [31] 1aw314
suaRunnduasunsiulasnisliainusoniy
Fanauniludnisldusssinmevssufadond
WHILUHBULAZ MUY (annealing) wWelnSanen
szifiaaan’ly InnszuIumamEina g andiu
I§asmsstueRunnduasuniuuuianeu

(W)

Naresuan Phayao Journal 21

fﬁ‘: 13 ad A [Ty
miluduudasnagunndngsnniveliifians
JURAVRITANDY Aa1U Juang UazAme [32] 3916
@ ad @ & a = 2 a
ianadIsnTssTwieRunngvasunINug s
amnniidindn (Uszunmk 750 °C) Tasn a3t
LOAUNNTUILNTARRUIZAIUUAITOITUTANDY
o A w
A1¥lud 6H-SIC (0001) figniaRauAIBATNLS
- =3 A £ L5 1] - - =
aaiiniia WaliauTanattesiaiainiiaas
szt Ul uTuresdineuantluduaziiaidn
WWENFNITHIIRNLARGR lrakazaITuaw NH
& " e ' 3
azaauvasnITuauIzunItd llgAduusvas
o = Qs 2‘ - - =
ANAALAZLENAI8NNIUWNWAITBIRNLAR LY
] & A ™ a
FERINNTTUIUN ILTUAIRIAILEAIIUATWA 14()
ol = add s W - [
35904 Juang FaiduiTNie Iinandagouazls
a ) \ o e -
gaanniidnin wananuwTUeRLNNGYaILNTHY
A R A i A B o d 1 L
latamansaielanlydidrsasiudug 1w ui
& ae £ s ad G a
niaTanaw laoan lwa/Fananlaanels (MnA 14
(1)) namlavayUdadvesitnissinstueiunnd
Ao lﬁwawﬁmga ‘lﬁlmsﬁuﬁﬁﬂmmwﬁLgazmmm
¢ A ar G | LY e oA
drolouflaunlalldiarsessudug 16 uadaide
= A L L b o
Ao qmﬂthﬂammgaLLa:mﬁaamﬁﬂmuwa

ALY

Slow
heating rate

Carbon nanofilm

(2)

]Nickel silicide + C[

Fast
heating rate

Graphene
Ni+C

r Glass or Si0,/Si |

Glass or SI04/Si
Graghene

I Glass or SiOy/Si |

A _- i - L2l kel 13
NINN 14 () gﬂu,amna‘lnﬂ'mnmmiﬂwmﬂt-mmu's:mwuntnaﬂna‘lmﬂmszuau @) matnolauuniu

G L= s A L =1 - e
ldgimsessunduumniodinewnlasan lod/sanaw [32]



22 Vol. 6, No. 1, Jan.-Apr. 2013

o fv  aad
9. NMIFILATIENABID DY 9
HANIINNTZUIUMITNITRILATIZHUNTAY
@ d' 9 ¥ A R o P A Qv
e lananu1Tedn G3dseewniduiieany
as & o maed P ae ) &
mIsIaMERuNIAUe8ITaug ITuiToriadamia
¥ e e al - ' a g a
[33] niildasmaeindinuTIgINITITURRA?
A -
uns duva v launsfuunluSuuau [34] nIams
T fmaefisununmaudsadlalasian [35) 35ms
o e = & & e o W =
LA AL TN I TSN WLRZ I8 89N TN TANEN
a A o da a o a aF
Snunialildaunsfuniiaunng denuuiand
r=9 A G
glmLm:mm‘mNamwa'[ﬂu‘s:@nq@mﬁmm‘lﬁ

d7uua

@ % add
UNIAUEUITOFILA iﬂz“ﬂ“lﬂﬂﬂ’]tl'lfsﬂd‘l%

] = ol

] = W al 4 - ] bl [
HERZIDATNN N?JB@ILLR:EFEILRULL@]T\@NGHM‘IJJ atigls

a de oau »

NAUFINUNIILNNARABINIIAABNIZUINNT
a- a‘al i L o
AUATIEANLRZAZAIN aNAaA WA ludSunmann
a a oA a af a ar eV wa
fgmnwd danuuiandgiuaznfanmeinlad
anuaundszasndanai g la uluﬂaqﬁ'n
o 44 & 4 W e
gaduiFasnenuazrnioiiasanndgs ludssinng
e dad a =l
Faaszilandngalasdsraaindaioiae
e 1 1 - G (3 ﬂld* -l
YNAIBENILTU ATMIFUATIEAUNIRUM AT DIT

L

2 ad oy o v 2 '
Taaaa Lﬂ%‘aﬁﬂ']'i‘ﬂ\‘]’]ﬂ 1]@1%1’1%@1'] RIUNTOANLLA

e @ ] =l A
RUWINTURILBUNTAW AU w1 nwi i

YU
= [l

a ' ar  as A
TaiFuogna8LIzNITLTU NITUIUNITANTUN
a & 1 1 '3 i o
mmJu.ama’luaugsmma:m’nnunwmﬂaﬂmaaﬂa
- = [ & o A L o
NRNINNMTRANG AFLNT IWAALNTA TIHRTIILA LI
y X e @ ‘ = oa oady '
waRankdudidulasanssnansznulasaside

e & X a M h
fuUavasunIAuNIFulasanzant@nisir luw
d o Py P
Fevadusutanidanuimaguin

mMyfn3pludumIssezunIin
A 1 o L] ﬂl d
Fuduemsasninaulauazdnduatrsdaunalile
L i A Qs
NITUIUMIFUATIERAGUAz NIz AU NRA UDS
sawaliunsiun lafigamwd swsntillszgnd
1ﬂﬁﬂ”ﬂlmnuﬁﬁ'ﬂLm:'lmnmzﬁ'uqmmmsm MU
o ' & aa a
aaufl 2 dumInanfssuiavasunifuludiu
@199 17U FUUALTING FUUANIILRS FNUENI
I waznatzgndlglududn g gu maialuls

- & 1 A s - A

Wudianinalysuas uuainad aufulszaiee
A a a a - 1
wiaslianmviannudmaei uszizgaoulninds

=) a e & .
liﬂfﬂ‘u AauUN 1: ﬂ'?‘i'ﬂ\ﬂﬂﬂ:ﬁﬂ??ﬂau&ﬂuﬂﬂ?ﬁﬂ

References

1. Geim AK, Novoselov KS. The rise of
graphene. Nat Mater. 2007;6(3):183-91.

2. Novoselov KS, Geim AK, Morozov SV, Jiang
D, Zhang Y, Dubonos SV, et al. Electric Field
Effect in Atomically Thin Carbon Films.
Science. 2004 October 22, 2004; 306 (5696):
666-9.

3. Choi W, Lee JW. Graphene: Synthesis and
Applications: Taylor & Francis; 2011.

4. Zhang Y, Small JP, Pontius WV, Kim P.
Fabrication and electric — field - dependent
transport measurements of mesoscopic
graphite devices. Applied Physics Letters.
2005;86(7):073104.

5. Lu XK, Yu MF, Huang H, Ruoff RS. Tailoring
graphite with the goal of achieving single
sheets. Nanotechnology. 1999;10(3):269-72.

6. Viculis LM, Mack JJ, Kaner RB. A chemical
route to carbon nanoscrolls. Science (New
York, NY). 2003;299(5611):1361.

7. Viculis LM, Mack JJ, Mayer OM, Hahn HT,
Kaner RB. Intercalation and exfoliation routes
to graphite nanoplatelets. Journal of Materials
Chemistry. 2005;15(9):974-8.

8. Boehm HP, Clauss A, Fischer GO, Hofmann
U. Das Adsorptionsverhalten sehr dunner
Kohlenstoff-Folien. Zeitschrift flir anorganische
und allgemeine Chemie. 1962;316(3-4):119-27.

9. Hummers WS, Offeman RE. Preparation of
graphite oxide. J Am Chem Soc. 1958;80: 1339.

10. Jeong H-K, Lee YP, Lahaye RJWE, Park M-
H, An KH, Kim IJ, et al. Evidence of Graphitic
AB Stacking Order of Graphite Oxides.
Journal of the American Chemical Society.
2008 2008/01/01;130(4):1362-6.

11. Coleman VA, Knut R, Karis O, Grennberg H,
Jansson U, Quinlan R, et al. Defect formation
in graphene nanosheets by acid treatment: an

x-ray absorption spectroscopy and density



Chartarrayawadee W.

12.

13.

14.

15.

16.

17.

18.

19.

functional theory study. J Phys D Appl Phys.
2008;41(6):062001.

Chartarrayawadee W, Moulton SE, Li D, Too
CO, Wallace GG. Novel composite graphene/
platinum electro-catalytic electrodes prepared
by electrophoretic deposition from colloidal
solutions. Electrochimica Acta. 2012; 60(0):
213-23.

Li D, Muller MB, Gilie S, Kaner RB, Wallace
GG. Processable aqueous dispersions of
graphene nanosheets. Nat Nano. 2008;3
(2):101-5.

Lu J, Yang J-x, Wang J, Lim A, Wang S, Loh
KP. One-Pot Synthesis of Fluorescent Carbon
Nanoribbons, Nanoparticles, and Graphene
by the Exfoliation of Graphite in lonic Liquids.
ACS Nano. 2009 2009/08/25;3(8):2367-75.
Lotya M, King PJ, Khan U, De S, Coleman
JN. High-Concentration, Surfactant-Stabilized
Graphene Dispersions. ACS Nano. 2010
2010/06/22;4(6):3155-62.

Liu N, Luo F, Wu H, Liu Y, Zhang C, Chen J.
One - Steplonic - Liquid - Assisted Electrochemical
Synthesis of lonic — Liquid - Functionalized
Graphene Sheets Directly from Graphite.
Advanced Functional Materials. 2008;18(10):
1518-25.

Park S, Ruoff RS. Chemical methods for the
production of graphenes. Nat Nano. [10.1038/
nnano.2009.58]. 2009;4(4):217-24.

Choucair M, Thordarson P, Stride JA. Gram-
scale production of graphene based on
solvothermal synthesis and sonication. Nat
Nano. [10.1038/nnano.2008.365]. 2009;4(1): 30-3.
Cano-Ma;rquez AG, Rodriguez-Mac;as FJ,
Campos-Delgado J, Espinosa-Gonza;Iez CG,
Trista’n-Lépez F, Ramirez-Gonza;Iez D, et al.
Ex-MWNTs: Graphene Sheets and Ribbons
Produced by Lithium Intercalation and
Nano

Exfoliation of Carbon Nanotubes.

Letters. 2009 2009/04/08;9(4):1527-33.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Naresuan Phayao Journal 23

Jiao L, Zhang L, Wang X, Diankov G, Dai H.
Narrow graphene nanoribbons from carbon
nanotubes. [10.1038/nature07919].
2009;458(7240):877-80.

Somani PR, Somani SP, Umeno M. Planer
nano-graphenes from camphor by CVD.
Chemical Physics Letters. 2006;430(1-3):56-9.
Wang X, You H, Liu F, Li M, Wan L, Li S, et

Nature.

al. Large-Scale Synthesis of Few-Layered
Graphene
Deposition. 2009;15(1-3):53-6.

Li X, Cai W, An J, Kim S, Nah J, Yang D, et al.
Large-Area Synthesis of High-Quality and

using CVD. Chemical Vapor

Uniform Graphene Films on Copper Foils.
Science. 2009 June 5, 2009;324(5932):1312-4.
Nanotube production. Available from: URL:
http://ipn2 . epfl.ch/CHBU/NTproduction1 . htm
Accessed January 15, 2013.

Marek ES. Large Area Plasma-Enhanced
Chemical Vapor Deposition of Nanocrystalline
Graphite on Insulator for Electronic Device
Available from: URL: http://
eprints.soton.ac.uk/335890/1/Schmidt_graphe

Application.

neconf2012.pdf Accessed January 15, 2013.

Verma VP, Das S, Lahiri |, Choi W. Large-area
graphene on polymer fim for flexible and
transparent anode in field emission device.
Applied Physics Letters. 2010;96(20):203108-3.

Yu K, Wang P, Lu G, Chen K-H, Bo Z, Chen
J. Patterning Vertically Oriented Graphene
Sheets for Nanodevice Applications. The

Journal of Physical Chemistry Letters. 2011

2011/03/17,;2(6):537-42.
Cai M, Outlaw RA, Butler SM, Miller JR. Ar+
Plasma Enhanced Vertically Oriented

Graphene Supercapacitors. Meeting Abstracts.
2012 June 4, 2012; MA2012-02(6):540.

Yu K, Wen Z, PuH, Lu G, Bo Z, Kim H, et al.
Hierarchical vertically oriented graphene as a

catalytic counter electrode in dye-sensitized



24

30.

31.

32.

Vol. 6, No. 1, Jan.-Apr. 2013

solar cells. Journal of Materials Chemistry A.
2013;1(2):188-93.

de Heer WA, Berger C, Wu X, First PN,
Conrad EH, Li X, et al. Epitaxial graphene.

Solid State Communications. 2007; 143
(1-2):92-100.
Sutter P. Epitaxial graphene: How silicon

leaves the scene. Nat Mater.
nmat2392]. 2009;8(3):171-2.
Juang Z-Y, Wu C-Y, Lo C-W, Chen W-Y,

[10.1038/

Huang C-F, Hwang J-C, et al. Synthesis of
graphene on silicon carbide substrates at low
temperature. Carbon. 2009;47(8):2026-31.

33.

34.

35.

= a F A i
uniﬁu AOUN 1. ﬂ?iﬂdiﬂﬂ:ﬁﬂ’]mau&ﬂluﬂﬂlﬂﬂ

Mirabile GD, Vittori AM, Marazzi R. AC arc
discharge synthesis of single - walled
nanohorns and highly convoluted graphene
sheets Nanotechnology. 2007;18(25):255604.
Sidorov AN, Bansal T, Ouseph PJ,
Sumanasekera G. Graphene nanoribbons
exfoliated from graphite surface dislocation
bands by electrostatic force. Nanotechnology.
2010;21(19):195704.

Sridhar V, Jeon J-H, Oh I-K. Synthesis of
graphene nano-sheets using eco - friendly
chemicals and microwave radiation. Carbon.

2010;48(10):2953-7.





