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l. I'evikd yio ypo@LTIKG 0AALOTPOTTO.

Quoika aAAOGTpoTTa AvBpaka

AlauavTi : Tpiodiaotato dikTuo atopwyv avepaka pe uBpPIdIocUO Sp3,
dlauOpPPWaOn ecaywvikou avakAivipou (face-centered cubic lattice)

[pa@itng : AiIodIGoTaTo IKTUO ATOMWY AvBpaKka pe UBPIBICUO Sp2,
atroTeAOUPEVO aTTO ETTITTEOOUGC £¢aywVvikous dakTUAloug (hexagonal lattice)
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l. I'evikd yio ypo@LTIKG 0AALOTPOTTO.

Graphene: Two-dimensional
network of carbon atoms having
sp? hybridization, consisting of
hexagonal rings

v" Closed cage structure
v 12 pentagons and 20
hexagons
v' Partial sp3 character to
Sp2 carbon atoms

Graphene sheets rolled in cylinder shape,
with lengths in the ym range and diameters of
about 0.7 to 100 nm, approximately.
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Texvnta aAAoTpoTtTa AdvBpaka

1970-1973 : Eikaoieg yia Tnv UTTap¢n oPaipikwy KUWPeAwv avBpaka pe 60 aroua
avOpaka Kal BewpnTIKEC MEAETEC YIa evePYEIaKT oTaBepoTNTa (Osawa)

1976 : MNMapaywyn Ivwv avBpaka atrd TupoAucn BevioAiou (Oberlin)

1985 : Avixveuon piypaTtog dopwv pe 60 kal 70 atopa avlpaka Kupiwg, UoTEPA
aTrd £€axvwan ypagitn Pe laser.

[MporteiveTal N eIKOOAEDPIK) oPaIpIKr) doury oTo TTapdywyo C60, 1o

otroio BaTifeTanl yrrakuivoTep@ouAepévio (Smalley, Kroto, Curl)

1990 : Napaywyn C60 o€ peyAAEC TTOOOTNTEG YIA XOAPAKTNPIOMO, UE ETTIOPACN
BoATaikoU TO¢oU o€ paBodouc ypagitn (Kratchmer)




heat IT%)
R{NHCH,COOH + R,CHO N
1 2 2 H,C~  “CHR,
- CO, C)
- H,O
toAIuene
R{NHCH,COOH + R,CHO

Anpnepiog Taong



' TFA / CH,Cl,

® ©)

o) NH; CF;COO
N/\/ V\o/\/ 3 3

Anpnepiog Taong



Anpnepiog Taong



EXTETAUEVOI CWANVEG TUNYPEVWY QUAAWYV YpaPEVIOU
2 TUTTOI VaVOOWAAVWYV avBpaka:

A) O1 pyovooTtpwpaTikoi (Single Walled Carbon Nanotubes -
SWCNTS)

B) O1 moAu-atpwpuarikoi (Multi Walled Carbon Nanotubes -
MWCNTYS)

AvaAoya Pe Tov TUTTO, £Xouv JIANETPO atro 1 €wg 100 nm, uRKog
ATTO MEPIKA MIKPOUETPA WG KAl JEPIKA EKATOOTA

sp? uBPIBIOUOC

[MapatnpnOnkav 1o 1991 amd Tov S. lijima
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O1 vavoowAnveg avlpaka €ival ouaIaoTIKA GUAQ ypaiTn O€ HopP®r) KUAIVOPOU,
ME MNKN TNG TAZNGS TWV uM Kail dIaueTpo atrd 0.4 £wg 100 nm TrepiTTOU

® MoVaOUKEC NAEKTPOVIOKES, UNYOVIKEC KOl OOUIKES 1OIOTNTES

e [ocartol vmoynelol Yo EvOeoN GE UNTPES TPOS GYNUOTICUO GUVOETWMV
oopmv (composite materials)

WYY

® AVGKOAOC 0 YEPIOUOC
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®» To 1952 ot Pwoia o LV Radushkevich kot ot cuvepydteg tov avagpepav
ywo. v Yopén vavoocorvev (tpoxertat yio MWCNTS, d~50 nm).

®» O Endo to 1976 mapovoiace TEM dopmv pe didpetpo 5 nm mov tponibav
néow® moporveng Pevioriov (CVD)

» And to 1983 n etaupia Hyperion Catalysis (Bootovn) mapnyoye wia
dvBpaxa pe CVD. H puébodog avtn ypnotpomoteiton evpuToTo OTIC HEPESG
nag yu ) mapaywyn CNTS. Ta ev Adyo widwa Ntav mpaypatika CNTS pe
LKp6 apfud Toryyopdtemv Ta omoia dgv Nrav ELOVYPOULO OALL KAUTTOVTAY

ko mepieiyov atéleteg. H owbpetpoc tovg xvpaiveror petad 0.5-10 nm
(IMTatévta to 1987).

»To 1991 o lijima e&étace pe HRTEM ™ abddn mov mpoékvmte omd thv
emovaototikn pHéEBodo twv Kritschmer-Huffman vy v  moapayoyn
onuavtikav mocotntav Cgy. Ilapatipnoe dopég omotelovueves amod

YPOPITIKA OAAO TTOV TLALYOVTOL KOTE TETOLO TPOTO MGTE VO GYNUOTICOVV
KOAMvopo (MWCNTYS).

®» To 1993 oyedov tavtdypovn dnuoctonoinon ¢ mapoackevng SWVNTS
a6 lijima et al. (Nature 363, 603 (1993)) kot Bethune et al. (Nature 363,
605 (1993)).

»2001 : [apoaymyn vavocoinvev avpaka duthov toiyov (Bandow)
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1991 : MNMapaywyn vavoowAnvwy avBpaka TToAAatTAou Toixou (lijima)

1993 - 1999 : MNapaywyr) vavoowAnvwy avBpaka Jovou Toixou PE OIAPOPES
neEBOdouc. (lijima, Bethune, Smalley)

2001 : Mapaywyn vavoowAnvwyv avBpaka dITTAoU Toixou (Bandow)

Navoocwives avOpaka - Tapaywyn
« ETridpaon BoAtaikou to¢ou (arc discharge)
» ATTOKOMION YPa®iTn JE JovoxpwMaTIKA akTivoBoAia (laser ablation)

« XNUIKA evattoBeon aTtuou (chemical vapor deposition)
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[. XnuIKA evatroBeon aTtpou (CVD)

Me auty Tnv pEBodO, axnuaTtiovral vavoowAnves avBpaka Aoyw TnG
QATTOOUVOECNC JOPIWV TTOU TTEPIEXOUV AvBpaka aTnv aépia popen (HipCO)

[MAeovekTriuaTa
e 2UVEXNG TTAPAYWYH MEYAAWY TTOOOTNTWYV
* YWnAOTEPN KABaAPATNTA UAIKOU
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[MBavoi pnxaviouoi avamtuéng vavoowAnvwyv CVD

A i

Support

CH~C+H,

WA I, Iy
Support
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A. ETridpaon BoAtaikou T16¢ou o€ pABdOUC ypapiTn

Me Tn uEB0OO BOATAIKOU TOEOU TTAPAyoVTal HEYAAES TTOOOTNTEC N
KaBapou UAIKOU

O1 ouviBeIc akaBapaieg gival GoUAepEvIa, AuoPPOS AvBpPaKag, KATAAUTNG
z =i

Ii q
=4[

L-I I 1
II J I—
- = ] ]
: — 50 — 100 A
20 V
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B. Atrokouion ypa@itn Je akTivoBoAnon
(laser ablation)

12-100 kW/cm?2

@otpvos.
1200 °C atpoapys  PBS0S yeapi.

Aev gival Biognxavikn nEBodOC TTapaywyngs, AOyw TNG TTapaywyng HIKPWY TTOCOTATWY
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Kafapiopuog apxikoU UAIKoU

MeTa TNV TTAPAYWYN TOUG, Ol VaVOOWANRVEC AvOpaKa TTEPIEXOUV aKaBapaies OTTwG
AMOPPOU TUTTOU YPOAPITIKA CWHATIOIA KAl MIKPOTTOOOTNTEG METAAAIKOU KATAAUTN.

AuTA atTopakpuvovTal PE dlIAaPopeS HEBODOUG, OTTWG :

Xprjon HAKPOOPIiwWYV TTOU TUAIYOUV ETTIAEKTIKA TOUS vAVOOWANVES avlpaka Ty

moAuocakyapireg, ouluylakd TroAuuepn, Biouopia.
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KaBapiopdg apxikoU UAIKOU

MikpoiAtpapioua : Xwpilel To UAIKO Kara uey&On. Mes tnv smidpaon misong, ol

aKalapoisc mepvave amo Tnv EI0IKN MEUPBPAVN KAl OI VAVOOWARNVES UEVOUV.

Emidpaon uiKpoKuuarwv

Mnxaviko¢ Ka@apiouoS§ e EAAOCTIKEC OCUYKPOUOEIC TTApOUTia UTTEPHX WV

CNTs
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KaBapiopdg apxikoU UAIKOU

O<&c10wTIKR/OspuIKn KATEPYaoia
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Aopn vavoowAnvwy avlpaka

H atopikl dopn Twv VavoowANVwWY £EaPTATAI ATTO TOV TPOTTO E TOV OTTOI0
TUNIYETAI Eva YPAQITIKO QUAO O€ oXMa KUAivOopou

O1 dUO akpaieg TTEPITITWOEIC €ival ol dopEC armchair kal zig-zag

H xe1pIkOTNTA TOU CWAAVA aVTAVOKAG OTNV NAEKTPIKI AYyWYIMOTATA TOU UAIKOU
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Aopn vavoomveyv avipoka

a...=0.142nm )
a,=a,=0.246nm

a,, 8, To dtvvopata Bacng g
GTOLYEUMOOVE KLWEAMOUC TOV
Ypopitn
» Xepoaiko owavocpo C,; - L

C,=n-a,+m-a, =(n,m)

®» H dwapetpog d, tov vavoocoiivev o etvat:

1S
1L

Xelpaxn yoviao 0
zigzag 0=0
armchair 0=n/6 A0
) NUNTPLoG 1aong Armchair
chiral 0<0<n/6
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ToAypa (10,0) SWCNT (Zigzag)




ToAypa (10,0) SWCNT (Zigzag)

SH
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ToAMypa (10,10) SWCNT (Armchair)




ToAMypa (10,10) SWCNT (Armchair)




ToAypa (10,5) SWCNT (XelipaAikog)

SH
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ToAypa (10,5) SWCNT (XelipaAikog)

SH
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Teivouv va dnuioupyouv cucowpatwpara, Adyw duvauewy van der Waals,
OTTOTE €ival TTPAKTIKA adIAAUTOI O€ KOIVOUG OIOAUTEG
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Io10tnTeg TV CNTS

» Xounif mokvornra nélag (~1.3 g/cm3).

» MeydAn tipun Tov aspect ratio 1/d (>1000). Insulators Semiconductors Conductors
, Many ceramics
» Awduetpog 0.4-100 nm. — < 1
Alumina Superconductors
14 14 _>
» AOMIKOL TS, Diamond Inorganic Glasses
14 ’ ’ ’—‘ . /—I % 25 J
» Meydn edwn emeaveta (>100 m?/g) Mica Metals
Polypropylene Soda silica glass Degenerately
D XnuKn SpooTicdTnTa AvVALOYe e SIANETPO. | PVDF 2072 T 87 T
e N TaH HETP PET Borosilicate  Pure  SnO, Dﬂpc‘d St Alloys
. - o B M1 Intrinsic Si 1
®» >100epoi otnv aktivoPfoiria SO Amorphous prumsIe St Graphite NiCrAg
1 As,Se,] Intrinsic GaAs | ' | ' | | ©
®» T,,~4000 K. Ogpuikd otabepoti peypr ~2800 C | i ] | I | | | | |
og kevo kat otovg 500-600 C otov aépa. 10718 1015 1012 100 100 103 100 102 o6 109 1012
Conductivity (Qm)!

®» EpeoviCouv nuiay@ypo 1 LETAAAMKO YOpaKTpQ

avAAoyo PLE TNV SIAUETPO KOl TOV TPOGOVOTOAIGUO

TV £0yDdVOV TNG dOUNG TOVC.
» Yynin Oepuikn ayoyyotnto (>X2 dwopdvri)

» YynAn niextpikn oyoyipnotnto (104S/cm)
Tepaotio mowiAa 0TI TYES TOV 1O10TNTOV TOV
CNTSs avaroya pe:
niektpoviov (pedpata 10° A/cm?). i) Tov Tomo,
I1) TOV TPOTO TAPUCKELNC
i) av glvar pepovopuévol | 6€ Lope1 dEGUIdOV

®» O1 petaAlkoli eppaviCovv faAlotiky 6140001 TV

» ECapeticéc pmyovikéc 1010t Teg
(6>35 GPa, E~1TPa)

Anpnepiog Taong



XHMEIA NANO2XQAHNQN
|. Mn ouoioroAikn eEwedpIKN TPOTTOTTOINCN
Il. Xnuikn mapayovrorroinan oéeidwuévwy OoUwWV
lll. OuoIoTTOAIKY) TPOTTOTTOINON ETTIPAVEIAS

I\V. Tporrorroinon EoWTEPIKNG KOIAOTNTAC

To mpoBAnua tn¢ dIaoTTopA¢ vavoowANVwy o€ éva UECO UTTOPEI

Va QVTIUETWITIOTEI UE TTOAAEC TTPOOEYYIOEIS .

« Xprion KataAANAwvY JI0AUTWV 1) TACEVEPYWYV EVWOEWV (Surfactants)
* OuoIoTTOAIKOU TUTTOU XNUIKA TPOTTOTTOINON TOU YPOPITIKOU OIKTUOU
» Oceidwon — TTapayovToTroinon KapBoguAIKNG opadac

* Mn OJOIOTTOAIKN) TPOTTOTTOINON
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XpARon KATAAANAWY SIOAUTWYV | TOCEVEPYWYV EVWWOEWYV

® O
NH3 Cl

u:iN/\V/“\/A\// //\V/\V/\\/\\/

@ O
NH3 Cl
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©)

SWNT
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NG opadag

V4

BoguAik

r

— TTAPAYOVTOTTOoiNoN Kap

O&cidwon

COOCH

X
O OO
QO Q0O
O 0O
X x o
T I I
z2 Z Z
O 0O
O OO

(-COOR)

CONHR (-COOR)
CONHR

RNH,
or
ROH

activating agent
e.g. diimide

COOH
l socl,
COCI

COClI
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* ldeal graphene is
chemically inert

c)

a)
SOEERASESEAASE E,
Ts. "= "s Ts " s 0

« Graphene has a much
lower chemical
reactivity than

fullerenes and CNTs

b)

| Pyramidalization Angle: 8p = (6, - 80)° |

TRIGONAL TETRAHEDRAL

A

Be=0 Bp = 19.47

 Reactive species such
as radicals are usually
needed as reacting
species

H xnMIKr dpaOoTIKOTNTA O€ KUPTEC YPAPITIKEC VAVOOOUEG OPEIAETAI O€ OUO AOYOUG:
Q) TTUPAMIOOTTOINCN TWV ATONWY AVOPAKA Kal
B) Meiwpevn aAANAETTIKAAUWN TWV TT-TPOXIOKWY O€ YEITOVIKA ATONa avOpaka
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AvTidpaon Bingel

EtOOC_ COOEt EtOOC_ COOEt

C60
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http://upload.wikimedia.org/wikipedia/commons/7/7b/Bingel_reaction_mechanism.gif

Alalwviaka aAata

SWNTs

halogen, t-Bu, NO,, COOMe,

R =

n-C14H29, MeO(CH2CH20)3;

§)-c
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AvTidpaon pe adidia

HO

SWNTs
or

hv

MWNTSs
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http://upload.wikimedia.org/wikipedia/commons/e/ef/Nitrene.png

AvTidpaon pe utrepoeidia

TCHz)nCOOH

HOOC(CH,),COO-O0C(CH,),,COOH

"(CH,),,COOH >

- CO,

(CH,),COOH
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20vleon v0aTOOI0ADTAV VAVOOOUWDY

HCI (gas)

Anpnepiog Taong



DMF, 130 °C

R-NHCH,COOEt / HCHO

SWNT
or
MWNT

Anpnepiog Taong



TEM eikovec SWNTSs (apiorepa) and MWNTS (decia)
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CeEVIKEG EQaPUOYEG

* Mnxavikn evioxuon TTOAUMEPIKWY UNTPWV

* AUZNON NAEKTPIKNG AYWYINOTNTAG O€ JOVWTEG HECW EvOEDNC
* QwTOLBOATAIKG CUCTANATA

* Blo-ai00n1ipeg

* Bio-1atpikn
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EOAPMOI'EX

Modify the surface of carbon nanostructures in
order to generate the appropriate chemical
anchors for integration into composite materials.

Enhance the interfacial interaction with polymer
matrices
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OpoI10TTOAIKOU TUTTOU XNMIKA TPOTTOTTOINOT) TOU YPO@PITIKOU OIKTUOU

Me TNV TTPOCEYYION QUTH), ETTEPXETAI MEPIKN ATTOdIOPYAVWAON Tou culuylakoU
OIKTUOU OTTOTE KaI Ol EAKTIKEG OUVANEIC JETACU TWV VAVOOWANVWY UEIWVOVTAI KAl
AauBavel xwpa dlaxwpIouos JETACU TOUG

H TpoTroTroinon vavoowAVwY PE TTOAUUEPH UTTOPEI va OUMPBEI JE 2 TPOTTOUG

A. TTpooApTnNON oTNV £TMPaveia (grafting to) kai

B. In situ TToAupepioudg (grafting from)
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I. [lpoodpTnon TNV ETMIPAVEIQ

ll. IN Situ TTOAUMEPIOUOC

214010 A : TTPOCAPTNON TOU EKKIVNTH OTN YPAQITIKN ETTIPAVEIQ

210010 B : d1Gd00N TOU TTOAUMEPIONOU TTAPOUCia TOU UOVONEPOUC
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NMpoodpTnOoNn TTOAUNEPIKWY OAUCIOWYV

sec-Buli styrene

SWNTs

hexane

®0O
Li  CHCH, CHCH;
Ph Ph
n
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Polymer grafting onto CNTs by in situ redox radical process
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“Grafting to” approach...

SWNTs

CH2CH CH2CH_N3 > CH2CH CHzcl:H_N\I
Ph Ph 0-DCB, heat Ph Ph
v v |

\
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[Mapaywyr uTTEPOONWY aATTO VAVOOWANVEC AvBpaKka

-=uckypaper

‘:! ;” ".
IO Y L
oy Y
e 5 “

R
- =

functionalized CNTs Susper}sion
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Alepyagia o€ AUTOKAEIOTO POUPVO

=
E
2004 - =
:
180+ =
Vacuum -
l l l 1604 -/ 800
9 1404 Temperature %
0 120 7 600
2 &
8 1004 : -
o :
& 804 . Pressure . _la00
s -6
50 , T
14
404 | 4200
20 2
o+ r—7 -
0 1 2 3 4 5 5] 7 8

time (hours)
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[Tapoaokevny GOVOETOV LAIKOV G€ LOPQT) VOVOivav pe T teYVIKT electrospinning

polymer or composite solution

_—

syringe

high-voltage power supply

—— metallic needle

Otav éva vynid dvvapko (5 €mg 50 kV)
epapuoleton og pio vypr| otaydva, LT
eoptiletat. V

- electrified jet

ASY® NAEKTPOCTATIKOV

anoONTIK®OV dvvlue®mv, | oTaYOVO,
ETUNKVVETOL KOl GE £Va, KPIGLUO GMUETID ™~ collector
EKTOEEVETOL OTO TNV ETUPAVELQL.
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Graphene

(nanoscale)

Anpnepiog Taong



XNUOVTIKO GTOLYELO Y10 TO OULYES YPUPEVIO

e Mn deTapTO GE OLAUPOPO. LEGOL
O1 1010TNTEG TNC EMPAVELNG AIPOVTOL LEGH YNUIKNG TPOTOTOIN GG

* To ypagévio ovvatot va, Tpomomoindel e 000 TEPLOYEC. ..

\Q{\Q@:&“%\W&*Ww”ﬁﬁé, ‘
SRR "3’\\”:&\'5 MGG et
RN R i

%i%\}:%:‘w&\\\w\&m‘ % s ”%;f’
%%\Rx \;:‘ ‘I‘:" e . R j%}{f; /: s
\{"& %g ““ i i‘»’t“;&* %ﬁfz&w 0,
vi% ‘ ’EX\ - b l::'b;::""":‘ .t'.;.'&l -u 5 o 4}“? AR ‘;i,"/,' “f & :
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(L compounds

/

solven tment

I'pagévio: IIpooeyyioelg ovvOeonc

surfactant/solve

stabilization
-

\

aqueous soluble
graphene oxide

‘ single layer
{ graphene )
surfa mistry

\
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Vi hane 4
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e Scotch-tape pédodod \@ ) —_—

Scotch tape piece of graphite Nobel prize
2010

1uf’.rasm:cabon

2=
L P
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Emtoallokn avamtoén

Aopopa otV TACN ATUDV. ..

e O A T RNy I A
. . - -‘ ¥ v . el > .- A < X " .:‘ ena
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Graphene production
|. Mnxavikn amowAoiwon (Scotch tape method)

-Evépyela aAAnAemidpaong van der Waals energy:
2 eV/nm?2
-Amattoupevn duvapn amogAoiwong ~ 300
nN/mm?2

-Emapkei n Kotvr KOAANTIKA Talvia
KataAAnAo umootpwpd yia onploupyila avtibsong
(GnA. Si0,(300nm)/Si or SU8/PMMA)

- Napaywyn ypageviou Xwpig ateEAELEC PE
ETTPAVEL
- HEPIKEC EKATOVTADEC Pm?

Anpnepiog Taong

peel off a few layers
from the HOPG crystal

1. fold the tape a few times

onto the substrate

1 to decrease the number of layers

2. press the tape firmly but gently,

Si0,/Si

1 slowly peel off the tape

optical microscope

Carefully scan SiO, surface with

60



GROWING GRAPHENE FILMS

Researchers make large (centimetre-scale) graph
processing then transfers the graphene film from

@
@,

B
Graphene

Copper foil

Copper foil is heated to 800-1000°C in a

furnace, where hydrogen (Hp) and methane
gas (CHy) are piped through. Carbon atoms
grow as graphene film on top of the copper.
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Tube furnace

- ~ Heating olement =
i foi E— =
\|| quartz tube 7 '\NI foi

L

H,C CH,

Camphor(g)

CH, ]
CHJ‘ o

Camphor(s) &

Camphor tree
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o = Thermal release
MBI 1111 tape

u etchant

Partly etched
Cu sheet

Graphene on

thermal release tape

WO'MCUE
" Bad Transfer
‘mmuwm

Etch away Cu

g Cracks "
| Wash PMMAG i DI wate |

% od "
< Place PMMAGY on substrals > () | Remove PMMA with scetone

—

—

4
| Remave PMMA with acetone | ()
s - Graphene
Good Transfer
Quartz
h thrpvuw.ﬁﬁu}n'|]'n'lnu|nn1 [ n‘luup'n

X. Li, Y. W. Zhu, W. W. Cai, M. Borysiak, B. Y. Han, D.
Chen, R. D.Piner, L. Colombo and R. S. Ruoff, Nano
Lett, 2009, 9, 4359-4363.
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Byung Hee Hong et al., Nature Nanotechnology, 2010
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Alain Pénicaud, LCVN, Montpellier, 16 Janvier 2009
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Oxidative unzipping of carbon nanotubes

M

‘-
-s

D. Kosynkin et al. Nature 2009

< o
>
- o o
. o o
-
B o e
. o o
“
¢ &
.

The proposed first step in the process is manganate
ester formation as the rate determining step, and
further oxidation is possible to afford the diones
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Amo@loimon YPaeiT) HECE TUPAYMOYNS TOV 0EELOL0V TOV YPUPEVIOV

HOOC COOH COOH OH
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O
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1. step (preoxidation)
H,SO,, P,Og, K,S,04, hT
2. step (main)

H,SO,, KMnO,, H,0,




Oxidation of graphite by KMnO,/H,SO, system

2 KMnO, + H,50, — K,SO,+ Mn,O, + H,0

By-product of oxidation reaction is MnO.,,...
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dichloromethane
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Water, ethyleneglycol, DMF, NMP, THF most appropriate media

Colloidal stability of GO suspensions
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Functionalization at the carboxylic groups of graphene oxide
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Graphene Oxide

Pyrrolidine Fullerene



Dispersion of GO by ionic interactions

Surfactant
lonic -
_—»
interaction
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GO reduction approaches
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Other reduction/deoxygenation approaches

Thermal reduction
Rapid heating of GO towards

expanded graphite

This procedure is found only to
produce small size and wrinkled
graphene sheets

Decomposition of oxygen-containing

J groups also removes carbon atoms

9 from the carbon plane, which results

In defect formation on the carbon
plane

Drawbacks

 large energy consumption

 cannot be used for GO films on substrates with a low melting-point
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* Sonication-assisted exfoliation of graphite in various liquid systems

- neat solvents ?A
- polymer solutions N

Hucation

‘M«é
Xv"

SBS-a-G

A' arption

- surfactant/water systems
- SuperaC|dS natural graphite

-ionic intercalants

Main advantage: graphitic structure intact
Drawbacks: extensive sonication times
solvent incompatibility with most compaosite applications

difficulty in removing solid residues
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: Water, 0.5% SDS

Graphene 45 °C, stir 8 hr S
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Azide-dPEG4-acid

Sodium ascorbate
CuSO,, THPTA, 18 hr
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Grafting with polymer chains
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“Grafting-from”
approach
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“Grafting-to” approach
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Non-covalent adsorption of polymers by n-& stacking interactions

DCC, DMAP

S
S OH
/\s)l\s coon M9 9 b

OH
1]
I m
-

DOCC, DMAP

Ys -  NIPAAm
e -
g AIBN/T0C

Graphene
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Solution mixing combined with casting

5 'r
S usa wvissis W '
"'“J;i:';‘m-a- Oxidation . Sonication
~eeRERITELIUITUTZsa
-eeuPuIEIATITEI=se ”

a Graphite

b Graphite oxide

C Graphene oxide

e

d Graphene oxide /PVDF solution
Composite film

Glass substrate
Hot press i

in situ reduction
- Solution casting

g GNS/PVDF composite

f GNS/PVDF thin film

€ Graphene nanosheets /PVDF solution
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Deposition of inorganic nanoparticles — Catalyst supports

Oxidation of graphite flakes towards GO production

In situ reduction of platinum salt and deposition of
metal (Pt) nanoparticles

Catalytic activity of graphene/metal hybrid due to
enhanced specific area of the graphitic support
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rutile anatase brookite
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AVYOAKOYOVIOLO RETAALMV NETATTOGNC.

‘Exovv 1o yeviko tomo MX, (M = pérairo petdmtoong (Ti, Zr, Hf, V, Nb, Ta, Mo, W,

Tc, Re, Co, RN, Ir, Ni, Pd, Pt), X = yaAkoydvo (S, Se, Te))
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(b)

Trigonal Prismatic (2H)

Octahedral (1T)

O:Mo O:S
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(a)

(c)

dip-coating 1st anneal

Ar/H2
1 Torr
—_—
500°C
1hr
(NH4)2MoS,4
solution
( d ) 10°
10* annealed in (Ar+S)
& 10" 4.7 cm?N's
g 10*
S 10°
g 10™ annealed in Ar
3 0.02 cm?V's
10"
10"

400 -50 0 50 100 150 200
Gate voltage (V)

2nd anneal

Ar MoS;
Of AbeD transfer
500 Torr / Y
1000°C JE—
30 min fem
'S2- Mo Q. Tem
on sapphire on Si0,/Si on Si0./Si
é MoCl, Sample




