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Abstract: Graphene oxide (GO) was prepared by the Hummers and Offeman method from graphite.
Reduced graphene oxide (RGO) and functicnalized graphenes were synthesized from GO by using
hydrazine hydrate and amine—functionalized alkyl groups, respectively. The structures of the GO, RGO,
and functionalized graphenes were identified by FTIR and C NMR. In addition, we examined the thermal
stability, morphology, and dispersibility of the materials in various organic solvents. AFM disclosed that
GO and RGO consisted of one= or two~layer graphene regions throughout the film. However, the
functionalized graphene films showed average thicknesses of 2.26~3.30 nm. The thermal stability of the
functionalized graphenes was poorer than that of the RGO. The functionalized graphenes were well dispersed
in toluene or chloroform, as evidenced by the lack of the characteristic graphite reflection in the solutions.

Keywords: graphene, graphene oxide, functionalized graphene.
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Scheme 1. Chemical structures of functionalized graphenes.
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Figure 1. FTIR spectra of (a) graphite; (b) GO; (c) RGO; (d)
ODA-G; (e) POA-G; (f) PBA-G.
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Figure 2. *C NMR spectra of (a)graphite; (b) GO; (¢) RGO;
(d) ODA-G.

& 4= QltkFigure 1(c)). ©124& hydrazine hydrate®l] 28l GOolA
A Ak EAFEC] SEEIAE eIt A AAERITE 2L <]
gtk w713k 1eRe] 938 AuR Figure 1(d-1), 2092 1
Fo] ARk ofu] GO W) VR so)TEA7 1 el

267

Scheme 2. Reaction mechanism of epoxide and amine groups.
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Figure 3. SEM images of graphite, GO, RGO, and ODA-G.
{magnification (a):x10000; (b): X 50000).
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Figure 4. SEM images of RGO and ODA-G.(magnification
(a): X 100000 and (b):*600000).
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Figure 5. (a) AFM images of graphene sheets; (b) height of
white line in (a).
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Figure 7. XRD patterns of (a) graphite; (b) GO: (¢) RGO; (d)
ODA—-G; (e) POA-G; (f) PBA—G.
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Table 1. Dispersions of Graphite, GO, and Functionalized Graphenes
in Various Organic Solvents

Solvent Graphite GO  ODA-G POA-G PBA-G
Water X © X X X
DMSO* X AN X X O
Toluene X X © © ©
TCE’ X X X X @)
Diethy! ether X X O X X
Petroleum ether X X C X X
DMACc" X X X O X
Dimethyl ether X X a\ X O
Methylene chloride X X X © O
NMP X PN X X X
Acetone X X X X X
Ethanol X O X X O
Chloroform X X © © ©
NMMO* X X X X X

(© : Excellent, ( : Good, A : Poor, X : Very poor).
“Dimethyl sulfoxide. *Tetrachloroethane. ‘Dimethyl acetamide. IN-Methyl—
2—pyrrolidone. *N—Methyl—morpholine—/N—oxide.
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Figure 8. Photographs of dispersed GO in HyO and func—
tionalized —graphenes in chloroform,

a=3.35 A

‘A (a)

e (D)

Intensity

)

(d)

(e)

5 10 15 20 25 30
2¢{degree)

Figure 9. XRD patterns of dispersed (a) graphite in H;O; (b)
GO in Hz0; (¢) ODA=G in CHCls; {d) POA-G in CHCls; (e)
PBA—G in CHCls.
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