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A Study on Image Analysis of Graphene Oxide Using
Optical Microscopy

Yu-Jin Lee*, Na-Ri Kim*, Sang-Su Yoon*, Youngsuk Oh*, Jea Uk Lee*, Wonoh Lee*"

ABSTRACT: Experimental considerations have been performed to obtain the clear optical microscopic images of
graphene oxide which are useful to probe its quality and morphological information such as a shape, a size, and a
thickness. In this study, we investigated the contrast enhancement of the optical images of graphene oxide after
hydrazine vapor reduction on a Si substrate coated with a 300 nm-thick SiO, dielectric layer. Also, a green-filtered
light source gave higher contrast images comparing to optical images under standard white light. Furthermore, it was
found that a image channel separation technique can be an alternative to simply identify the morphological
information of graphene oxide, where red, green, and blue color values are separated at each pixels of the optical
image. The approaches performed in this study can be helpful to set up a simple and easy protocol for the
morphological identification of graphene oxide using a conventional optical microscope instead of a scanning electron
microscopy or an atomic force microscopy.

(

o)

B: ot @u4 BRe Se) A8 2due] G4, 27 9SS 44 olet 4 ol et BEe
A& ehmslant shart 2 ool AL Si0, Aluto] 300 nm T & ExE Ael 7w 9je] A 17

IEa 27] S9S Folol Balo) mE2AS 9A3 A BYUH A5 1) ofujx 9 HYES =
B2 Fa) olu| o] tulghe Hrh ST AT 7o dojAl Wt ofu]x
Be)sle e Asi o2 So ol mA B stk 1 A slol =k 7] B4l A
dju] o] oju] %) Bhr7} FHslg o, B o] 3B} o]u] x| RGB A £

2 4 8L ohpUrk

)
=2
1.

|

N
o
O

B W
s 2 o
> b S

N RN L =

ye lﬁ
by

1 Ll
Lo re

_I>~

i e
i)

Ll

>

oo

<

)

ik

o

=
o
l.r[ 1=
r>~
of.
ot
[
£
.
o
=
~
ne K

Key Words: A3} 712} 3 (Graphene oxide), 333} 544 (Optical microscopy), A 2] & 7] #(Si wafer), 3to| =212 Z7]
2}l (Hydrazine vapor reduction), ©|u|#] 2jgd 2] (Image channel separation)

1. M

T

t}. £3| etA U5 H (Carbon nanotube, CNT), Bt AU
’4-3(Carbon Nano Fiber, CNF), 712} # (Graphene)1} ZH-2
CROFSE A AL TSR Qs SR/, AN B el 0 A7) g ARES AT Qo] 22
1A B b 04 Bols) $63 S Sl oA o1 o183 71’5 B oAU A, 7] 4
=g ey ZU12 ekt eadiBe] ATHL 9 A 5029 $8-& Siek B 977} olel . qlrHl]

Received 7 July 2014, received in revised form 17 September 2014, accepted 23 October 2014

*Korea Institute of Materials Science, Composites Research Center
*TKorea Institute of Materials Science, Composites Research Center, Corresponding author (E-mail: wonohlee@kims.re.kr)



184 Yu-Jin Lee, Na-Ri Kim, Sang-Su Yoon, Youngsuk Oh, Jea Uk Lee, Wonoh Lee

53] 1A gadAse] 7 og mofo g AR L

28 AL Ba SaA2 QAeae] T 230 e Ty
TRE 95l B AU LEH l:l] oH Ho ngHAEe 7
A —‘%—?@7174131% A7) A, A= 547
Acke A0] 23] 019} B Saw BAS A
O e o g §}fﬂ7] A2 214 (Chemical Vapor
Reduction, CVD)¥} o}5H4] ¥Fefils: o]-g-5of 4k} 2fjd

(Graphene Oxide, GO)< E]—%?S‘]-O% A z5k= B ol Sk

o, slehA oz AbA e e Akst Sdof dis 97144
gAolu {7 g ol Al 25ut AP S o] &35k Hhe] A
Ae 24 224 2o ﬂ% ube]® M} 59l (Exfoliated

graphite 0xide)o] AL, OIF, 139] GO Zef 2

ol 7o g} 4 71%94 GOE thapst Ak A4S
wh o] oS- QPYTE BALOLS tlao R 1 42 9l B o}
Uk GO £4112 E3) ofe] Wele] W Thsd AT

893 4 ol AHo] Uchd-6.

SRS EEEEEEE Y BIERRE PU LR
WEAe HHoz 24, Bole] AelAE FAEA
3 0] 7 (Scanning Electron Microscope, SEM)¥} F31-4 2|3
1] 7 (Transmission Electron Microscope, TEM) 12|31 #}
& 1] 7 (Atomic Force Microscope, AFM)1} Z+2 717}9] =

£ uig Al §3) ol Fpestth. AR UG FIA]
7 BAete oA 4 vl ws) A A 8BS Eushe A
2 e AA SA7HA ] I o] tha ERfeh g Al
Lk AR7E 8.5 wgol k. ofof vkl e =2t
E9] AAWI} 737 BEXE v|wA 7hdsla Z5o] Lo]

=

3 ot Av| e AT 7| HS A o], 244 e
545 Q1% 4= A =HATT]

w ATl aaRel g A5 U S WS A
R o g2 THHE Feken] g o]85te] Sio, A8 71EE
Zef olm]A| t]'ek‘% 3k 712 ERAECE o]8sto] A
g3k oju| A T2k 220E AAIE = Sl ol tis A+t
3} th. Zhao et al. [8]1} Jung et al. [9] Sof W2 o] 23]
© 2 300 nm9 SiO, ZHES ZtE Si 7|4 &3 O

A GO 35 el o et e veh 2
Aol A= 300 nm F79] SI0, fH5S ZHe Si Fojn 2
WAL 712 7RO T AL} EF S0, T So] oF
285 nm T E|of Qi Si 717He] A5, TP AL GeofA
o] %919] wbgo] 560 nm(Aabael 4 1w o] ] 4
Balso] 74 9rom, S0, TP Zeo] 300 nm - o]
2402 Sz A8 FUo) A7 32l 580 nmejA
1A e ou|ghe ZHETHI0 . ek Bt vl o

]_‘% HH/\H J}O_]oﬂ rHOH .E-;AH Jlela X4_Q_6‘]—0§1]\1 JJ—O_]oﬂ
w2 e ek ojn|Xo) AWE 2 ofjulgH(Contrast)S

HE5HITH13,14]. T3k 8} o] ] o] AHEE fol7] 9
3 Si 712 Aol 91X @ 1) mERAS S5 A &

A% 4 YES slo| =2k 5715 olgalel GO Felet
Loap e A A Elh 2 1A 0] o] 2] AE EE o]y
‘?‘1_@' ‘301"?3 © = RGB XH aE § E“/}jﬂhﬂoﬂ I—H_&H (ﬂ
Tt

2.4 &

2.1 A&t Jajme| Bt

100 meshE ZH= A *2] A 59 (Sigma-Aldrich, 0]=) &
ol 3l =% Hummer's methodE %-8-310] GOE A|
zshactI2]. Ade A ZA 99d 12g HSO,
(SAMCHUN, 3H2) 50 mL, K,S,04(SAMCHUN, 32) 10 g,
P,0,(JUNSEL 211:) 10 g 931 80°Coll 4] 4.5A]7F EoF &

AA ] 2 32} 5-57(Dl-water) = 2] A AL A 2 A]1Th
A | 5 4 gof P,0, 58 g, H,80, 480 mLE Yo &,
KMnO,(SAMCHUN, 312) 24 g2 HH3] 9o T}k 35502
QA 5ho] YT 2758 331 H,0,SAMCHUN, §3)
15 mLE W11 o] 57k Wi F 2R Kol ojzaith. &
o]l W1t AdEs AASEH ] f18ke] HCISAMCHUN, 3h=)
200 mL2} Ethanol(SAMCHUN, 3+=%) 200mL ¥ Z=F4=
200 mLS Y11 wukste}, AR 1142 A Methanol
(SAMCHUN, 3=%) 7} Ether(SAMCHUN, 8}2)E 3:20] H]
&2 4 g4 olgslel SN F37F BUE |
oSl §ME AT 2BolA gy HEAXIH

2.2 M5t JefEle] EA

AZE GO s}st Wl AAA AL 9J51o] FT-IR(Fourier
transform infrared, NICOLET 1S10)2} XRD(X-ray diffraction,
D-Max 2200)< o] -85} c}.

Ao Fagh ABE FHAo] B 01%9] g 2

+ GO &H& ¥ o1 BHSE $5to] film Fei= A=

stol 2gstiet

2.3 et 5HE 93 AW 38
Wt 248 )8 ZRao] BALE 0.003 wio] FEE

ZHe GO §012 Agahelet. 7|eho = Si0, YA
300 nm¢l Si 7]¥-& ARSI Si 7T @ =22 7](UVO
cleaner, AHTECH LTS)E A&3}o] 8171 23] 591 @ &4
2lsto] GO Zlg/do] £ sHlH . 0% 71 £1o GO
oo 1248 Holmal 3, 2000 rppm ZACE A¥ F
E]3l & 60°C QB0 A 1057F AxA| 7tk 7o) o]n
A WS flef ARg-E 33 #nl%-2 Nikon AFS] LVI50N
weo]o] Zej W&ol A 10 um 27]9] THTL 15 mm 4
o] ojux|2 Tk 4= 9t

2.4 A8} JEfE el
A AlzE GO 2H Si 7| 75°C 2Eo A 3A17E &



A Study on Image Analysis of Graphene Oxide Using Optical Microscopy 185

Si02(300nm)/Si Wafer Graphene spin-coating

Hydrazine vapor reduction  Optical microscope

Fig. 1. Schematic diagram of the optical microscopic analysis on
graphene oxide reduced by hydrazine vapor
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Fig. 2. (a) FT-IR spectra and (b) X-Ray diffractogram of graphene
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Fig. 4. Optical microscopic images of GO and RGO under white and green-filtered lights
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