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CVD

GO
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2 GO  
2.1 GO  

GO Hummer 5 g
3.75 g 200 ml

25 g 20 35 40 90 min
90 min MilliQ 300 mL 30 min

80 30 90 mL MilliQ 300 ml
5 % MilliQ

 
GO 0.3 g MilliQ
300 mL 1 g/L 45 Hz 10 min

3000 rpm 30 min GO
15000 rpm 5 min

GO 40 2 h  
 
2.2 (1) FT-IR  

FT-IR
1101 cm-1 C-O 1387cm-1

C-OH 1629 cm-1

C=C 1732 cm-1 C=O



 

3405 cm-1 O-H
 
1000 ~ 1700 cm-1

 
 
2.3 (2) XRD  

XRD GO
2dsinθ = nλ 2θ  26 °

d 0.34 nm
2θ 13° d = 0.71 nm

 
 
2.4 (3) Raman  

GO
1 GO

G band

1350 cm-1

sp3

D band
D G

ID

IG

ID/IG = 0.26 GO
ID/IG = 1.02
GO

sp3

 
 

2.5 (4) GO AFM  
GO

1  
 



 

500 nm PS GO
GO PS

500 700 nm 28 kHz
10 min 20 min 30 min AFM

AFM 2 28 kHz
20 min  

 
3 ( )  
3.1 PS@GO  

2
GO 0.05 g 20 mL 500 nm 4.8 wt%

PS 500 μL 3 h
PS GO 10000 rpm 5 min

2 PS@GO 20 wt% SEM, 
Raman, FT-IR, TEM  
 
3.2  PS@GO SEM, TEM, Raman, FT-IR  

3 GO 1300 cm-1 1600 cm-1 G band
D band PS@GO

GO GO
PS GO G band D band

GO
PS

2 AFM  



 

990 cm-1 C-H
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PS  
FT-IR 4

GO 1738 cm-1

PS@GO
1742 cm-1 GO

GO PS
GO

PS

PS@GO PS 698, 
756, 1452, 1493, 2923 cm-1 PS  

GO SEM TEM 5 GO PS
TEM

GO SEM
GO TEM
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6 nm GO 1 nm

100012501500

Raman Shift (cm-1)

In
te

ns
ity

 (a
.u

.)

G band D band C-H

3 GO , PS, PS@GO  
 

1000200030003500 15002500

Wavenumber (cm-1)

Ab
s.

160017001800

-COOH

4 GO , PS, PS@GO FTIR  



 

GO 6 PS
6 nm GO 500 nm 1 nm

2.5×10-22 m3 PS
GO 21 GO

PS TEM  
 

 
3.3 SiO2@GO  

PS

SiO2

APTS

SiO2 10 wt% APTS 1 mL
24 h 2 SiO2-NH2

GO FDTS
 

 
3.4 SiO2@GO  

PS@GO
SiO2-NH2@GO FDTS SiO2-NH2@GO-F

1 μL
47 °

140 °
SiO2-NH2@GO GO

100 nm 20 nm

6.5 nm

20 nm100 nm

50 nm

50 nm

5 PS, PS@GO SEM TEM  



 

SiO2 FDTS 139 ° GO
FDTS GO

 
 
4  
4.1 3D  

PS@GO
PEDOT-PSS PS@GO

PEDOT-PSS 1:0.1, 1:0.5, 1:1, 1:2, 1:3 (vol)  
1 cm×1 cm

10 μL
CV 8 mm O-ring

10 s 3 PS
3D 6  

 
4.2 3D SEM  

SEM 7 PEDOT-PSS
 

PEDOT-PSS  
 

5 μm 1 μm

7 PS@GO PEDOT-PSS 1:0.1 3D SEM  

6 3D  



 

4.3 3D CV  
CV

 
CV I = C 

dV/dt  C CV  dV/dt 
 I 

CV
8 CV

PEDOT-PSS PEDOT-PSS
PS@GO : PEDOT-PSS = 1

3 PEDOT-PSS CV
PEDOT-PSS 1 3

1 3 PEDOT-PSS
PEDOT-PSS

PS@GO 20 wt% 1 3 PEDOT-PSS
 

 

8 3D CV  
 
5  

JFE21
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