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Fig. S1 AFM images of (a) GO, (b) PEI-0.02-RGO, (c) PEI-1-RGO and (d) 

PEI-3-RGO. 
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The single layer GO was produced from graphite oxide via 30 min sonication at room 

temperature. The successful exfoliation of GO was confirmed by atomic force 

microscopy (AFM). As shown in Fig. S1(a), single layer GO is obtained with the 

thickness of about 1 nm and the size distribution of the sheets is wide. This is 

consistent with the previous work.
1 

This wide size distribution is expected to increase 

the gas barrier properties of the film.
2
 However, the thickness of the PEI-0.02-RGO is 

around 0.82 nm, suggesting the successful removal of the oxygen containing groups 

from the GO sheets, similar to previous reports.
3,4

 On the other hand, the AFM images 

of PEI-1-RGO and PEI-3-RGO exhibit the thickness of around 2.0 and 3.6 nm, 

respectively, demonstrating the introduction of PEI onto the RGO sheets, which is a 

good agreement with previous work.
5
  

The electrical conductivities of the specimens are of great importance to evaluate how 

the π conjugated system is restored within the RGO sheets. The conductivities of the 

resultant RGO as well as pristine GO were measured to elucidate the reduction of GO 

to RGO and the attachment of PEI onto the surface of RGO. As we can see in Table 

S1, the original GO is an insulator (0.002 Sm
-1

). When a small PEI:GO ratio 

(PEI-0.02-RGO) is employed, the conductivity of the resultant RGO is greatly 

improved to 492 S m
-1

. This value even outperforms than that of the hydrazine 

reduced equivalent.
1
 However, when the PEI content is continuously increased, the 

electrical conductivities of the resultant RGO are dramatically decreased. This is due 

to the nonconductive PEI chemically attached to the surface of the RGO, forming PEI 
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surface modified RGO. As to PEI-5-RGO, the powder obtained by mortar and pestle, 

however, cannot be made into a pellet so we cannot perform the conductivity 

measurement with the four-probe method. Note that when more PEI is used 

(PEI-3-RGO), the conductivity of the resultant PEI-RGO is 0.783 S m
-1

, 2 orders of 

magnitude higher than that of pristine GO, showing the reduction of GO. However, in 

comparison to the value of the RGO with low PEI content, the decrease of 

conductivity illuminates the successful introduction of PEI onto the RGO surface. 

This tunable electrical conductivity endows the PEI-RGO with potential applications 

for electronics among other things. For our purposes, we would like to assemble the 

PEI-RGO sheets into a layered thin film for improved barrier property where the PEI 

acts as the polymer matrix. 

 

Table S1. Electrical conductivities of the neat GO and RGO 

Reducing agent Sample name 
Electrical 

conductivity S m
-1

 
Reference 

PEI PEI-0.02-RGO 492 Present study 

PEI PEI-0.25-RGO 125 Present study 

PEI PEI-0.5-RGO 28 Present study 

PEI PEI-1-RGO 0.783 Present study 

PEI PEI-3-RGO 0.159 Present study 

------ GO 0.002 Present study 

Hydrazine ------ 200 1 

NaBH4 ------ 45 6 

L-ascorbic acid ------ 800 7 

p-phenylene diamine ------ 210 8 

Tea ------ 53 9 

Yeast ------ 43 10 
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Table S2. Atomic concentrations of GO and PEI-1-RGO. 

Sample  Carbon 

(at%) 

Oxygen 

(at%) 

Nitrogen 

(at%)  

C/O ratio 

GO 67.3 32.7 0.0 2.1 

PEI-1-RGO 77.8 13.9 8.3 5.6 

 

 

Fig. S2 Mechanisms of reduction and surface modification of GO to PEI-RGO. 
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