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Figure S1. The customized RTA system; photographs of (a) front and (b) back sides of the 
equipment, (c) a picture inside the RTA chamber (inset shows a schematic structure). 
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Figures S1a and b show the front and the back sides of the customized RTA system 
used in this paper. The RTA parameters (i.e., gas flow rates, water flow, vacuum level of 
the chamber) are tuned by various switches on the front panel, and the gases and water 
are fed into the chamber through the lines indicated by arrows. Here, two gas lines were 
connected to argon (for RTA) and N2 (for venting), respectively. Figure S1c shows a pic-
ture inside the RTA chamber. The temperature of the chamber can rise rapidly via optical 
heating method using 1R lamp. 

 
 
Figure S2. TEM image of the RTA-generated defected SWCNTs. 

 
Figure S2 shows the defected SWCNTs which was RTA-treated at 500 °C. The size of de-
fects in sp2 carbon lattice (yellow arrows) is less than 2 nm. Because graphene has the same 
sp2 lattice with SWCNTs’, the same RTA effect (i.e., generating lattice defects) is expected 
for graphene. 
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Figure S3. The customized gas sensing measurement system; (a) a photograph of the system, (b) a 
schematic image of the system, pictures (c) inside the gas chamber and (d) of the gas chamber dur-
ing measurement. 

Figures S3a and b show a photograph and a schematic image of the customized gas 
sensing measurement system used in this paper. All the parameters (i.e., gas flow rate, 
bias voltage, temperature) were controlled and monitored using the labtop computer. Fig-
ure S3c shows inside the gas chamber in which a device is connected. During the meas-
urement, the sensor was heated or UV-irradiated for fast recovery (Figure S3d). 

 
Figure S4. Comparison of response times of the defected graphene-based NO2 sensors (each figure 
shows the typical response curve of the NO2 sensor prepared with RTA-treated graphene); (a) 
pristine graphene, (b) 300 °C-, (c) 500 °C-, and (d) 700 °C RTA graphenes. 
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