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Abstract: Toxic industrial chemicals (TICs), when accidentally released into the workplace or environment, 
often form a gaseous mixture that complicates detection and mitigation measures. However, most of the 
existing gas sensors are unsuitable for detecting such mixtures. In this study, we demonstrated the 
detection and identification of gaseous mixture of TICs using a chemiresistor array of single-walled carbon 
nanotubes (SWCNTs). The array consists of three SWCNTs chemiresistors coated with different 
molecular/ionic species, achieving limit of detection (LOD) of 2.2 ppb for ammonia (NH3), 820 ppb for 
sulfur dioxide (SO2), and 2.4 ppm for ethylene oxide (EtO). By fitting the concentration-dependent sensor 
responses to an adsorption isotherm, we extracted parameters that characterize each analyte-coating 
combination, including the proportionality and equilibrium constants for adsorption. Principal component 
analysis confirmed that the sensor array detected and identified a mixture of two TIC gases: NH3/SO2, 
NH3/EtO, and SO2/EtO. Exposing the sensor array to three TIC mixtures with various EtO/SO2 ratios at a 
fixed NH3 concentration showed an excellent correlation between the sensor response and the mixtrue 
composition. Being highly sensitive and capable of analyzing both individual and mixed TICs, our gas sensor 
array has great potential for monitoring the safety and environmental effects of industrial chemical 
processes. 
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Langmuir	adsorption	isotherm	for	equation	of	sensor	response	to	analyte	gas	concentration	

 

The rescnce change (∆R/R0) to analyte allows calibration curve which can be described by a kinetic adsorption 
model between analyte (A) and available adsorption site (θ) on the carbon nanotubes as follows 
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Then, the equilibrium constant of analyte adsorption  
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The total adsorption site (θtotal) is the sum of the free site (θ) and adsorbed site (Aθ). 
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Then, [θ]total is expressed in terms of the analyte concentration [A]: 
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Assuming the resistance change of graphene is proportional to the Aθ/θtotal ratio,  
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where, a is proportionality factor, b is average background noise level, and n is Hill coefficient that represent 
cooperativity. Note that the value of b is 0 due to the normalized variation of sensor resistance. 
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The absorption spectra of SWCNT dispersions were collected (Cary 5000, Agilent Technologies) to 
approximate to concentration of the SWCNT dispersion using the absorbance at 632 nm and an extinction 
coefficient of ε632 = 0.036 (mg/L)-1 cm-1 [1]. The 2 and 5 times diluted SWCNT dispersion were measured at 
a wavelength range of 200 – 800 nm. The absorbance results of 0.29642 from 2x diluted and 0.11959 from 
5x diluted solution at 632 nm suggest that the concentration of undiluted original SWCNT dispersion is 16.5 
mg/L. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1 Coating material screening result compared to pristine SWCNTs sensor. 
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The sensor coated with EMIM exhibited the largest response to NH3, while the sensor coated with PBS 
showed the largest sensitivity to SO2. The sensor coated with Ppy demonstrated the highest response to EtO. 
Triton-X can be considered as a coating material for EtO sensing; however, it was excluded due to large 
deviation in response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2 Coating material screening result compared to pristine SWCNTs sensor. 
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The measurements of sensor response with increasing gas concentration were performed in one single 
device. Although the resistances of the baseline were fully recovered and the deviation is less than 1% 
(Table 1), small differences in baseline still exists because the baseline drift[2,3].  

 

 

 

 

	

	

	

	

	

	

	

	

 

Figure S3 Baseline of EMIM-coated sensors after NH3 exposures 
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To prove the long-term stability of our SWCNTs chemiresistor array, the array used for sensing 
the gas in Figure 3 was re-measured after 6 months. The responses of the freshly prepared sensor 
array and after 6 months of storage in ambient atmospheric conditions was compared. When the 
array sensor was exposed to 0.5 ppm of NH3, the response of Ppy-coated sensor slightly decreased 
whereas EMIM- and PBS-coated sensor showed almost similar responses after 6 months. When 
the sensor array exposed to 76.3 ppm of SO2 after 6 months, the noise level of all sensors slightly 
increased. Furthermore, the irreversible response of EMIM-coated sensor turns to reversible while 
the reversible response of PBS sensor turns to irreversible. On the other hand, when the sensor 
array exposed to 133 ppm of EtO after 6 months, improved sensor noise was obtained while 
decreased response was obtained in EMIM-coated sensor. Although slight degradation in sensor 
performance was observed after 6 months storage at ambient environment, the detection of the 
target analytes at concentrations lower than the IDLH was available. However, considering the 
sensor signal change for quantitative analysis, further study is required for the long-term stability. 

 

Figure S4. Stability of the sensor array. Sensor responses to NH3, SO2, and EtO were obtained after 6
months storage. 
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Figure S5 Sensor array responses toward three species gas mixtures.  


