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ABSTRACT 

Semiconductor sensors have been important environmental gas detectors since the 

1990s, and are commonly used to detect hydrogen, oxygen, alcohol vapor, and even 

harmful gases such as carbon monoxide. A gas chromatography approach is a well-proven 

and compact separation technique to identify and quantify multiple compounds in a 

complex background such as a true natural gas environment. Real time field monitoring 

implementing classical GC and standard sensors (FID, PID, etc.) have a lot of limitations 

due to its bulky size, heavy weight, and high maintenance. In this study, we developed a 

portable instrument through the utilization of novel solid-state sensors for real-time 

identification and quantification of target compounds in natural gas, which include 

hydrogen sulfide, benzene, mercaptans, ethylbenzene, toluene, xylene, vinyl chloride, and 

trimethylarsine. The initial phase of this project was devoted to the development of our 

portable device prototype, and its testing in methane background. Specific detection limits 

both in methane and in air for each of the gas components, together with the other 

specifications, were explored. The result of these first tests was the successful detection 

and quantification of our compounds of interest diluted in 99% methane. Now that the 

device has been tested in methane background, the goal of this project is to calibrate and 

test the prototype device in a true natural gas environment. 
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Calibration for Group 3 (Trimethylarsine and Vinyl Chloride) 

 Calibration cylinders of trimethylarsine and vinyl chloride were used to generate 1, 

5, and 10 ppm samples used in this experiment. The chromatograms (Figures 8 and 9) were 

obtained over one day under analysis of three different concentrations (1, 5, and 10 ppm) 

of Group 3 analytes in zero grade air by using Sensor 4 (Pt@SnO2). 

 

Figure 8 (a) Zoomed image of 1. trimethylarsine peak (1, 5 and 10 ppm) and (b) full chromatogram over 
the time period of 700 sec. 

 

Figure 9 (a) Zoomed image of 2. vinyl chloride peak (1, 5 and 10 ppm) (b) full chromatogram over the 
time period of 700 sec. 
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 The analysis of different concentrations (1, 5, and 10 ppm) of Group 3 in zero grade 

air was repeated over a span of three days. The integrated response signal for 

trimethylarsine and vinyl chloride was calculated by taking the area under the curve of the 

chromatograms over a specific time interval, and the final results are shown in Table 6. 

Table 6. Summarized result for detection of different concentration (1-10 ppm) of trimethylarsine and vinyl 

chloride in zero grade air over three days.  

Testing Day Concentration 

(ppm) 

Integrated signal  

(Trimethylarsine) 

Integrated signal 

(Vinyl Chloride) 

1 1 0.72 3.7 

1 5 3.1 8.5 

1 10 5.2 12 

2 1 0.82 3.9 

2 5 2.7 8.7 

2 10 4.7 12 

3 1 0.8 3.8 

3 5 2.7 8.6 

3 10 5.1 12 

 

 Then, the integrated response signal of Sensor 4 (Pt@SnO2) was plotted as a 

function of gas concentration. The average of the integrated signal was then calculated for 

each gas concentration of Group 3. In Figure 10, the calibration curve for trimethylarsine 

and vinyl chloride from 1 – 10 ppm is best expressed by a linear approximation. 
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Figure 10. Calibration curves for detection of (a) trimethylarsine and (b) vinyl chloride in a concentration 

range between 1-10 ppm in zero grade air. 

Testing in Natural Gas Background 

Sample Preparation Procedure 

 For testing in Natural Gas background, calibration cylinders of hydrogen sulfide, 

ethyl-mercaptan, vinyl chloride, and trimethylarsine were used for this report. Calibration 

concentrations for BTEX were obtained from liquid headspace concentrations of benzene, 

toluene, ethyl benzene and o-xylene. A natural gas standard was purchased from RESTEK, 

MESA: Lean Natural Gas, and Rich Natural Gas.  

 Analytes of interest (hydrogen sulfide, ethyl-mercaptan, tenzene, toluene, ethyl 

benzene, o-xylene, trimethylarsine, and vinyl chloride) with known concentrations were 

added to 1L of rich natural gas mixture via gas tight syringes (Hamilton 1, 2.5, 10, and 50 

mL) to obtain the requested concentrations for these analytes in natural gas mixture. The 

gas samples were mixed in 1L tedlar bags and attached to the sampling instrument using a 

Swagelok connector on the sampling system inlet port. The analyzers on the sampling 

pump were used to automatically sample the gases from the tedlar bag.  
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Testing in RESTEK Standard 

 Refer to Table 1 for the composition of RESTEK gas. The chromatogram is shown 

in Figure 11. Sensor 2 (SnO2-TiO2) has a very small response to light hydrocarbons, which 

allowed for an accurate quantification of the hydrogen sulfide and ethyl-mercaptan in 

highly concentrated hydrocarbons even if they are not completely separated in the GC 

column. 

 The RESTEK gas sample contained BTEX compounds according to the analysis, 

even though the composition provided by the vendor stated BTEX was not a part of the 

sample provided. This information regarding BTEX and the RESTEK gas sample was 

confirmed by the vendor, and was unable to provide us the exact concentrations of BTEX 

compounds present, citing them as “expected interferences.” Therefore, the concentrations 

of benzene, toluene, ethylbenzene and o-xylene in the RESTEK blend were calculated 

using the calibration curves generated for each analyte. The results are in Table 7. 

Figure 11.  Gas chromatogram of Natural Gas (RESTEK) (a) magnified image of light hydrocarbons 1. 

methane, 2. ethane, 3. propane; and (b) full chromatogram with additional peaks corresponded to 4. butane, 

5. benzene, 6. toluene, 7. water, and 8. ethylbenzene. 
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Table 7. Concentration of BTEX components in Natural gas (RESTEK). 

Gases Concentration (ppm) 

Benzene 12 

Toluene 9.8 

Ethylbenzene 5.0 

O-Xylene 0.97 

 

 Sensor 2 (SnO2-TiO2) has a very low sensitivity to hydrocarbons even at very high 

concentrations. However, Sensor 3 (Au/Pd@SnO2) responds to light hydrocarbons in the 

RESTEK Natural Gas standard. At the same, Sensor 2 (SnO2-TiO2) has a high sensitivity 

to low concentrations of hydrogen sulfide and ethyl-mercaptan (Figure 12). After 

subtracting the background signal (natural gas signal) from the gas mixture (natural gas 

plus hydrogen sulfide and ethyl-mercaptans), the area under the curve was calculated for 

both gases. The corresponding concentration of each gas was found according to the 

calibration curve (Table 8). 
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Figure 12. (a) Gas chromatogram obtained by analyzing Natural Gas (RESTEK) + hydrogen sulfide 7.5 ppm 

+ ethyl-mercaptan 7.5 ppm with an array of sensors, (b) the chromatogram obtained from a single sensor 

(sensor 2), (c) the response of the sensor 2 to Natural gas (Red) (with a major peak corresponds to 1. methane) 

and Natural gas containing 2. hydrogen sulfide (7.5 ppm) and 3. ethyl-mercaptan (7.5 ppm) (Blue), and (d) 

the response of the sensor 2 to 2. hydrogen sulfide (7.5 ppm) and 3. ethyl-mercaptan (7.5 ppm) after 

subtracting the background. 

 

Table 8. Detection of hydrogen sulfide and ethyl-mercaptan in Natural Gas. 

Gases Actual concentration 

(ppm) 

Detected concentration 

(ppm) 

Hydrogen sulfide 7.5 7.0 

Ethyl-mercaptan 7.5 6.4 
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Following the detection of Group 1 analytes (hydrogen sulfide and ethyl-

mercaptan), the procedure for sample preparation was followed and BTEX Mix. 2 was 

added to the RESTEK standard (Figure 13). Based on the measured concentrations of each 

BTEX component in the Natural Gas sample, the total error during the analysis was 

evaluated to be within +/- 10% of the actual concentrations of BTEX in the sample (Table 

7 and 9). 

 

Figure 13. Gas chromatogram of the Natural gas sample with additional concentration (Mix. 2) of BTEX 
components: 1. Benzene, 2. Toluene, 3. Ethylbenzene and 4. O-xylene 

 

Table 9. Detection of BTEX components in RESTEK Natural Gas 

Gases Actual concentration 
(ppm) 

Detected concentration 
(ppm) 

Benzene 121 113 
Toluene 124 132 

Ethylbenzene 18 19 
O-xylene 38 39 

 

Sensor 4 (Pt@SnO2) was discovered to be sensitive to high concentrations of light 

hydrocarbons (methane, propane, ethane, and butane) in Natural Gas, as well as low 
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concentrations of trimethylarsine and vinyl chloride. Following sample loading procedure, 

after the background signal (Natural Gas signal) was subtracted from gas mixture (Natural 

Gas plus trimethylarsine and vinyl chloride), the area under the curve was calculated for 

both analytes. These concentration values were detected values. Then, the corresponding 

concentrations for each gas were found according to calibration curves (Tables 10 and 11). 

These concentrations were actual values. The corresponding chromatograms can be found 

in Figure 14. 

Figure 14. (a) Zoomed image of the gas chromatogram obtained by analyzing two mixes:  Natural gas 

(Red) and Natural gas containing trimethylarsine (5 ppm) and vinyl chloride (5 ppm) (Blue) and (b) the 

major peaks detected after the background was subtracted (Red - Blue). 

Table 10. Detection of trimethylarsine and vinyl chloride in Natural gas  
 

 

Gases 

 

Actual concentration 

(ppm) 

 

Detected concentration 

(ppm) 

Trimethylarsine 5.0 3.6 

Vinyl chloride 5.0 6.8 
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Table 11. Detection of target analytes in RESTEK standard. 

A complete set of analytes of interest in RESTEK gas with detected concentrations 

and corresponding errors are shown in Table 9. 

Testing in Lean Gas (MESA) 

 The composition of the lean gas is show in Table 1. The chromatogram for this 

background mix is shown in Figure 15. 

Figure 15. Chromatograms of lean gas background. 

Gases Calculated 
Conc. 
(ppm) 

Actual 
Conc. 
(ppm) 

% error 

Hydrogen sulfide 7.5 7.0 7.5 

Ethyl-mercaptan 7.5 6.4 15 

Benzene 120 110 6.8 

Toluene 124 130 6.6 

Ethylbenzene 18 19 2.5 

O-Xylene 38 39 4.2 

Trimethylarsine 5.0 3.6 28 

Vinyl chloride 5.0 6.8 36 
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 Following the procedure for sample preparation, the target analytes of known 

concentrations were added to the background lean gas, resulting in the chromatograms 

shown in Figure 16. 

 

Figure 16. Chromatogram of the lean gas with added target compounds of known concentrations. 

 

 After subtracting the background signal (Natural Gas signal) from the gas mixture 

(Natural Gas plus analytes of interest) the area under the curve was calculated for all the 

compounds of interest. The corresponding concentrations for each gas was found according 

to their calibration curves (Table 12). 
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Table 12. Detection of target analytes in lean gas from MESA. 

Gases Integrated 

signal 

Calculated 

concentration 

(ppm) 

Actual 

concentration 

(ppm) 

error 

% 

Hydrogen sulfide 4.3 7.2 7.5 3.7 

Ethyl-mercaptan 6.7 5.7 5.0 13 

Benzene 94 136 125 8.7 

Toluene 112 105 100 4.5 

Ethyl benzene 31 16 15 3.6 

O-Xylene 36 39 40 1.3 

Trimethylarsine 12 24 10 140 

Vinyl Chloride 10 7.9 7.5 4.6 

 

Testing in Rich Gas (MESA) 

 Similar procedure was followed for testing with rich gas mixture. The composition 

of the rich gas background is shown in Table 1, and the chromatogram for this background 

mix is shown in Figure 17. Figure 18 consists of the chromatograms of rich gas background 

with added target analytes. 

 

Figure 17. Chromatograms of rich gas background. 
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Figure 18. Chromatogram of the rich gas with added target compounds of known concentrations. 

 

After subtracting the background (Natural Gas signal) from the gas mixture 

(Natural Gas plus compounds of interest) the area under the curve was calculated for all 

compounds of interest and the corresponding concentrations for each gas were found 

according to their calibration curves (Table 13). 

 

Table 13. Detection of target analytes in rich gas from MESA. 

 

 

Gases Integrated 
 signal 

Detected 

Concentration 

(ppm) 

Actual  

concentration 

(ppm) 

% error 

Hydrogen sulfide 31 62 7.5 728 

Ethyl mercaptan 32. 38 5.0 667 

Benzene 94 139 125 11 

Toluene 111 103 100 2.7 

Ethylbenzene 30 15 15 2.0 

O-Xylene 40 45 40 12 

Trimethylarsine 21 44 10 340 

Vinyl chloride 9.9 7.3 7.5 3.2 
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DISCUSSION AND CONCLUSION 

 Based on the measured concentrations of each target analyte in the RESTEK gas 

mixture, the total concentration error was evaluated to be within +/- 10% of the actual 

concentration value of most of the compounds, except for ethyl-mercaptan (14.7%), 

trimethylarsine (27.8%) and vinyl chloride (36.4%). A +/- 10% error was also achieved in 

the lean MESA standard, and the exception of trimethylarsine (140.20%) and ethyl-

mercaptan (12.89%). In the rich MESA standard, the total measurement error for benzene, 

toluene, ethylbenzene, o-xylene, and vinyl chloride remained within +/- 10%. However, 

the percent error became very high for trimethylarsine, hydrogen sulfide, and ethyl 

mercaptan. Table 14 summarizes the outcomes of this project. Substantial errors in lighter 

compounds were a result of mixing all the target components together with the rich natural 

gas background, which makes the mix unstable. Individual components can react and form 

light reaction byproducts. There are two ways to overcome this problem and reduce the 

percent error.  

One way is to introduce an additional chromatography column specifically 

targeting lighter compounds. This additional compound will improve the separation 

between the light compounds and will help to eliminate the unwanted reaction byproducts 

from the analyzed data. A second option involves applying a well-known mathematical 

technique of peak deconvolution, which will extract the informative part of the data and 

reduce error. The best results can be achieved by utilizing a complex approach that 

combines both methods.  
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Table 14. Summary of the errors in measuring each analyte for each one of the standards. 

 

Gases  Natural Gas  
RESTEK  
% error 

MESA 
Lean Gas 
%  error 

MESA 
Rich Gas 
% error 

Hydrogen 
Sulfide 7.5 

 
3.7 

 
728 

Ethyl 
Mercaptan 15 

 
13 

 
667 

Benzene 
6.8 

 
8.7 

 
11 

Toluene 
6.6 

 
4.5 

 
2.7 

Ethylbenzene 
2.5 

 
3.6 

 
2.0 

O-Xylene 
4.2 

 
1.3 

 
12 

Trimethylarsine 
28 

 
140 

 
335 

Vinyl chloride 
36 

 
4.6 

 
3.2 
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