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Optimize Analysis of Polar and Coeluting 
VOCs in Whole Air Canister Samples 

Using an Rtx-VMS GC Column
By Jason S. Herrington, Ph.D.

Laboratories that analyze volatile organic compounds (VOCs) in whole air canister samples often follow U.S. Environmental Protection 
Agency (EPA) Compendium Method TO-15 [1]. Many analysts using this method are under the incorrect impression that they must use a 
60 m x 0.32 mm x 1.00 µm 1-type column. However, potential and current end users need to know that Method TO-15 is only a guidance 
document for a performance-based method. Therefore, there is considerable flexibility in GC column selection both in terms of station-
ary phase and column dimensions. In regards to chromatographic column selection, section 7.2.2.2 of Method TO-15 states: “100% methyl 
silicone or 5% phenyl, 95% methyl silicone fused silica capillary columns of 0.25- to 0.53-mm I.D. of varying lengths are recommended for 
separation of many of the possible subsets of target compounds involving nonpolar compounds. However, considering the diversity of the 
target list, the choice is left to the operator subject to the performance standards given in Section 11.”

This flexibility provides a critical opportunity for optimization because target analyte lists vary among laboratories. Method TO-15 is appli-
cable to a subset of 97 VOCs from the list of 189 hazardous air pollutants (HAPs) included in Title III of the Clean Air Act Amendments. 
Most laboratories are analyzing a standard suite of ~65 VOCs, and some researchers include an additional dozen compounds, but only a few 
laboratories are analyzing all 97 components. Because labs vary in their target compound lists and because the method allows any column 
meeting the following performance criteria to be used, Restek has tested a number of GC columns and evaluated their suitability for analyz-
ing VOCs in whole air canister samples. Method TO-15 criteria are blanks with less than 0.2 ppbv of targeted VOCs; calibrations with 
percent relative standard deviation (%RSD) for the relative response factor (RRF) of 30%; method detection limits (MDLs) of ≤0.5 ppbv; 
replicate precisions within 25%; and audit accuracies within 30% for concentrations normally expected in contaminated ambient air (0.5 to 
25 ppbv).

Initial work demonstrated that a significant time savings could be realized by using a 30 m column instead of a 60 m column. GC analysis 
times of less than 20 minutes were achieved and all method criteria were met using an Rxi-5Sil MS column in a 30 m x 0.32 mm x 1.00 µm 
configuration [2]. In more recent work, Restek successfully used 1-, 5-, 624-, and VMS-type phases in 30 m column formats for the 65 most 
commonly analyzed whole air VOCs [3]. All of the phases worked well, with each column having advantages and disadvantages. However, 
the Rtx-VMS column (30 m x 0.32 mm x 1.80 µm, cat.# 19919) stood out as being the best overall column for VOCs in whole air canis-
ter samples due to its excellent chromatographic performance for difficult polar VOCs, as well as its fast total analysis time (Figure 1). This 
conclusion is not unexpected because the Rtx-VMS column is the only column on the market that was developed specifically for the anal-
ysis of volatile compounds via mass spectrometry (VMS = Volatile Mass Spec). The fit-for-purpose phase chemistry and dimensions of 
the Rtx-VMS column mean that all the target VOCs were distributed evenly across the GC run, with no critical coelutions (Figure 1). It is 
important to note that this was accomplished with a very simple GC program utilizing close to speed optimized flows (SOFs) and optimal 
heating rates (OHRs) up to 150 °C (for further discussion, see Restek’s blog on SOF and OHR). Although this can be achieved with the other 
column phases, it requires more creative GC programs and fine-tuning. 
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Figure 1: Developed specifically for MS analysis of volatile compounds, Restek’s Rtx-VMS column provides the best overall 

separation of VOCs in whole air canister samples in a fast 13.5-minute analysis time.
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  Peaks tR (min)
 1. Propylene 1.42
 2. Dichlorodifluoromethane (CFC-12) 1.46
 3. 1,2-Dichlorotetrafluoroethane (CFC-114) 1.60
 4. Chloromethane 1.63
 5. Vinyl chloride 1.72
 6. 1,3-Butadiene 1.75
 7. Bromomethane 2.01
 8. Chloroethane 2.13
 9. Trichlorofluoromethane (CFC-11) 2.26
 10. 1,1-Dichloroethene 2.67
 11. Carbon disulfide 2.68
 12. Ethanol 2.70
 13. 1,1,2-Trichlorotrifluoroethane (CFC-113) 2.72
 14. Acrolein 2.96
 15. Isopropyl alcohol 3.14
 16. Methylene chloride 3.14
 17. Acetone 3.19
 18. trans-1,2-Dichloroethene 3.26
 19. Hexane 3.33
 20. Methyl tert-butyl ether (MTBE) 3.37
 21. Acetonitrile (contaminant) 3.57
 22. 1,1-Dichloroethane 3.75
 23. Vinyl acetate 3.97
 24. cis-1,2-Dichloroethene 4.18
 25. Cyclohexane 4.33
 26. Bromochloromethane (IS) 4.34
 27. Chloroform 4.40
 28. Carbon tetrachloride 4.50
 29. Ethyl acetate 4.52
 30. Tetrahydrofuran 4.53
 31. 1,1,1-Trichloroethane 4.56
 32. 2-Butanone (MEK) 4.66
 33. Heptane 4.84
 34. Benzene 4.87
 35. 1,2-Dichloroethane 5.04
 36. Trichloroethylene 5.36
 37. 1,4-Difluorobenzene (IS) 5.40
 38. 1,2-Dichloropropane 5.83
 39. Bromodichloromethane 5.89
 40. Methyl methacrylate 6.05
 41. 1,4-Dioxane 6.11

Column Rtx-VMS, 30 m, 0.32 mm ID, 1.80 µm (cat.# 19919)
Standard/Sample TO-15 65 component mix (cat.# 34436)
 TO-14A internal standard/tuning mix (cat.# 34408)
Diluent: Nitrogen
Conc.: 10.0 ppbv 200 cc injection
Injection Direct
Oven
Oven Temp.: 32 °C (hold 1 min) to 150 °C at 11 °C/min (hold 0 min) to 

230 °C at 33 °C/min (hold 0 min)
Carrier Gas He, constant flow
Flow Rate: 2.0 mL/min
Linear Velocity: 51 cm/sec @ 32 °C
Detector MS
Mode: Scan
Scan Program: 
  Group Start Time Scan Range Scan Rate
   (min) (amu) (scans/sec)
  1 0 35-250 3.32
  
Transfer Line Temp.: 230 °C
Analyzer Type: Quadrupole
Source Temp.: 230 °C

Quad Temp.: 150 °C
Electron Energy: 69.9 eV
Solvent Delay Time: 1.0 min
Tune Type: BFB
Ionization Mode: EI
Preconcentrator Nutech 8900DS
Trap 1 Settings 
Type/Sorbent : Glass beads
Cooling temp: -155 °C
Preheat temp: 5 °C
Preheat time: 0 sec
Desorb temp: 20 °C
Desorb flow: 5 mL/min
Desorb time: 360 sec
Bakeout temp: 200 °C
Flush flow: 120 mL/min
Flush time: 60 sec
Sweep flow: 120 mL/min
Sweep time: 60 sec

Peaks tR (min)
 42. cis-1,3-Dichloropropene 6.48
 43. Toluene 6.70
 44. Tetrachloroethene 7.07
 45. 4-Methyl-2-pentanone (MIBK) 7.10
 46. trans-1,3-Dichloropropene 7.13
 47. 1,1,2-Trichloroethane 7.29
 48. Dibromochloromethane 7.46
 49. 1,2-Dibromoethane 7.70
 50. 2-Hexanone (MBK) 7.98
 51. Chlorobenzene-d5 (IS) 8.25
 52. Chlorobenzene 8.27
 53. Ethylbenzene 8.31
 54. m-Xylene 8.48
 55. p-Xylene 8.48
 56. o-Xylene 8.96
 57. Styrene 9.02
 58. Bromoform 9.03
 59. 4-Bromofluorobenzene* 9.65
 60. 1,1,2,2-Tetrachloroethane 9.92
 61. 4-Ethyltoluene 9.96
 62. 1,3,5-Trimethylbenzene 10.08
 63. 1,2,4-Trimethylbenzene 10.55
 64. 1,3-Dichlorobenzene 10.92
 65. 1,4-Dichlorobenzene 11.04
 66. Benzyl chloride 11.37
 67. 1,2-Dichlorobenzene 11.57
 68. Hexachlorobutadiene 13.14
 69. 1,2,4-Trichlorobenzene 13.15
 70. Naphthalene 13.42

*Tuning standard

Trap 2 Settings 
Type/Sorbent: Tenax
Cooling temp: -35 °C
Desorb temp: 190 °C
Desorb time: 30 sec
Bakeout temp: 200 °C
Bakeout time: 10 sec
Cryofocuser 
Cooling temp: -160 °C
Inject time: 140 sec
Internal Standard 
Purge flow: 100 mL/min
Purge time: 6 sec
Vol.: 20 mL
ISTD flow: 100 mL/min
Standard 
Size: 200 mL
Purge flow: 100 mL/min
Purge time: 6 sec
Sample flow: 100 mL/min
Instrument HP6890 GC & 5973 MSD
Acknowledgement Nutech
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In addition, as shown in Figure 2, the midpolarity and unique selectivity of the Rtx-VMS column results in polar VOCs in whole air canister 
samples (especially ethanol and isopropyl alcohol) having drastically better peak shape (i.e., no hint of tailing) relative to the other column 
phase types. Highly symmetrical peak shapes mean integrations are easier and more reliable, which contributes to better accuracy and 
precision.

Figure 2: More accurate results can be obtained for polar VOCs in whole air canister samples (e.g., ethanol) due to the 

symmetrical peak shapes that are generated using an Rtx-VMS column.
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  Peaks tR (min) Ion 1 Ion 2  Ion 3
 1. Ethanol 2.689 45.0 46.0 43.0

Column  Rtx®-VMS, 30 m, 0.25 mm ID, 1.40 μm (cat.# 19915)
Sample  75 Comp TO15 + NJ mix (cat.# 34396)
  TO-14A internal standard/tuning mix (cat.# 34408)
Diluent:  Nitrogen
Conc.:  10.0 ppbv 250 mL injection
Injection  Direct
Oven
Oven Temp.:  32.0 °C (hold 5 min) to 150 °C at 8 °C/min to 230 °C at 33 °C/min
Carrier Gas  He, constant fl ow
Flow Rate:  2.0 mL/min
Linear Velocity:  51 cm/sec @ 32 °C
Detector  MS
Mode:  Scan
Scan Program:          Start Time    Scan Range Scan Rate 
  Group     (min) (amu) (scans/sec)
        1      0 35-250 3.32
Transfer Line 
   Temp.:  230 °C
Analyzer Type:  Quadrupole
Source Type:  Extractor
Extractor Lens:   6 mm ID
Source Temp.:  230 °C
Quad Temp.:  150 °C
Electron Energy:  70 eV
Tune Type:  BFB
Ionization Mode:  EI
Preconcentrator  Markes CIA Advantage
Instrument  Agilent 7890B GC & 5977A MSD
Acknowledgement  Markes International
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Lastly, while many coeluting VOCs in whole air canister samples can be determined by mass spectrometry, compounds with shared ions—
such as butane and 1,3-butadiene—cannot be accurately quantified by mass spectrometry unless they are chromatographically separated. 
Butane and 1,3-butadiene do not coelute on the Rtx-VMS column; however, they often coelute on other phases, which can result in labora-
tories reporting artificially high concentrations. Since no critical coelutions were found on the Rtx-VMS column for the 65 VOCs that were 
evaluated, the Rtx-VMS column is recommended as the best choice when chromatographic separation is essential.

In conclusion, laboratories analyzing VOCs in whole air canister samples using Method TO-15 should be aware that the method is perfor-
mance based. This provides flexibility to labs that wish to shorten analysis times by moving from a 60 m column to a 30 m column. While 
excellent results can be obtained on a wide variety of 30 m columns—including Rxi-1ms, Rxi-5ms, Rxi-5Sil MS, and Rxi-624Sil MS 
columns—the Rtx-VMS column offers the best overall performance and is particularly recommended when polar or coeluting VOCs are 
included in the list of target analytes. The highly symmetrical peak shapes and lack of critical coelutions will improve calibrations, MDLs, 
and replicate precisions.
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Figure 3: More accurate results can be obtained on an Rtx-VMS column because it chromatographically separates 

coeluting VOCs that cannot be determined by MS alone.
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  Peaks tR (min) Ion 1 Ion 2  Ion 3
 1. n-Butane 1.461 43.0 41.0 39.0
 2. 1,3-Butadiene 1.521 39.0 54.0 53.0

Column  Rtx®-VMS, 30 m, 0.25 mm ID, 1.40 μm (cat.# 19915)
Sample  75 Comp TO15 + NJ mix (cat.# 34396)
  TO-14A internal standard/tuning mix (cat.# 34408)
Diluent:  Nitrogen
Conc.:  10.0 ppbv 250 mL injection
Injection  Direct
Oven
Oven Temp.:  32.0 °C (hold 5 min) to 150 °C at 8 °C/min to 230 °C at 33 °C/min
Carrier Gas  He, constant fl ow
Flow Rate:  2.0 mL/min
Linear Velocity:  51 cm/sec @ 32 °C
Detector  MS
Mode:  Scan
Scan Program:          Start Time    Scan Range Scan Rate 
  Group     (min) (amu) (scans/sec)
        1      0 35-250 3.32
Transfer Line 
   Temp.:  230 °C
Analyzer Type:  Quadrupole
Source Type:  Extractor
Extractor Lens:   6 mm ID
Source Temp.:  230 °C
Quad Temp.:  150 °C
Electron Energy:  70 eV
Tune Type:  BFB
Ionization Mode:  EI
Preconcentrator  Markes CIA Advantage
Instrument  Agilent 7890B GC & 5977A MSD
Acknowledgement  Markes International
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