
   

Introduction 

 
      There has been considerable effort in the miniaturization of the both the GC column and mass spectrum analyzer (MS) 

to achieve a low power and portable system. Since the pioneering work by Terry [1] and advances made at Sandia National 

Laboratories, where they integrated a micro column made by micro-electro-mechanical system (MEMS) process with a 

high aspect ratio and integrated heaters, in place of traditional fused silica capillary tube and oven heating [2].  

 

      A low power GC column with integrated heater and temperature sensor has been fabricated for use with ion trap mass 

spectrometry, making a portable, low-power GC-MS system [3]. In order to achieve low power operation the GC column 

was mounted inside the vacuum chamber of an ion-trap mass spectrometer. This approach provides much lower power 

consumption than a laboratory instrument.  
 

GC column Coating 

 
      OV-1 and OV-215 stationary phase were obtained from Ohio Valley Chemical Company (Marietta, OH) and coated 

inside the MEMS column using static method. Static coating of the stationary phase in the microfabricated column was 

carried out by injection using a solvent and extraction at reduced pressure to improve resolution. This paper reports the 

results of different stationary phases investigated to separate mixtures of volatile organic compounds, specifically OV-1 

and OV-215. The properties of the stationary phases where characterized using a novel probe mixture for microcolumn 

evaluation and five McReynolds probes to identify the Kovats indices and the polarity of the column. The dependence of 

polarity on the coating technique and temperature of the column during analysis was also investigated. Results are 

presented with an FID using helium carrier gas in a commercial Agilent 6890 GC. 

 

Method 

 
      The MEMS column is separately flushed with methanol and propan-2-ol at a rate of 0.05ml/min before coating. The 

column can then be flushed with a mixture of 3% vinyltrimethoxysilane in dichloromethane at the same rate in order to 

form a monolayer for stationary phase adhesion. The column is then finally coated using a 1:1 mixture of dichloromethane 

and n-pentane at a rate of 0.05 ml/min containing the stationary phase of interest and 1% by weight dicumyl peroxide as a 

crosslinking agent. The columns are evacuated at 5 psi absolute and then crosslinked at 180°C for 4 hours. The columns 

are tested at both 40°C and 100°C isothermally and compared with an octyl column in place of a squalene column by 

finding the Kovats indices for each of the five McReynolds probes: Benzene, Butan-1-ol, 1-nitropropane, Penta-2-one, and 

Pyridine. The Kovats index is given by (1) where t’ is the adjusted retention time and n and N refer to the smaller and 

larger of the n-alkanes that are adjacent to the compound of interest.  

 

Results and Conclusions 

 
      Tables 1 and 2 list the McReynolds probes Kovats indices relative to an octyl column at 40°C and 100°C respectively. 

As was expected, the column with OV-215, a poly(3,3,3-trifluoropropylmethylsiloxane) based stationary phase, measured 

significantly more polar than the OV-1 column, which is based upon polydimethylsiloxane. Both stationary phases were 

made more polar with the addition of a vinyl pretreatment. In addition, the vinyl pretreatment added greater temperature 

dependence to polarity measurements. For comparison, 6m pieces of Rxi-1ms and Rtx-200 as well as a 6m piece of 

Stabilwax were similarly tested and the results are listed in Tables 3 and 4. The OV-1 coated column agrees with the 

commercial Rxi-1ms equivalent. However there is some disagreement between the OV-215 coated column and the Rtx-

200 commercial equivalent perhaps due to other pretreatments or variations in the coating process. Regardless, both the 

OV-215 and Rtx-200 columns are in the semipolar region in contrast to polar columns as can be seen by the large difference 

compared to Stabilwax columns.  
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