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PULSED FLOW MODULATION – A NOVEL CONCEPT FOR COMPREHENSIVE GCxGC AND GCxGC-MS WITH SUPERSONIC MOLECULAR BEAMS
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School of Chemistry, Tel Aviv University, Tel Aviv 69978, Israel, e-mail: amirav@tau.ac.il
Comprehensive two dimensional GCxGC significantly improves the separation power of gas chromatography. However, it suffers from major limitations of high cost of purchase and significant inconvenience and high cost of maintenance in the form of three CO2 cylinders per day or a large liquid nitrogen tank every other day. In addition, GCxGC-MS is limited to time of flight MS due to the need of fast scan speed for its narrow peaks. 

A few months ago we made a major breakthrough via the invention and preliminary development of a novel method and device named pulsed flow modulation (PFM) for GCxGC and GCxGC-MS. The main idea behind PFM GCxGC is that by properly tuning flow directions and rates one can convert the continuous GC output gas flow from the first analytical column into discrete gas pulses for their pulsed injection into the second analytical column. Our pulsed flow modulation cost of goods is below $200 and in contrast to thermal modulators it does not require any added gas since its limited flow rate replaces the FID or MS make up gas flow rate. Thus, it is by far the lowest cost and easiest to use GCxGC modulation technique although with a minor sacrifice in the second column resolution.     

Flow modulation GCxGC was applied to GCxGC-MS with Supersonic Molecular Beams (SMB). The first column flow rate was diverted into a storage sampling loop and than washed out by 20 ml/min flow to the second GCxGC column, hence compressing the injection time by the flow rate ratio of second to first column. An important advantage of flow modulation is its ability to tune the second column injection band width with the second column flow rate. As a result, one can choose ~0.3 sec second column injection band width that enables (with a minor traded second GC column separation) the use of quadrupole mass analyzer with its limited scan speed such as 10 Hz for 250 amu mass range. 

Supersonic GC-MS is based on the ionization of vibrationally cold molecules (Cold EI) in the SMB. As a result, the molecular ion abundance is enhanced, it is practically always observed, unique isotope abundance information is obtained and isomer and structural information are significantly amplified. Furthermore, the cold EI ion source response time is below one milliseconds and no peak tailing is observed even for low volatility compounds. In contrast, GC-TOF-MS requires about 70ºC hotter ion source to eliminate ion source tailing for x10 time shorter peaks hence it provides very weak or no molecular ion for many important classes of compounds. The Supersonic GC-MS can accept column flow rate up to 90 ml/min splitless, without affecting the sensitivity, and thus is fully compatible with flow modulation GCxGC. Consequently, GCxGC-MS with Supersonic molecular beam is the ideal platform for GCxGC-MS analyses through the provision of improved GCxGC separation combined with ultimate amount of mass spectral information. The presentation will describe the PFM, its features and advantages, with an emphasis on its combination with our Supersonic GC-MS and its applications for diesel fuel and pesticides in agricultural matrices analysis.

Capillary GC columns were invented by Golay in 1958. However, it was only the invention of Vespel coated fused silica column by Ray Dandeneou that made it practical and thus brought the first major GC revolution and replaced packed columns. PFM can similarly bring a second GCxGC and GCxGC-MS revolution by making it practical.    



