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PULSED FLOW MODULATION – A NOVEL CONCEPT FOR COMPREHENSIVE GCxGC
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Comprehensive two-dimensional gas chromatography (GCxGC) was pioneered by Liu and Phillips in order to improve the GC separation. The basic idea of GCxGC is that the full sample is first separated according to its volatility (boiling point) on a non-polar standard column and then, in repeated cycles (hence comprehensive as opposed to heart cut GC-GC), the eluting compounds are focused (usually cryo focused) in space and are pulsed injected into a second short polar column for their second dimension separation according to the sample compound polarity. However, GCxGC suffers from major limitations of high cost of purchase and particularly high cost of maintenance and significant inconvenience in the form of requiring 3 CO2 cylinders/day or one large cylinder of liquid nitrogen every other day.      

We made a major breakthrough via the invention and development of a novel method and device named pulsed flow modulation (PFM) for GCxGC and GCxGC-MS. The sample compounds elute from the first column into a storage transfer line (typically 50 cm 0.53 mm ID deactivated fused silica capillary) through a first Y connector. The storage transfer line is connected to the second GCxGC analytical column via a second Y connector. The two Y connectors are respectively further connected via gas transfer lines to a three-way solenoid valve which controls the direction of helium flow. At a given time after the storage transfer line is almost full (about 4 s), a pulse of about 0.3 seconds of 25 ml/min helium is directed by the solenoid valve into the first Y connector, and the previously eluted sample compounds are quickly flushed into the second analytical column while temporarily stopping the first analytical column flow. After this short gas flow pulse, the three-way solenoid valve changes its direction for about 4 s, the flow in the first gas transfer line stops while the flow in the second gas transfer line commences at a lower flow rate such as 20 ml/min, since the second transfer line has a higher flow impedance. This lower flow rate enables the elution and analysis of sample compounds in the second GCxGC analytical column, while the sample which elutes from the first analytical column, is stored in the storage transfer line. The main feature of the pulsed flow modulation is that the short, high flow rate pulse, which flushes the sample from the storage transfer line into the second analytical column, also simultaneously stops the elution of sample compounds from the first analytical column. 

Pulsed flow modulation provides all the standard advantages of thermal modulation GCxGC including enhanced GC separation, improved sensitivity, sample polarity information and reduced matrix interference noise (in GC-MS). In addition to these standard features of GCxGC, PFM is, by far, the simplest and lowest cost GCxGC modulator, and by far, the lowest cost to maintain GCxGC modulator. No added gas is required for cooling and the limited 20 ml/min helium flow rate is provided by reducing it from the detector make up gas flow rate. In addition, PFM is easy to work with, has no GC oven temperature limitations and it facilitates the control of the GCxGC injection time, hence enables GCxGC-MS analysis with standard quadrupole GC-MS, particularly with supersonic molecular beams. Furthermore, PFM has a built-in backflush capability for much faster GCxGC analyses and it also can serve to speed up the analyses via it separation of co eluting pairs (Low cost performance booster). The PFM concept will be explained and several applications such as oxygenates in gasoline analysis will be demonstrated at the poster.  


