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» Monomer plus two times dimer for 1 ppbv acetone in purified air

» As shown in [5], 10% of sample molecules are ionized and injected 
per second, requiring high sample gas inlet flows to replenish them

» Laminar flow design only helps for low sample gas inlet flows, at high 
inlet flows the whole reaction region is swept for any flow ratio 
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The gas flow transporting the sample molecules into and through the 
reaction region of an ion mobility spectrometer (IMS) has a profound 
influence on its response, determining both sensitivity and response 
time. In the past, several key improvements relating to the sample gas 
flow have been reported, for example the use of a drift gas counter-
flow by Baim et al. [1], on-axis sample introduction by St. Louis et al. 
[2] or side-flow sample introduction by Lee et al. [3].

Here, we aim to optimize the sample gas flow inside an IMS equipped 
with an extended field switching shutter [4]. By introducing a laminar 
flow curtain orthogonal to the drift direction through the small field-
free reaction region, a significant increase in sensitivity and decrease in 
response time could be achieved for this already extremely sensitive 
IMS, pushing limits of detection into the sub-pptv-range [5].

Abstract

» Radioactive tritium source replaced by orthogonally mounted, non-
radioactive X-Ray and UV (not visible in picture) ionization sources 

» Extended field switching shutter with a second grid, improving 
shielding of the reaction region and thus sensitivity [4]

» Dedicated sample gas inlet and outlet creating a laminar gas flow 
through the reaction region, improving sensitivity and speed [5]

Original vs. improved ion source design

Continuous sample introduction sensitivity

Acknowledgements & References

Peak from pulsed sample introduction

» Calculated from calibration curves and 3σ noise for 1s averaging

» Lowest actually measured concentration is 50 pptv

Limits of detection

» 1 ppbv acetone injected from a six-port valve with 200 µl loop

» Again, higher sample gas inlet flows increase sensitivity

» However, guiding the sample gas flow is highly important now

» Even at a ratio of four, thus theoretically diluting the sample by a 
factor of four, sensitivity still improves due to sharper GC peaks

Pulsed sample introduction sensitivity

» 1 ppbv acetone injected from a 
six-port valve with 200 µl loop

» Sample inlet flow: 50 mls/min

» Sample outlet flow: 50 mls/min
(Limited by flow controller)

» Measured FWHM: 630 ms

» Higher sample gas outlet flow 
would reduce this further

» Remaining tailing likely due to 
lack of inactivated surfaces and 
operation at 45°C 
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