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The benefits of ion mobility (IM) separations generally increase as 
separation power increases. However, the highest resolution IM 
separations reported to date have been achieved in conjunction 
with significant ion losses or over a very limited mobility range, 
substantially limiting their practicality and applicability. Limitations 
are not only related to the long path lengths needed for much 
higher resolution, but also the limited size of injected ion 
populations, and the decrease in IM peak intensities due to 
diffusion and other factors. 

In this work we are developing ultrahigh resolution IM with MS 
based upon use of traveling waves (TW) in long serpentine path 
and multi-pass Structures for Lossless Ion Manipulations (SLIM).
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Long serpentine path and multi-pass SLIM designs were developed and 
appropriate potentials created pseudopotentials that confine ions between the 
surfaces in 2 to 4 torr N2 and effectively eliminate ion losses. SLIM ion switches 
were used to select ions for either multi-passes through the same long 
serpentine path (~13 m), or to shunt ions to the MS. Some SLIM designs 
incorporated compression ratio ion mobility programming (CRIMP) capabilities 
in which ion distributions could be temporally and spatially compressed. 
Separations were evaluated using standard samples and challenging mixtures.

CRIMP enables use of ~1000-fold larger ion populations

• Accumulation and trapping in a large portion of the 
separation path prior to compression

• Basis for greatly increased measurement dynamic range 
(and coverage) 

One surface of a long path (13 m) SLIM module

Signal detected at MS with number of passes (left) and arrival time (right)
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