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Increase analytical space
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Ec- Ep Zntl kerelates property of
W = — Z Kn (W) waveform moments <f, >
Tl and alpha coefficents a,
Ky = —ay{f3) Ky = (ax(fs) - Brraq(fz)) Ky

Truncatingtoonlyn=1
and n =2 terms (o, & a,)....

E. < Ep°

Take advantage of high effective ion
temperature (T, ...

Terr = T + {.M.Ky*.No*(Ep/N)?/(Bkp)
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ChallengE Eéf '

= Fabrication of High V asymmetric waveform
drivers in a small form factor is challenging

= To relax the demand on the electronic drivers
we want to narrow the gap size (g) (so higher
fields may be generated with lower drive

voltages)
— at 35 um, V =270V yields E, =
80kV.cm(320Td at 1atm)

— at 250 um V= 2000V is required

= However -

— A narrow gap requires high flow to
support ion transmission (and sensitive

detection)

— But this leads to peak broadening

— Cannot therefore rely on a separation

single gap

Peak V vs gap size (g) required to
yield peak field of 75kV.cm-!
(=320Td @ 1atm)
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f=27.1MHz  Time (ns) DCy ~ 30% Filter Gap Width (g) (microns) 5
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Performance Parameters -
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Narrow gaps have been used to push the

, o , Resolution
operational field limits in DMS / FAIMS but with
, 1/2
penalties... R — Ec  EcKoNg Lres
W1/2 4N DH lnz
* Jon channels must be kept short to sustain o
acceptable ion transmission (sensitivity) Iransmission
* Fast ion separation time is achieved t,,. ~ 35us | - _ 4 P (_tre 5" n?. D 11 )
. . . —_ I g .
(allowing very fast E:E, scanning) but peaks are I, (in), Jerf 2

broadened by the t, . term in the equation
defining peak capacity
Effective gap width

* Also, the D, leads to significant transmission loss
at high fields (esp. for smaller, high K, analytes) Jerr = 9 — (K0y- Emin-t)

* Consequence is moderate resolution & reduced
data rate (necessary to sample ion current on a Anisotropic dif fusion
timescale >> t

res) 2 2
* Conclusion is separation device is not fully Dy =D|1A — g k TO g
b

optimal
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Transmission
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Anisotropic diffusion

300

50 100 150 200 250 300
Dispersion Field (Td)




~

Comparlng planar gaps IT vs Gap width

at constant ﬂow

(const. ,es)

* Narrow gap hits transmission

e High flow (short residence
time) hits resolution (peak
width)

" Atg.=35um and flow =
375cm>.min*, w,,, ~ 0.3Td (at
latm)and T~ 7%

ITvs W, ati

variable f/ow
=  This puts us close to the bottom (variable ’6’5)
end of the W, , curve which is

good, but the ion transmission
here is rather poor - there is

sensitivity penalty for resolution

) (D”lnz

Transmission at 150 Td (%)
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Clear Solution = = — DN (perone
Wider Gaps Gap width (g) 35 vs.100pm
. Length (I 300 vs. 700
= Higher flow ength (1 vs. AELHmM
2
= Greater ion transmission AT ) 15 vs. 20mm
without resolution penalty DF range (E,/N) 350Td vs. 320Td
Res. time (t,) ~40usvs. ~120us

Longer channel

" |ncreased residence time Narrow gap Wide gap

= Narrower peak without
transmission penalty

But...

= Need much higher voltage
field drivers....

AD @OPT2
- .- 1
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Coefficient

550V on 75um gap = 78kV.cm™ (> 320Td at 1 atm)

Laam-S-ug gq
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<f,> nearer “optimums” for 2-harmonic

waveform and stable at high drive voltages PO i e
(Shvartsburg 2009) Peak Waveform Voltage (V)
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New Generation For K;=1.5cm2.V-L.s For K,=1.5cm2V-1st
Previous Generatig At 150Td \ ]
Constant flow : 5

(400cm3min1)
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Previous Generation

010 | 015 | 110 | 115 | zjo s New Generation
Compensation Field (Td) |

Peak width reduced by factor ~ 2 (and
better at reduced flow)
Transmission increased by factor > 10 at N Forko=1.5em™V.s™ |
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Peak width (Td)

very high fields
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What to dQ=Wit|1= _|

Ultimately we wish to explore the high
field region more rigorously

= [ffective lon Temperature (T) o< (Ep/ N)?2

=  High field ion chemistry in both small and
large molecules is of interest

= |nsmall molecules (e.g. VOC sensing
applications) the ion transmission
spectrum holds valuable analyte

classification information — ions fragment
at high field

3

DispersionField (Td)

102 10 1 041

(3) Fix Field

Response Integrated

ion current
(A.U.)

loncurrent (A.U.)

= For large molecules (in MS-hyphenated
solutions) it is possible to exploit other T,
dependent processes (e.g. ion
conformational changes) to promote MS-
prefiltering
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