Optimization and performance characterization of a microscale FAIMS chip coupled to an

. Orbitrap mass spectrometer
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1. Introduction In the second design iteration, the chip was moved back towards the mass (a) %
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Field-asymmetric waveform ion mobility spectrometry (FAIMS) has been shown ]
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to provide additional discrimination of ions prior to mass analysis. Macro-scale neat from the heated transfer capillary to the region upstream of the chip. The gﬁﬁm osom 121213 ! - Bz ey P
FAIMS devices have been used to “fractionate” samples after i1onisation. aim of th_ese changes yvas 0 |m|c_)rove_ desolvation prior to the_ chip (Figure 3). T 78204
Analysis of mass spectra resulting from multiple fractions has been shown to Two versions of the chip cone, with ditferent upstream bore diameters (0.8mm - | e, S

potentially increase sequence coverage [1]. Compared with macro-scale FAIMS 1.6mm), were made In order to explore the effect of upstream ion residence e TS 111 E
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systems, chip-based microscale FAIMS devices can provide significantly faster 1 ON transmission and desolvation (Figure 4).

separation and are more compatible with nanospray ionisation sources. Here
we describe the integration of a microscale FAIMS chip (Owistone Ltd,
Cambridge, UK) to Thermo Scientific™ LTQ Orbitrap™ mass spectrometer or
Thermo Scientific™ Exactive™ Orbitrap mass spectrometer.

2. RF Waveform

An important consideration was to ensure that the electrical impedance
characteristics of the interface were within the constraints required for an
effective FAIMS waveform. Microscale FAIMS chip mass spectrometer
Interfaces previously reported Iin the literature operated at 27.12MHz [2]. The
Thermo-compatable interface caused slight additional load on the RF driver
circuit, which resulted Iin reduced voltage output. Reducing frequency to
26.0MHz corrected this, allowing for a more similar waveform magnitude and
duty cycle (Figure 1).
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Figure 5. FAIMS spectra of ultramark 1621 oligomers at 295 Townsend (Td)
dispersion field (DF) with (a) the narrow and (b) the wider bore diameter
chip cone.

Transmission levels were assessed using an lon Max ESI source. Results
varied across the mass range, with relative transmission (ion abundance with
FAIMS Interface In place compared with no FAIMS) reaching 9% for m/z 609.
This was a significant improvement on performance of the first design iteration.
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- = 4. Separation performance
) '1 The potential to fractionate samples prior to mass spectral detection was
. assessed by investigating the separation of multiple charge states of insulin.
Partial separation of the 3+, 4+ and 5+ was observed (Figure 6).
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In the first design iteration, the chip was positioned close to the interface Inlet, j °"”§/ o1 |
with desolvation capabillity provided by a curtain gas (Figure 2). With nanospray, L L A -

b e e B B R B B I R IR R I I b R A R R R I R I I
0 0.5 1 1.5 2 2.5 3
Compensation Field (Td)

—igure 6. FAIMS spectra of insulin [M+3H]3* [M+4H]** and [M+5H]>*at 230 Td

Peak positions appeared to be influenced by charge, with higher charge states
naving a greater difference in mobillity in the high and low fields. A double peak
was observed for the [M+3H]3* ion, with the second peak coinciding with the
peak from the [M+4H]* species. Possible explanations may be the presence of
multiple triply charged conformations or by the loss of a proton from a subset of
[M+4H]** ions between the FAIMS chip and mass spectrometer detector. Further
Investigation will be needed to understand this behaviour. FAIMS may provide a

means of probing the interactions of different charge states in the atmospheric
The narrower bore inlet (0.8mm) produced high transmission but unusually pressure region of an electrospray source.

broad peak shapes (Figure 5a). This was attributed to uneven gas flow across
the chip. Switching to the 1.6mm upstream bore restored normal peak widths, References
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lon abundance levels were around 14% of that observed with no FAIMS for
singly protonated MRFA peptide (m/z = 524) but < 1% for singly protonated
caffeine (m/z = 195). With the ESI source, relative transmission was below 0.1%
for all masses, compared to no FAIMS, and there were signs of incomplete
desolvation.

Figure 4. CAD drawings of (a) 0.8mm and (b) 1.6mm bore diameter chip
cone

Figure 2. (a) Photo and (b) CAD drawing of first design iteration.



