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Introduction

lon mobility spectrometers (IMS) are typically used
for fast and sensitive detection of substances in the
gas phase. IMS offer detection limits in the low ppt,
range with measurement times of less than one
second. The measurement principle is based on the
separation of different ion species according to their
ion-specific mobility in a neutral drift gas under the
influence of an electric field. [1]

Nowadays, IMS are well established in different
analytical applications, e.g., in safety and security
such as the detection of chemical warfare agents
[2,3], explosives [4,5] or drugs of abuse [6]. Espe-
cially in food quality monitoring and food analysis ion
mobility spectrometry is becoming increasingly im-
portant [7—10]. Furthermore, a variety of other appli-
cations exist, e.g. breath analysis [11], further medi-
cal applications [12,13] and environmental analysis
[14].

For some of these applications, low-cost and mo-
bile instruments are required. Especially in the field
of water pollution control, there is a lack of compact
devices that can rapidly detect pollutants after acci-
dental or deliberate release and assess the current
situation. The aim of this work is to close this gap
with preliminary steps towards the development of a
portable instrument for on-site process control and
detection of contaminants in water. For this purpose,
three different compact and low-cost IMS are com-
pared with our standard PEEK-IMS system in terms
of their suitability for the analysis of liquid samples.

Here, electrospray ionization (ESI) is used to ionize
and transfer liquid samples into the gas phase. An
electrospray is induced from a liquid sample in a ca-
pillary under the influence of a strong electric field,
so that a dispersed nebula of charged droplets is
formed. Finally, ions are generated in the gas phase
by a complex process involving evaporation of the
solvent and droplet jets fissions due to coulombic
stresses [15].

Experimental

The IMS investigated in this work mainly consist of
a drift region and a desolvation region. In the drift
region, the ions are separated and detected accord-
ing to their mobility. In the desolvation region, ions
are formed from charged droplets previously gener-
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ated by an electrospray. The two regions are sepa-
rated by a tristate ion shutter, which injects the ions
into the drift region [16].

The global parameters applied to all experiments
are listed in Tab. 1. The individual systems in this
work differ mainly in the dimensions and the electric
field strength used in the desolvation and drift re-
gion. The corresponding parameters are listed in
Tab. 2-5 for the respective systems. A detailed de-
scription of our standard PEEK-IMS can be found
elsewhere [16]. Furthermore, the setup of the minia-
turized, low-cost PEEK-IMS system is described in
[17].

Another possibility for compact IMS at low cost is
the use of printed circuit boards [18-20]. With this
manufacturing technique it is also possible to simply
rescale an IMS design. A detailed description of the
miniaturized, low-cost PCB-ESI-IMS presented in
this work can be found in [21]. A size comparison of
all systems used in this work can be seen in Fig. 1.

Fig. 1: Photo of the different ESI-IMS. From front to
back: miniaturized PEEK-IMS, miniaturized, low-cost
PCB-IMS, low-cost PCB-IMS and standard PEEK-IMS.

To supply sample fluids to the electrospray ioniza-
tion source, we use an Advanced Microfluidics
LSPone programmable syringe pump with a 50-pl
syringe and New Objective Metal Taper Tip emitters
with an inner diameter of 50 ym. The flow rate is set
to 1 yl/min. The ESI voltage is applied between the
emitter and the grounded first ring of the desolvation
region. In addition, the IMS is supplied with a drift
gas flow of 250 ml/min resp. 120 ml/min of purified
dry air flowing in the opposite direction to the spray
direction.
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Tab. 1: Global operating parameters

Global parameters Value

Emitter voltage 2-3kV

Emitter diameter 50 um

Drift gas Purified dry air
Drift gas dew point -85 °C
Pressure 1013 mbar
Temperature 23 °C

Tab. 2: Operating parameters

standard PEEK-IMS

Parameter Value
Length of drift region 75 mm
Length of desolvation region 50 mm
Field strength 60 V/mm
Drift gas flow rate 250 ml/min
Outer diameter 48 mm

Tab. 3: Operating parameters low-cost PCB-IMS

Parameter Value
Length of drift region 100 mm
Length of desolvation region 50 mm
Field strength 73 V/mm
Drift gas flow rate 250 ml/min

Outer cross section

28 mm x 28 mm

Tab. 4: Operating parameters m

iniaturized PEEK-IMS

Parameter Value
Length of drift region 40 mm
Length of desolvation region 25 mm
Field strength 61 V/mm
Drift gas flow rate 120 ml/min

Outer cross section

15 mmx 15 mm

Tab. 5: Operating parameters miniaturized, low-cost

PCB-IMS
Parameter Value
Length of drift region 50 mm
Length of desolvation region 50 mm
Field strength 50 V/mm -

100 V/mm

Drift gas flow rate 120 ml/min
Outer cross section 25 mm x 25 mm

lon Mobility Spectrometry

The ion mobility K can be measured experimental-
ly, namely by the drift time t, required for an ion to
traverse the drift tube of length L in the presence of
the electric drift field E.

L

K=" (1)

tp'E

15. Dresdner Sensor-Symposium 2021

DOI 10.5162/15dss2021/4.2

Often, the ion mobility K from in Eq. (1) is convert-
ed to a reduced mobility value K, by normalizing the
expression to temperature and pressure.

P 273 K
1013 mbar T

Ko =K (2)

where p is the operating pressure in mbar and T is
the operating temperature in Kelvin. Hereby, a better
comparison between the different systems is possi-
ble. However, this normalization does not account
for variations in ion chemistry due to different condi-
tions in the ionization region.

As described in [22], the signal-to-noise ratio im-
proves with drift voltages higher than the optimum
drift voltage for maximum resolving power, while the
resolving power just slightly degrades. This effect is
stronger in shorter drift tubes, since lower optimum
drift voltages are required.

Electrospray lonization

First, the flow rate of the analytic solution affects
the ionization efficiency of undissociated substances
in ESI-IMS [23,24]. Secondly, in addition to the ana-
lytes themselves, the properties of the solvent are
the main determinants of the ionization efficiency in
ESI.

The Hendricks equation (3) provides an approxima-
tion to describe the electrospray ion current igs,
which is related to the solvent flow rate v, and the
solution conductivity o, as well as the electric field
strength at the emitter E.

ips = Ay ,vfo.57 . (043, 5043 (3)

where Ay is an evaluable constant that depends on
the dielectric constant and surface tension of the
solvent. Increasing the solvent flow rate or the solu-
tion conductivity results in a higher electrospray ion
current [25].

Results and Discussion

In a first experimental setup, we compare our
standard PEEK-IMS with a low-cost PCB-IMS, a
miniaturized PEEK-IMS, and a miniaturized, low-
cost PCB-IMS. As shown in Fig. 2, similar results
are obtained for a pure 80:20 methanol:water sol-
vent mixture. Accordingly, all systems are suitable
for electrospray ionization. However, with a length of
150 mm, the PCB-IMS is relatively long, so high ab-
solute voltages must be provided. Furthermore, with
a relatively high given voltage supply of 12.5 kV, a
further increase in drift voltage is not possible to im-
prove the signal-to-noise ratio. Therefore, the IMS
drift tube should be miniaturized first and foremost.
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Fig. 2: Spectra of a pure 80:20 methanol:water mixture
measured with the standard PEEK-IMS (ocher), the low-
cost PCB-IMS (dark green), the miniaturized PEEK-IMS

(orange) and the miniaturized, low-cost PCB-IMS (light

green).
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Fig. 3: Spectra of the isomers 0.1 mol/l 3-octyl acetate
and 0.1 mol/l 2-ethylhexyl acetate in 70:30 ethanol:water
with 5 mmol/l sodium acetate measured with the minia-
turized PEEK-ESI-IMS.

A notable advantage of IMS is the separation of
isomers. As an example, the spectra of two aroma
compounds, the flavoring 3-octyl acetate and 2-
ethylhexyl acetate used as solvent and additive in
detergents, with the same mass are shown in Fig. 3.
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As it can be seen in Fig. 3, each analyte forms three
peaks, whereby the individual dimers and trimers
have different K, values for the two isomers, ena-
bling both substances to be differentiated. Hereby,
the miniaturized PEEK-ESI-IMS was used and to
demonstrate the potential for analyzing liquid sam-
ples even with very compact and low-cost IMS.
However, there is no baseline separation of the two
analytes.

Another approach for manufacturing small and low-
cost IMS is the use of PCBs. One advantage of
short drift tubes is that the drift voltage can easily be
increased above the optimum for best resolving
power, giving a better signal-to-noise ratio. For
demonstration, the herbicide isoproturon was meas-
ured with the miniaturized, low-cost PCB-IMS at in-
creased drift voltages. As shown in Fig. 4, the ampli-
tude of the isoproturon peak increases significantly
as the drift voltage is increased.
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Fig. 4: Peak Amplitude of 10 mg/l isoproturon in 80:20
methanol:water measured with the miniaturized, low-cost
PCB-IMS plotted versus the drift voltage.

In contrast to the theory, the resolving power re-
mains relatively constant. With the drift voltage, we
simultaneously increase the desolvation voltage. As
shown in [16], by increasing the electric field
strength in the desolvation region, we also influence
the voltage at the ESI emitter. This in turn influences
the formation of ions from the electrospray, so that
apparently other clusters are formed here.

Conclusion

As presented in this work, different IMS designs are
suitable for use with electrospray ionization. Conse-
quently, several factors are applicable as evaluation
criteria depending on the application, such as the
size, the temperature resistance of the material, and
the cost. Compact IMS drift tubes have the ad-
vantage of requiring lower drift voltage supplies also
shrinking the periphery. Furthermore, drift voltages
above the optimum drift voltage regarding the maxi-
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mum resolving power are easily possible to increase
the signal-to-noise ratio.
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