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Ion mobility spectrometry is a technique for generating ions at atmospheric pressure via ion-molecule reactions, 
and for analysing them in an ion drift tube. 

The time required for the ions to traverse the length of the drift tube is mainly a tinction of the mass and the 
charge of the ions. Besides, ion shape and polarizability also affect the drift time. 

Ion mobility spectrometry does not allow structural identification and quantification of unknown substances in 
mixtures. However, under certain boundary conditions it provides selective fmgerprints of the substances to be 
observed, and operates at the ppbv concentration level and the millisecond time scale. 

Through further miniaturization of a recently developed instrument of this type an ion mobility sensor is to be 
constructed. This sensor includes drift channel, operating shutter, collecting electrode, electronic data acquisition 
and translation board. The sensor makes possible to obtain real-time ion mobility spectra. 

We present and discuss the concept of a small ion mobility spectrometer, its operation principle and first results 
on the way towards its further miniaturization. 

KEY WORDS: Gas analysis, ion mobility spectrometry, miniaturization, monitoring, sensors. 

INTRODUCTION 

An ion mobility sensor is a miniaturized ion mobility spectrometer and operates as an 
ambient pressure ionization detector, suitable for real time detection and characterization of 
trace vapor constitqents in gaseous mixtures. 

It works in a similar way as a time-of-flight mass spectrometer. The major difference is, 
that a time-of-flight mass spectrometer requires a vacuum where the mean free path length 
of the gaseous molecules is many times the dimensions of the instrument. The ion mobility 
sensor, in contrast, operates at ambient pressure where the mean free path length of the gas 
molecules is smaller then the dimensions of the sensor. 

comprises an ion-molecule reaction chamber, 
an ionization source associated with the ion reaction chamber, an ion drift chamber, an 
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A typical ion mobility spectrometer 
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i MAJOR WORKING REGIONS I 
~ I Z A T I O ~  DATA ACQUISITION -1 

A/D converter 

Faraday plate shutter 
R reaction ion (air) P product ion (analyte) 

Figure 1 Basic construction of an ion mobility spectrometer. 

iodmolecule injection shutter (Bradbury-Nielsen-Shutter) placed between the ion reaction 
chamber and the ion drift chamber, and an ion collector (Faraday plate). An illustration of 
the basic construction of an ion mobility spectrometer with ionization and drift region, data 
acquisition board and main gas flow directions is presented in Figure 1. 

A carrier gas, normally air or nitrogen, transports gases or vapors from material to be 
analysed into the ion mobility spectrometer. There, the carrier gas with the analyte molecules 
is ionized by the ionization source. For the last mentioned purpose P-radiation sources are 
usually employed I-', but lasers and discharge lamps 

Because of the great excess of carrier gas, the ions generated are almost exclusively from 
carrier gas molecules. Since the mean free path length of the ions is many times smaller than 
the dimensions of the reaction chamber of the spectrometer, multiple collisions between 
ionized species and the analyte molecules occur. In these collisions the charge of the ions 
is transferred to the analyte molecules. 

The charged molecules are accelerated by an electrostatic field gradient maintained 
between counter electrode and Faraday plate, causing them to travel towards the injection 
shutter interface of the ion drift chamber, in which they quickly reach the terminal velocity. 

Periodically, the potential of the ion shutter is adjusted for a very short period of time to 
a value permitting a swarm or pulse of ions to pass from the ion reaction chamber into the 
ion drift region. There, under the influence of the electrostatic field, the ions are pulled to 
the ion collector (Faraday plate). 

The time of arrival at the ion collector plate of each ionic species, derived of both, carrier 

have also been used. 
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gas and analyte gas molecules, is determined by the particular ion mobility in the non ionized 
gas filling of the drift chamber. Thus, it is possible to identify the different ionic species by 
monitoring the time between the introduction of the ions into the drift region at the electric 
shutter, and the arrival of the ions at the collector plate. The quantity of ions collected as a 
function of drift time is recorded as a current and directly treated by a microprocessor. 

EXPERIMENTAL 

The parameters chosen for the instrumentation and construction of the ion mobility spec- 
trometer are presented in Table 1. In the ionization region a 15 mCi 63Ni radioactive foil was 
used as a source of ionization, and standard power supplies were employed to establish an 
electrostatic field in the drift region. At the Bradbury-Nielsen-shutter ion swarms are created 
for time intervals less than 50. 10-6s. Through this short gate time all ions start to travel in a 
single plane of the drift field. The Bradbury-Nielsen-shutter consists of a single grid of 
spaced wires, alternating wires being biased to +50 V or -50 V as to the gate reference 
voltage. Thus an orthogonal gate field with respect to the drift field in the tube was created. 
The control unit for the shutter pulse drive circuit and the AD-converter are on-line 
connected with a computer. 

Purified air was used for the sample transport, camer and drift gas (also air) in the drift 
region flow as indicated in Figure 1. This means, the ion mobility spectrometer works under 
conventional bidirectional gas flow conditions. Currents caused by ions reaching the 
collector plate were amplified by a pre-amplifier. Analysis of the ion mobility signals and 

Table 1 Instrumentation parameters of already constructed spectrometer and 
planned sensor at ISAS. 

at present infuture 
(spectrometer) (sensor) 

Mechanical Parameters 
Ionization region diameter 1.0 cm 0.3 cm 
Ionization region length 2.0 cm 1 .O cm 
Drift region diameter 1.5 cm 0.7 cm 
Drift region length 5.0 cm 3.0 cm 
Ionization source 15 mCi Ni-63 Ni-63/W-light 

Electrical Parameters 

Drift field (+/-) 333 V/cm 333 Vlcm 

corona discharge 

High voltage (+/-) 3000 V 2000 v 
Shutter width 50.106s 10.1 o-& 
Total ion current (+/-) 1 nA ? 
Operational Parameters 
Carrier gas air aidnitrogen 
Drift gas air aidnitrogen 
Temperature ambient ambient 
Pressure ambient ambient 
Carrier gas flow 2 I/min ? 
Drift gas flow 10 Vmin ? 
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data storage were provided by a Burr-Brown-AID-converting card integrated in a lap-top 
computer. The whole drift tube was surrounded by an aluminium tube to reduce electrostatic 
field effects and to reach the lowest level of ion current measurement possible as well as 
very short gating pulse widths. 

Ions are directed down the drift tube towards the collector by an electric field of about 
333 Vkm, created by the voltage potential between the counter electrode and the collector, 
which is grounded. This field was maintained and controlled by enclosing the drift region 
within stainless steel guard rings spaced by ceramic or Teflon rings. The voltage at each 
guard ring was produced by a line of resistors, connected in series down the length of the 
dnft tube from the ionization region to the collector plate. 

RESULTS AND CONCLUSIONS WITH RESPECT TO MINIATURIZATION 

The present instrument has outer dimensions of about 15 cm length and 5 cm diameter, 
including the ionization and the drift region as well as the guard rings necessary to stabilize 
the electric field within the drift region. It is smaller than any of the spectrometers listed in 
Table 2. 

For further miniaturization, the design of the drift channel and the time interval1 of ion 
swarm creation have to be carefully considered. By changing the number of guard rings, the 
dnft path was reduced to a few cm length, without observing significant changes in 
resolution, sensitivity and total ion current. For comparison with the work of other authors 

, spectra of diisopropylmethyl-phosphonate (DIMP) were taken, and mobilities of 2.3, 
1.5, and 1.03 cm2Ns for the reaction ions, monomer and dimer ions, respectively, were 
obtained (see Figure 2). The monomer peak is formed by DIMP(H2O)H' ions and the dimer 
peak by (DIMP)2Hf. In Figure 2 also the concept of spectra analysis via Gaussian curve 
fitting is shown. 

A comparison of the instrument just described and commercially available ion mobility 
spectrometers is made in Table 2 (for a detailed discussion of resolution of ion mobility 
spectrometers see I'). 

14.15 

Table 2 Resolutions and operating parameters of  commercially available ion mobility spectrometers' in com- 
parison with the instrument developed at ISAS. 

Ion-Mo bility-Spectrometer Resolution Shutter Drifi Electrostatic 
time length field 

I O - ~ S  cm v cm-' 
Graseby Ionics, UK 20 180 3.8 215 
PhemtoChemProducts, USA 40 50 8.0 350 
HRT Graseby lonics, UK 100 50 44 500 
Baninger, Canada ? 200 7 200 
ISAS-IMS, Germany, present status 50 50 5.0 333 
ISAS-Sensor, Germany, fbture design 100 10 3.0 333 

~~ ~ ~ ~ ~~~~~ ~~~~ ~~~~ ~ ~ ~~~ ~ ~ ~~~~ ~ ~~~ ~~ ~ ~ ~~~ ~ ~~ ~~ ' Specifications partially from P. Watts and A. Wilders: On the resolution in practical ion mobility systems, Int. 
J. Mass Spectrom. Ion Proc. 112 (1992) 179, and partially from official information brochures of  the manufac- 
turers. The figures for Baninger are rough estimates on the basis of private communication. 
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Figure 2 Ion mobility spectrum of diisopropylmethylphosphonate. 

The concept of fiuther miniaturization is indicated by the already experimentally sup- 
ported parameters listed in Table 1. It is planned to integrate dnfi channel and signal 
acquisition in a silicon wafer directly connected to a high speed portable computer, in order 
to realize a sensor applicable to multidimensional field analysis conditions. 
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