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Ion Mobility Spectrometry (IMS) for the detection of chemical warfare agents (CWAs), toxic industrial chemicals (TICs), drugs and explosives is mainly based on the ionization by radioactive sources as 63Ni, 241Am  and 3H, since these sources optimally meet the requirements made on a portable device for field use: They are small-sized and very lightweight, they have an extremely good mechanical stability and do not require any additional power. They are very reliable while displaying an excellent sensitivity with regard to the detection of quite a large number of compounds of interest. However, for well-known reasons (radiation safety, disposal problems) there is a growing interest in replacing radioactive sources by alternative ionization techniques. In the past the most promising candidates for replacing radioactivity were photoionization (PI) and corona-discharge ionization (CD).
Developments of UV-IMS have shown that the analytical performance of an UV-IMS is only insignificantly higher than that of a simple photoionization detector (PID). An improved performance could be reached by adding special dopants [ 1,2]. Nevertheless, at the very end there was no full replacement found for radioactive sources.
CD sources provide an excellent response for TICs and CWAs whenever they are detected in the positive mode (i. e. where positive ions are involved). Detection limits are not sufficient for TICs and CWAs which need to be observed in the negative IMS operation mode. Even after several years of research and development the insufficient overall detection performance as well as the stability and reliability of CD sources is, according to today's knowledge, an unsolvable remaining problem [3].
The new nonradioactive variable ionization potential (VIP) source [4, 5], also called „electron lamp", consists of a small evacuated glass tube in which electrons emitted by a heated cathode are accelerated in direction towards a special window (Photograph 1). By variation of the accelerating voltage and selection of the window (material, thickness) it can be reached that the electrons pass through the window into the reaction chamber of the IMS and ionize there as in case of a Ni 63 source or a CD source, or they get absorbed in the window causing in addition to secondary electrons an X-ray radiation typical for the window material.
In the first case the lamp is usually fitted with a mica window having a thickness of 5...7 (m. If the primary electrons are accelerated with such a high voltage that they are able to penetrate through the window e.g. higher than 15 kV, a large number of substances including hydrocarbons can be ionized. Thus, they may be detected by the IMS with a relatively good sensitivity. However, if this broad-band detestability is not intended the accelerating voltage must be reduced resulting in a poorer sensitivity as may be seen from Fig. 2. In this case ionization of substances is only effected by the characteristic X-ray radiation of the elements in the mica window (Si, K, Al,).
But if it is necessary to detect such substances like organophosphoric compounds or halogenated thioethers selectively and with a high sensitivity, a beryllium foil is used as window, e. g. a foil having a thickness of 25 (m that is coated with an aluminium anode at the vacuum side. The typical radiation of aluminium is utilized then for the ionization of the substances. In addition, this window has the following advantages: i) the heat that is generated during slowing down of electrons is conducted well, ii) the larger thickness of the window ensures a higher lifetime of the lamp, iii) it is possible to increase the energy transfer through the window what results in stronger IMS signals
An experimental setup was built up based on the well-known RAID technology. An electron lamp was fixed axially on the IMS tube. This experimental setup was used for the detection of acetates, organophosphoric compounds, halogenated and not halogenated hydrocarbons like hexane (see Fig. 3), of toxic industrial chemicals like HCN, COCI2, CI2, SO2, NO2, NH3 and all known nerve and blister agents (see Fig. 4 and 5). The normalized ion mobilities (so-called Ko-vaiues) determined during these measurements are absolutely identical with those gained with radioactive ion sources. With an accelerating voltage of 2 kV and an anode current of 5 (A sensitivities were reached which were equal to those gained using a 63Ni source with an activity of 555 MBq. Moreover, the investigations have shown that the detection limit of the IMS can be considerably reduced by increasing the anode current of the lamp (100 (A are possible). The lifetime of the electron lamp is equal to that of PID lamps.
Summary:
A new nonradioactive ion source, the so-called „electron lamp", has been developed. It consists of a small evacuated glass tube in which electrons are generated and accelerated in direction towards a window. Depending on the design of the window and the value of the accelerating voltage, this lamp either emits a very soft X-ray radiation or electrons by help of which the substances to be detected are ionized in the IMS. It was proved that an IMS equipped with such a lamp has shown absolutely the same analytical performance as a 63 Ni IMS with an activity of the source of 555 MBq or even a better one
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