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An ion Mobility Spectroscopy (IMS) detector that

detector between a filtered intake and an unfiltered intake in a controlled
periodic fashion.
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ION MOBILITY SPECTROSCOPY DETECTOR

The current invention concerns the analytical technique of lon Mobility
Spectiroscopy.

lon Mobility Spectroscopy (IMS) has been in use for a number of years in
applications such as the detection of explosives and narcotics or for detection and
monitoring on contaminated land sites. It has several advantages over other
techniques such as good sensitivity, the ability to detect a wide range of materials
and simple, easily transportable equipment.

It does, however, suffer from the drawback of having a limited dynamic range. This
problem can limit the ability to detect ‘hotspots’ (i.e. areas of relatively high
concentration of contaminant) within a contaminated area.

Moreover if an IMS based detector is exposed to high concentrations of analyte
vapour, it will take a long time to clear down once it is removed from the source
unless some form of action is taken, for example manual intervention or operation of
a reverse inlet flow protection system.

In the laboratory, vapour concentration is reduced by mixing it with air or other gas
and most types of vapour generator, used to test detection devices, are based on
this method.

To obtain the required dilution factor, the ratio of vapour laden air mixed with clean
air is carefully controlled either manually or with valves and flow meters or mass
flow controllers. Although this method works well under laboratory conditions it is too
complex and difficult to control under field conditions.

Most IMS based detectors and monitors currently in use are designed to respond to
a vapour challenge in approximately one second. The one second time limit takes
into account the time to draw vapour sample into the inlet system, through any
membrane interface that may be employed and into the IMS cell. Added to this is
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the signal processing time, particularly at low vapour concentrations where signal
averaging techniques are employed.

The current invention provides an improvement to a standard IMS detector that
gives rise to increased dynamic range and reduced likelihood of saturation.

According to the invention, an IMS detector having a detector inlet is characterised
by means for switching the detector inlet between a non-filtered intake and a filtered
intake in a periodic fashion.

Preferably, the times within each period that the detector inlet is connected to each
intake (the valve dwell times) are substantially the same, or smaller, than the
response time of the detector.

According to a second aspect of the invention, a method of analysing a vapour
analyte in an ambient gas comprises the step of detecting the vapour analyte using
an IMS detector having a detector inlet and is characterised by the step of switching
the detector inlet between a non-filiered intake and a filtered intake in a periodic
fashion.

The invention will now be described by way of example, with reference to the
following figures in which:

figure 1 is a schematic representation of an IMS detection system according to the
invention;

figure 2 shows the output of a detector according to the invention at two valve
switching time ratios and

figure 3 shows the output of a vehicle mounted detector according to the current
invention.
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Referring to figure 1, a detector of the current invention, generally designated 11,
comprises a standard IMS detector 1 having a detector inlet 2 which is switchable
between a non-filtered intake 3 and an intake 4 having a filter 5 (a filtered intake) by
means of a solenoid operated valve 6.

During operation detector inlet 2 is rapidly switched between intakes 3 and 4.
Switching is effected in a periodic fashion whereby during each period, the detector
inlet 2 is connected to the unfiltered inlet 3 and the filtered inlet 4 for a respective
pre-determined time. Thus, instead of trying to mix two flows of air as in the prior art
(an analogue approach) the detector either draws in ambient air (containing vapour)
or filtered clean air. In theory, the vapour concentration is effectively diluted by the
same ratio as the time spent sampling ambient air to that spent sampling filtered air
(a digital approach).

In a particular set up, the IMS detector 1 used was a Chemical Agent Monitor (CAM)
manufactured by Graseby Dynamics, 765 Finchley Road, London NW11 8DS.

The filter 5 was a standard British military respirator filter. Use of such a low
resistance filter allows reliance on the internal air inlet pump of the detector rather
than having additional pumps or other means of pressurising the inlet air.

The two way solenoid valve 6 used is supplied by Production Techniques Lid (part
no. SV1D-3-11T) and was chosen to have low vapour adsorption properties at those
parts with which vapour comes into contact.

Control of the valve 6 was achieved by monitoring the serial output of the detector 1
using a laptop PC (not shown) programmed in Microsoft® Qbasic®. The paralle!
port of the PC was used for control of the solenoid valve; the control programme
turns the solenoid valve on once the output from the IMS 1 exceeds a
predetermined value. This was initially set at 7 bars on the CAM display.

The control programme then pulses the valve on and off in a periodic fashion
wherein the times that the valve is on and off (the valve dwell times for filiered air
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and unfiltered air respectively) are selected to achieve the desired dilution factor.
The pulsing continues until the IMS output falls to 3 bars on the CAM display.

The process repeats if the IMS output reaches 7 bars again.

In order to characterise the operation of the dilution system, the detector 1 was
connected to a vapour generator (Graseby model Gi10) to determine its response to
undiluted vapour. Vapour samples were also collected on to PoraPak® tubes to
determine vapour concentration using gas chromatography techniques.

The detector 1 was next connected to the dilution unit and various valve dwell times
were investigated at two concentrations of methyl salicylate (MS) namely

1.77 mgm™ and 21.4 mgm’®,

The results are shown in the tables below.

Valve on | Valve off | Calculated Calculated Measured Conc.
(s) (s) Dilution Factor Concentration (mg m®)
(mg m®)
0 1 1 1.77 1.77
1.0 0.10 11 0.16 0.39
1.5 0.05 31.3 0.06 0.24
5.0 0.5 101 0.02 0.16

Table 1 Dilution System Characteristics at 1.77 mg m™ of MS vapour

Valve On |} Valve Off | Calculated Calculated Measured Conc.
(s) (s) Dilution Factor Concentration (mg m®)
(mg m®)
1.5 0.05 31.3 0.68 1.06
5.0 0.05 101 0.21 0.38

Table 2 Dilution System Characteristics at 21.4 mg m™ of MS vapour

The results shown in the two tables indicate that the dilution factor achieved is less
than calculated. It is also concentration dependent: the higher concentration giving
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approximately 60% of the calculated value and the lower concentration giving
between 10% and 40%.

Referring to figure 2, detector output at two valve dwell time ratios are shown. The
upper trace represents data obtained with dwell times of 1.5s on and 0.05s off and
the lower trace represents data obtained with dwell times of 5s on and 0.05s off.
These data indicate that dwell times similar to, or smaller than, the detector
response time achieve a more stable output.

To test the system under field conditions, it was fitted to the front of an off road
vehicle which was driven over an area where MS had been sprayed on the ground
(road and grass). Initial tests were carried out with the dilution system switching on
at 7 bars and off at 3 bars.

Although the system worked, improvements were made by switching on at 8 bars
and off at 6 bars. Further improvements were made by using the ion mobility peak
height value from the detector (serial data output) which allowed for finer control of
the system.

A typical set of data is shown in figure 3. The dilution system was on in the region of
the graph where the horizontal line is at the top of the graph.
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Claims

1. An IMS detector having a detector inlet, characterised by means for switching the
detector inlet between a non-filtered intake and a filtered intake in a periodic fashion.

2. The detector of claim 1 wherein the valve dwell times substantially the same, or
smaller than, the response time of the detector.

3. A method of analysing a vapour analyte in an ambient gas comprising the step of
detecting the vapour analyte using an IMS detector having a detector inlet and
characterised by the step of switching the detector inlet between a non-filtered
intake and a filtered intake in a periodic fashion.
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Figure 1
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