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(57) Abrége/Abstract:

lon Mobility Spectrometry (IMS) equipment comprises an enclosed compartment (10) contained within which there i1s an IMS cell
(12) and a body of absorbent material (14). Samples for detection by the cell (12) are introduced into the compartment (10) by
means of a pinhole (30), the samples being drawn In by a negative pressure pulse within the compartment produced by means
of a loudspeaker (40). A sample, once It has been drawn Iin and detected by the cell (12), will diffuse within the compartment (10)

and any water vapour or other interfering species thus introduced will be absorbed by the absorbent material (14) so maintaining
a clean, dry atmosphere within the device.
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ION MOBILITY SPECTROMETRY EQUIPMENT

The present 1invention 1relates to ion mobility
5 spectrometry (IMS) equipment.

IMS equipment is increasingly used for the detection and
location of gases and vapours of interest in ambient
atmosphere. The principles of operation of such
10 equipment are well known in the art and are described,

for example, in "Plasma Chromatography" ed. T W Carr,
Plenum Press (1984).

One disadvantage' of the IMS technique 1is that water

15 vapour and other GOntaminants present in the equipment

can interfere with the detectlon cf many vapours of

interest. Thls has 1ed to the practlce of providing a

flow of dry clean air within  the equlpment into which

samples are :mtroduced the dry clean air flow being

20  provided elther from an external source, or, in the case

' _"of portable equ:.pment such as the applicants’ CAM (RTM)

chemical agent - monltor, by means of an internal

:101rculatory system 1nclud1ng fllters and driers. Such a

~ system is descrlbed in Us Patent No. 4 317 995,
55 . SR

'The, .'need to provide a con’tinuous.;flow of dry élean air

has colnStra"ihed* ‘m"i'ni'aturisatiOn of IMS equipment as

; *cont:x.nual operatlon of an electric fan or pump to
-malnta.m alrflow :m the c:.rculatory loop calls for a'

' 30 - 'power source far larger than would otherwise be necessary

- f; and con51derab1y compllcates the 1nternal design and the
" f manufacture of the equlpment.

It ‘is an object of the invention to at least partly
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obviate these drawbacks and thereby enable IMS equipment
to be further miniaturised.

According to the present invention there is provided IMS
5 equipment comprising a hermetically sealed compartment
centaining an IMS cell and a body of absorbent material,
sample means for introducing a sample 1into the
compartment wvia an inlet thereof, the IMS cell being
arranged to detect or identify gases or vapours of
10 interest present in the sample, water vapour or other
interfering species introduced into or otherwise present
within the compartment diffusing within the compartment

and being abSorbéd by the body of absorbent material.

15 The invention also extends to IMS equipment comprising a
hermetically sealed compartment containing an IMS cell
and a body of absorbent.materlal into which compartment

samples may be 3.ntroduced to enable the detection or
1dent1f1cat10n.of+gases.or‘vapours-of interest present in

20 such Samples, water vapour or other interfering species
“introduced into or otherw1se present in the compartment
'dlffusnmg within the compartment and being absorbed by
the body of absorbent mate.rlal whereby a dry clean

atmosphere may be malntalned within the compartment.

25
IMS equipmént'in'aCCordance with the invention, in which
there 1s no requlrement for a continuous flow of dry
clean alr, may be made smaller, slmpler, less bulky andk
" more rapidly operable than hitherto. ' !
30

" The invention may be carried into practice in a number of
ways, and one specific embodiment will now be described

with reference to the accompanying drawings, in which:
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' '*; a serles of electrodes 20, to establlsh an electrostatic

Figure 1 is a diagrammatic representation of an IMS
instrument in accordance with an embodiment of the
present invention;

Figure 2 is a cross-sectional view illustrating more
specifically the construction and layout of part of
a preferred embodiment of an IMS instrument;

Figure 3 is a plan view of part of the embodiment of
Figure 2; and

Figure 4 shows an end view of the embodiment of
Figure 2, 160king'in the'direction of the arrow IV

of Figure 2, with the end closure removed.

Referring to Figure 1, IMS equipment (shown here

 SChematical1y)'comprises'a_sealed,caSe 10, within which
- is mounted an IMS cell a'ssembly**lz - a gauze-faced box 14,
contalnlng a body of molecular sieve material, and a
' dopant permeatlon source 16._ ' |

'The IMS cell assembly 12 comprlses an 1on121ng source 18,
-.1nternally coated w1th a radloactz.ve source material,

"'s".typ:;.cally N1c:kel-63 to 1om.se :s.ncomlng vapour molecules;
- an electrode structure comprlslng a gate electrode 19 and

L -.,'-".{’fleld along the length of the cell 12, and a collector

 electrode 22, connected to 1nstrument signal pr009531ng
e - ;and control c:a.rcultry 24 Wthh 1n turn is connected
' $ ' -30~'.-1nter alla,,to a dlsplay or alarm unlt 26.

., A power supply 28 prov:.des approprlate voltages and

.”: 4  currents for the IMS ce?l 12, and for the processing and

'.Qcontrol c1rcu1try 24._
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The case 10 contains a pin-hole aperture 30 in a wall 32
thereof, directly forward of the ionizing source 18 of
the IMS cell 12, with means, here shown as a cap 34, for
sealing the aperture 30 when the equipment is not in use.

An end wall 36 ‘of the case 10 has an aperture 38 and
carries externally a small moving coil loudspeaker 40
mounted directly over the aperture 38, such that <the
inner face of a cone 42 is in pneumatic contact with the

10 interior of the case 10; but the aperture is otherwise
sealed.

The power supply 28, signal processing and control
circult 24 and diSplay.or alarm unit 26 may conveniently
15 be contained in a hOusing 42, attached to or formed as an
extension of the casing 10. The house 42 also serves to
protect the loudspeaker 40 and may carry low voltage
primary or secondary' cells 44 for powering the power

supply 28 if the equlpment 1s to be totally self-
20 contalned. N

In operatlon, the cap 34 1is removed from the aperture 30
and power is applled to the IMS cell 12 and to the signal
' 'processz.ng c:.rcult 24 from the power supply 28 driven
25 from.the low~voltage cells 44.

' Dlscrete samples ’ Of‘. ambient atmosphere possibly

- contalnlng'vapours of interest are drawn into the sealed

o _case 10 through the pln-hole aperture 30 by per:n.od:.l.c'

30 energlsatlon of the loudspeaker 40, by a suitable drive

' szgnal in the manner descrlbed in the present applicants/’
Oependlng.PCT,Patent Appllcatlon No. PCT/GB92/01259.

If the discrete samples are drawn into the case 10 as



WO 93/06476 2 1 1 6 r)' 4 7 PCT/GB92/01733
| 3

10

15

20

25

30

single repeated pulses, these slowly diffuse out of the
region of the ionizing source (after analysis which
happens relatively rapidly). The molecular sieve drying
agent, held in the gauze-faced container 14, 1s able to
absorb water-vapour drawn in from the ambient atmosphere
sufficiently to maintain a dry internal atmosphere within
casing 10 and allow continued IMS detection of water-
sensitive species in the samples. Hence, the internal
atmosphere will be sufficiently dry, by the time the next
sample is taken, to avoid contamination from water vapour

that would otherwise still be present in the case fromn
the previous sample.

The brief negative pressure pulse within the casing,
provided by the loudspeaker 40, causes the sample to be
drawn in in the form of a laminar 'jet which terminates in
an almost stationary vortex ring. The position of the
vortex ring depends upon the amplz.tude and duration of
the pressure pulse and on the nature of the hole. It has
been found that by sultable adjustment of the length
and/or amplitude of the pulse the sample can accurately
be deposztted at a chosen and controllable distance from
the pin-hole aperture 30. Hence, the sample can be
arranged to be deposited exactly as required, within the
ionizing SOurce,ls.

The removal of sample and water vapour from the region of
-~ the 1cnlzlng source 18 1s assisted by an "electric wing"
- effect in the region of the aperture 30 due to the

presence of a ‘body of grounded metal - part of the casing

' 10 - in close proximity to the ionizing source 18, which

1s.1n operat;on held at a potential of about 1kV.

.In practice, after the user of the device removes the
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plug 34, he simply presses a button (not shown) which
actuates the unit. The unit then automatically takes one
negative reference reading, one positive reading, then
actuates the loudspeaker 40 to inject a sample of ambient
gas to be analysed, and subsequently takes a further
positive reading and a further negative reading. The
unit then automatically subtracts the positive sample
reading from the positive background reading, to provide
a corrected positive signature for the sample, and
similarly subtracts the negative background reading from
the negatiire sample reading to provide a corrected
negative sample signature. The negative and positive
corrected 51gnatures are stored in computer memory (not
shown) and may either be viewed by the user on the
display (26) or alternatively down-loaded to an external
computer via a serial port (not shown).

More specifically, nby -the action of pushing the button

~the user powers up the entlre unit, and causes the IMS
cell 12 to be powered so as to detect negative ions. The

flrst negatlve background readlng is then automatically
taken, follow1ng which the polarity of the cell 12 1is

reversed, to enable 1t to detect positive ions, and the

procedure 1s repeated - On the subsequent actuation of
the loudspeaker 40, a sample is drawn in through the pin-

. .hole aperture 30 and wlth the cell still powered to
' -.detect posz.t:.ve ions, a pos:.tlve sample reading is taken.

The polarlty of the cell is then switched agaln, ‘to

~ enable it to detect negatlve ions, and a negative sample
- readlng taken. . Once the appropriate data have been

stored in the memory, for future reference and analysis,

the unit 15 automatlcally powered down. Since the entire
procedure, between pressing the button and the unit

 powering itselfdownefter having taken the appropriate
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readings, takes only about half a second, very little
battery power is used. Accordingly the battery life is
extremely long and that means that relatively small and
light batteries may be used. This makes the unit more
desirable for use as a portable gas detector.

In an alternative mode, it 1s possible for the user to
instruct the device to take repeated measurements, say
every ten minutes or so, without further user
intervention. The resultant data may automatically be
transferred via the serial port (not shown) to a remote
recording and/or analysing computer. Used in this way,
the present embodiment provides a very compact remote

sensing device.

The information provided by the unit may be relatively
simple (for example merely a determination that a
particular sample to be detected is or is not present),

‘but may also '..be considerably more conmplex. The output of

the IMS cell . 12, cn , eaCh' positive or negative
measurement, may compm.se a detalled spectrun. In the
latter case, ' subtract:.on of the negative and positive

, background spectra from the negatlve and p051t1ve sample

Spectra prov1des the user w1th very detailed information
by way of corrected negatlve and poe.1t1ve sample spectra,

"these corrected spectra belng essentially independent of
- any contamlnants that were inside the case 10 when the
negat::.ve and posn.tlve background spectra were be:mg

taken. In thls'way, the unit automatlcally corrects for

'small ‘traces of contamlnants that might have been left

-over: from the preV1ous sample.

H”It W1ll be appre01ated that IMS equipment constructed 1in
'accordance with the 1nvent10n requlres no external dry
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air source nor a pumped internal closed~loop dry ailr
circulatory system. |

Dispensing with the need for an internal pump immediately
reduces the power needed to be drawn from the
instrument’s internal low voltage cells, enabling smaller
and lighter cells to be employed to power the instrument.
Removing the need for a circulatory system simplifies the
internal design of the equipment.

The eguipment may thus be considerably reduced in volumne
and weight to the point where body-worn IMS equipment
becomes feasible, even using present generation IMS cells
and processing and control circuitry.

Further advantages arise from the use of IMS equipment

the subject of the present invention. For example the
presence of ‘the molecular sieve material 14 inside the
case 10 ensures that not only water-vapour but many

- potentn.ally-contamlnatz.ng organlc vapours are absorbed
. whilst the equzpment_. -.;s out of use, for example 1in
'.storage, or wh'ilst in 'operational use but when not

deployed, permlttlng rapld start-up without the need for
any prellmlnary scourlng or cleansing as 1s required in

prlor art equlpment..

Rapld start-up and operatlon in turn means that power

.:supplles can be further conserved or reduced in capac1ty

as the equ.lpment does not need to be kept contlnuously

 arunn1ng between operatlons.,

 The simpler]construction permitted by use of the present
 invention obviating the need for external dry air

- supplies or internal air circulation and drying systems
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also means that equipment in accordance with the
invention is considerably cheaper to manufacture than
prior art IMS equipment.

Referring to Figures 2, 3 and 4 which show various
aspects of a practical realisation of an IMS instrument
in accordance with a preferred enmbodiment of the
invention, a main body case 50, machined from a solid
block of aluminium alloy, contains longitudinal bores 52
and 54 in which‘are mounted respectively an IMS cell 56
and a cylindrical gauze-walled container 58 packed with
molecular-sieve drying agent.

The casing 50 1is sealed at one end by a closure plate 60
mounted upon the end face of the casing 50 by means of
screws which pass through holes 62 and engage in tapped

bores 64 in the end face 66 of the casing 50. the
closure plate 60 carries a shutter assembly 68 comprising
a c:.rcular plate 70 mounted by means of a screw 72 to

engage and rotate in an annular counterbore 74 upon the

-closure plate 60 elthex to allgn a pln-hole aperture 76

in the plate 70 w1th a port 78 or to close the port 78.

'.'~An '0' rlng seal 80 seated :m ‘the port 78 maintains a
.seal between the prot 78 and the rear face of the shutter
' ep1ate 70. Bllnd bores 82 and 84 in the closure plate 60
| ’conta:x.n dummy o 0’] rlngs seale to provxde a three-point
. support for rotatlng plate 70. |

S .At J.ts other end the cas:.ng 50 1s closed by a closure
30 plate 90, prOV1ded wlth an aperture 96. The aperture 96
' . whlch glves access to the 1nter10r of the casing 50

. “*_‘comunlcates w1th the :mner face of a cone 98 of a
o mlnlature loudspeaker 100, mounted in sealed relationship

 eupon the outer face of the cloeure plate 90.
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' Using the physical construction described in relation to

10

A connector stem 104 of a collector electrode 106 of the
IMS cell 56 protrudes through a hermetically-sealed and

electrically insulated aperture 108 in the closure plate
90.

A housing, not shown, which may be a rearward extension
of the casing 50, but which does not need to be sealed,
contains a power supply unit for the instrument, primary
or secondary cells for powering the power supply,
instrument control and signal-processing circuits and a
display module for indicating the presence and/or

concentration of gases or vapours of interest in incoming

samples.

To operate the instrument, the circular plate 70 1is
rotated by hand to align the pinhole aperture 76 with the
port 78, so providing communication between the ambient
atmosphere and the interior of the casing 50.

With power applied to the power supply unit from the
primary or'secondaty cells, the IMS cell 56 and control
and processing circuits are energised and the loudspeaker

100 may be operated under the control of the user and at

a pre-determined . rate to draw pulses of ambient
atmosphere in through the pinhole aperture 76 and port

- the 78 into_ '.the entry port of IMS cell 56, where

c':omp‘onents of the sample are ionised and the resulting
ions passed into the drift region of the cell 56 for

‘separation and collection in a known manner.

Figures 2, 3'and 4, a self-contained IMS personal vapour

' detector with dimensions approximately 150mm long, 60mm
‘wide and 35mm deep has been realised and demonstrated.
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It will be apparent to those skilled in the art that
various modifications and variations can be made to the
IMS equipment described herein without departing from the

scope of the invention.
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CLAIMS
. v/
1. IMS equipment comprising a hermetically- sealed
5 compartment containing an IMS cell and a body of

absorbent material, sample means for introducing a
sample into the compartment via an inlet thereof,
the IMS cell being arranged to detect or identify
gases or vapours of interest present in the sample,

10 water vapour or other interfering speciesd introduced
into or otherwise present within the compartment
diffusing within the compartment and being absorbed
by the body of absorbent material.

15 2. IMS equipment as claimed in Claim 1 in which the
sampling means comprises pressure-pulse means
arranged to create a negatiVe pressure pulse within
the compartment, thereby drawing in the sample via
the inlet. '

20 B .

3. IMS equipment as claimed in Claim 2 in which the
pressure-pulse means comprises a transducer. '

. 4. IMS equipment as claimed in Claim 2 in which the
25 : pre'ss;ure-&pulse means cdmprises a loudspeaker.

5. IMS 'gquipment' as claimed"in any one of the preceding

 claims in which the body of absorbent material

_ COmpriées a molecular sieve material. -

30 . L e

6. IMS equipment as claimed in any one of the preceding

‘claims in which the inlet comprises a pinhole
aperture in a wall of'the compartment.
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IMS equipment as claimed in Claim 6 1including
sealing means for sealing the pinhole aperture when
the equipment is not in use.

IMS equipment as claimed in any one of the preceding
claims including electronic control means arranged
to actuate the IMS cell to take a reference
measurement prior to actuation of the sample means
and the resultant introduction of the sample into
the compartment. ‘

IMS equipment as claimed in Claim 8 including
analysis means arranged to subtract the reference
measurement from a sample measurement to provide a

corrected sample measurement.

IMS equipment as claimed in Claim 8 or Claim 9 in
which the electronic control means are arranged to
actuate the IMS cell to take a first reference

measurement, by detection of ions of one charge,

then a second reference measurement by detection of

- ions of the opposite charge, both prior to actuation

of the sample means and the resultant introduction

- of the sample into the compartment.

IMS equipment as claimed in any one of Claims 8 to
10 in ~which the ‘electronic control means are
-'arranged to actuate the IMS cell to take a first
‘ sample measurement after actuat:t.on of the sample

means and the resultant J.ntroductlon of the sample
into the compartment by detect:i.on of ions of one
charge y and then to take a second sample measurement

. by-detectlon‘of ions of the opposite charge.
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IMS equipment as claimed in any one of the preceding
claims in which the output of the IMS cell is a
detected spectrum, the spectrum being stored in
computer memory.

IMS equipment as claimed in Claim 12 including

input/output means for interrogating the computer
memory via an external link.

IMS equipment as claimed in any one of the preceding
claims including manual or electric actuation means
arranged, when actuated by a user of the IMS
equipment, automatically to power up the IMS cell,
to activate the sample means thereby introducing a
sample into the compartment, to cause the IMS cell
to take a measurement of the sample, and to power

down the cell, all without further user

intervention.

IMS equipment as claimed in any one of the preceding
claims in which the compartment at least partially
comprises a block of material, the IMS cell and the
absorbent material being contained within respective
parallel bores within the block.

Fetherstonhaugh & Co.,
Ottawa, Canada
Patent Agents
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