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(37) Abstract

An 1on  mobility spectrometer 2
comprises an ion mobility cell (10) into
which molecules of a sample to be analysed
are introduced. The ion mobility cell (10)
Is doped with icns produced by a corona
discharge ionisation source (40). In one
mode of operation, the corona discharge
ionisation source (40} operates to produce
a continual dopant stream, and in a second

ionisation source (40) produces dopant ions
selectively. In the non-continuous mode
of operation, the ion mobility cell (10) may
be doped with chemical dopant ions instead,
switching between the two dopant regimes
being accomplished very rapidly. The ion
mobility spectrometer is particularly suitable
for the detection of explosive compounds
and narcotics, the ion mobility spectrum of
explosives doped with ions from the corona
discharge ionisation source differing from
the ion mobility spectrum of such explosive
compounds doped with chemical dopants.
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OQRONA DISCHARGE ION SOURCE FOR ANALYTICAL INSTRUMENTS

The present invention relates to a corona discharge ion

source for use in analytical instruments, and in

particular for use in ion mobility spectrometers.

Hitherto, corona discharge sources have been used in ion
mobllity spectrometers in order to produce the primary
ions required for the operation of the instrument.

Device 18 shown in co-pending published PCT application
No. WO/9311554.

The principle reason for employing such corona discharge
ion sources has been to replace the most frequently used
nickel 63 radiocactive ionisation source. The corona
discharge ion source is significantly cheaper than the
nickel 63 source. It is also not subject to the health

so forth.

In substituting a corona ion source for the nickel 53
source, the emphasis has been to replicate as far as
possible the ion-molecule chemistry produced by the
nickel 63 source, in order to ensure that an ion mobillity
spectrometer fitted with a corona discharge ionisation

source detects the same range of compounds as when fitted
with a nickel 63 source.

Figure 4 shows a typical output of an ion mobility
spectrometer in the absence of an introduced compound or
impurity to be detected. This peak corresponds to stable
molecular ion species which have resulted from a complex
series of ion-molecule reactions and is referred to
generally as the Reactant Ion Peak (RIP). When a sample
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to be detected, such as in this example RDX (a major

constituent of Semtex), is introduced into the ion
mobility spectrometer, a further peak (or peaks) is
detected as well as the reactant ion. The problem with

this procedure is that, in practice, the sample entering
the 1on mobility spectrometer contains a significant
number of other compounds. If these have a similar
mobility to the RDX ions, the signature peak of the RDX
is reduced in amplitude and may 1in certain cases be
suppressed by the contaminants to such an extent that the
RDX peak 1is no longer clearly visible. A schematic plot

of the output of an ion mobility spectrometer under these
conditions is shown in Figure 11.

A technique known as chemical doping has been developed
to address this problem, and is frequently used in ion
mobility spectrometry and chemical ionisation mass
spectrometry. Chemical doping may be used irrespective
of the 1ionisation source used to generate the primary
ions (1.e. either a corona discharge ion source or a
nickel 63 ion source) to change the way in which sample
vapour introduced to the device becomes ionised.

The use of such chemical dopants is described in
Analytical Chemistry, 56(11) :1794-1797 by Procter and
Todd.

In ocutline, a chemical dopant, typically in the form of
a4 vapour or gas 1s introduced into the ionisation region
of the instrument such that the dopant chemical becomes
the dominant reactant ion species 1in the ionisation
region of the instrument and, if an incoming sample
vapour molecule is to be ionised, it must undergo an ion-
molecule reaction with the dopant reactant ion.

SUBSTITUTE SHEET (RULE 26)
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According to the present 1nvention, there 1s provided an

analytical instrument including a corona discharge

lonisation source arranged to generate corona dopant ions.

In one aspect, the invention provides an analytical
instrument for analysing a sample, comprising: a corona
discharge 1onisation source for generating corona dopant
ions, the corona source comprising a primary and a secondary
polint source; means arranged to change a voltage applied to
the'secondary point source for controlling the generation of
ions; and switching means for switching the secondary point
source such that the corona dopant ions are generated

selectlvely for analysing the sample under different doping

regimes.

Whén the energy density around the point of a corona
discharge is above a certain level, new reaction compounds
may be generated. Typically, when the discharge 1is
conducted 1n air, these compounds will include ozone, oxides
of nitrogen and excited neutral states of nitrogen. Since
these reaction compounds influence the ion-molecule
chemistry 1n an analytical instrument, previous work has
peen directed towards minimising the concentration of the

compounds, so that their effect on the functioning of the

instrument 1is negligible.

It has been found, however, that the products of the corona

discharge ionisation source may be employed as dopant ions,
whereby the ion-molecule chemistry of the instrument may be

altered under external control.

Preferably, the analytical instrument is an ion mobility
spectrometer, the 1onilisation region of which is doped by the

corona dopant 1ons generated by the corona discharge

ionisation source.
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By means of, for example, electronic control of the corona

discharge, the doping regime of an 1on mobility spectrometer
may be rapidly and easily altered to provide Changing
ionisation chemistry conditions, thereby to modify '

instrument sensitivity and/or selectivity readily.

Preferably, the corona discharge 1onisation source 1is

arranged to generate the corona dopant ions substantially
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continuously. Under such conditions, only a few types of
sample vapours, such as explosive compound vapours, are
capable of efficient ionisation and hence detection.
Thus, the selectivity of the analytical instrument to

these compounds is better than that of a system undoped
by discharge compounds.

Alternatively, the analytical instrument may have
switching means for switching the corona discharge
ionisation source such that the dopant ions are generated
selectively. Thus, the analytical instrument fitted with
a corona dilscharge ionisation source can, at times,
operate under conditions such as to produce the corona
dopant 1lons to dope an ionisation region thereof, and
can, at other times, operate under conditions such as not

to produce those corona dopant ions, the instrument then
operating as an undoped system.

The change between a doped system and an undoped system
can be accomplished by electronic switching means, for
example, within a very short time, typically within a
fraction of a second. Thus a sample vapour administered
Lo the 1on mobility spectrometer, for example, could be
quickly analysed under two different doping regimes.

Analysis of the sample vapour under the two different
regimes provides additional identification information.
For instance, the sample vapour may be ionised when the
system 1s undoped, but not when it is doped by the
discharge compounds, and this may help to indicate that
the sample vapour is not that from an explosive compound.
In another case, the mobility of the detected ion may be
different under the two doping regimes, and indicate that
the 1ion species formed from the sample vapour is
different in the two regimes. This has also provided
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further discriminatory information, provided that all
sample vapours ionised in both regimes did not change

their mobility by the same amount.

Preferably, the analytical instrument further comprises
chemical dopant means arranged to generate different,
chemical dopant ions. Preferably the chemical dopant
ions are produced when the corona dopant ions are not
being produced by the corona discharge ionisation source.
The chemical dopant means may be a gas permeable source
fitted within a circulating gas flow of the analytical

instrument.

This mode of operation can be of value, for example, if

the electron or proton affinity of the corona dopant ions
produced by the corona discharge ionisation source are
greater than those of the chemical dopant ions available
from the permeation source.

If the analytical instrument is an ion mobility

spectrometer, then the primary ions necessary for

ionisation of a sample to be analysed may either be
generated by the corona discharge ionisation source which
also generates the corona dopant ions, or alternatively
may be generated by a radioactive source, such as nickel
63. In the latter case, the corona discharge ionisation
source may not be fitted in the ionisation region of the
ingtrument but instead external to that region, and
possibly outside the body o©f the ion mobility
spectrometer, for 1instance in a gas flow into the
instrument. For example, the corona discharge ionisation
source may be located in series with an incoming gas flow
agssociated with the cell. |

Corona dopant 1ions generated by the corona discharge

SUBSTITUTE SHEET (RULE 26)
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would be carried into the cell and act as dopants in the

manner described above, without the corona discharge

gsource acting as the means of ionisation of the incoming

sample.

This method may enable the provision of a high

S concentration of corona dopant ion into the instrument to

more positively dope the cell. Generation of the corona
dopant compounds may be controlled electronically to

achieve added instrument sensitivity and selectivity.

10 The corona discharge ionisation source 1is preferably a

pulsed corona ioniser with either a single or a double

point source.

In

order that the invention may be more readily

15 understood a specific embodiment will be described by way

of example only, with reference to the accompanying

drawings in which:

20

25

30

35

Figure la is a diagrammatic representation of the
essential elements of an ion mobility spectrometer

used to demonstrate the operation of corona ion

source doping, with constant chemical dopant supply:
Figure 1lb is the ion mobility spectrometer of Figure
la, with a switching arrangement to permit selective
doping with the chemical dopant instead of a
constant chemical dopant supply;

Figure 2 is a schematic representation of the corona
ionisation source emploved in the apparatus of
Figure 1;

Figures 3 and 4 are plots of ion  peaks
representative of the use, and non-use of corona
ionisation source doping in the ion mobility
spectrometer of Figure 1;

Figures 5 to 10 inclusive are plots of ion peaks
obtained from the ion mobility spectrometer of

SUBSTITUTE SHEET (RULE 26)
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Figure 1, with the introduction of various samples,
as described below, and

Figure 11 is a schematic diagram of the output of a

prior art ion mobility spectrometer when undoped by
chemicals.

Referring to Figures la or 1lb, the apparatus used to
demonstrate the occurrence and application of corona ion
source 4doping comprises an ion mobility cell 10, having an
ion injection gate 12, and a drift region 16, provided with
electrodes 18 for establishing an electric drift field
along the drift tube 16, and a collector electrode 20.

Sample material is introduced into the ion mobility
cell 10 by way o©f the thermal desorption source 30, and
corona ionilsation source 40, attached to the ion mobility
cell 10 in the region ©of the ion injection gate 12.

Material introduced into the thermal desorption source
30, by means of a sample wipe 32, is heated sufficiently to

cause vapourisation, desorbed vapours being swept, Dy means

cf a carrier gas £flow through +«ube 34 into corona
ionisation source 40, where ionisation takes place, sample
ions, together with any unreacted dopant ions, being swept

into ion mobility cell 10, which is operated at a cell

temperature of 105°C.

In the conditions pertaining to the plots obtained,
the sample is offered to the system in particulate form
upon

SUBSTITUTE SHEET (RULE 26)
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PTFE sample wipes 32. Thermal desorption source 30
provides a stream of dry air at 200°C directed onto the
sample wipe 32 and thus releases analyte vapour into the

carrier gas flow through tube 34. The analvte vapour 1is
subsequently swept into the dual point corona discharge
ionisation source 40 wheré, after a series of ion molecule
reactions between analyte molecules and reactant ions
formed in the scn.zrce, product ions are formed. These
product ions (and usually some unreacted reactant ions) are
then gated into the drift region 16 of the cell where thevy

are separated electrically according to their ienic
mobilities and detected.

The ion mobility cell 10 is provided with ancillary
means such as a pump 24, for establishing the usual
carrier and drift gas flows necessary for its proper
operation, together with means for establishing the
necessary electric drift field by means of potentials
applied to electrodes 18, all as well known in the art.

In Figure 1la, a chemical dopant source 26 1s
arranged 1n a circulating gas flow of the analytical
instrument, circulation being carried out by means of the
pump 24. The chemical dopant source 1is, for example, a
gas permeable source.

Figure 1b shows a different arrangement to permit
the chemical dopant to be added to the ion mobility
spectrometer selectively. Switching means 28 is emploved
within the circulating gas flow. This may include, for
example, a valve (not shown). The switch 28 allows the
chemical dopant source to be brought into and out of the
gas flow circuit, as shown in that Figure.

SUBSTITUTE SHEET (RULE 26)
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two flne gold wires, 42 ang 44, both of 10um diameter

Spot-welded onto clean tinned Copper wires, 46 and 48

all times.

The corona ionisation source 40 described is operated

SUBSTITUTE SHEET (RULE 26)
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in a pulsed mode thus producing a packet of ions for
analysis in the assoclated ion mobility spectrometer. Ions
formed by the source 40 drift towards a standard Bradbury-
Nielsen i1on gate 58 through wﬁich they are injected into
the drift space of the ion mobility spectrometer in the
normal manner.

The delay Dbetween the corona pulse applied to the
primary corona polint 42, and the gating pulse applied to
the 1ion 1injection gate 58 is optimised to maximise

transmission of 1ons 1into the drift space of the

spectrometer, which, with the geometry and dimensions of
the source 40, 1s 1n the range 1lms to 2ms.

To achieve satisfactory operation of source 40, both
a standing dc voltage and a pulsed voltage are applied to
the primary point 42, both of the same polarity as the ions
to be generated, whereas the secondary point 44 is held at
a dc voltage of opposite polarity to that of the primary
point.

The ion-molecule chemistry prevailing in the corona

ionisation source 40 of the spectrometer can be altered
significantly by switching the secondary point voltage from
below to above the threshold voltage required to initiate
a self-sustalning dc corona discharge at the secondary
point 44.

When the corona discharge at the secondary point 44 is
not self-sustaining (i.e. it requires an influence from the

primary peoint to operate) the 1ion chemistry is to all

intents identical to that of an ion mobility spectrometer

SUBSTITUTE SHEET (RULE 26)
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employing & standard nickel 63 ionisation source, whereas
3 ’ -

Fh

a different 1lon chemistry (referred to as " ieading edge"
chemlstry) 1s observed when a self-sustaining corona

cdischarge 1s established at the secondary point 44.

It 1s therefore 2 simple matter to alter the ion
chemistry prevailing in the source region 54 by effecting

a dlscrete change in the voltage applieé to the secondary

point 44. This may be done, for example, using a switch
51 which may be software controlled.

. -2 achieve étable Operation In the corona ionisation
source 40, the d.c. voltage applied to =Irimary point
set between -300V and -800V and the pulse amplitude between.
-1.3KV and -2.5kV. The eXxXperimental conditions were
identical Ifor all spectra shown in the accompanyling figures
of the crawings, with the one exception that <he seconcary
point voltage was set at +800V when operated with normal
lion chemistry - with no self-sustained corona cdischarge o=
point 44, and at +1ll100V when operated with " leading edge”
chemlstry - with a self-sustained discharge con proint 44.
The lon-molecule chemistry which prevails in the
ionisation region of an ion mobility specirometar equipped
with the pulsed dual-point corona discharge ionisation
source 40 described above can be-altered significantly by
sultable variations of the corona point voltages. Negative
ion mebilliTy spectra nave been recorded with the corona
system operating (a) in a regime where the system response

1s similar to that of a conventional nickel 63 ionisation

source (nermal 1on chemistry), and (b) where the energy

density at elther corona point is high encugh to introduce

SUBSTITUTE SHEET (RULE 26)
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an additional ion species 1nto the reaction region. When
rhe latter i1s the case, a strong ion peak €60 is observed on

the leading edge of the normal reactant ion peak €2 as can
be seen in Figure 3. Where such a situation applies, the
effect is referred to as "leading edge'" chemistry.

Figure 4 shows the reactant ion peak 64 obtained with

normal ion chemistry.

Both spectra were recorded with 2 clean PTFE
sa.m;zle wipe 32 i1ntroduced to the system of Figure ., and
were averaged over eight ion gate pulses.

All spectra presented 1in the drawings were signal
averaged over eight 1lndividual spectra produced during the

eight respective 1lon gate pulses, using a Nicolet 4904
digital oscilloscope fed from the signal processing and
analvsing circultry attached to the collector electrode 20
of the ion mobility spectrometer 10, and stored on floppy

Adisk.

RDX, a high explosive, has been selected as a typical
demonstration compound, which shows the qualitative
differences in the spectra when "normal" and "leading edge"

ion chemistry is used.

A quantity of 9ng oI RDX was deposited on a clean
sample wipe and offered to the system of Figure 1. With
normal ion chemistry prevailing, three strong product ion
peaks 70, 72 and 74 are observed at 9.76, 10.47 and 11.13ms

on the spectrum illustrated in Figure S.

The effect of lntroducing leading edge chemistry is t©o

(3 4
~

suppress <the peaks at 59.7%6 and 1l0.47ms and to produce an
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additional product ion peak 76 at 11.48 ms, as can be seen
in Figure 6. This obvious change in the spectra could be
utilised as an additional means of identification for RDX.

The spectra shown in Figures S and 6 were recorded for
the same sample, as the sample wipe 32 was not removed from
the thermal desorpticn source 30 between chemistry changes.

A Clean sample wipe wa;s wiped on a piece of paper
which had Dbeen contaminated with "WD-40" lubricant and
cffered to the system of Figure 1.

Figure 7 shows the spectrum obtained with normal ion

chemistry.

The effect of 1lntroducing leading edge chemistry is
marked as seen 1n Figure 8. The wide peaks 80 and 82 at
14.5ms and 1l/.5ms are greatly reduced in intensity as are
the peaks 84 at 10.5ms, and 86 between 7.0ms and 9ms. An
additional peak 88, not apparent in the normal chemistry
spectrum of figure 7, i1s observed at about 9.6ms.

The effect of a "WD-40" background on the response of
the system to RDX, with both normal and leading-edge
chemistry, is shown in Figure 9 and 10.

Figure 9 shows the spectrum which was obtained from a
wipe which had been contaminated .with WD-40 and alsoe had
Sng of RDX deposited upon it. This spectrum was recorded
with normal lon chemistry. Clearly, the three produc:t ion
peaks 90, 92, 94 assoclated with RDX vapour are observed as

are the broad peaks 956 and 98 corresponding to WD-40

con;amination .

However when the ilnstrument of Figure 1 was operated

SUBSTITUTE SHEET (RULE 26)
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with leading edge chemistry, Figure 10 shows that the WD-40
contamination peaks 96 and 98 are suppressed 1in intensity but
the RDX peaks 100, corresponding to the peaks 76 of Figure 6,

persist, thus demonstrating the ability of the system of
Figure 1, when used with ionisation source 40 in the leading-
edge mode, to selectively suppress background contamination,

without any significant loss in strength of the ion peaks 100

indicative of the presence of RDX.

Although the invention has been described with

reference to an application in ion mobility spectrometry, the

invention may also be applied in other appropriate

instrumental applications where chemical doping has previously

been employed.

20163-1604
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CLAIMS:
1. An analytical instrument for analysing a sample,
comprising:

a corona discharge ionisation source for
generating corona dopant ions, the corona source comprising

a primary and a secondary polint source;

means arranged to change a voltage applied to the
secondary point source for controlling the generation of

ions; and

switching means for switching the secondary point
source such that the corona dopant 1ons are generated
selectively for analysing the sample under different doping

regimes.

2. An analytical i1nstrument as claimed in claim 1, 1in
which the instrument comprises an ion mobility spectrometer,
the 1onisation region of which 1s doped by the corona dopant

1ons generated by the corona discharge ionisation source.

3. An analytical instrument as claimed in claim 1 or
2, comprising chemical dopant means arranged to generate

different, chemical dopant ions.

4 An analytical instrument as claimed in claim 3, in
which the chemical dopant means is a gas permeable source
fitted within a circulating gas flow of the analytical

instrument.

5. An analytical i1nstrument as claimed in any one of

claims 2 to 4, in which the corona discharge ionisation
source further generates the primary ions for ionisation of

a sample to be analysed.
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6 . An analytical instrument as claimed 1in any one of
claims 2 to 4, further comprising a radioactive source for

generating the primary ions for ionisation of a sample to be

analysed.

5 7. An analytical instrument as claimed in claim 6, 1n
which the corona discharge ionisation source 1s arranged

outside the ion mobility spectrometer.

8. An analytical instrument as claimed in claim 7, 1in
which the corona discharge i1onisation source 1s arranged 1n

10 a gas flow into the ion mobility spectrometer.

9. An analytical instrument as claimed in any one of

claims 2 to 8, in which the corona discharge i1onisation

source 18 a pulsed corona 1oniser.

10. An analytical instrument as claimed 1n any one of

15 claims 1 to 9, adapted to detect explosive compounds.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA
PATENT AGENTS
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