Mass Spectrometry

International Journal of Mass Spectrometry 218 (2002) 75-85

www.elsevier.com/locate/ijms

A novel electron source for negative ion mobility spectrometry

Mahmoud Tabrizchi Azra Abedi

College of Chemistry, Isfahan University of Technology, Isfahan 84154, Iran
Received 22 February 2002; received in revised form 9 April 2002; accepted 11 April 2002

Abstract

The possibility of using negative corona discharge in pure nitrogen as the ionization source for negative ion mobilit
spectrometry (IMS) has been investigated. The discharge in pure nitrogen produces a huge number of electrons® almost
times as much as that produced by the conventiétdi ionization source. However, this high intensity electron source
cannot be simply used in IMS since introducing any electronegative substance in the corona region immediately results
quenching of the discharge. In this connection, a special IMS cell has been designed and optimized to employ this inter
electron source without being disturbed by sample. With this design, the electron current received at the detector plate co
be as high as 200 nA. The ionization efficiency and the collection efficiency of the electrons and negative ions, as a functic
of electric field at different regions, have been evaluated. As practical examples, the IMS spectra §f G, CHsl
and nitrobenzene, as well as the explosive materials pentaerythritol tetranitrate (PETN) and trinitrotoluene (TNT) at elevat
temperatures have been obtained. Finally, the capability of the method in quantitative analysis ph@slk#en evaluated
and a detection limit of 10 ngffrand a linear range of five orders of magnitude were obtained. (Int J Mass Spectrom 218
(2002) 75-85) © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction other ionization techniques such as, photoionization
by ultraviolet light[5], alkali cation emitter$6], sur-
lon mobility spectrometry (IMS) is a simple, in- face ionization[7], electrospray[8] and corona dis-
expensive and sensitive analytical method for the de- charge[9,10] have been considered as a substitute
tection of organic trace compoungis-4]. The most for the radioactive®®Ni in IMS. In this connection,
common ionization source used in IMS is a 12mCi trace gas analyzers which use UV lamps as the ion-
radioactive®3Ni foil which is advantageous in terms ization source have been developed by IUT L.
of simplicity, stability and no need for extra power In addition, an IMS cell, applying a corona discharge
source. However, the radioactivity $Ni is disadvan- assembly (with a point-to-ring geometry) as the ion
tageous in terms of the need for regular leak test and source has been developed and fitted to the Bruker
special safety regulations. In addition, the ion gener- RAID-1 IMS [11]. Furthermore, a pulsed corona dis-
ation rate of°®Ni source is not high enough, result- charge ion source, with a point-to-point geometry,
ing in weak signals and a low dynamic range. Several for use in analytical instruments and in particular for
use in ion mobility spectrometer has been developed
* Corresponding author. E-mail: m-tabriz@cc.iut.ac.ir [12]. The pulsed corona ion source was employed in a
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lightweight chemical detector, developed by Graseby designing of an IMS cell such that the diffusion of
Dynamics Ltd.[13]. Recently, halogenated hydrocar- sample into the discharge region is prevented. The op-
bons in nitrogen have been determined up to ng/L timization of this electron source for negative ion mo-
range with a five order linear range by partial discharge bility spectrometry and the capability of the method in
negative ion mobility spectrometijl4]. Partial dis- quantitative analysis, as well as example applications
charge causes intensive fragmentation of the ions. Forwill be described.
example, more than 10 different ions were formed for
perfluoron-pentane after partial discharge ionization
[14], resulting in a rather busy and broad spectrum. 2. Experimental

A detailed description of design and optimization
of a continuous corona discharge ionization source  The ion mobility spectrometer used in this study
for ion mobility spectrometry is given in our previous was constructed in our laboratory at the Isfahan Uni-
work [15]. The reliability of using positive corona dis-  versity of Technology. A schematic diagram of the
charge and the capability of the method in quantitative spectrometer is shown iRig. 1 The instrument is
analysis have also been demonstrdfi&s]. The domi- very similar to that described previous[iL5], ex-
nant reactant ions produced in the positive corona dis- cept for the ionization source that has been slightly
charge in air or nitrogen are @@),H™ [17]. Then the modified. The IMS cell is a glass tube, 4cm inner
sample molecules, with proton affinities higher than diameter and 19 cm long, on which 15 stainless steel
that of water are easily ionized via proton transfer re- guard rings are mounted. The guard rings are located
action with the protonated water clusters. However, 1 mm apart from each other and connected by a se-
for the case of negative polarity, when the corona dis- ries of resistors to form the electric field. The corona
charge was used in air, nitrogen oxides were produced electrode is a thin gold wire (0.05mm diameter),
in the discharge and consequently the ions of the type supported by a needle, which is inserted in a Teflon
NO, ™~ (H20),, were formed15,18,19] These ions of piece, fixed at one end of the glass tube. In order to
very high electron affinity, prevent ionization of other limit the discharge current, a 5®l protective resis-
substances, even halogenated compounds. One effector was used in series with the discharge. The target
tive way to eliminate nitrogen oxides is to use a pulsed electrode was made of a 2-mm thick graphite disc
corona discharge instead of a dc d8e¢l2,13] An- with a hole (1.5 mm diameter) at the center, mounted
other possibility is to eliminate oxygen from the dis- and sealed inside the glass tube in front of the needle
charge region by using pure non-electron attaching to create a point-to-plane geometry. Another graphite
gases such as nitrogen or helium. The advantage ofdisc called thecurtain electro@&, with the same size
using pure nitrogen for negative discharge is to pro- as the target electrode, was mounted in parallel to and
duce a large number of electrons. The electron den- at 9mm distance from the first disc. A flow of dry
sity in the negative corona discharge in pure nitrogen nitrogen (about 150 mL/min) was introduced between
was found to be about #aimes as much as that pro- the two discs and exited from the both holes. This
duced by thé3Ni source[15]. In such a high electron  gas served as a curtain and separated the discharge
density, electron capture efficiency is very high, thus, region from the ionization region, where the sample
the linear range and the sensitivity for detecting elec- was introduced. In fact, the curtain gas prevented
tronegative species is expected to be enhanced considthe diffusion of the sample into the corona region
erably. Unfortunately, such an intense electron source and the diffusion of neutral corona products into the
is quenched when sample is introduced in the ion- ionization region. The detailed description of the gas
ization region. In this situation, the corona discharge flow directions is given inFig. 2 Three homemade
turns off and the electron production is terminated. high-voltage power supplies were employed in this
Our main objective in this work has been the special work and connected to the electrodes as illustrated in
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Fig. 1. Schematic diagram of negative corona discharge IMS.

Fig. 1 A single 10,000V power supply for creating grid and the curtain electrode was 4 cm and the drift
the drift field, an isolated one (5000 V) for the corona length was 11cm. The electric field strength in the
discharge and a second isolated power supply for ap- drift region and the ionization region varied between
plying a voltage (300-2500 V) between the two discs 350 and 630 V/cm. The ion current was amplified by
to pull electrons through the target electrode towards an electrometer with a gain of 1@r 10° V/A (as re-

the curtain electrode. The distance between the shutterquired) and after further amplification was fed to the
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Fig. 2. Detailed description diagram of the negative corona discharge source showing the corona needle, the target electrode, the cur
electrode and the gas flow directions.
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computer via an A/D converter. The digitized signal- ionization of the gas molecules. Positive ions hitting
could be averaged over a number of scans, and thethe negative tip knock out more electrons and ensure
resulting ion mobility spectrum was displayed on the the reproduction of electrons removed by the field.
monitor. Typically, a 10Qus pulse for shutter grid was  Since no negative ions are formed in nitrogen, the
used during the measurements. positive ions are accelerated in the high field region
The gas used in this work was pure nitrogen towards the point without interruption by negative
(99.9995%, Internmar B.V., The Netherlands). Wa- space charges. The positive ions hit the point surface
ter vapor and other contaminations were removed with energies 10-100 times higher than the energies
by passing the gas through ax3nolecular sieves  with which they would strike the negative plate dur-
(Fluka) trap before entering the IMS. The flow rates ing a positive coron§22]. Therefore, the current for
of the carrier, the curtain and the drift gases were the negative corona discharge in pure nitrogen, or any
about 100, 150 and 600 mL/min, respectively. non-electron attaching gas such as helium, argon or
hydrogen, is expected to be much higher than that
of the positive corona. It is also well known that

3. Results and discussions the metastable NA3E, 1) molecules are involved
in negative corona discharge in pure nitrodes].
3.1. The negative corona discharge The metastable molecules are produced following the

electron impact on the nitrogen molecules. These ex-

The negative discharge in nitrogen was first inves- cited molecules release electrons from the tip during
tigated by monitoring the electrical current passing the collision with its surface. The photoelectric effect
through the needle while the dry nitrogen was flowing also causes electron emission from the cathode. At
with a flow rate of approximately 600 mL/min. As the low pressure, ion bombardment is the dominant pro-
potential of the needle was increased, around 1.2 kV, cess but at atmospheric pressure the most probable
a current in the order of a fraction of mA was ob- process for electron emission from the cathode is the
served. The threshold of the discharge was dependentmetastable molecule impact on the surfg2&-25]
on the needle-to-plane distance and was considerably The work function of the point and its condition
lower than that of the positive polarity for the same would greatly influence the electron emission. The
distance. The discharge was localized on the point tip continuous bombardment of the needle electrode al-
with a bright violet glow spot, wandering randomly ters its work function and consequently the discharge
on the point tip. This wandering causes the discharge is affected. This may explain the movement of the con-
current to fluctuate. The introduction of the smallest centrated discharge over the surf§22]. Application
amount of oxygen or any electron attaching substance of a thin gold wire as the tip stabilized the discharge
into the discharge region immediately caused the cur- and gave a constant current. This is probably due to the
rent to drop to nearly zero. higher efficiency of electron emission by metastable

The discharge current for negative corona was molecule bombardment for the case of gfda].
much higher than that observed for the positive Introducing electron-attaching substances, results
corona, which is usually ip/A range under the same in the formation of negative ions via electron capture
conditions[15]. The high current observed for the process. The negative ions move much slower than
negative corona in pure nitrogen can be explained the electrons and remain in the vicinity of the tip. The
considering the mechanism of the negative corona negative ion space charge cloud interrupts the positive
discharge[20,21] In a point-to-plane geometry, the ion bombardment and acts to choke off the discharge
electric field is very strong in the vicinity of the [22]. Impurities also extinguish the metastable states
tip. At a sufficient voltage, electrons leaving the effectively, so that the medium near the point layer is
negative point are multiplied due to electron impact changed. Consequently, in the presence of impurity,
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the discharge current decreases and at a sufficientfrom the slopes irFig. 3. For a 5 mm needle-to-plane
concentration the discharge turns [##]. distance, the discharge resistance is about @2dvid

In order to evaluate the effect of voltage on the dis- it was found to be generally related to the distance by
charge, the current, was measured as a function of R(MQ) = 0.18/ (mm). The ignition potentialg, can
the needle voltagéd/, at different needle-to-plane dis- also be obtained from the intercept of the/ plots.
tances. Unlike the positive corona, a plot 16§ vs. The results show that the ignition potentidy, is a lin-
V is not a straight line. This is inconsistent with the ear function (2 = 0.989) of the discharge gap length
characteristics of low current self-sustained coronas by Vg (kV) = 0.83+ 0.10d (mm). The discharge cur-
wherel/V is a linear function ol [20]. However, as rent was also measured at various temperatures. The
demonstrated ifrig. 3, the current is a linear function  current increased by almost 16% when the tempera-
of the potential. In general, the current is proportional ture increased from room temperature up to 250
to (V — Vp), whereVy is the ignition potential. If the
Ohm'’s law is applied here, the slope of th&/ plot is 3.2. Collection of electrons
the reciprocal of the resistance. Considering the® M
protective resistor in series with the discharge, the  The total current reaching the collector plate was
electrical resistance of the discharge can be calculatedmeasured while the shutter grid left totally open.
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Fig. 3. The plot of the discharge current vs. needle voltage at several fixed needle-to-plane distances.
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The current was found to be only about 0.1% of the  The total electron current received on the collector
discharge current. The large reduction in electron cur- plate was not very sensitive to the needle voltage but
rent is partly due to the small hole-size in the two it was strongly dependent on the drift field and the
graphite discs that let only a portion of electrons to voltage between the two disdsig. 4 shows the col-
pass. In addition, the electric field in both sides of lector current vs. the drift field at different voltages
the first disc differs very much. The ion transmittance applied between the two discs. In general, the elec-
from the target electrode, with a grid instead of a disc, tron current increases by both the drift field and the
was found to be about the ratioB$/E1, whereE, and curtain voltage. For the case of the positive corona
E; are the electric fields after and before the counter discharge, it was shown that the collection efficiency
electrode, respectiveljl5]. At operating conditions  of the drift tube is a quadratic function of the electric
the ratioEx/E; is usually small so that a small per- field [15]. Similarly, the electron current starts rising
centage of the electrons are expected to pass the firstquadratically but the curves change their slope to ap-
disc. The second disc also reduces the number of elec-proach a plateau. It seems that, at high drift fields, the
trons. In conclusion, the electron transmittance from voltage between the two discs determines the elec-
this configuration is less than the ion transmittance tron transmittance. The effect of the curtain voltage
from the positive corona in the previous wofk5]. on collecting the electrons at constant drift fields can
However, due to the high discharge current, the elec- also be seen ifig. 4. The collected current increases
tron current received at the collector plate could be as almost linearly by increasing the curtain voltage but

high as 200 nA. again it reaches a certain level. The curveBio 4fit
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Fig. 4. The total current received at the collector plate as a function of the drift field at several voltages applied between the target and
the curtain electrodes.
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reasonably well in a function of the form: the curtain gas. When the curtain gas entered from

1 a b exit 2 (shown inFig. 2), the ratio of electrons to the

7= 2 + " negative ions was decreased considerably. In addition,
d Cc

more peaks appeared and the first negative ion peak
wherea and b are constants anHy and E; are the increased while the oxygen peak decreased. The cor-
drift and the curtain fields, respectively. Since the ion responding spectra are insertedrig. 5. The decreas-
transmission for the drift tube is proportional to the ing of the oxygen peak reveals that a species with very
square root of the drift fielflL5], the terma/Eg may be high electron affinity is present in the ionization re-
interpreted as the ionic resistance for the drift tube. The gion. Nitrogen oxides, formed in the corona discharge,
termb/E; may also be assumed as the ionic resistance are the possible candidates. When the curtain gas is en-
for the curtain. Then the reciprocal of the current)l/  tering from exit 2, the gas and electrons in front of the
which represents the total resistance, would be the sumneedle are moving in the same direction, towards the

of the two resistors. ionization region. Thus, the discharge products, such
as nitrogen oxides, are carried out to the ionization re-
3.3. The background spectrum gion and convert electrons to negative ions. This could

be the reason for reducing the ratio of electrons to the
The background ion mobility spectrum of pure ni- negative ions and the appearing of more peaks in the
trogen is shown irFig. 5. The spectrum shows a very  spectrum. In order to maximize the electron produc-
large peak at zero drift time corresponding to elec- tion and minimize the background negative ions, the
trons, and two small peaks corresponding to negative curtain gas was chosen to flow towards the needle tip,
ions. When oxygen was injected to the carrier gas, opposite to the direction of the electrons, as shown in
the second negative ion peak was increased. Accord-Fig. 2 The opposite force arising from the countercur-
ingly, the origin of the negative ions was thought to rent stream of the curtain gas on the negative ions is
be due to the presence of trace amounts of oxygen in not considerable. However, the curtain gas prevents the
the gas. Although the nitrogen used in this experiment diffusion of neutral corona products into the ionization
was highly pure, it may contain about 5 ppm oxygen, region. It also keeps the discharge region free from
which seems to be enough for the production of neg- sample. The injection of the sample into the carrier gas
ative ions in such an intense electron source. Another did not affect the discharge at all. This was confirmed
source of oxygen could be the diffusion of ambient by monitoring the discharge current while the sample
air into the IMS cell, although careful attempts were was injected. Negative ion mobility spectra of several
made to seal all the joints and connections. Nitrogen test compounds, CHgl CHBr3, CHal, nitrobenzene
oxides may also be formed in the discharge at trace and the explosive materials, pentaerythritol tetranitrate
levels. This is possibly the source of appearing the first (PETN) and 2,4,6-trinitrotoluene (TNT) are presented
negative ion peak. Despite the presence of negativein Fig. 6. The peak appearing in the CHGIpectrum
ions, their total intensity is negligible with respect to probably corresponds to the hydrated @bn since a
that of electrons. The electrons/negative ions ratio was peak at the same drift time was observed when other
dependent on the curtain voltage and the drift field as chlorinated compounds such as g@r chloroben-
well as the purity of the nitrogen gas. The observed zene were injected. Similarly the peaks appeared in the

ratio could be at most close to 40. CHBr3 and CHl spectra may also correspond to the
hydrated Br and I~ ions, respectively. Halogenated
3.4. The curtain gas compounds normally produce halide ions via a disso-

ciative electron capture reaction. The reduced mobil-
The ratio of electrons to the negative ions was also ities measured for the major peaks in the spectra of
sensitive to the flow rate and the flowing direction of CHCI3, CH3Br and CHl are in good agreement with
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Fig. 5. Background negative ion mobility spectrum of pure ni-
trogen recorded with negative corona discharge ionization source.
Spectrum A is recorded when the curtain gas is flowing opposite
to the needle as shown Fig. 2 while for spectrum B the curtain
gas is entering from the exit 2 and carrying the corona products
into the ionization region.

B I R B B I L B B B B B L B B B

5 10 15 20

the reported values; 2.92, 2.63 and 2.538ns for
CI=, Br~ and I~ ions, respectivel§26]. Drift Time (ms)

The general shape Of_t_he _PETN spectrum is similar Fig. 6. Negative ion mobility spectra of CH{ICHBr3, CHil,
to that recorded wittt*Ni ionization sourceg27] but nitrobenzene and the explosives, PETN and TNT recorded with
with a better resolution and a higher signal to noise negative corona discharge ionization source at°TB0
ratio. Mass spectrometry investigation of PETN with
thermal electrons shows that there are complex ionic
species with the largest one being PEN3~ ion 3.5. lonization efficiency and ion collection
and a significant amount of NO ions[28]. The re-
duced mobility value for the first PETN peak is very Sample molecules are ionized in the ionization re-
close to the reduced mobility of NO (2.46 cnf/V's) gion via electron attachment. The ionization region is
reported by Ewing et a[29]. Therefore, the firstand  the gap between the curtain electrode and the shutter
the last peaks in the PETN spectrum might be origi- grid. It was found that if the sample concentration is
nated from N@~ and PETNNO3~ ions. The TNT increased up to a level that all electrons are consumed,
and nitrobenzene spectra show only one peak with the negative ion intensity is not as high as the origi-
reduced mobilities of 1.55 and 1.86 &d's, respec- nal electron intensity. The reduction could be due to
tively. These values are close to the reported values the fact that the collection efficiency for fast moving
by Spangler and Lawleqd80] for TNT~ (1.49) and electrons is higher than that of the ions which move
CsHsNO,~ (1.87). Unlike halogenated compounds relatively slower.
nitrotoluenes and nitrobenzene capture electrons The collection efficiency was also dependent on the
nondissociatively and produce Min the absence of electric field in the ionization region. An increase in
a proton abstracting agef80]. the electric field results in a higher ion collection.
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On the other hand, the residence time of electrons in
the ionization region decreases if the field is increased,
i.e. the higher the ionization field is, the less time for
electrons to be captured. Therefore, at high fields the
ion generation rate is low but the ion collection effi-
ciency is high and at low ionization fields the reverse
trend is true. In conclusion, the ion intensity is ex-
pected not to be very sensitive to the ionization field.
In order to examine this, a fourth-isolated power sup-
ply was employed to independently vary the voltage
between the curtain electrode and the ring before the
shutter grid. A constant flow of chloroform vapor, in
ppb ranges, was injected into the carrier gas. Under
this condition, the negative ion signal was monitored
while the voltage varied. It was noticed that, the Cl
ion intensity was almost constant at various ionization
fields, within the range of 13-330V/cm, i.e. the ion
intensity was not sensitive to the ionization field, as
expected.

Unlike negative ions, the electron intensity was
strongly under influence of the ionization field. The
electron intensity as a function of the ionization field
is shown inFig. 7. It increases by more than three
times when the field changes from 13 to 530 V/cm.
This is because more electrons are extracted from
the curtain gap at higher electric fields. If the sample
concentration is increased up to the saturation level,
where all electrons are converted to negative ions,
the ion intensity becomes also field dependent. This
is demonstrated ifrig. 7 where the Cf ion intensity
has been multiplied by a factor of 3. At high sam-
ple concentrations, the residence time of electrons is
not important since all electrons, regardless of their
speed, are captured at the beginning of the ionization
region. In this situation, the number of negative ions
produced in the ionization region is proportional to
the number of electrons entering that region which
itself is field-dependent. Therefore, at high concen-
trations, the negative ion intensity increases with the
ionization field. The general conclusion is that, high
ionization fields give a better sensitivity at high con-
centrations but it has no effect on the sensitivity at
low concentrations. The ionization field in this work
was chosen as high as the drift figlid].
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Fig. 7. The electron and the Clion intensities as a function of
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3.6. The linear and the working range different dilution times was measurefig. 8 shows
the observed ion signal vs. the calculated chloroform
The application of IMS for quantitative analysis is concentration based on the dilution flask equation. The
limited because of its restricted linear range and its missing points correspond to the time when the ampli-
narrow working range. The proposed solution is to use fier was saturated and its gain needed to be changed.
a servo-inlet[31,32] in which the sample is pulsed In order to accurately measure the signal at low con-
with a fast valve into the inlet against a flow of clean centrations, the experiment was repeated at higher
air or nitrogen[2]. The air/sample ratio is adjusted sensitivity with a 3.8.g/m?® initial concentration. The
so that the reactant ion peak intensity stays within a results are demonstrated in log—log scale and inserted

preset range. in Fig. 8 The linear and the working range have
Commonly, linear ranges of 10—-100 have been re- been extended dramatically. The dynamic range<
ported for the conventional IMS usiff§Ni ionization 0.995) is more than five orders of magnitude and the

source[2]. The working range can hardly be near or detection limit is below 10 ng/f Such linear range
above 1000. The main reason for such short linear and and sensitivity in negative corona discharge ion mo-
working ranges is the limited amounts of ions gen- bility spectrometry can be compared to those obtained
erated by th€3Ni source. The total ion current of a  after partial discharge ion mobility spectromefiyt].

12 mCi®3Ni ionization source is below 1 nf§]. How- The long linear range is due to the very high initial
ever, the total electron current in the negative corona electron density, produced by the corona discharge.
discharge in pure nitrogen is about a fraction of mA.

If only 1/1000 of this large number of electrons enter 3.7. Conclusions

the ionization region, then the electron density is still

larger than that ofNi by at least two orders of magni- There are two problems associated with the use of
tude. Such an increase in the electron density will cer- continuous negative corona discharge in IMS. The first
tainly results in a larger linear range and wider working is the production of N@ in the discharge. Nitrogen
range. In order to evaluate the linear range, the expo- oxides with very high electron affinities do not allow
nential dilution flask method was used to introduce the other compounds to form negative ions. If pure nitro-
sample. This technique is well known for introducing gen is used to prevent NQoroduction, then the sec-
gas samples into IM$0]. In this method, a known  ond problem appears, i.e. the discharge turns off when
amount of sample is introduced into a vessel. Then, the sample is injected. In this work, it was shown that ion
vessel is continuously flushed out with a carrier gas. mobility spectrometers could be equipped with nega-
The outlet analyte concentratiof)(after time ¢) is tive corona discharge as the ionization source without
given byC = Cgexp (—QtV), whereCy is the initial interference of NQ or disturbance of the discharge
concentration of the analyt€) the gas flow rate and by sample. This was achieved by use of pure nitro-
V is the vessel volume. A stock chloroform standard gen in the discharge region and employing a curtain
sample was prepared by injecting 10 of chloroform gas to separate the discharge region from the ioniza-
saturated headspace gas at’@6into a calibrated tion region. The advantage of using such ionization
331 mL volume flask via a gas tight syringe. Consid- source is to boost the electron current up to as high
ering the vapor pressure of chloroform at"®§ which as 200 nA which is larger than that %Ni by two or-

is 199 mmHg, the initial chloroform concentration in  ders of magnitude. As a result the detection limit of
the flask would be 38 mg/fn The flask was flushed  electronegative substances reduces considerably. This
with the carrier gas at a flow rate of 244 mL/min is especially suitable for sensitive detection of explo-
and its outlet was directly connected to the IMS cell. sives and halogenated hydrocarbons. In addition, the
Two hundred and fifty spectra were averaged every 5s use of the high electron density expands the working
for 10 min. Then the area under the Cibn peak at and the linear range of IMS.
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Analysis of mixtures by negative IMS in some

cases may also be improved if such intense electron

source is used. Electron affinity plays the major role
in ionization of samples in negative mode. Different
compounds in a mixture compete with each other to
capture electrons. At high electron density and low

concentrations, enough electrons are available for all

compounds in a mixture and the matrix effect may
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Reategni, European Patent Appl. EP 198154 AZ (22 October
1986).

[7] U.Kh. Rasuleyv, Int. J. lon Mobility Spectrom. 4 (2) (2001) 13.

[8] W.E. Steiner, B.H. Clowers, K. Fuhrer, M. Gonin, L.M. Matz,
W.F. Siems, A.J. Schultz, H.H. Hill Jr., Rapid Commun.
Mass Spectrom. 15 (2001) 2221.

[9] J. Stach, J. Adler, M. Brodacki, H.R. Déring, in: Proceedings
of the Third International Workshop on lon Mobility
Spectrometry, 1995, p. 71.

be reduced. However, in the case of halogenated [10] H. Borsdorf, H. Schelhorn, J. Flachowsky, H.R. Déring, J.

Stach, Anal. Chim. Acta 403 (2000) 235.

compounds, where the compounds contain the Sa-me[ll] J. Adler, G. Arnold, H.R. Déring, V. Starrock, E. Willfing,

halogen, a preseparation technique such as gas chro-

matography is required for analysis of the mixture.
In portable instruments, since only the curtain gas

is needed to be pure nitrogen, a small nitrogen or he-

lium source can provide the curtain gas for a time
comparable to the battery lifetime. Thus, the portable
IMS instruments could be equipped with this ioniza-
tion source to improve their performance.
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