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Part 2: Sampling & lonization methods
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5 Introduction

In this part of the report, the systems of sample introduction to the DMA are
described. They depend mainly on the type of sample to be analysed and on the
ionization source to be used. Secondarily, it is important to consider the use of
reagent gases on the DMA to select sample introduction configurations.

DMA is designed to separate ionized gas molecules, so these are the processes that a
sample introduction system should achieve. The gas phase ionized molecules should
go through the interface to the DMA interior. The introduction systems should be
able to provide these gas phase ions. Therefore, it can be designed to perform either
both tasks, vaporization and ionization; or just vaporization, depending on the
sample entity and on the associated ionization system.

With respect to the ionization process, the source should be able to generate ions at
atmospheric pressure and with minimum fragmentation of the molecules. The
review has been done taking into account was has been already done for Ion
Mobility Spectrometry (IMS). This is a technology based on measuring the same
parameter lying on the DMA analysis, the ion mobility. IMS has been developed
originally to analyse vapour or gaseous samples. In the initial stages of IMS, the
sample was simply pushed to the inner part of the IMS. Ionization was done with a
radioactive ionization source. Such a simple sample introduction system was quite
reliable and not many modifications were allowed. When liquid samples were used,
they were heated while a wire was on the sample. When solvent was evaporated, the
wire was heated and vapours were generated and pushed into the IMS. As attempts
to analyze with greater complexity started, the introduction systems had to gain
performance abilities. So, different devices were considered: pre-concentration
systems for low concentration analytes, membrane inlets to avoid moisture and
interferences or thermal desorbers for low vapour pressure analytes. For liquid and
solid samples, several strategies have been developed. They normally comprise
vaporization and ionization processes such as ElectroSpray lonization (ESI) and
Matrix Assisted Laser Desorption Ionization (MALDI). In the last few years, some
other atmospheric pressure ionization sources have been developed for liquid
samples. They are DART (Direct Analysis in Real Time), APPI (Atmospheric Pressure
Photo Ionization) and APCI (Atmospheric Pressure Chemical lonization)

The introduction system determines the type of samples suitable for analysis.
Another characteristic that a sample introduction system should achieve is that it
must be reliable, in the sense that it should be repeatable and not provide
interferences or different measurements for the same sample.
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6 Sample introduction

6.1 - Vapour samples

Just considering the introduction systems in the sense of a vaporization unit or a way
to introduce vaporized samples into another unit used to ionize efficiently these
vapour gas samples, we can consider several devices. To consider a vapour sample
does not mean to consider just gases or vapours, but extraction systems or sample
preparation systems in which the volatiles contained in the liquid or solid samples
are extracted and, using a heating system, are vaporized. Usually, these sample
preparation systems do not include an ionization source, so this should be included
after evaporation.

6.1.1 - Permeation tubes

A permeation tube is a small vial sealed by a polymeric material in which the analyte
is introduced. When placing it into the tube and depending on its vapour pressure,
analyte vapours are emitted to the ambient. If a known flow carrier gas is connected
to the analyte source, a calibrated vapour mixture is generated and can be driven into
the DMA for its analysis. It is important to keep well controlled both, the
temperature to which the permeation tube is placed, and the gas flow. The advantage
of this sample preparation system is that it is easy to use, not expensive and many
compounds can be used with them. The main disadvantage is that their use is not
automatic. An alternative design with the same properties as permeation tubes is the
use of diffusion vials that do not have polymeric membranes, but a calibrated tube in
which the analyte is placed in a controlled temperature chamber. A controlled flow
flushes into the chamber and is mixed with another dilution flow to get calibrated
mixtures. No publications are available coupling this introductions system to a
DMA. However, this introduction system has been used coupled to IMS to analyse n-
alkanes, branched alkanes, aromatic compounds (1) using corona discharge
ionization. With Atmospheric Pressure Photo Ionization Permeation tubes have been
used to determinate halogenated aromatics (2).

As it can be deduced this is not a rigorous sampling system for gases, though it can
be used with liquid and solid analytes that can be heated to get a rich enough vapour
mixture and the sampling is made in the gas phase. There are some cautions to
consider when using these systems related to the transfer line to the beginning of the
DMA. If the permeation tube or diffusion vial is heated to a temperature higher that
the transfer line and the ionization chamber of the DMA, the enriched vapour will
condense. This condensation can bring problems because the concentration will not

20(43)



be known anymore and carry over effects can be observed. Short and temperature
controlled transfer lines and ionization devices are needed if a heated sample is
generated.

For this particular project, it is important to use one of the described devices to get
gases with a controlled concentration of the compound of interest. It is important to
check the performance of the DMA considering repeatability, linearity,
reproducibility, selectivity and to study the effect of interferences.

6.1.2 - Purge vessel and dilution glass flasks

Purge vessels and dilution flask are other devices used to extract vapour from a
liquid sample, either a solution containing the volatiles, or a liquid analyte with a
controlled vapour-liquid equilibrium through temperature. A purge vessel includes a
temperature controlled container where the sample is placed. Part of the head space
where the volatiles are concentrated is flushed with a carrier gas stream and in a later
step; this rarefied gas is mixed with another carrier gas to get following dilutions. An
experimental purge vessel device has been used coupled to IMS to determinate
chlorobencene in water samples (3). The experimental set up used by Borsdorf can be
seen in Figure 1.

Dilution gas flasks are similar to purge vessels. In a dilution glass, a liquid sample is
injected in a fixed volume container filled previously with nitrogen. The container is
connected to a transfer line with a cross-union that can be operated so that the
rarefied air from the flask could be mixed with an additional carrier gas stream to get
dilutions. A dilution gas flask introduction system has been used by (4) for the
analysis of several alcohols.
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Figure 1: (A) Glass flask for extracting volatile organic compounds from water samples, reprinted
from (3). (B) Exponential dilution system, reprinted from (4).
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6.1.3 - Headspace samplers

The headspace samplers are similar to the previous devices in the sense of sampling
the headspace of a container where the analyte has been placed at a controlled
temperature. However, the headspace is not used to be mixed with another gas
stream to get a diluted gaseous sample, but it is often directly injected into the DMA
measuring the injected volume. Special mention should be made about the injection
devices used with headspace samplers. They can be simple syringes (5) used to
extract a fixed volume from the headspace and later this volume is injected into the
DMA for its analysis. Another device is based on connecting a syringe with a transfer
line to mechanically absorb the headspace of different vials for some time (6). If using
the last type system, a special study of the sampling time should be taken in
consideration to be sure that the head space vapours keep the same composition
along the sampling.

6.14 - Evaporation units

Evaporation units are used to analyze solution samples. The device is made of a
ceramic material where a certain volume of sample is placed and heated. This way,
the solution is vaporized at high temperature and injected into de DMA using an air
pump. It has been used coupled to IMS to analyse pesticides in aqueous samples (7).
An alternative design is to deposit the solution into a brass cap with a nichrome
filament (8). The sample is heated and once the solvent is vaporized, the cap is
introduced into the injection port, where a carrier gas drives the analyte vapours into
the DMA.

6.1.5 - Membrane-inlet systems

Using membranes as a previous separation step to introduce sample has been used
often with IMS (9-13). Membranes are used to enhance selectivity and therefore
sensitivity of some analytes. Typically, membranes are used to avoid the entrance of
disturbing compounds such us water or ammonia into the ionization source of IMSs
Membranes are used due to the different diffusion rates through the membrane for
different compounds depending on the molecular mass. Used membranes are made
of polypropylene and silicone. They have been used extensively for complex liquid
samples. In Figure 2, two membrane introduction systems are showed.
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Figure 2: (A) The membrane inlet system described in (10) and (B) from (11)

6.1.6 - Thermal desorption units

In a thermal desorption unit, the volatile part of a sample is separated from its liquid
or solid matrix by increasing the temperature. Thermal desorption units operate like
an oven. In some occasions, thermal desorption units act as a clean-up method in
cases where other methods cannot. Thermal desorption units are often faster, less
expensive equipments and easier to use than other clean-up methods based on an
increase of temperature. Some restrictions are the need of dewatering some samples
to get a certain moisture level or the impossibility of using strong abrasive samples.
This sample introduction system has been used coupled to IMS, to determinate the
spoilage grade of meat by analysing its content in trimethylamine (14).

6.1.7 - Solid Phase Micro Extraction units

Solid Phase Micro Extraction (SPME) systems allow the separation of the analyte
from its liquid matrix including a concentration of the mentioned analyte. SPME uses
a small fibre coated with a polymer in which the analytes are adsorbed in according
to their chemical affinity. To perform SPME the fibre has to be in contact with the
solution containing the volatile for some time. The extraction procedure can be made
in the headspace of the container where the analyte is placed, or with the fibre inside
the solution for a direct SPME. Once the fibre has adsorbed the proper amount of
sample, it is placed in a thermal desorption unit, where the analytes vaporize and can
be introduced to the analytical technique by a carrier gas. A special thermal
desorption unit to couple SPME and IMS has been developed by Rearden et al. (15)
and can be seen in Figure 3. Another inlet designed for SPME and IMS has been
presented by Pawliszyn’s group (16) and has been used to determinate cocaine. The
importance of SPME comes from the possibility of using a wide range of coatings, so
the introduction system is selective, and from the fact that it is able to concentrate the
analyte due to the extraction process and desorption in a small flow. SPME fibres are
designed to be reused a number of times related to the sample, extraction conditions
and desorption temperatures.
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Figure 3: (A) A SPME-IMS device and its thermal desorption unit, reprinted from (15) (B) The
SPME-IMS system used in (16).

SPME systems have been used to identify explosives (17) including a special inlet
that allows the fibre to be reused.

To avoid a thermal desorption unit and allow the analysis of thermally labile
compounds, a new sample introduction system has been developed to desorb and
ionize analytes in a SPME fibre, using a laser (18).

6.1.8 - Stir-bar sorptive extractors

Stir - bar sorptive extractors (SBSE) are devices based on the same principles as
SPME but with 1000 times lower LODs (19). They are a PDMS coated stir bar that is
placed into a solution containing organic analytes. By stirring the bar for a certain
time, the organic compounds are adsorbed into the bar coating and it can be placed
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into a desorption unit. Apart form the lower LODs achieved, the SBSE are supposed
to be reusable for 500 times.

It has been used for aqueous samples containing organic compounds, but specifically
it has been used to detect explosives such us TNT or 1,3,5-Trinitro-1,3,5-triazine in
aqueous samples (20).

The complete sample introduction system is formed by two parts, as showed in
Figure 4. One is connected to the IMS with a PDMS o-ring to close the desorption
unit and allow all the analytes to be driven into the IMS. The second part is a PDMS
filter where the stir bar is placed once the extraction is complete. This part can be
heated to vaporize the analytes and a carrier gas flow is connected to the desorption
chamber.

nlet

Stir bar
PTFE filter

Desorber heater

Air channel

|

Air inlet

STIR-BAR SORPTIVE EXTRACTOR

Figure 4: Stir-bar sorptive extraction system for IMS, published in (20)

6.1.9 - Chromatographic columns

When dealing with real samples, it is useful to pre-separate the components of the
mixture previous to the analysis with IMS or DMA. Many applications have been
published in which a chromatographic column has been connected to an IMS (21-24);
the most usual separation systems are Gas chromatographs even though some
applications using Liquid Chromatographs together with Electro Spray ionization
have been reported (25). Despite the advantages of the separation step related to the
chromatography, some problems are associated to the use of capillary columns. The
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flow used in capillary chromatography is very low in comparison with the flow
needed for IMS or DMA detection, so the detection is sometimes complicated by the
use of the column. To solve this problem and keep the advantages of enhanced
selectivity given by the chromatography, the use of Multi Capillary Columns (MCC)
has become widely extended. A MCC is a bundle of about 1000 single capillary
columns put together in a tube. The use of this amount of single columns provides
the required flow for IMS and DMA detection and keeps the separation utility given
by the chromatography. An example of this kind of coupling is presented in Figure 5.

Carrier gas in
|

|
H Multi-capillary column
SAMPLE IN

— =] @ IMS

——» Waste

A

Sample loop

CHROMATOGRAPHIC COLUMN

Figure 5: Coupling of Multicapillary column and IMS, published in (26)

6.1.10 - Supercritical fluid chromatographs

In principle, the use of supercritical fluid chromatographs (SFC) together with IMS or
DMA is supposed to be very efficient because supercritical fluids like CO; are easily
vaporized at ambient temperature and the diluted volatile are in gas phase ready for
the ionization. Hill reported the first application using SFC and IMS (27). Samples
were injected in a CO; stream and the same fluid was used to perform the
chromatographic separation and as a drift gas for the IMS. The interface between the
SEC and the IMS is made by a capillary restrictor inserted in the IMS inlet. Others
(28) developed interfaces involve the use of a heated nebulizer gas that increase the
temperature of the restrictor and minimize the formation of cluster ions.
Additionally, the nozzle is bent in the ionization region to maximize the contact
between the ®Ni source and the sample in order to increase the efficiency of the
ionization of the sample. The last interface considered (29) consists on a restrictor
heater which temperature was controlled by an independent heating system.
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6.2 - Liquid samples

Several techniques to analyse liquid samples have been described in the previous
section under the title of vapour samples. This is due to analyte’s high vapour, which
makes them detectable at relatively low temperatures, around 300°C. With this kind
of analytes, several situations can be considered. The first one is when this analyte is
a pure liquid compound that can be vaporized and directly analysed. Another
situation is when the sample is composed by a liquid solvent and a volatile solute. In
this case, several separations described previously can be made and once the volatile
solute is in the gas phase, it can be ionized and analysed in the DMA. However, there
are other samples in which the liquid is composed by a solution with non volatile
solutes. They can be molecules of elevated molecular weight that need such high
temperatures to be in vapour phase that the molecules are not stable anymore. These
compounds can be analysed using a special ionization methos, the Electro Spray
Ionization (ESI). Other type of suitable molecules to be analysed using ESI are
thermo-labile compounds. ESI is a powerful ionization technique that enables the use
of IMS detectors or MS detectors to non-volatile compounds such us pharmaceutical
drugs and macromolecules. Another strong point of ESI is the possibility of coupling
Liquid Chromatography to detectors requiring volatile ions like IMS or MS. In that
way, really complex samples with non-volatile analytes can be analysed using IMS or
MS.

6.3 -Solid Samples

Matrix-Assisted Laser Desorption Ionization (MALDI) has been widely used to study
polymers coupled with Time Of Flight Mass Spectrometry (TOF-MS). MALDI can be
used coupled to IMS or to DMA when dealing with solid compounds difficult to
ionize with other ionization techniques. In a MALDI device, the analyte is mixed
with a photoactive substance which is called the matrix. Once the matrix and the
analyte are in solid phase, they are exposed to a pulse laser in the range of 330-360
nm. As it has been exposed, the matrix is photoactive, so it absorbs the radiation.
Through the communication of the absorbed radiation by the matrix to the analytes,
the latter evaporate and by proton transfer of ionic matrix molecules, the evaporated
analyte molecules are charged. The result is vapour phase analyte ions ready to be
analyzed by MS, IMS or DMA
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7 Sample ionization

Sample ionization depends on the used sampling method, so it is necessary to
include this part of the detection process in the sampling report. One of the
requirements of the ions sources to be used for DMA is the high ion yield to charge
as much analyte molecules as possible and to achieve high sensitivity.

The most common ionization sources used in the IMS and DMA analysis are the
following

7.1 Radioactive ionization

Radioactive sources are often used for IMS detection, even though there have been
efforts recently to find an alternative for these ion sources. Problems related to the
need of special permissions and to health and safety laws, make radioactive ion
sources not very convenient ions sources.

The radioactive source is made of 2! Am or %Nj, the first emitting alpha particles and
the second emitting beta radiation (30). Beta particles have energy of 17keV and are
able to ionize air molecules, while alpha particles have energy higher than 5.4MeV.
The way radioactive ionization source works is either via primary ionization of
analyte vapours or via secondary ionization using reagent gases. The use of reagent
gases to provide reactant ions to ionize with some selectivity the analyte vapours is
quite common.

7.2 Electro Spray Ionization (ESI), Secondary ESI (SESI)

Since the appearance of Electro Spray lonization, many applications have been
developed for IMS and for MS detectors (31-35). ESI can be applied directly to the
sample or in an indirect way, creating ions with any solvent and ionizing in a second
stage. An example of an ionization source designed and developed by RAMEM is
shown in Figure 6.

In ESI, a solution containing the sample and a polar solvent is flushed through a
charged capillary. The resulting electric field disperses the sample emerging from the
tip into an aerosol of tiny charged droplets. The evaporation of the solvent and the
charge repulsion inside the droplets, drive to the formation of smaller droplets to end
up with gaseous analyte ions. Desolvation of the droplets is assisted by a gaseous
flow in the outer part of the capillary. ESI provides both, positive and negative ions
depending on the applied electric field. One of the positive aspects of ESI is that no or
small fragmentation of molecules is found. This is very important for IMS
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measurements due to the low resolution achieved by this technique when compared
to MS.
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Figure 6: RAMEM’s electrospray source (36, 37)

ESI has been used widely as ion source for IMS, mainly to analyse macromolecules
and non volatiles (38-41). ESI has broadened the type of analytes to be determined
using IMS.

In SESI, the Electro Spray aerosol is used as an ion source to charge the neutral
analyte molecules. This way, the analyte may be dissolved in a solution or it can be
part of a gas mixture. SESI has proved to be an important ionization source because it
improves the sensitivity of ESI due to better ionization efficiency. It is important to
consider this ionization technique for the LOTUS project due to the gas phase
sample. With this kind of ionization, the analytes may be in a gaseous mixture and be
ionized with the electro-spray. SESI has been used to analyse drugs and explosives
(42-44).

Another derived ESI source is called Extractive Electro Spray Ionization (45) (EESI).
In this kind of ionization, the sample is a liquid or a solution, and analytes are
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ionized though the mixture of a sample aerosol with an Electrospray aerosol
containing solvent ions.
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Figure 7: Examples of a) SESI from (44) and EESI extracted by (45).

3.3.- Desorption ESI (DESI), Direct Analysis in Real Time (DART) and Matrix
Assisted Laser Desorption Ionization (MALDI)
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These three techniques are grouped together because they use desorption and
ionization at atmospheric pressure. It can be considered that the sample is in solid
form.

In DESI (46), a surface where the sample is placed is bombarded with solvent ions
coming from an Electrospray source. Due to the energy transfer, the analyte
molecules are ionized and desorbed from the surface driving them to the analyser.
This technique has been used to analyse explosives in solid form (47).
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Figure 8: Scheme of a DESI source, reprinted from (46).

DART uses a glow discharge plasma to produce ions of an inert gas at high flow (1-
3L/min) such as helium. These ions interact with the analyte neutrals through a not
completely understood mechanism. This ion source is able to ionize solid, liquid and
gaseous samples. In Figure 9 a scheme of the JEOL DART™ source is showed.

needle electrode electrode 1 insulator cap

v

gas in *""mf( glow $ open air
— P discha% = sample gap
grounded electrode gas heater electrode 2 spectrometer inlet

Figure 9: DART™ source Developer by JEOL (48)

Few applications have been found for the coupling of DART and IMS (49, 50). This
ionization source has been used widely coupled to MS (51).
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MALDI has been used often coupled to TOF-MS to study biological molecules such
as proteins and peptides and it has been described in the sample introduction section

(52, 53). However, some applications for macromolecules using IMS and/or MS have
been found (53-55).

7.3 Nanoscale soft ionization Membrane

A novel nanoscale ionization source (56) has been presented with high ion yield and
low fragmentation. Small holes are micro-machined through a 0.3 pum thick-silicon
nitride membrane with a gold coating in both sides. A 10KV potential is applied to
this membrane and it reaches an electric field of about 10MV/cm?2 in a region. In this
ionization source, the length scale is smaller than the mean free path of the neutrals,
so ionization occurs without gaining much energy. With this ionization source, only
positive ions are produced and mainly with one charge.

7.4 Corona/Glow Discharge and Atmospheric Pressure Chemical
Ionization (APCI)

These ionization sources have been studied widely because they are strong
candidates to replace radioactive sources (57, 58). There are different working
conditions for corona chargers, some of them produce ions continuously, and others
are pulsed coronas. Multithread corona (59), hollow cathode discharge source or
plasma ionization sources (60-62) are recent developments in corona - type sources.

Corona charger consists in two electrodes separated a distance of a few mm. One of
them is a sharp needle and the other one is a metal plate called discharge electrode. A
voltage difference of 1 to 3 KV is applied between the electrodes in order to get a
corona discharge. The resulting plasma produces similar ions to those generated by
6Ni and are available to ionize the analytes of interest.

CD is a very convenient ionization source to be used coupled to a DMA because one
of the requirements of DMA is a continuous source of analytes. On the contrary, IMS
needs a pulsed ions source. This is available for CD (63); however the reproducibility
and complexity of the results are not as good as with a continuous CD.

In plasma ionization sources, a dielectric material, different than air, is placed
between two electrodes. An AC voltage is applied to get well defined plasma. This is
also known as Dielectric Barrier Discharge (DBD). This DBD sources produces stable
discharge and extend the longevity of the electrodes by avoiding the point to point
discharge (60, 64). Another ionization source introduces (65) sample orthogonal to
the carrier gas, and this way no dilution of the sample by the carrier gas is achieved.
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Among the new CD ionization sources, the multithreaded (59) corona sources have
been developed to improve the sensibility and reproducibility of the corona sources.
Other novel CD, developed at he Jet Propulsion Laboratory, is specifically designed
to produce (H20),H* ions using gas phase H2O molecules. This ionization source
ionizes molecules with higher proton affinity than H>O and minimizes interference
problems caused by ionized gases such us Oz, CO or COa.

Grouping together Electro spray and corona discharge, another ionization technique
has been used, named Atmospheric Pressure Chemical Ionization. In APCI, a spray
of a solution containing the analyte is sprayed and it enters into a heated region of
the ionization device. In this region, a corona needle is placed and a corona discharge
charges the solvent molecules, which transfer this charge to the analyte molecules.
An example of an ESI combined with an APCI source (66) is showed in Figure 10.

HPLC Nebulizer
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ESI Zone electrode
\ Reversing
electrode

APCI| Zone

Thermal
container

APCI
Ih{ counterelectrode
— Capillary
Corona e Drying
needle gas

Sensor forvapor
temperature

Figure 10: Scheme of Agilent combined ESI APCI source extracted from (66)

This ionization source has been used combined with HPLC and using MS as detector
to analyse peroxide explosives (67) or for the analysis of lipids (68). Combined with
IMS, it has been used to determine terpenes (69), dihalogenated bencenes (70). Using
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together IMS and MS, alkanolamine vapors (71) have been analysed with APCI
source.

7.5 Photo-Ionization and Atmospheric Pressure Photo-Ionization
(APPI)

Photo-lonization (PI) has been considered a good candidate for the substitution of
radioactive sources for some applications. One of the strong features of PI is that it
does not need a high voltage supply, and it may be not desirable for some
applications. In PI, two ionization processes can be done, one with the electrons to
form negative ions and the other one with the photons to form positive ions. In the
negative mode, the photons from a photoionizer incide on a photocathode that emits
low energy electrons, which are captured by the analyte molecules. In the positive
mode, the photons are directly absorbed by the analyte molecules, which last
electron is removed and they get positively charged. An advantage of PI is the
minimal fragmentation due to the low energy achieved by the electrons. However,
there are not many publications using PI together with IMS for the determination of
explosives, drugs or warfare agents. It has been used for some other applications like
fish freshness or meat origin (72, 73).

A PI limitation is that it can just be used to ionize molecules which ionization
potential is lower than the photon energy. The use of this kind of ionization is limited
to gas phase analytes because just is gas phase the penetration depth is sufficient to
transport the ionized sample to the detector. However, recently a combination of
Electro Spray and Photo Ionization has been developed and is known as
Atmospheric Pressure Photo Ionization. In the APPI, some dopants are together with
solvents with high ionization potentials. The dopants facilitate the formation of
photo-ions of the solvent which ionize the analyte molecules to be detected. An
example of an APPI (66, 74) is shown in Figure 11.

HPLE inlet

- MNebulizer |sprayer)

Nabulizing gas —

— Vaparizar (heatar)

UV lamp Drying gas

Capillary

Figure 11: APPI source developed by Syagen Technology and Agilent (66, 74).
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This ionization source has been used in comparison with others, like APCI or ESI and
usually combined with MS. Lipids have been analysed using APPI and MS as
detector (68, 75). Coupled to IMS, APPI has been used for hydrocarbons
determination (76) or halogenated compounds (77).

8 Sampling of compounds of interest

8.1 TriAcetoneTriPeroxide (TCTP), DiacetoneDiperoxide (DADP);
Hydrogen Peroxide (H20:) and Acetone

These four compounds are grouped together because they are part of the same
reaction route. Hydrogen peroxide and Acetone are the reactants, while TATP and
DADP are the products of the reaction, depending on the temperature. The synthesis
reaction scheme is the following:

HsC  CHs
\/
0~ “~o
/ \
o}
H3C—\C c/ CHs
/ No—o”
T* HsC CHs
W SN n W H /
~ - = H+
Co G NS TATP
. \cl/ \, * 00 —
O
T4
Acetone Hydrogen peroxide ><0—0><
0-0
DADP

The reaction products, TATP and DADP are explosives, but their characteristics are
different. TATP is the preferred product because its explosive power is higher as well
as its stability. The detection of these compounds may come from the reactants
involved in the synthesis of from the products themselves.

With respect to acetone, it has been published its detection with IMS through
ionization by corona discharge (78). In this paper, the detection is direct, and the
used sample introduction system is exponential dilution flask method. N> was the
carrier gas and acetone was detected in positive mode. CD generated reactant ions
that secondarily ionized acetone molecules. In this publication, a calibration curve for
quantification of acetone was presented.
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TATP detection has been reported in several publications (79-81), always in positive
mode. Even though it is not clearly exposed, the ion source is supposed to be a
radioactive one in all of the cases. The sample introduction system is an evaporation
device similar to a GC injector in two of the cases (79, 80) and exponential dilution in
another (81) One of the publications (79) used a reactant gas (NHs), and studied the
influence of humidity, temperature and reagent gas concentration in the detection of
TATP, getting the best results for 100°C, low humidity, and low concentration of
dopant gas. The used carrier gases were either N> or synthetic air. To the best of our

knowledge, no publication for field detection or even air detection has been
published.

With respect to hydrogen peroxide as analyte, just one publication (82) has been
found for IMS detection. In this paper, hydrogen peroxide (HP) is quantitatively
determined in a range from 0.5 ppm to 5 ppm. A dynamic sample preparation
system is used to generate calibrates HP mixtures and it is well described. However,
no experimental information about IMS detection is described, no information about
ionization method or used polarity is given.

8.2 Methamphetamine

The analysis of methamphetamine has been done mainly using gas and liquid
chromatography, but the adsorption of the analytes in the column coating makes this
determination difficult and with poor reproducibility. This is the reason why a
derivatization step is needed, what makes the process long and prone to human
errors in the sample preparation. As methamphetamine is solid in its hydrochloride
salt form, a sample preparation step is going to be needed for its determination using
DMA or IMS techniques. On the contrary, the free base methamphetamine is liquid
with a vapour pressure of 0.163 mmHg, so it may be suitable of analysis using DMA
with a proper ionization system. Drugs related to methamphetamine are normally
determined in positive mode due to its high proton affinity.

Methamphetamine type compounds have been analysed in human serum using
SPME sample preparation and corona discharge as ionization method. NH4* has
been used as reagent gas (83). For human hair, an IMS based screening method has
been reviewed in (84) and presented in (85). As nicotine is often found as interference
when determining methamphetamine, a method to get rid of it has been described
(86) when using IMS.

With respect to precursors in the illegal methamphetamine synthesis, the most used
synthesis path involves ephedrine. Ephedrine is solid as methamphetamine
chlorhydrate, so the same problems are associated with its determination. However
it has been analysed using IMS in several studies in human urine (87) and to
determinate isomers in pharmaceutical preparations (88).
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9 Conclusions

- Many preparation techniques are available to couple with DMA technique.
They are normally used to enhance the sensibility, improve the selectivity or
to make possible the analysis

- It is necessary to take into account the coupling between the sampling
method, the ionization method and the transfer line to the DMA to get reliable
results.

- Permeation tubes, purge vessels and dilution flask are necessary to get
calibrated samples of the desired analytes in vapour phase mixtures. With
these techniques, Limits of Detection (LOD), Limits of Quantification (LOQ)
and linearity ranges have to be studied for each analyte and for mixtures of
them to find out the resolution power of DMA.

- With respect to ionization sources, for vapour samples, the ionization
techniques are:

o Radioactive ionization

o Secondary Electro Spray Ionization
o Corona Discharge

o Photoionization

Some of these techniques have been used for the detection of explosives using

IMS, but they have not been used with DMA. A huge experimental work has

to be done to test every ion source with each analyte. Additionally, both

positive and negative polarity, have to be checked together with different
reagent gases.

- Once checked the goodness of the ionization technique for all the analytes in
vapour phase mixtures, if the achieved LODs are not low enough an
alternative strategy has to be adopted. Either a sample preparation device
involving analyte pre-concentration or a modification in the DMA design to
enhance sensibility.
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