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ABSTRACT: lon mobility spectrometry (IMS) has been success-
fully developed to yield an advanced portable instrument. Such
instruments may detect trace quantities of regulated substances at
the crime scene. The atmospheric ion chemistry that occurs within
the instrument may hinder the determination of analytes in real-
world samples. The use of temperature programming adds an extra
dimension to the data that improves the selectivity of the IMS data
when chemometric processing is applied. The SIMPLISMA (SIM-
PL e-to-use-Interactive Self-Modeling Mixture Analysis) method is
demonstrated for modeling variances in IMS data that are intro-
duced from the temperature program. Methamphetamine hydro-
chloride IMS peaks are obscured by chemical interferences that
arise from cigarette smoke residue. Cigarette smoke residue is per-
vasive at crime scenes. The ability of SIMPLISMA to resolve the
analyte peaks that correspond to methamphetamine hydrochloride
from interfering cigarette smoke has been demonstrated. A reduced
mobility of 1.62 cm?V ~*s~* was observed for a methamphetamine
hydrochloride monomer. With the IMS drift tube at room tempera-
ture, a second pesk was observed at 1.24 cm?V~1s~%, which is
consistent with a dimer ion. This peak has not been previously
reported.

KEYWORDS: forensic science, ion mobility spectrometry, chem-
ometrics, methamphetamine, substance abuse detection

lon mobility spectrometry (IMS) isroutinely used to screen sam-
ples at crime scenes for illicit substances, such as methamphet-
amine. Cigarette smoke residue prevails at clandestine drug
laboratories and interferes with the detection of methamphetamine
by generating false positive alarms on IMS instrumentation (1).
The reported cigarette smoke residue false positive alarms have
been verified on the Barringer lonscan” 350 in our laboratory.

Detection of the methamphetamine hydrochloride by IMS is
important for collecting forensic evidence. Methamphetamineis a
controlled substance that is typically produced via the reduction
of ephedrine. A rapid and accurate on-site detection method would
benefit law enforcement agencies. Current field detection methods
use the lonscan™ ion mobility spectrometer to immediately screen
vacuumed or swabbed areas prior to transporting the suspected
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sample to a DEA laboratory for confirmatory analysis (2). A pre-
cise method that detects methamphetamine hydrochloride and min-
imizes the procedures for sample collection would improve the
efficiency of evidence collection.

When law enforcement officials enter clandestine laboratories,
methamphetamine residues are present in combination with other
contaminants including tobacco smoke residues. The ability to dif-
ferentiate the drug from background interferences is imperative in
prosecuting the suspect. Drugs in their salt form have lower vapor
pressures and require heating the sample. Heating the sample can
produce high concentrations of volatile contaminants that may
interfere with the drug peak detection. A common contaminant
found at crime scenes is cigarette smoke residue.

Current methods of detection of methamphetamine hydrochlo-
ride are performed by flash heating the sample at arelatively high
temperature (e.g., 280°C) (1,2). The high temperatures are neces-
sary to furnish adequate vapor concentrations of drugs that are
salts. The vapor phase concentrations of interfering analytes are
increased aswell. Fal se positives and fal se negatives are of concern
when the investigators rely solely on the high temperature desorp-
tion in conjunction with an alarm system that is implemented on
a Barringer lonscan® (1). The use of temperature programming
adds an extra dimension to the data. This added dimension aids
in the interpretation of complex drug spectra, by allowing identifi-
cation and resolution of analytes in mixtures. Differences in the
growth rate of IMS signals, which are caused by differences in
vapor pressures or decomposition temperatures of mixture compo-
nents, may be exploited to separate target anaytes from interfering
compounds.

IM S has been devel oped during the last two decadesinto auseful
sensor for the determination of trace quantities of volatile organic
compounds. Much of the present interest in IMS can be attributed
to thelow cost, high sensitivity, fast response, low detection limits,
and portability for in situ analysis (3). The IMS instrument that
was used in this work was a handheld Graseby Ionics Chemical
Agent Monitor™ (CAM™). This instrument was modified by
removing the acetone reservoir, replacing the internal molecular
sieves, and cleaning the instrumental components in a vacuum
oven. Thismodification decreasesthe selectivity of thisinstrument,
but improves the sensitivity for a wider range of compounds. The
CAM™ samples vapors with a pump. The pump draws air through
atrifluoroethylene (Teflon™) inlet at a flow rate of 8 cm®/s. The
analytesin the vapor stream permeate across a nonpolar membrane
and enter the ionization region of the IMS. lonization is accom-
plished by 83Ni beta emission, which initiates a set of atmospheric
pressure chemica ionization (APCI) reactions. An ion gate is
opened for 0.18 ms, which allowsthe ions to enter the drift region.
The drift region has a linear potential drop that drives the ions to
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an electrode at the other end of the drift region where the ion
current is detected. The opening of the gate initiates the timing of
theions asthey travel the length of the drift region. For thisinstru-
ment, analyte drift times typically fall in a range of 3 to 16 ms.
lon drift time is a function of the potential drop, the volume-to-
charge ratio of the ions, and the density of the drift gas.

The Grasecby CAM™ differs from the Barringer lonscan”™ in
severa characteristics. A thermal desorption unit is not an integral
component to the CAM™. The CAM™ has a nonpolar membrane
that separates the inlet region from the ionization region. The
CAM™ ion chemistry is based on water that is present in the air.
Thedrift tube and ionization region are operated at ambient temper-
ature, while the lonscan” is operated at higher temperatures (i.e.,
approx. 200°C). This difference is important, because cluster ions
arenot observed at high temperatures. Thereisnointernal calibrant
inthe CAM™, so one has to be added externally through the inlet.

The advantages of IMS are challenged by the complexities that
arise from the APCI reactions. For drug detection, IMS is often
used in the positive ion mode. In this mode, product ions (e.g.,
M) are created from the analyte through a sequence of APCI
reactions. Increases in analyte concentration may cause the forma-
tion of cluster ions (e.g., M,H* and M3H*), and such changes
may introduce nonlinear variations into the ion mobility spectra.

Frequently, a proton bound dimer ion (M,[H™) is observed dur-
ing IMS experiments at low drift tube temperatures (e.g., room
temperature). The relationship between peak areas is not stochio-
metric for cluster ions. In the instance when a proton bound dimer
peak has the same peak area as a protonated monomer peak, the
proton bound dimer peak will represent twice the analyte concen-
tration of the protonated monomer peak per Egs (1) and (2).

H*H,O)m+1 + M — MH*I(H,0),,, + H,O (2)

The formation of a monomer product ion is given in Eq (1) from
a water reactant ion and a neutral analyte (M). At high analyte
concentrations protonated dimer ions may form as per Eq (2).

MEH0)my1 + M — M (H,0) + H,O 2

Competitive charge transfer makes IMS data analysis intricate.
Equation (3) typifies the suppression of an analyte signal (M*) by
the introduction of an interferent (N) with greater proton affinity
or greater concentration. Only ions are detected.

MEH,0)m + N — NE*(H,0)m + M ©)

In addition, mixed cluster ions may form between the analyte (M)
and interferent (N) as given below.

M[E'ler"zo)m + N— MD&IDH'I+(H20)m_1 + Hzo (4)

Mixed dimer ions typically produce new peaks in the spectra that
occur at an average drift time of the pure dimer ions. The formation
of mixed ions may attenuate the anayte peak (M*). The mixed
ion peaks may be correlated with the species of the greater charge
affinity and lower concentration.

In the classical IMS experiment, once the instrumental response
stabilizes, the spectra are collected and averaged to yield a single
spectrum. This approach |osesimportant temporal information that
pertains to the measurement period. Using chemometric methods,
such as SIMPLISMA, can exploit the changes in the spectrometer
response over time to increase the selectivity and sensitivity of the

measurement. For the work described later, the temporal informa-
tion pertains to the sample temperature.

Thetimerequired for each IMS measurement isrelatively short,
so that many spectra can be acquired in a short time. The CAM
can collect spectraat afrequency of 40 Hz. If the sampleis altered
during the course of the measurement, chemometric methods such
as multivariate curve resolution may be used to process the data.
These curve resolution methods seek to mathematically separate
the pure components of a mixture. These methods can be consid-
ered asaform of mathematical chromatography. The curve resolu-
tion method that is evaluated in this work is SIMPLISMA
(SIMPLe-to-use-Interactive  Self-Modeling Mixture Analysis)
(4-6). For large data collections, peaks may be hidden or distorted
by perspective (i.e., information lost) even in the presentation of
the data in waterfall or scrolling 3-D displays. SIMPLISMA may
also be considered an alternative display method that uses two 2-
D graphs to represent the information in the 3-D display of the
measurement data.

Major benefits of SIMPLISMA are computational efficiency
and simplicity towardsthe assumptions regarding the concentration
profiles. SIMPLISMA has been successfully applied to depth pro-
filing of polymer laminates by infrared spectrometry (7) and
assessment of peak purity in liquid chromatography (8). This
method has also been used for mixture analysis (9—11), pure com-
ponent analysis (12), and the detection and characterization of
cobalt speciesin zeolites by diffuse reflectance spectroscopy (13).
SIMPLISMA has been used in IMS, although featuresin IMS tend
to vary nonlinearly, and proved useful for the identification of
individual cluster ion peaks including mixed cluster ions (14).

SIMPLISMA performs by finding pure variables (PVs) in the
data set and uses the pure variable intensities to estimate the con-
centration profiles of the analytes. A PV is apoint in the spectrum
that is selectivein that it varies correspondingly with a component
in a mixture, and does not vary with changes in concentration of
the other mixture components. The purity of a drift time variable
is an indicator of the variable's selectivity over the measurement
period. IMS data has features that vary nonlinearly with respect
to concentration changes dueto the formation of cluster ions. These
features may have characteristic PVsthat can be extracted as sepa-
rate components. The components of the mixture must vary in
concentration during the measurement period for SIMPLISMA to
work.

The SIMPLISMA agorithm has been published previously and
the computation will be briefly described (4,14). SIMPLISMA
computes the purity of each drift time for a set of data. The purity
is a measure of the relative variations of the intensity values for
the drift time multiplied by a measure of independence of the
relative variance. The relative variations are similar to relative
standard deviations. Because al the intensities of an IMS peak are
correlated with respect to measurement time, the purity also must
factor in a measure of independence for each drift time point.
Variationsinintensity that occur at different rates during the exper-
iment will be modeled as different components of amixture. Varia-
tions in intensity that are correlated with respect to the
measurement time are modeled as the same component.

The intensities at the drift times that furnish the largest purity
values are used to model the concentration profiles of each compo-
nent. The data matrix is regressed onto the concentration profiles
using multivariate linear regression to acquire mathematically
extracted spectra. Each spectrum is normalized by the sum of al
the positive intensities. Normalization corrects for scale caused by
different concentrations. The SIMPLISMA extracted spectra have
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relative intensity units, so that the absolute intensity unit will be
represented by the concentration profile. The data matrix is
regressed onto the normalized spectrato furnish concentration pro-
files that have the same units as the instrument readout (i.e., mV).

Determination of the correct number of components or PVsiis
accomplished by visual examination of concentration profiles and
extracted spectra. The SIMPLISMA calculation is rapid and can
be accomplished on a personal computer in less than a minute, so
an arbitrary number of componentsis selected. The extracted spec-
tra and concentration profiles are examined in the order they are
calculated. Extracting too many components will overfit the model
to the data. Overfitting produces components that model noise,
small shiftsin the peaks, or peak shape variations. Overfitting can
be detected by splitting of the reactant ion peak or extracting spec-
tra that contain low signal-to-noise ratios. For example, the stan-
dard methamphetamine hydrochloride data yielded four
components, because the fifth component modeled a small shift
with respect to drift time of the reactant ion peak. Therefore, the
calculation was rerun with the number of components set to four.

The SIMPLISMA method can aso be applied to spectra col-
lected from several different experiments that have been combined
into a single data set. SIMPLISMA assumes that the analyte con-
centration varies independently of the background matrix. This
assumption may or may not be true. If the assumption is incorrect
then some of the extracted components may contain features that
are from both analyte and background signals.

Methods

(+)-Methamphetamine hydrochloride (Sigma Chemica lot
number 31H0454) was investigated in this study. For the calcula-
tion of reduced mobility values (Ko), 2,4-Iutidine (Acros Organics
lot number 58411/2) was used. Theion mobility spectrometer used
in this work was a CAM™ Type 482-301N (Graseby lonics, Ltd.
Watford, Herts, U.K.) and was used with a single modification.
The reagent chemistry was based on water rather than acetone.
The modification removed the reagent gas source from the recircu-
lating gas system of the CAM™. The molecular sieves were
replaced and the internal components of the CAM™ were baked
at 100°C in a vacuum oven for several hours.

All spectra were acquired in positive ion mode. Each spectrum
was acquired as 64 averaged scans that were composed of 1300
data points. The dataacquisition frequency was 80 KHz. The gating
pulse frequency was 40 Hz with a width of 180 w.s. Spectra were
collected with a 1.0 ms delay and at a rate of 16 spectra/min.

An aluminum block that was 9.0 cm X 6.0 cm X 2.0 cm was
bored so that it would hold a 150 mL beaker (i.e., sample compart-
ment) and provide good heat conduction between the beaker and
ahot plate. A 4.5 cm diameter, 6.0 cm in length, and 1.0 cm deep
semi-cylinder was bored out of the aluminum block to hold the
beaker. At a position 3.0 cm aong the length and 1.5 cm below
the boring, a 4.0-cm-deep hole was drilled for the insertion of a
thermometer.

Three sets of data were collected. A 150 mL graduated glass
Pyrex beaker was set on its side on an aluminum block and placed
on a hot plate (Thermix Stirring Hot Plate Model 310T Allied
Fisher Scientific). Each data set, for both parts of the data collec-
tion, contained 25 blank spectra. Between experiments, the beaker
was cleaned and the aluminum block was cooled to room tempera-
ture. The CAM was placed on a clean dry air line and was not
used until it returned to a baseline (i.e., no analyte) response.

The target analyte was methamphetamine hydrochloride. A few

crystals (1 mg) of methamphetamine hydrochloride were placed
at the 60 mL mark inside the beaker (26 mm from the bottom of
the beaker). The beaker was heated to 190°C in approximately 1
h and 15 min. For the second experiment, a small scraping of
cigarette tar (1 mg) was placed at the 60 mL mark on the beaker
and the beaker was heated as before. The cigarette tar came from
burning 12 cigarettes of severa commercial brands on a watch
glass and collecting the smoke in a beaker. The brown tar was
scraped from the sides of the beaker. Thethird experiment collected
spectra from a mixture of the cigarette tar scrapings (1 mg) and a
few crystals of methamphetamine hydrochloride (1 mg) that were
heated to approximately 190°C. For all three experiments, the tip
of the IMS was placed at the mouth of the beaker. The ambient
air was laboratory air, and the experiment was conducted inside a
fume hood.

The source code was written in single floating point precision
(32 bit) C+ +, and was compiled with the Watcom™ C+ + 11.0
compiler that generated a 32-bit flat memory mode executable for
Microsoft” Win32S™, Win95™ , and WinNT ™ operating systems.
The code was optimized to generate the fastest executable code for
aPentium Pro” computer that ran as a character mode executable.

The code was executed on a single processor Pentium Pro”
200 MHz computer equipped with 64 MB of RAM. The personal
computer used the Microsoft™ WindowsNT ™ 4.00.1381 operating
system. The SIMPLISMA bias value (o) was set to 10% of the
largest intensity value in the data set. Each spectrum was baseline
corrected by calculating the average intensity between 1.5 and 3.0
ms, and then subtracting this average from the intensities in the
spectrum. Only the drift time range of 4.0 to 10.6 ms was used
for SIMPLISMA.

The spectrawere al collected until atemperature of 190°C was
obtained in the beaker. Because a hotplate was used for heating
the samples, the heating rates varied among experiments. The num-
ber of spectra that were collected in each experiment due to the
different heating rates varied as well. The standard methamphet-
amine consisted of 1200 spectra acquired from methamphetamine
hydrochloride. The standard smoke tar data set consisted of 975
spectra acquired from cigarette tar. Methamphetamine hydrochlo-
ride combined with smoke tar was composed of 1015 spectra
acquired from the mixture. The variation of the number of spectra
and heating rates should not affect the results, because the standard
runs are only used to verify the identities of components in the
drug/smoke residue experiments.

Drift times are often reported as reduced mobilities (Kg) that
correct for variations among instrumental factors such as drift tube
length and drift potential, as well as environmental factors such
as pressure and temperature of the drift region. Reduced mobilities
are useful for comparing results among instruments and laborato-
ries, and provide qualitative information that may be used for iden-
tification. Reduced mobilities were calculated using 2,4-lutidine
astheinterna standard. The reference reduced mobility value was
1.41 cm?V ~ s~ which corresponds to the 2,4-lutidine dimer peak
(15). The reduced mobility is calculated by the following equation:

Ko(std)t(std)

Ko(unk) = Hunk) ®)

for which Ky is the reduced mobility in units of (cm?V~—1s™1) and
t is the drift time of the standard (std) and unknown (unk).

Discussion

For each experiment a set of temperature programmed data is
obtained. The data obtained from the methamphetamine hydro-
chloride are given in Fig. la. Figure 1b gives the representative
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FIG. 1la—Surface plot of methamphetamine hydrochloride data set that gives ion current as a function of drift time and scan number.
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FIG. 1b—Positive ion mobility spectrum of methamphetamine hydrochloride with reduced mobility values at scan number 1200, collected at a

temperature of 190C.

spectrum of methamphetamine hydrochloride with the calculated
Ko values. Table 1 displays the results from the reduced mobility
calculations and reports previously published values for metham-
phetamine. The standard deviations measure the experimental
repeatability using the same instrument, but different samples and
different days of analysis. Reduced mobility isavery robust figure
of merit.

With methamphetamine hydrochloride, the experimental mono-
mer peak has a reduced mobility of 1.62 cm?V~1s~1 while the
literature value is 1.6441 cm?V~s™1. Both of the experimental
values are comparableto the literature values although the samples
were run on different instruments that operated under different
conditions (2). The methamphetamine dimer peak was not
observed at the high drift tube temperatures used by the lonscan™
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TABLE 1—Experimental reduced mobilities.

Reduced mobilities with experimental Reactant lon
Standard Deviation (cm?V ~s™1) (water) Peak 1 Peak 2
Cigarette smoke 211 1.85 1.56
literature value for nicotine (1) . . (1.55)
Methamphetamine hydrochloride 2.10 = 0.003 1.62 + 0.001 1.24 + 0.002
literature value (2) ces (1.6441)
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FIG. 2a—S MPLISMA extracted concentration profiles for methamphetamine hydrochloride with temperature profile. Components are ordered by
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instrument. Due to the effect of entropy, dimers are usually not
observed at the higher temperatures. However, the peak identities
reported in this paper should be considered tentative, until they
are identified with an analytical tool, such as IMS/MS.

SIMPLISMA factors the data matrix into two matrices that can
be viewed with simple 2D plots. The first matrix represents the
change in concentration of mixture components with respect to
time or temperature. This matrix istypically graphed (see Fig. 2a)
as a function of intensity with respect to spectrum number. The
columns of this matrix are referred to as concentration profiles,
although they indicate relative concentrations in reproducing the
data matrix and do not convey true concentration units. Each com-
ponent represents a set of scaling factors as a function of scan
number. For agiven spectrum or scan number, these scaling factors
can be applied to the corresponding extracted spectra (see Fig. 2b).
The sum of the scaled spectra estimates the spectrum in the data
at the given scan number. The advantage of SIMPLISMA is that
the three-dimensional graph can be represented astoo easy to inter-
pret 2-D graphs.

By comparing Fig. 1 with Figs. 2a and 2b,, the benefits of SIM-
PLISMA may be seen. The components that are extracted are
ordered by purity or importance. In Fig. 2a, the methamphetamine
monomer component had a greater relative deviation so that it was
modeled first by SIMPLISMA. The reactant ion decreases as the
temperature increases, due to competitive charge transfer with the
methamphetamine hydrochloride peaks. The temperature is the
measured temperature of the beaker that contains the sample. As
the methamphetamine hydrochloride vapor concentration increases
adimer peak beginsto appear. The different rate of peak formation
can be observed easily in Fig. 2a as opposed to Fig. la.

A typical cigarette smoke spectrum is given in Fig. 3a. SIM-
PLISMA was applied to aset of temperature program data acquired
from 1 mg of cigarette tobacco residue. The concentration profiles
and spectra from this data are given in Fig. 3b and 3c. Cigarette
smoke peaks increase concomitantly with the increase in tempera-
ture. Broad peaks typify complex mixtures of volatiles that are
sampled by the instrument. The signals attributed to smoke range
in drift times from approximately 6.5 msto 8.5 ms. Two maxima
appear at 6.6 ms and 8.0 ms and their reduced mobilities were
calculated. The peaks have reduced mobilities of 1.85 cm?v ~1s™1
and 1.56 cm?V ~1s™1, respectively. See Table 1. The peak at 8.0
ms has a reduced mobility that is consistent with the reported
reduced mobility for nicotine (1). With such broad peaks, cigarette
tobacco residue causes false positives and interferes with drug
detection. SIMPLISMA may resolve the drug peaks from the inter-
fering cigarette tobacco peaks. In addition to the reactant ion, two
distinct components evolved as the temperature was increased.
These components are |abeled smoke peak 1 and smoke peak 2 in
Fig. 3band 3c. Thereactant ion was extracted first by SIMPLISMA
and represented as component 1 in thesefigures. Smoke component
1 may be a specific compound, while smoke component 2 appears
to contain a mixture of less volatile compounds.

In amixture of smoke tar and methamphetamine hydrochloride,
the spectra become increasingly complex as the temperature is
increased. SIMPLISMA was used to resolve the spectrainto com-
ponents that resolve characteristic features of methamphetamine
hydrochloride. Figs. 4a and 4b are, respectively, the SIMPLISMA
concentration profiles and extracted spectra. Upon comparison
with the peaksin Fig. 2b and 3b, three peaksin Fig. 4b have similar
extracted drift times. One peak (6 ms) is the reactant ion, and the
other two peaks are consistent with methamphetamine hydrochlo-
ride. These peaks are labeled as monomer and dimer in Fig. 4b,

athough one cannot be sure as to their true chemical identities
without further analysis. The peaks at 7 ms and 8.25 ms belong
to component 3. This component represents the cigarette smoke
residue. The peaksin this experiment have been shifted to later drift
times (including the reactant ion peak) from the smoke standard run
in Fig. 3b. The smoke peak component increases first in Fig. 3a
and dominates the other peaks until a temperature of 170°C is
achieved. Both components 2 and 4, have artifact peaks that arise
from the cigarette smoke. The monomer component has an addi-
tional peak at 9.5 ms and the dimer peak has a shoulder with a
small band. These peaks may arise due to the formation of mixed
cluster ions between compoundsin the smoke and the methamphet-
amine via the reaction given in Eq. 4.

The handheld CAM combined with alaptop computer may pro-
vide a method for accurate screening of methamphetamine hydro-
chloride in the presence of interfering cigarette tobacco residues.
Portable sample heaters may be developed to facilitate a rapid
screen method that would allow areal-time scan of solid surfaces.
The hand-held feature of the CAM may allow amore representative
area of the crime scene to be surveyed. At higher temperatures
(140 to 200°C), spectral features of methamphetamine become evi-
dent with the CAM. However, interferences such as smoke residue
are al'so present in greater quantities confounding analyte features.
With SIMPLISMA, the interfering signal may be separated from
the analytical signal.

SIMPLISMA dlows the detection of IMS features that would
normally be missed by visual examination of IM S spectra. Because
SIMPLISMA takes advantage of changes that occur in the spectral
features with respect to time, the method is well suited for instru-
mentation that uses temperature programs for sample volatilization
and decomposition. The concentration profiles provide valuable
information regarding the changes in extracted spectral features
with time or temperature. Although the APCI chemistry for IMS
is complex due to the formation of heterogeneous ions, volatility
provides an extra dimension that allows the resolution of mixture
components. Furthermore, the complementary nature of the spec-
tral and concentration profiles allows trends in the entire data set
to bevisually assessed. In addition, the storage of extracted spectra
and concentration profiles is an efficient method of compressing
large IMS sets of data

Thiswork presentsapreliminary study that demonstratestheben-
efits of combining chemometrics with temperature programmed
IMSdatafor screening drug samples. Thetemperature profiles may
prove useful for identification of mixture components. The use of
drift tubesat ambient temperaturesal so all owsthedetection of dimer
ions. Theseionsmay provideadditional information that can be used
to detect analytes when the monomeric peaks are obscured by inter-
ferents. Future work will evaluate this methodology on a modified
Barringer lonscan 350. This project will use precise temperature
control and seek to minimize heating time and analysis time.
Another project for futurework istheidentification of thelM Speaks
caused by thermal desorptionwithan IMS/IMS/MS system. Findly,
the coupling of aheat source with ahandheld IMS may provide an
instrument that allows rapid scanning of crime scenes.
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FIG. 3c—SMPLISMA extracted spectra from cigarette smoke residue and positive ion mobility data.
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FIG. 4a—S MPLISMA extracted concentration profiles for methamphetamine hydrochloride and cigarette smoke tar mixture with temperature profile.
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FIG. 4b—SMPLISMA extracted spectra for methamphetamine hydrochloride and smoke tar mixture.
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