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Abstract

We are presenting a chemometrical application designed to recognize compounds having a molecular
structure similar to the main controlled stimulant and hallucinogenic illicit phenetylamines, i.e. to
amphetamines and their main precursors, the ephedrines. The input database contains their infrared
laser spectra, which have been recorded with a new portable GC - IR sensor, in the spectral domain
(1405 - 1150 cm™), specific to its quantum cascade laser (QCL) source of electromagnetic radiation
(UT8). A discriminating wre feature weight was first determined by using the spectra of the targeted
positives and the spectra of various compounds of forensic interest. The input database, formed with
the wre? preprocessed laser infrared spectra, has been subjected to Principal Component Analysis
(PCA). The scores plots have been analyzed in order to evaluate to what extent the amphetamines and
their main precursors, the ephedrines, are forming specific and successfully distinguishable clusters.
The results indicate that the application meets the requirements of forensic analytical tools.
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1. INTRODUCTION

The increasing occurrence of controlled stimulant and hallucinogenic illicit amphetamines on the
black market has prompted many attempts to develop analytical instuments customized for their detection
and chemometrical applications designed to automatically operate these sensors [1]. Moreover, as
amphetamines are synthetic drugs, important efforts are also made for improving the efficiency of these
new instruments from the point of view of the detection of their main precursors, the ephedrines [2, 3].

The challenge is related to the fact that both these two classes of phenetylamines (amphetamines
and ephedrines) have very small and very similar molecular structures. The highest similarity can be
noticed especially between the class of stimulant amphetamines (analogues and homologues of
amphetamine, a-methylphenethylamine) and the class of ephedrines (ephedrine and its stereoisomers and
diastereomers, e.g. norephedrine and pseudoephedrine) [1].

Hence, the detection instruments have to be very selective [3]. In this paper we are presenting the
results obtained for the prototype of a portable GC-IR laser spectrometer that was developped for forensic
purposes. The results indicate that the application successfully meets the requirements of forensic
analytical tools.
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2. EXPERIMENTAL PART

The 36 spectra included in the database have been recorded in the spectral domain (1405 - 1150
cm™?), specific to its quantum cascade laser (QCL) source of electromagnetic radiation (UT8), with a
resolution of 5 cm™ [4, 5]. The database contains the spectra of 7 stimulant amphetamines (amphetamine
and its main analogues and homologues, assigned class code M), 6 ephedrines (ephedrine and its main
stereoisomers and diastereomers, assigned class code E), 6 hallucinogenic amphetamines (3,4-
methylenedioxyamphetamines and its main analogues, assigned class code T) and 17 negatives (non-
phenethylamines, class code N) [6-8].

A discriminating wre feature weight was first determined by using the spectra of the targeted
positives and the spectra of various compounds of forensic interest [9]. The feature weight was
determined by including the spectra of the hallucinogenic amphetamines (T) and of the ephedrines (E) in
class I and the spectra of the stimulant amphetamines (M) and of the negatives (N) in class Il [10-12].

The database formed with the we? preprocessed laser infrared spectra, has been subjected to
Principal Component Analysis (PCA) [13], by using the MATLAB software package. The scores plots
have been analyzed in order to evaluate to what extent the amphetamines and their main precursors, the
ephedrines, are forming specific and reliably distinguishable clusters [14]. These plots have been also
been corroborated with the associated loading plots, in order to identify the absorptions that are the most
important for the generation and discrimination of each cluster.

The minimum number of principal components necessary in order to perform a reliable class
identity assignment of the modeled compounds has been then established by corroborating the findings of
the PCA analysis with the results of a statistical analysis performed with the individual scores of PC1,
PC2 and PC3.

3. RESULTS AND DISCUSSION
The wre? feature weight is presented in Fig. 1, which shows that w2 acts as a powerful selective

amplifier: it increases significantly the intensity of the bands found around 1245 and 1190 cm™, which are
the most stable and the strongest absorptions of the hallucinogenic amphetamines [6, 7].
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Fig. 1. wre? selective amplifier used for processing the spectra before multivariate analysis

The wqe? preprocessed spectra have been subjected to PCA. The analysis of the variance
explained by each principal component (PC) indicated that the first three PCs are cumulating most of the
explained variance (see Fig. 2). Hence, the score plots and the loading plots have been determined for the
first three PCs.
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Fig. 2. Explained variance obtained with the wre? preprocessed spectra

3

The score and loading plots obtained for PC1 and PC2 are presented in Fig. 3. The score plot (see
Fig. 3a) indicates that the hallucinogenic amphetamines form the densest cluster. The loading plot (see
Fig. 3b) shows that this remarkable density is due to the absorption band found around 1245 cm™. The
entire envelope of this band is essential for the formation of the T cluster, as the wavenumbers
contributing to the formation of this cluster range sequentially (with a 5 cm™ resolution) between 1260
and 1230 cm™. The ephedrines (E) form a more diffuse, but easily recognizable cluster, characterized by
small positive PC1 scores and large negative PC2 scores (see Fig. 3a). This is mainly due to the
absorptions they display between 1180 and 1210 cm™ (see Fig. 3b). However, the classes of stimulant
amphetamines (M) and of negatives (N) cannot be distinguished one from another based solely on their
PC1 and PC2 scores, as these clusters overlap on a significant area found between the quadrants 11l and
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Fig. 3. PC1 vs. PC2 plots obtained with the wre? processed spectra of stimulant amphetamines

(M), hallucinogenic amphetamines (T) and negatives (N): a) score plot; b) loading plot
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The same two clusters (E and T) may be clearly distinguished in the PC1 vs. PC3 score plot (see
Fig. 4). Both clusters are located in quadrant IV, as opposed to the cloud formed by the M and N
compounds, which is found at the border between quadrant Il and quadrant IV. Hence, PC3 does not
bring any improvement in the discrimination of the stimulant amphetamines from the negatives. This
behavior is also reflected by the PC2 vs. PC3 plot (see Fig. 5): the hallucinogens, which are characterized
by large positive PC2 scores, cluster in quadrant IV, while the ephedrines, which are characterized by
large negative PC2 scores, form their cluster in quadrant 1ll. The M and N substances cannot be
distinguished, as the members of both these classes are characterized (with very few exceptions) by small
(positive or negative) PC2 scores.
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Fig. 4. PC1 vs. PC3 plots obtained with the wte? processed spectra of stimulant amphetamines
(M), hallucinogenic amphetamines (T) and negatives (N): a) score plot; b) loading plot
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Fig. 5. PC2 vs. PC3 plots obtained with the wre? processed spectra of stimulant amphetamines
(M), hallucinogenic amphetamines (T) and negatives (N): a) score plot; b) loading plot

Hence, the analysis of the PCA plots indicates that: a) the wre® processed spectra can only be
used for the (reliable) discrimination of E and T drugs of abuse from M and N compounds; b) PC3 does
not improve the discrimination that may be obtained with the PC1 and PC2 scores; c¢) the best
discrimination between ephedrines (E) and hallucinogenic amphetamines (T) is ensured by the PC2
Scores.
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These findings point out that the same classification results may be obtained with one (PC2) or a
maximum of two PCs, i.e. PC1 and PC2. In order to make a final decision, we have performed a
statistical analysis of the individual PC1, PC2 and PC3 scores (see Fig. 6). The results indicate that a
reliable discrimination can be performed based on the scores of only one PC only in the case of the
ephedrines. These precursors can be detected in a reliable way based only on their PC2 scores (see Fig.
6b). If the application is to be used for the simultaneous screening for E and T illicit drugs, then both PC1
and PC2 scores should be taken into account.
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Fig. 6. Box plot determined with the PCA scores of hallucinogenic amphetamines (T), ephedrines
(E), stimulant amphetamines (M) and negatives (N): a) PC1; b) PC2; c) PC3

4. CONCLUSIONS

The findings presented in this study indicate that combining the PCA analysis with the statistical
analysis of the individual PC scores is an efficient way to establish the minimum number of PCs needed
for performing a reliable screening of given classes of compounds. In our case, the results indicate that
the wre? processed spectra recorded with the new portable GC - IR sensor, in the 1405 - 1150 cm® spectral
domain, can be successfully used for detecting ephedrines by analyzing the scores of only one PC, i.e. PC2. If the
application is to be used as a multipurpose tool, i.e. to screen simultaneously for ephedrines and for hallucinogenic
amphetamines, then the PC1 and PC2 scores should be taken into account.
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