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Abstract: Magneto-Archimedes levitation (MagLev) enables
the separation of powdered mixtures of illicit drugs (cocaine,
methamphetamine, heroin, fentanyl, and its analogues), adul-
terants, and diluents based on density, and allows the pre-
sumptive identification of individual components. Small sam-
ples (mass <50 mg), with low concentrations of illicit drugs,
present a particular challenge to analysis for forensic chemists.
The MagLev device, a cuvette containing a solution of
paramagnetic gadolinium(III) chelate in a non-polar solvent,
placed between two like-poles-facing NdFeB magnets, allowed
separation of seven relevant compounds simultaneously. In
particular, initial separation with MagLev, followed by char-
acterization by FTIR-ATR, enabled identification of fentanyl
in a sample of fentanyl-laced heroin (1.3 wt% fentanyl,
2.6 wt% heroin, and 96.1 wt% lactose). MagLev allows
identification of unknown powders in mixtures and enables
confirmatory identification based on structure-specific tech-
niques.

Introduction

Herein, the use of Magneto-Archimedes levitation (Ma-
gLev)!" is described for the separation, and measurement of
the density and abundance of, compounds in mixtures of
powdered illicit drugs (for example, fentanyl, heroin, cocaine,
and methamphetamine hydrochlorides), together with adul-
terants and diluents.”! Our analysis focuses on the psycho-
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active components in these mixtures of drugs (the so-called
active compounds). We are especially interested in fentanyl
and its analogues, for which we used MagLev as a technique
that both provides presumptive (that is, tentative) identifica-
tion of the compounds (based on density) and facilitates
subsequent identification by other techniques. Combining
MagLev (to separate mixtures, and to allow presumptive
identification) and molecular spectroscopy (using whichever
technique is most appropriate) for molecular identification
provides a method of confirming the identity of drugs in
mixtures (Figures 1 and 2; Supporting Information, Mov-
ie S1). The different levels of assurance in identification are
discussed later. These methods are particularly useful when
analytical methods must be rapid and simple (for example, in
screening at forensic laboratories, and in the field) and the
active compound is dilute (0.1-5.0 wt %), as is often the case
for fentanyl and its analogs in street-level drugs.*"! We define
dilution of powders as the process of mixing one or more
powders with each other to achieve a reduction of the relative
content of one or more compounds (and consequently, to
increase of the volume of the drug-containing mixture to
facilitate handling). We used a type of MagLev device that we
have described previously (Supporting Information, Fig-
ure S1).’! The design of all experiments and relevant theory
is described in the Supporting Information.

The abuse of drugs is a major public health problem, with
fatalities attributed to overdoses numbering 7600 in the
European Union (EU) (78 % involving opioids) and 70000 in
the United States (US) (86% opioids) in 2017.”) A potent
subgroup of these compounds are the synthetic opioids
(mainly fentanyl and its analogues) that were involved in
30000 deaths in the US.”>< Opioids are defined as molecules
that interact with the opioid receptors in neural and intestinal
cells;™™ opiates are opioids of natural or semi-natural origin;®
relevant molecular structures are summarized in the Support-
ing Information, Table S1.

Fentanyl, a painkiller and anesthetic that is widely used in
medicine, has particular relevance in law enforcement
because it is the predominant synthetic opioid found in seized
samples of drugs of abuse.* Fentanyl and its analogues can
be orders of magnitude more potent than natural opioids; for
example, the activities of these compounds in suppression of
pain, relative to morphine, are: morphine (potency defined as
1x), oxycodone (1.8x), acetyl fentanyl (16x), fentanyl
(100 %), and carfentanyl, (10000 x).?**¢l These compounds
are mainly used as additives in products that are marketed in
street drugs as heroin and cocaine.”’ An addict will typically
use 0.3-1.0 mg of fentanyl to achieve a high; a dose of 2.0-
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Figure 1. Successful separation, presumptive identification, and confirmatory identification of dilute fentanyl, in a mixture of heroin and a diluent
(lactose). A) An image taken after 30 min of separation by Maglev of a powdered mixture of fentanyl-containing heroin (fentanyl-HCl (1.3 wt%),
heroin-HCl (2.6 wt %), and o-lactose (96.1 wt%)). The separation was performed in a custom-made cuvette (shaped to allow easy entry of

a pipette) filled with a paramagnetic solution of Gd(DPM);TOPO (450 mwm) in a mixture of 23 vol% hexane and 77 vol% tetrachloroethylene. The
image was uniformly post-processed for contrast and clarity; the original image is in the Supporting Information, Figure S11. B) The separated
fractions were extracted using a Pasteur pipette, and were subsequently rinsed with hexane under suction filtration to remove any remaining
gadolinium complex and air-dried. FTIR-ATR spectra (normalized to the highest peak) were measured from the powdered mixture before
separation (top spectrum). The extracted fractions containing fentanyl and lactose (lower two black lines), and the pure compounds (blue lines)

are below.

5.0mg may cause death.’] In the US (2017), the Drug
Enforcement Administration (DEA) found that the average
content of fentanyl in drugs obtained from street-level retail
was 5.1 wt% (with a total range of 0.1-97.8 wt% for all
confiscated drugs).”® Fentanyl hydrochloride is the prom-
inent fentanyl salt in seized samples, while the citrate salt is
found in a minority of confiscated drugs.”™ Common ranges
of concentrations for other illicit drugs at the retail level are
listed in the Supporting Information, Table S2.

To moderate potency, and to increase profit margins,
drugs are commonly diluted with adulterants, that is, semi-
active compounds that are added to enhance the effect of the
drugs or simply mimic their properties. For example, because
drug users test the bitterness of mixtures to judge the content
of heroin, acetaminophen and caffeine are added to maintain
the bitterness of the mixture when heroin, which is bitter, is
diluted. Diluents (non-active compounds, such as lactose,
dimethyl sulfone, and glucose) are added to lower the
concentration of the drug and to make it easier to handle
and use."”

To identify a drug according to forensic standards of
analysis, two to three different analytical methods must be
used (techniques are listed in the Supporting Information,
Table S3; combinations of techniques of different ranking can
be used to establish the composition of mixtures).'"” Tech-
niques with molecular specificity (X-ray diffractometry and
IR, NMR, Raman, and mass spectrometry) are given the
highest ranking. GC-MS is the workhorse in modern forensic
drug laboratories (in most US federal, state, and municipality
laboratories, depending on the state),l"!! but the cost, the lack
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of portable systems, and the technical skill needed to handle
this instrument prohibit large-scale use in the field. Most
separations (CE, GC, LC, and other less-molecularly-specific
techniques) are considered intermediate in value for identifi-
cation. Other methods that provide limited information about
the molecular structure are in the third, lowest, category.
When an appropriate combination of methods is used to
confirm the presence of a compound (for example, at least
two techniques, with one from category A and the second
from categories A, B, or C, or, alternatively, three techniques
if at least two are from category B and the additional
technique is from B or C!'Y) and when the sampling
procedure adheres to defined protocols, only then is the
presence of the compound considered to have been identi-
fied."") This level of identification is referred to as confirma-
tory identification (see the Supporting Information, Table S3
for a more detailed description).

In the US, confirmatory identification can only be
performed by an expert (for example, a forensic chemist);
a police officer cannot be admitted as an expert witnesses in
court for chemistry or forensics and, therefore, the opinion of
the police officer cannot be entered as fact;!'? thus, a mea-
surement performed by a law enforcement officer with
a confirmatory technique is assigned a standing similar to
that of a presumptive technique.'”) However, the use of
techniques of high molecular specificity by law enforcement
officers have the benefit of reducing the number of false
positive and negatives that are inherent to most other
presumptive identification techniques.
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MagLev has the potential to be used for presumptive
identification, based on compound density. Presumptive
identification is the lowest level of specificity (Category C
in the Supporting Information, Table S3), but encompasses
the most common group of analytical methods used to screen
compounds in the field (outside of an analytical laboratory).
Immunoassays!'* and colorimetric tests™! are other exam-
ples; these techniques provide weak evidence of molecular
identity, but are easily used in resource-limited circumstances
(for example, border inspection stations and mail-sorting
facilities). MagLev has, however, the potential to enable more
specific techniques because of its ability to separate dilute
compounds in mixtures of powders.'""*! We stress here that
Maglev has not been evaluated or approved by any forensic
organization!"”! for analysis of seized illicit drugs; however, we
suggest that the MaglLev could, after further development,
become a candidate for evaluation.

Results and Discussion

We demonstrate that Maglev can be used to determine
three characteristics of a powdered sample: 1) the minimum
number of compounds present in the sample; 2) the densities
of these separately levitating compounds (or mixtures of
overlapping compounds) (Figure 1 and Figure?2); and
3) qualitatively, an estimate of the relative amounts of these
compounds (Figure 3D). To finish the presumptive identifi-
cation, the densities measured for the levitating fractions are
compared with reference materials (pure compounds) using
a look-up table (Supporting Information, Table S4). MagLev
generates more information from the same sample than most
techniques used for presumptive identification and can
measure the density of multiple compounds, including those
present in small amounts, for a range of chemical structures in
a one-step procedure. More importantly, it both allows the
separation and isolation of the compounds present in
a mixture, and facilitates an increase in the specificity of
more detailed spectroscopic methods.

Determining the composition of illicit drugs in the field
faces at least four hurdles: 1) the technical and procedural
training required to ensure correct handling of the sample;
2) access to appropriate instruments; 3) the risk of exposure
to the drugs; and 4) the highly variable composition of the
drug mixtures."” For these and other reasons, seized samples
are often not analyzed for their constituents in the field, but
only later at a local law enforcement facility, or at a well-
equipped and competently staffed central laboratory. Ship-
ping to, and analysis in, central laboratories can introduce
long delays in the identification of molecular constituents of
mixtures of drugs (for example, backlogs in analysis are
common).['”)

Mixtures of illicit drugs can contain a wide range of
compounds. With this in mind, we demonstrated separation of
active compounds (with a range of chemical properties)
commonly found in samples seized by law enforcement,
including the hydrochloride salts of fentanyl, acetyl fentanyl,
cocaine, heroin, and methamphetamine (Figure 1 and Fig-
ure 2). Five relevant powdered mixtures were separated, each
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Figure 2. Time-lapse photographs of the separation of mixtures of
powdered illicit drugs, adulterants, and dilutants (2.5-9.5 mg of each
compound) using MagLev. The paramagnetic solution used in the
device was Gd(DPM),TOPO (450 mm) dissolved in a mixture of 23
vol% hexane and 77 vol% tetrachloroethylene. Photographs were
uniformly post-processed for contrast and clarity; the original images
are in the Supporting Information, Figure S11.

composed of commonly encountered active compounds,
adulterants, or diluents (Figure 1 A, and Figure 2). Although
cocaine-HCI (1.32 gcm™) and heroin-HCI (1.34 gcm™) did
not separate completely under the conditions we described
here (Figure 2E; Supporting Information, Table S4), their
separation by density can easily be improved by changing
a number of parameters described elsewhere.'* In any event,
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Figure 3. A model system for the investigation of MagLev separation of powdered mixtures and the following characterization with spectroscopic
techniques. A) Maglev separation (30 min) of a mixture of lidocaine-HCl and caffeine (95:5 wt%; 50 mg) in a cuvette filled with the paramagnetic
solution, and extraction using a Pasteur pipette. B) MaglLev separation (20 min) of powdered mixtures (50 mg) of lidocaine-HCI (top clouds) and
caffeine (bottom clouds) in different proportions (wt%). The paramagnetic solution in (A) and (B) consisted of Gd(DPM),TOPO (450 mm)
dissolved in a solvent mixture of 23 vol% hexane and 77 vol% tetrachloroethylene. Height of cuvettes: 25 mm. C) Scanning electron micrographs
of crystals of lidocaine-HCl and caffeine (pure compounds). D) The projected, two-dimensional areas of the levitating fractions of lidocaine-HCl
(green line) and caffeine (red line), and their combined area (black line), are plotted against the chemical composition of mixtures. The area was
measured in images with a physical ruler for reference of distance with the software ImageJ. E) 'H NMR (600 MHz) characterization of a mixture
(50 mg) of lidocaine-HCl and caffeine (50:50 wt%) and the fractions after separation (30 min) in the MagLev; for clarity, some signals were
clipped, and some regions omitted. The individual fractions were extracted as in (A) and rinsed with hexane during suction filtration and air-dried
on a filter paper. Part of the residue (3.0 mg) was dissolved in [Dg]DMSO (0.6 mL)-no lidocaine was detected with 'H-NMR in the caffeine-rich
fraction, and no caffeine in the lidocaine-HCl-rich fraction. Signals from the solvent DMSO (at 2.5 ppm) and water (at 3.3 ppm) are present.

F) FTIR-ATR characterization (normalized to highest peak) of the samples purified in (E) except that the residue was characterized as a dry
powder. Pure compounds were used as controls for both the 'H-NMR and FTIR-ATR characterization. Photographs in (A) and (B) were uniformly
post-processed to enhance contrast and clarity; the Supporting Information contains the originals.

the combination of cocaine-HCl and heroin-HCI is not (<50 mg) particularly difficult (a fentanyl compound may, for

common in street-level drugs."! example, be present only as a few crystals in a 50 mg sample).
The synthetic opioids can be especially challenging to Previously published or widely deployed portable meth-
detect owing to their high potency, which enables (and ods for detection of fentanyl include colorimetric tests,'*

requires) high dilution (<5 wt%) of the active components  microcrystalline tests,”"! electrochemistry,”” immunochemis-
and thus makes the analyses of these opioids in small samples  try,'" near-infrared spectroscopy,® surface-enhanced Raman
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spectroscopy,?! Raman spectroscopy,” and FTIR spectros-
copy.” The most common portable methods used in the field
by law enforcement personnel for general detection of drugs
are colorimetric tests,'">* handheld Raman (such as Thermo
Scientific TruNarc or Chemring Detection Systems PGR-
1064),! and FTIR (such as Thermo Scientific TruDefender
FTXi and Smiths Detection HazMatID Elite.)? (Portable
methods of drug detection are reviewed by Kranzler et al.,**!
Harper et al.,"™ and de Araujo et al.”’)) Both Raman and
FTIR-ATR, which are considered more sensitive and accu-
rate than colorimetric tests, have limits-of-detection of
approximately 5 wt %, and are therefore not sensitive enough
to detect dilute drugs directly in the mixtures of illicit drugs,
adulterants, and diluents.['”>2>3]

We demonstrated that MagLev can separate dilute (1.0-
2.6 wt%) compounds from powdered mixtures, including:
1) 1.3 wt % fentanyl-HClI, 2.6 wt % heroin-HCI, and 96.1 wt %
a-lactose (Figure 1; Supporting Information, Figure S4);
2) 1.0 wt% lidocaine-HCI and 99.0% caffeine (Figure 3B);
and 3) 99.0 wt % lidocaine-HCI and 1.0 wt % caffeine (Fig-
ure 3B). FTIR-ATR could not detect the presence of
fentanyl-HCI in the first mixture before separation of the
mixture, but it provided clear confirmatory identification of
fentanyl-HCI in the fraction having the expected density (as
compared to pure fentanyl) for fentanyl-HCl after separation
(Figure 1B). The lower limit in concentration for a component
of mixture that can be separated by MaglLev is below 1 wt %
(Figure 3B).

The separation of lidocaine-HCI from caffeine (Figure 3),
used here as model constructed from easily accessible, low-
risk, but relevant adulterants, demonstrates that Maglev can
facilitate identification of dilute compounds in powdered
mixtures by separating these fractions (as few as five 100
200 um crystals, circa 0.1 mg) from other compounds in 50 mg
samples consisting of hundreds to thousands of particles of
other compounds (Figure 3B).

This model system facilitated the development of Maglev
for uses with powdered mixtures of illicit drugs, and also for
the investigation of the dynamics of separation of particulates
in a MagLev device (for more details about the choice of
model system, see the Supporting Information, Section 3.9).
Magl ev separated the binary mixtures of lidocaine-HCIl and
caffeine of seven different compositions into two fractions, as
expected, and the amount of compounds in each fraction
(quantified by image analysis, Figure 3D) agreed quantita-
tively with the known compositions of the samples. The size of
the crystals influenced the kinetics of separations: both
compounds consisted of rod-shaped crystals (Length of
crystals (Figure 3C): a) lidocaine-minimum 20 um; quartile
1st 61 um, 2nd 92 um, and 3rd 135 pum; maximum 292 um.
b) caffeine-minimum 4 pm; quartile 1st 12 um, 2nd 18 pm,
and 3rd 28 um; maximum 89 pwm; n =200); caffeine, however,
is present mostly as large aggregates (500-2000 pm, by visual
estimation from Figure 3 B) that consist of small crystals.

MagLev separated crystals of both compounds within
approx. 20 min, but some non-aggregated (small) particulates
of caffeine remained suspended after this period (observed as
less transparent paramagnetic solutions in samples of high (>
75 wt %) caffeine content), which is due to the high ratio of
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drag-to-magnetic-force!"™! for small particles. The time of
separation of the illicit drugs (Figure 2) were comparable to
that of caffeine or lidocaine, indicating that the particle sizes
found in the powders of the illicit drugs are of a similar range.

Following separation using MagLev, the fractions were
extracted and characterized by NMR (Figure 3E) and FTIR-
ATR (Figure 3F); the close match of the spectra of the
extracted fractions to the standards (pure compounds)
suggests excellent separation of crystals of these two com-
pounds using Maglev. We presume the separation is near
complete; residual crystals due to incomplete separation may
still be present in the fractions but are at or below the limit-of-
detection of either spectroscopic method. The separation with
Magl ev also enabled unambiguous identification of caffeine
with FTIR-ATR-this compound could not be identified in the
mixture before separation (Figure 3F).

We have used Maglev to measure the densities of 23
relevant compounds (6 active compounds, 10 representative
adulterants and 9 diluent) found in mixtures of powdered
drugs (Figures 1, 2; Supporting Information, Figure S5 and
Table S4). Most compounds reached their equilibrium posi-
tions in the MagLev device in 5-30 minutes (Figure 2;
Supporting Information, Figure S5), depending on the size
of the grains or crystals.

Magl.ev cannot be performed on dissolved compounds in
a solution, only on suspended objects or particles. Most illicit
drugs, adulterants, and diluents are readily water-soluble
(with the notable exceptions of cocaine, phencyclidine, and
heroin in their base forms);”” thus, their separation and
analysis with Maglev requires non-polar paramagnetic
solutions to suspend and levitate them. Few highly para-
magnetic chelates are soluble at high concentration in non-
polar solvents, while still maintaining a low viscosity of the
solution.'™! In this study, we used mixtures of hexane (o=
0.66 gcm ) and tetrachloroethylene (0 =1.62 gcm ™) as the
solvent for the gadolinium(III) chelate complexes, because
mixtures of these solvents span the range of densities needed
for analysis of powdered drugs, and have suitable character-
istics for the application described here (low polarity,
appropriate density, low viscosity, and toxicities acceptable
for these uses; see the Supporting Information, Section 3.5).
We have synthesized and used compounds 1 and 2 (Scheme 1;
Supporting Information, Scheme S1 outlines their syntheses,
Figure S6 depicts their characterization using FTIR-ATR,
and in Figures S7, S8, and Table S5 we determine their

oy !0\““
=

So--6g¥-0
o 0 ~O“P/CaH17

AN IS

r
03H1?08H1?

Gd(DPM);TOPO 1

Gd(acac);TOPO 2

Scheme 1. Structures of gadolinium chelate complexes used in this
study.
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magnetic susceptibilities using the Evans method). Com-
pound 1 has been synthesized before,*” but not compound 2.
None of the compounds (illicit drugs, adulterants, or diluents)
we investigated (Supporting Information, Table S2) dissolved
in the non-polar paramagnetic solutions we used, as judged by
eye (Figures 1 A, 2, 3; Supporting Information, Figure S5).
MaglLev makes it possible to carry out presumptive
identification of multiple compounds simultaneously (Fig-
ure 4; Supporting Information, Movie S2), and thus to

acetamino- j§
A phen
¢

W levaisole|

Rl mannitol

8 dimethyl §

1 sulfone

starch i S I O o5
u : .

i
sodium carbonate]|

Figure 4. Separations of powdered mixtures (50-60 mg) of adulterants
and diluents using Maglev. A) Lidocaine-HCl, dimethyl sulfone, potato
starch, p-(+)-glucose, and B-b-(—)-fructose in a solution of Gd-
(DPM);TOPO (450 mm) dissolved in tetrachloroethylene. B) Hydroxy-
zine-2 HCl, acetaminophen, diltiazem-HCI, levamisole-HCl, p-mannitol,
sucrose, and sodium carbonate (at bottom) separated in a paramag-
netic solution of Gd(acac); TOPO (1100 mwm) in tetrachloroethylene.
The densities of the levitating compounds are listed in the Supporting
Information, Table S4. Photographs were uniformly post-processed for
contrast and clarity; the Supporting Information, Figure S11 contains
the originals.

" ‘A fructose i

increase the likelihood of a correct identification of the
components (using a lookup table of known densities for
reference) in samples, because certain combinations of drugs
and/or adulterants are more common than others. For
example, methamphetamine is commonly found in binary
powdered mixtures with dimethyl sulfone.™!

For powdered mixtures of illicit drugs, a mixture of five to
twelve compounds in one sample represents a worst case, but
is not uncommon.®'

Figure 4B demonstrates application of Maglev in the
simultaneous separation of seven different adulterants and
diluents from a powdered mixture. Most compounds in
powdered mixtures of illicit drugs have densities in the range
of 1.10-1.58 gcm™® (Supporting Information, Table S4). The
procedure for MagLev used in this study can measure a larger
range of density (that is, 0.60-1.77 gem™; Supporting In-
formation, Figure S9). Sodium carbonate (2.54 gcm—)P¥ and

Angew. Chem. Int. Ed. 2020, 59, 874—881

Research Articles

© 2020 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

talc (2.84 gcm™)P are the only diluents that are routinely
encountered by law enforcement that did not levitate because
their densities fell outside of the allowable range. We have, in
other work, demonstrated methods for levitation of objects
with densities much higher than these.!

The densities of compounds determined by MagLev
largely agree with values reported in the literature (Support-
ing Information, Table S4), which were measured by XRD
and calculated from the dimensions and occupancy of the unit
cells, or by gas pycnometry. Our density measurements
deviated from literature values by less than 20.2%. We
recorded the largest differences for the hydrochlorides of
methamphetamine (20.1%), levamisole (10.7%), procaine
(6.0%), cocaine (5.6 %), and diltiazem (4.8 % ). These differ-
ences may be due to impurities or different forms of the drug
present in samples (for example, as hydrates, solvates, or
carbonates, admixture with other compounds with similar
density, particles that are partly amorphous instead of fully
crystalline, crystals that included polymorphs, or other issues).
Nonetheless, these differences in density are largely irrelevant
for separations, as long as the compounds do separate. The
values of densities for relevant compounds can, however, be
important for the presumptive identification of compounds
that have not been previously separated by Maglev, and
should be better established (both in pure samples, and as
encountered in different mixtures of illicit drugs).

To minimize errors, for compounds that have been
previously characterized and that have been documented in
look-up tables, we recommend that density-based presump-
tive identification with MagLev be performed under the same
set of conditions (for example, type of MagLev device, type of
paramagnetic chelate complex, and concentration of solution)
used for previous characterizations.

Conclusion

Magl ev is simple to use and portable. It thus offers a new
method for screening drugs outside of a well-equipped
forensic laboratory (for example, at crime scenes and law
enforcement sites). Because separation by MagLev is rapid, it
could shorten the time required for presumptive identifica-
tion of illicit drugs at crime scenes. Complementary and more
precise techniques could subsequently be used for confirma-
tory identification, because Maglev is non-destructive. The
synergy of MagLev with FTIR-ATR is attractive for analysis
of drugs because both techniques are portable, require little
training to use, and work well with powdered compounds. The
two are also complementary because Maglev compensates
for the low sensitivity of FTIR-ATR in complex mixtures, by
separating and concentrating fentanyl or other compounds of
primary interest. One drawback of MagLev is that it requires
a liquid (the paramagnetic suspending solution); this require-
ment makes it operationally more complex than those
techniques that require only solids. Fortunately, uses of
MaglLev in this type of application can be optimized in the
laboratory using easily obtained compounds, for example,
lidocaine-HCIl and caffeine, that are relevant to illicit mixtures
of drugs, as components of model systems, and can thus avoid
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the often prohibitive regulations placed on the use of most
active compounds (Supporting Information, Schedule I and
II; see Table S6).

Producers of illicit drugs make new analogues more
quickly than these compounds can be scheduled as illegal
compounds.! Before a drug can be scheduled, multiple
agencies must determine if it has a strong index of suspicion.
For example, for synthetic opioids, there must be a strong
suspicion that the drug causes miosis, depressed respiration,
changes in mental status, and additional signs of opioid
toxicity.*! A strength of MagLev (but also, in some ways,
a drawback) is that the method is non-specific to the
molecular structure or the biological activity; an additional,
more structure-specific technique (FTIR or Raman spectros-
copy, or mass spectrometry) may be required to enable the
assignment of new compounds to a class. This characteristic
also makes Maglev suitable for providing a rapid early
warning of a new or unfamiliar compound whose density (and
probably structure) varies only slightly from those of com-
pounds of a previously known class of compounds (new
analogues of fentanyl are an example); through separation,
Maglev enables the molecular characterization of those
compounds by other techniques. MagLev could aid in the
detection of new designer drugs, unconventional mixtures of
drugs, fentanyl-laced drugs of inconsistent and unexpectedly
high concentration, and harmful adulterants on the illegal
market. Circumventing detection by Magl.ev would require
additional and unfamiliar efforts on the part of providers of
street drugs. Maglev enables the characterization of dilute
compounds in mixtures of powders using techniques that
would otherwise not be able to identify the molecular
structure of dilute compounds in mixtures of powders.

Note: The views and opinions of authors expressed herein
do not necessarily reflect those of the DEA.
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