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Abstract

lllicit drug markets are shifting toward novel
sedatives and anaesthetic-derived compounds outside
conventional drug classes. Recent reports of etomidate-
class substances in seized materials indicate changing
patterns of misuse. In this study, a seized powder sample
was examined using an orthogonal analytical workflow
incorporating chromatographic, mass spectrometric,
and spectroscopic techniques. The sample was
identified based on retention behaviour, fragmentation
patterns, mass accuracy, and complementary structural
confirmation from FTIR and 'H NMR data. Etomidate
was identified as the major component, with metomidate
detected at trace levels. The combined analytical evidence
provided strong structural confirmation. These findings
highlight the value of orthogonal analytical strategies for
the reliable identification of emerging anaesthetic-derived

substances in forensic casework.
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1. Introduction

In recent years, the scope of illicit drug analysis
has expanded beyond conventional narcotic drugs
and psychotropic substances [1,2]. Global drug
markets are increasingly characterized by the
presence of pharmaceutical and other medically
used compounds in seized materials [3]. These
may appear as substitutes, adulterants, or even
as primary psychoactive agents in illicit drugs [2].
As a result, forensic laboratories are increasingly
encountering such pharmaceutical and anaesthetic
compounds during routine casework [4]. This shift
complicates the screening strategies originally
developed for conventional drug classes [5].

Etomidate (ethyl 1-(1-phenylethyl)-1H-imidazole-
5-carboxylate) is a short-acting, non-barbiturate
imidazole-derived hypnotic intravenous anaesthetic
[6]. It is widely used for the induction of general
anaesthesia due to its rapid onset and minimal
cardiovascular depression [7]. The drug produces
hypnotic effects mainly through potentiation of
y-aminobutyric acid sub-type A (GABAA) receptors,
leading to rapid sedation and loss of consciousness
[8]. While its clinical use is well established, recent
international reports have documented its detection
in non-medical contexts, particularly in East and
South-East Asia [9]. Etomidate and its structurally
related compounds have been identified in e-liquids,
cartridges, tablets, and powder forms [8,10]. In
several Asian jurisdictions, including China, Hong
Kong, Singapore, Indonesia, Malaysia, Cambodia,
and Macao, etomidate-containing vape liquids have
been reported in illicit markets under street names
such as “space oil,” “ketamine pods,” or “k-pod”
[9,11]. These products are intended for inhalation
through electronic cigarettes or e-vaporizers and
may contain etomidate or related analogues, often
in combination with other psychoactive substances
such as cannabinoids, ketamine, or designer

benzodiazepines [12,13]. Recent reports from the
United Nations Office on Drugs and Crime (UNODC)
indicate that etomidate and its analogues have been
detected in illicit drug samples and toxicology cases
globally [3]. Detection of etomidate in tablet and
crystalline forms further suggests its emergence
beyond liquid formulations in illicit markets [3,10].
This trend indicates emerging misuse of anaesthetic-
derived substances in recreational drug markets,
potentially involving diversion from legitimate
pharmaceutical supply chains or unregulated
synthesis of structurally related compounds [3,9].

From a forensic perspective, etomidate is not
routinely targeted in standard illicit drug screening
[14]. There is limited published literature on the
compound, and traditional presumptive tests
are unreliable for detecting anaesthetic-derived
substances. Many pharmaceutical anaesthetics do
not produce characteristic reactions in commonly
used presumptive colour tests. As a result, their
presence may not be recognized during initial
screening [15]. Consequently, reliable identification
requires complementary analytical techniques
that provide independent molecular and structural
information [5].

Forensic drug identification typically follows
the guidelines of the Scientific Working Group for
the Analysis of Seized Drugs (SWGDRUG) [16].
These guidelines categorize analytical techniques
by selectivity: Category A techniques that provide
structural information; Category B techniques that
offer chemical or physical characteristics; and
Category C techniques that provide general or
class information. The combined use of techniques
from different categories provides independent and
complementary analytical evidence, necessary for
accurate drug identification [16].

The present case study describes the forensic
examination of a seized white powder submitted for
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Figure 1- Seized white powdered sample
received for chemical analysis

chemical analysis. The objective was to determine its
composition and achieve confirmatory identification
using a structured multi-technique approach. The
analytical workflow incorporated both screening
and confirmatory techniques, including colour tests,
thin-layer chromatography (TLC), direct insertion
mass spectrometry (DIMS), gas chromatography—
mass spectrometry (GC-MS), high-resolution
gas chromatography—high-resolution mass
spectrometry  (GC-HRMS),
infrared spectroscopy (FTIR), and proton nuclear

Fourier transform

magnetic resonance ('H NMR). The investigation
was limited to analytical characterization and did
not address the reconstruction of manufacturing
pathways or intent.

2. Materials and Methods

2.1. Sample

A seized white coloured powdered sample
(Figure 1) was received for forensic chemical
analysis. The sample was handled in accordance
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with standard laboratory procedures for suspected
narcotic drugs and psychoactive substances.

2.2. Sample Preparation

50 mg of the sample was accurately weighed
and dissolved in 10 mL of methanol (99.9% AR
grade, Merck) to obtain a 5 mg/mL solution. The
mixture was vortex-mixed until completely dissolved
and filtered through a 0.2 yum PVDF syringe filter to
remove particulate matter before analysis.

2.3. Preliminary Screening

Colour tests, thin-layer chromatography (TLC),
and direct insertion mass spectrometry (DIMS)
were used for preliminary screening.

2.3.1. Colour Test

A series of routine presumptive colour tests
commonly used in forensic drug analysis were
conducted on the sample. The observations from
these tests are summarized in Table 1.

2.3.2. Thin-Layer Chromatography (TLC)

Thin-layer chromatography was performed
on HPTLC silica gel 60 F,, plates. The sample
was applied manually as duplicate spots labelled
A and B using a glass capillary tube. The plate
was developed using ethyl acetate: methanol:
ammonia (85:10:5, v/v/v) as the mobile phase.
The developed plate was examined under UV
light at 254 nm. The observed UV-active spot
from one application was excised, and the silica
was transferred to a centrifuge tube and extracted
with 1 mL of methanol. The suspension was
vortex-mixed, sonicated, and centrifuged. The
supernatant was subjected to direct insertion mass
spectrometry (DIMS). The remaining portion of
the plate was subsequently sprayed with acidified
iodoplatinate reagent for visualization.
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Table 1- Results of presumptive colour tests performed on the seized sample and their forensic interpretation

S.No. Colour Test Target Class of Drugs Observation Interpretation
: Oplajes, amphetamine- No characteristic colour No indication of opiates or
1 Marquis test type stimulants, and related .
. change amphetamine-type substances
alkaloidal compounds
> Mecke's test Opiates and related opioid No characteristic colour No indication of opiate-type

compounds

3 Froehde's test Opiates and certain synthetic

opioids
4 Scott's test Cocaine and structurally
related tropanes
5 Zimmermann's Benzodiazepines and ketone-
test containing drugs
6 Dille-Koppanyi Barbiturates
test
7 Simon’s test Secondary amines (e.g.,

MDMA, Meth)

Ephedrine and
pseudoephedrine-type
compounds

8 Chen-Kao’s test

Wide range of psychoactive
substances, stimulants, and
common adulterants

9 Mandelin test

Indole- and tryptamine-

10 Ehrlich test .
containing compounds

change

No characteristic colour
change

No characteristic colour
change

No characteristic colour
change

No characteristic colour
change

No characteristic colour
change

No characteristic colour
change

No characteristic colour
change

No characteristic colour
change

compounds

No indication of opiate-type
compounds

No indication of cocaine or
related tropane compounds

No indication of
benzodiazepines or ketone-
containing drugs

No indication of barbiturate-type
compounds

No indication of secondary
amine-containing drugs

No indication of ephedrine
or pseudoephedrine-type
compounds

No indication of common
narcotic and stimulant drugs

No indication of indole- or
tryptamine-containing
compounds

2.3.3. Direct Insertion Mass Spectrometry (DIMS)

DIMS analysis was performed using a Waters
RADIAN ASAP system operated through MassLynx
software. Both the methanolic extract of the excised
TLC spot (Section 2.3.2) and a diluted sample
solution (100 pg/mL) were analyzed. The data were
acquired in full-scan mode over an m/z range of
50-1250 in ASAP+ positive ion mode. Nitrogen was
used as the desolvation gas at 600 °C, and the cone
voltage was varied from 15 to 50 V.

2.4. Confirmatory Analysis

Gas chromatography-mass spectrometry (GC-
MS), gas chromatography high-resolution mass
(GC-HRMS),

spectrometry Fourier-transform

infrared (FTIR) spectroscopy, and proton nuclear
magnetic resonance ("H NMR) spectroscopy were
employed for confirmatory analysis of the sample.

2.4.1. Gas Chromatography—Mass Spectrometry (GC-
MS)

GC-MS analysis was performed using a
Shimadzu Nexis GC-2030 gas chromatograph
coupled with a QP2020 NX mass spectrometer
and an AOC-6000 Plus autosampler, operated
through LabSolutions software. Chromatographic
separation was achieved on an Rtx-5MS low-bleed
capillary column (30 m x 0.25 mm [.D. x 0.25 ym
film thickness). Helium was used as the carrier gas
at a constant flow of 1.5 mL/min. A 1 pL aliquot of
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a 25 pg/mL methanolic solution was injected in
splitless mode at an injector temperature of 250 °C,
with a splitless time of 1 min.

The GC oven temperature program was initiated
at 70 °C and held for 2 min, then ramped at 20 °C/
min to 200 °C, followed by 7 °C/min to 300 °C, with
a 2 min hold, and finally at 25 °C/min to 310 °C,
with a 1 min hold. Mass spectrometric detection
was accomplished in scan mode over an m/z range
of 40-550 with a scan speed of 2000 amu/s, using
electron ionization (El, 70 eV). The ion source and
interface temperatures were maintained at 230 °C.
A solvent cut time of 2.5 min was applied to prevent
detector saturation from the solvent peak.

2.4.2. Gas Chromatography-High-Resolution Mass
Spectrometry (GC-HRMS)

GC-HRMS analysis was performed using a
Thermo Scientific TRACE 1610 gas chromatograph
coupled with an Orbitrap Exploris GC high-
resolution mass spectrometer, operated through
Chromeleon software. Chromatographic separation
was achieved on a TG-5SilMS capillary column
(30 m x 0.25 mm I.D. x 0.25 pym film thickness).
Helium was used as the carrier gas at a constant
flow rate of 1.0 mL/min. A 2 pL aliquot of a 10 ug/
mL methanolic solution was injected in splitless
mode with a splitless time of 1 min and an injector
temperature of 280 °C.

The GC oven temperature program was initiated
at 70 °C and held for 2 min, then ramped at 20 °C/
min to 200 °C, followed by 7 °C/min to 300 °C, with
a 2 min hold, and finally at 25 °C/min to 310 °C, with
a final 2 min hold. Mass spectrometric detection
was achieved using electron ionization (El, 70 eV)
in high-resolution full-scan mode (m/z 50-550) at a
resolving power of 60,000 (FWHM at m/z 200) for
accurate mass determination.
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2.4.3. Fourier-Transform Infrared (FTIR)

FTIR analysis was performed using a Bruker
INVENIO X spectrometer equipped with a diamond
ATR accessory, operated through OPUS software.
A small amount of the sample was directly placed on
the ATR crystal and gently pressed to ensure good
contact with the ATR crystal. Spectra were recorded
over 4000400 cm-1 at 4 cm-1 resolution using 64
scans in transmittance mode.

2.4.4. Proton Nuclear Magnetic Resonance Spectros-
copy ('"H NMR)

'H NMR spectra were recorded on a Magritek
Spinsolve 80 MHz benchtop NMR spectrometer
using deuterated chloroform (CDCI3, 99.8% atom
D stabilized, SRL) as solvent. A fresh portion of
the sample (approximately 30 mg) was dissolved
in 0.6 mL of CDCI3 to ensure adequate signal
intensity at low field (80 MHz). The solution was
transferred to a 5 mm NMR tube for analysis.
Spectra were acquired with 128 scans, 90° pulse
angle, acquisition time of 3.2 s, and repetition time
of 30 s. Spectral processing and interpretation were
performed using MestReNova (Mnova, Mestrelab
Research) software.

3. Results and Discussion

3.1. Preliminary Analytical Findings

Preliminary screening of the seized sample using
routine colour tests, summarized in Table 1, did not
show characteristic reactions linked to commonly
encountered narcotic drugs or psychotropic
substances. These observations were interpreted
in accordance with established forensic protocols
described in standard reference manuals and
guidelines [17-20]. The absence of a characteristic
colour response does not exclude the presence of a
drug; however, it indicates that the sample does not
correspond to drug classes typically identified using




i W#28| Detection of Etomidate-Class Psychoactive Substances in Seized Powder: Forensic Confirmation

(a) TLC development

(b) UV visunalization (254 nm)

(c) Iodoplatinate Visualization

Figure 2- TL.C analysis of the seized sample showing a single UV-active spot at 254 nm and corresponding brown spot

after visualization with acidified iodoplatinate reagent

- (a) Methanolic sample solution (100 pg/mL, ASAP")
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Figure 3- DIMS ASAP * mass spectra of (a) methanolic sample solution (100 ug/mL) and (b) TLC-excised
methanolic extract, both showing a prominent ion at m/z 245 ([M+HJ*)

routine presumptive colour tests [15], necessitating
further confirmatory analysis.

Thin-layer chromatography (TLC) analysis under
UV light at 254 nm showed a single, well-defined
quenching spot in both duplicate applications A and
B (Figure 2). The spots were horizontally aligned,
indicating identical migration, with a retention factor
(Rf) of 0.8 in the ethyl acetate: methanol: ammonia
(85:10:5, v/viv) mobile phase. After spraying with
acidified iodoplatinate reagent, the plate developed
a brown spot at the same Rf. No additional major
spots were apparent under UV or after chemical
visualization. The TLC observations are summarized
in Table 2. One of the duplicate applications was

excised for DIMS analysis, while the other was
subjected to chemical visualization. The consistent
migration pattern and the presence of a single major
spot under both visualization conditions

suggest that
predominated under the applied TLC conditions.

a single major component

The ASAP+ mass spectrum obtained from direct
insertion mass spectrometry showed a high-intensity
ion at m/z 245 (Figure 3a and 3b), indicative of a
protonated molecular ion [M+H]* corresponding to
a compound of nominal mass 244 Da. This finding
is consistent with reported precursor ion data for
etomidate (m/z 245.1) obtained under soft ionization
conditions [17]. Comparable spectra were obtained

AJFSFM 2026; Volume 8 Special Issue (ASFSFM 2025)
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from both the methanolic extract of the excised TLC
spot and the diluted sample solution, confirming
the presence of the same major component in
both preparations. Additional fragment ions were
observed at m/z 141, 95, 105, and 113, consistent
with reported fragmentation behaviour of etomidate
and related imidazole-derived compounds [10]. The
full-scan spectrum did not reveal additional major
molecular ions, indicating that a single predominant
component was present under the applied
acquisition conditions. These observations indicate
the presence of a compound with a nominal mass
of 244 Da and guided the subsequent confirmatory
analysis.

3.2. Chromatographic Mass Confirmation

Chromatographic analysis of the seized sample
by GC-MS showed two well-resolved peaks (Figure
4). The peak at 11.16 min was predominant and
assigned to etomidate, while the earlier eluting peak
at 10.61 min corresponded to metomidate and was
present at lower abundance, in agreement with the
component distribution observed in the GC-HRMS
chromatogram (Figure 7).

The electron
corresponding to the predominant peak at 11.16 min
(Figure 5a) indicates a compound with a nominal

ionization mass  spectrum

mass of 244 Da. The spectrum was dominated by
the fragment ion at m/z 105, accompanied by ions at
m/z 77 and 95. These fragments are characteristic of
phenyl-containing substructures and are consistent

Table 2- TLC observations of the seized sample under UV light and after chemical visualization

S. No. Sample/Application

Visualization Method

Observation Rf Value

1 Spot A UV at 254 nm

2 Spot B UV at 254 nm

excision) Spray

Spot B (plate after  Acidified lodoplatinate Reagent

Single compact UV-quenching spot

observed 08

Single compact UV-quenching spot

observed 08

Brown spot observed at the same

position 08

(x10.000.000}
3.25—5
3.00—f
2.75—5
E Etomidate

2507 (11.16)

2257 |

Intensity (counts)
OF B B tarN
bl 1=} m wn 'q" 1=}
(PN P TN P LA B0

°
$ b

Metomidate
(10.61)

o
b
1

-)@‘_

T

90 10.0 1.0 12.0 13.0
Retention Time (min)

Figure 4- GC-MS chromatogram of the seized sample
showing two resolved peaks corresponding to etomidate
(11.16 min) and metomidate (10.61 min)

AJFSFM 2026; Volume 8 Special Issue (ASFSFM 2025)

with reported El fragmentation behaviour of phenyl-
substituted imidazole anaesthetics [10,18]. The
fragment at m/z 105 corresponds to the benzylic-
type cation formed through cleavage adjacent to
the phenyl substituent, while m/z 77 represents the
phenyl cation produced by further rearrangement
of the aromatic system. The ion at m/z 95 likely
arises from secondary fragmentation of the aromatic
system. An additional fragment at m/z 198-199 was
also observed, consistent with cleavage involving
the ester-containing moiety of the molecule. This
is in close agreement with reported fragment ions
for etomidate, where analogous fragments are
observed around m/z 199, with minor variations
attributable to fragmentation pathways and hydrogen
rearrangement processes [18]. The proposed
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Figure 5- £/ mass spectra obtained from GC-MS analysis of (a) etomidate and (b) metomidate, showing
characteristic fragment ions

Phenyl cation

(m/z 77)

Me (m/z 244)

Ester-side cleavage fragm ent
(m/z 198-199)

Benzylic-type cation
(m/z 105)

N

Aromatic fragment ion
(m/z 95)

Figure 6- Proposed EI MS fragmentation of etomidate illustrating the formation of diagnostic fragment
ions at m/z 244, 105, 95, 77, and 198-199

fragmentation scheme illustrating the formation of
the diagnostic m/z 105, 95, 77, and 198-199 ions
is presented in Figure 6. Comparison with library

data also showed a high similarity to etomidate,
supporting its identification as the major component.
The earlier eluting peak at 10.61 min (Figure

AJFSFM 2026; Volume 8 Special Issue (ASFSFM 2025)
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Figure 7- GC-HRMS extracted ion chromatogram (XIC) showing two peaks
corresponding to metomidate (10.99 min) and etomidate (11.69 min)

Table 3- Accurate mass measurements and diagnostic fragment ions obtained from GC-HRMS analysis of etomidate and

metomidate
Compound Molecular formula RT (min) Molgcular ion from extract-  Diagnostic fragment ions from
ed-ion confirmation (m/z) apex spectrum (m/z)
. 105.06972, 104.06209, 77.03858,
Etomidate ~ $C_{14JH_{16]N_{2]O_{2}$  11.69 2441212 198.07884
Metomidate  $C_{13}H_{14}N_{2}O_{2}$ 10.99 230.1055 105.06976, 104.06211, 77.03820

5b) showed a mass spectrum consistent with a
compound of nominal mass 230 Da, with similar
diagnostic fragments at m/z 105 and 77. The 14
Da mass difference between the two components
indicates that they are structurally related
analogues. Such a difference is consistent with the
presence or absence of a single methylene (-CH _-)
unit, suggesting a shared core structure. Library
comparison revealed that this minor component was
metomidate, present at trace levels compared to the
main compound [8]. No other major chromatographic
peaks of similar intensity were observed under the
applied GC-MS conditions, and the minor earlier
eluting peak was interpreted as a structurally related
coexisting analogue rather than a separate impurity.

To further identifications, gas

support these

AJFSFM 2026; Volume 8 Special Issue (ASFSFM 2025)

chromatography-high resolutionmass spectrometry (GC-
HRMS) analysis was performed. Two chromatographic
peaks were again observed at approximately 10.99
min and 11.69 min (Figure 7), corresponding to
metomidate and etomidate, respectively. Accurate
mass measurements showed ions at m/z 230.1055
and 244.1212 for the earlier and later peaks, consistent
with the expected molecular ions of metomidate and
etomidate, with mass errors within +5 ppm. These
values were derived from high-resolution extracted
ion chromatogram (XIC) data and confirmed through
the corresponding ion table generated during HRMS
data processing (Table 3). This level of mass accuracy
supports reliable elemental composition assignment and
reduces the likelihood of isobaric interferences.

In addition to the molecular ions, both spectra
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Figure 8- £/ mass spectra of (a) etomidate and (b) metomidate obtained from GC-HRMS data and compared

with reference spectra

showed common high-resolution fragment ions at
approximately m/z 105.06972, 104.06209, and
77.03858, arising from the phenyl-substituted
imidazole framework [10]. The consistency of
these fragment ions across both components
further supports their structural similarity. The
relative ion-abundance relationships among the
selected confirming ions were also consistent with
accepted forensic mass-spectrometric identification
criteria [16]. Furthermore, the agreement between
experimental and theoretical exact masses within
low ppm error provided additional confidence in
elemental composition assignment and compound
identity [19]. The observed fragmentation pattern
and molecular ion information were consistent with
the corresponding reference EIl spectra (Figure
8a and 8b), with high similarity scores obtained
for metomidate (Sl 859; RSI 860) and etomidate
(Sl 847; RSI 853), further confirming the assigned
identities [16].

Collectively, GC-MS and GC-HRMS findings
demonstrated chromatographic separation of two
structurally related compounds with a nominal
mass difference of 14 Da, consistent fragmentation
confirmation, and

behaviour, accurate-mass

strong library agreement. These findings support

the conclusion that etomidate is the predominant
component of the seized sample, with metomidate
as a minor coexisting compound.

3.3. Spectroscopic Structural Confirmation

Structural confirmation was further supported
by Fourier-transform infrared (FTIR) spectroscopy
and proton nuclear magnetic resonance ("H NMR),
which provided complementary vibrational and
proton environment information.

The ATR-FTIR spectrum (Figure 9) showed a
strong absorption band at 1707 cm-1, characteristic
of ester C=0 stretching, indicating conjugation with
animidazole containing system[24,25]. The aromatic
C—H stretching bands observed at 3132 and 3099
cm-1, together with the aliphatic C—H stretching
band at 2974 cm-1, confirmed the presence of both
aromatic and aliphatic moieties within the molecule
[26]. Bands at 1524 and 1497 cm-1 correspond to
aromatic ring skeletal vibrations, with contributions
from C=C and C=N stretching associated with the
imidazole moiety [25,26]. Characteristic ester C-O
stretching bands were present at 1212 and 1169
cm-1 [24]. Additional bands at 1455 and 1371 cm-1
correspond to aliphatic C—H deformation modes of
methyl and methylene groups [26]. In the fingerprint

AJFSFM 2026; Volume 8 Special Issue (ASFSFM 2025)
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Figure 9- ATR-FTIR spectrum of the sample showing characteristic bands corresponding to ester, aromatic,

and imidazole functional groups

region, absorptions at 768, 711, and 664 cm-1 are
attributed to out-of-plane C—-H bending vibrations
of a substituted phenyl ring, further supporting the
presence of a monosubstituted aromatic system
[21].

The overall infrared profile aligns with the
expected functional groups of etomidate (C, ,H, N,O,)
and supports the identification established through
chromatographic and mass spectrometric analysis.

The 'H NMR spectrum (80 MHz, CDCI)) of
the sample (Figure 10) showed resonances
consistent with the expected proton environments
of etomidate. A downfield resonance at & ~7.8-7.9
ppm (2H) was assigned to the imidazole proton
[24], while a complex multiplet region & ~7.2-7.5
ppm (5H) corresponded predominantly to the
aromatic protons of the phenyl ring. The ethyl ester
functionality was identified by its characteristic
splitting pattern, consisting of a methylene quartet
(-OCH,-) at & ~4.22-4.49 ppm (2H) and terminal
methyl triplet at & ~1.32-1.49 ppm (3H), consistent
with reported 'H NMR characteristics of etomidate

AJFSFM 2026; Volume 8 Special Issue (ASFSFM 2025)

and structurally related compounds [24,25]. A
doublet at 8 ~1.9-2.3 ppm (3H) was assigned to
the methyl group coupled to the adjacent methine
proton of the 1-phenylethyl moiety [24]. A weak,
partially resolved signal was observed at 6 ~6.3-6.6
ppm (1H), tentatively corresponding to the chiral
methine proton, which could not be clearly resolved
due to the limited spectral resolution of the low-field
benchtop instrument.

The relative integration values obtained directly
from the spectrum were approximately 1.98,
5.08, 0.99, 1.99, 2.95, and 3.03, corresponding
to a total of 16 protons. These values are in close
agreement with the expected proton distribution
of etomidate (C H _N,O,), giving an approximate
ratio of 2:5:1:2:3:3 across the observed proton
environments [23,26]. Minor deviations from ideal
integer values are attributed to signal overlap and
the limited resolution of the 80 MHz benchtop
system.

The observed splitting patterns, including the
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Figure 10- 'H NMR spectrum of the sample showing proton environments consistent with etomidate.

quartet—triplet for the ethyl group and the doublet
of the chiral methyl group, were consistent with the
expected coupling relationships [28,10]. Overall,
the chemical shift positions and integration values
are in good agreement with reported 'H NMR data
for etomidate and related imidazole anaesthetics
[24], further supporting structural consistency with
the chromatographic and mass spectrometric
findings.

The analytical results satisfy the identification
criteria recommended by the Scientific Working
Group for the Analysis of Seized Drugs
(SWGDRUG). The workflow integrates screening,
separation, and structural techniques consistent
with SWGDRUG principles of orthogonal forensic
identification, including presumptive testing,
chromatographic separation, mass spectrometry,

FTIR, and 'H NMR [16].
4, Conclusion

The seized sample was examined
chromatographic,

using
spectrometric, and
spectroscopic techniques. Preliminary colour tests

mass

did not show characteristic reactions for commonly
encountered drug classes, indicating the need
for further confirmatory analysis, while thin-layer
chromatography revealed a single major component
under the applied conditions. Direct insertion mass
spectrometry (DIMS) indicated a compound with
a nominal mass of 244 Da, guiding subsequent
analysis. GC-MS showed two distinct peaks,
and the corresponding El mass spectra exhibited
characteristic fragmentation patterns. Accurate mass
measurements from GC-HRMS, together with library
matching, supported the identification of etomidate
as the major component and its structural analogue
metomidate in trace amounts. Further confirmation
was obtained through FTIR and 'H NMR, which were
consistent with the expected functional groups and
proton environments of etomidate. Collectively, the
integrated analytical findings provide strong and
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consistent evidence for the presence of etomidate
as the major component, along with trace levels of
metomidate in the seized material.

This study highlights the importance of
recognising anaesthetic-derived compounds in
routine seized drug casework, where they may not be
readily detected by conventional screening methods.
The findings also indicate a shift in the chemical
profile of illicit drug markets toward pharmaceutical-
derived substances beyond traditional drug
classes, underscoring their growing relevance for
forensic and regulatory monitoring. Accordingly,
these observations emphasize the need for
comprehensive, multi-technique analytical strategies
in forensic laboratories to ensure such compounds
are not overlooked during routine analysis.

5. LIMITATIONS

This study was limited to the qualitative
identification and structural confirmation of the seized
sample. Quantitative estimation, detailed impurity
profiling, reconstruction of manufacturing pathways,
and source attribution were not undertaken in the

present study and may be explored in future work.
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