Quantifying the Mass Spectral Similarity Between IS-CID Fragment Ion Spectra and
MS/MS Product Ion Spectra for Seized Drug Identifications
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INTRODUCTION

R E S U LT S A N D D I S C U S S I O N

Soft ionization sources, such as electrospray ionization (ESI), have
traditionally been combined with tandem mass spectrometry
(MS/MS) to induce fragmentation in a process known as collisioninduced dissociation (CID). However, because CID requires a
tandem mass spectrometer, which increases the cost and required
analyst expertise, an alternative collisional activation technique
known as in-source CID (IS-CID) has grown in popularity [1]. ISCID is achieved by controlling the voltages that guide the ions
between the ionization source, which is at atmospheric pressure,
and the high vacuum of the mass analyzer. Figure 1 provides a
general schematic for the comparison of these two activation
techniques.
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Figure 2. Comparison of MS/MS (top) and IS-CID (bottom) mass spectra for α-PVP under the following conditions: A) 4 eV, B) 14 eV, C) 40 eV, D) 220 V,
E) 270 V, F) 330 V.

Table 1. Average repeatability across five replicate analyses using
an expanded uncertainty of two times the relative standard
deviation (2σ) of the relative ion abundances for any ion above a
5% relative ion abundance threshold.
Compound
MS/MS (%)
IS-CID (%)
Fentanyl
27.6
21.0
Crotonyl fentanyl
25.7
19.8
α-Methyl acetyl fentanyl
28.4
21.8
Alfentanil
26.2
8.9
3-MeOMC
8.4
7.8
4-CEC
7.5
11.2
α-PVP
8.1
16.6
Pentylone
9.7
13.0
AB-FUBINACA
14.3
14.4
AB-PINACA
10.3
12.5
AM-2201
5.5
13.7
MAB-CHIMINACA
11.0
15.9
Overall average
15.2
14.7
❖ Repeatability of simulated mixtures (2-4 compounds) was also
assessed, but results were skewed by competitive ionization.
❖ ESI-MS/MS = 24.7%
❖ ESI-IS-CID = 11.0%

❖ Spectral comparisons were generally similar; however, differences in energy deposition can lead to deviations in observed fragment ions [2].
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Figure 1. General schematic for CID (A) and IS-CID (B).
In recent years, IS-CID has grown in popularity within the seized
drug community, but without a thorough assessment of the
similarity between IS-CID fragment ion spectra and MS/MS product
ion spectra. As the seized drug community continues to shift
towards the use of IS-CID with single-stage mass spectrometers,
there is a growing need for the identification of the spectral
similarity between IS-CID fragment ion spectra and MS/MS product
ion spectra. This study provides a comprehensive assessment of
the similarity between IS-CID fragment ion spectra and MS/MS
product ion spectra using breakdown curves, Pearson-product
moment correlations (PPMCs), and simple match factors (SMFs).

M AT E R I A L S A N D M E T H O D S
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Figure 3. Comparison of breakdown curves for MS/MS (top) and IS-CID (bottom) for fentanyl (A & B), AM-2201 (C & D), and α-PVP (E & F).
❖ In general, breakdown curves support similar fragmentation behavior based on the overall shape, slope, and order of fragment ion formation.

Sample Preparation
AB-FUBINACA, AB-PINACA, AM-2201, MAB-CHMINACA, 3methoxymethcathinone (3-MeOMC), 4-chloroethcathinone (4CEC), α-PVP, and pentylone were analyzed as 50 ppm solutions in
49.9:49.9:0.2% MeOH:H2O:CH₃COOH. Alfentanil, α-methyl acetyl
fentanyl, crotonyl fentanyl, and fentanyl were analyzed as 10 ppm
solutions, due to increased potencies and associated handling
risks, in the same solvent.
Instrumentation and Data Analysis
An Agilent Technologies 6530 quadrupole time-of-flight (Q-TOF)
mass spectrometer was used for the collection of MS/MS and ISCID data. The MS/MS activation data was collected with a
fragmentor voltage of 150 V and a skimmer voltage of 65 V with
collision energies ranging from 0 eV to 40 eV in 2 eV increments.
The IS-CID activation data was collected with the fragmentor
voltage ranging from 150 V to 350 V in 10 V increments with a
constant skimmer voltage of 65 V. Data was extracted through
MassHunter Qualitative Analysis version 10.0 and exported to
Microsoft Excel for similarity assessment.

CONCLUSIONS
❖ Considerable spectral similarity observed based on breakdown
curves, PPMCs, and SMFs.
❖ Subtle differences in fragmentation behavior based on spectral
comparisons and breakdown curves.
❖ Related to differences in energy deposition between CID and ISCID activation.
❖ Conserved trends in PPMCs and SMF comparisons between
compound classes possibly due to the generation of direct
cleavages rather than consecutive neutral loses.
❖ General optimum comparison range between 0-22 eV and 150280 V.
❖ No discernable differences in repeatability of relative ion
abundances for ions above a 5% threshold between MS/MS and
IS-CID activation.
❖ Numerical support for the use of IS-CID fragment ion spectra for
seized drug identifications with pure compounds.
❖ Caution with the use of IS-CID with mixtures without
chromatography or deconvolution software.
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Figure 4. Average PPMC comparisons for all 12 compounds across five replicate analyses for each pairwise comparison. Conditional formatting is used
to highlight higher comparisons in green and lower comparisons in red. The 95% confidence interval average highest PPMC was 0.9565 +/- 0.0063.
❖ Conserved trends in 95% confidence interval PPMCs and SMFs for each comparison metric: synthetic cathinones (0.8963 ± 0.0261 & 766 ± 29),
fentanyl analogs (0.9387 ± 0.0150 & 767 ± 21) and synthetic cannabinoids (0.9537 ± 0.067 & 787 ± 15).
❖ The optimum comparison range was between 0-22 eV and 150-280 V based on 0.8000 PPMC and 700 SMF threshold values.
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