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Abstract
Epilipids, a subset of the lipidome that comprises oxidized, nitrated, and halogenated lipid species, show 

important biochemical activity in the regulation of redox lipid metabolism by influencing cell fate decisions 

including death, health, and aging. Due to the large chemical diversity, reversed-phase liquid 

chromatography-high resolution mass spectrometry (RPLC-HRMS) methods have only a limited ability to 

separate numerous isobaric and isomeric epilipids. Ion mobility spectrometry (IMS) is a gas-phase 

separation technique that can be combined with LC-HRMS to improve overall peak capacity of the 

analytical platform. Here, we illustrate the advantages and discuss the current limitations of implementing 

IMS in LC-HRMS workflows for the analysis of oxylipins and oxidized complex lipids. Using isomeric 

mixtures of oxylipins we demonstrated that while deprotonated ions of eicosanoids poorly resolved by IMS, 

sodium acetate and metal adducts (e.g., Li, Na, Ag, Ba, K) of structural isomers often showed  

above 1.4% and base peak separation with high resolution demultiplexing (HRDm). The knowledge of the 

IM migration order was also used as proof of concept to help in the annotation of oxidized complex lipids 

using HRDm and All Ions Fragmentation spectra. Additionally, we utilized a  mixture of deuterium-labeled 

lipids for a routine system suitability test with the purpose of improving harmonization and interoperability 

of IMS datasets in (epi)lipidomics. 
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1. Introduction
The role of lipid modifications in the regulation of the metabolism, cell fitness, health, and senescence has 

aroused interest in epilipids, a subset of the lipidome that includes oxidized, nitrated, and halogenated lipids 

produced via enzymatic and non-enzymatic reactions.1 Among them, oxylipins are a structurally diverse 

class of bioactive oxygenated fatty acid metabolites that can be found in free or esterified forms. Unlike 

their non-enzymatically produced analogs (e.g., isoprostanes), oxylipins are products of enzyme-mediated 

reactions with defined stereospecificity and chirality for each functional group.2 Thus, the large chemical 

diversity of free and esterified oxylipins including multiple isomeric species, poses major analytical 

challenges. Typically, targeted mass spectrometry (MS) methods based on multiple reaction monitoring 

(MRM) are used for the detection and quantification of oxylipins for which analytical standards are 

available.3 Besides the good sensitivity and selectivity of targeted methods, untargeted methods are very 

valuable for the discovery of new free and esterified oxylipins and their potential biological functions.4 In 

this context, high-resolution tandem MS (HRMS) is usually the method of choice for species-level 

identification of lipids in an untargeted manner. 5,6 A data-dependent acquisition (DDA) strategy can be 

applied to obtain tandem mass spectra used to define the lipid class, fatty acyl composition, and even to 

deeper characterize epilipids including the type (e.g., epoxy- (ep), keto- (oxo), hydroxy- (OH)) and the 

position of modification in complex modified glycerophospholipids (GPL), glycerolipids (GL), and 

cholesteryl esters (CE). 7,8

However, efficient separation of isomeric and isobaric species prior to MS/MS acquisition is crucial to 

obtain tandem mass spectra suitable for such accurate annotation. Commonly used ultra-high-performance 

chromatography provides high separation efficiency combined with a short analysis time. However, with 

such a high-throughput approach many isomeric and isobaric species remain unresolved.9,10 More 

specialized separation options were developed for oxylipin analysis. For instance, chiral chromatography 

on a polysaccharide-based column compatible with reversed-phase liquid chromatography (RPLC) solvents 

was applied to separate eicosanoid enantiomers.11,12 More recently, chiral supercritical fluid 

chromatography-tandem mass spectrometry (SFC-MS/MS) was used to separate complex stereoisomer 

mixtures of octadecanoids.13 Furthermore, orthogonal separations based on two-dimensional 

chromatography (2D-LC) were evaluated for the analysis of complex mixtures.14 The combination of an 

amylose-based tris(3,5-dimethylphenylcarbamate) chiral column in the first dimension and a C18 RP 

column in the second dimension provided comprehensive orthogonal LC×LC analysis of oxylipins, however 

at the cost of long analysis time (3 h per sample) and low sensitivity due to dilution effects.15 

Ion mobility spectrometry (IMS), a gas-phase technique separating ionized analytes based on a size, shape, 

and charge, has shown promising results in the separation of isobaric and isomeric lipids (e.g., sn-positions, 

cis/trans orientations, and R/S positions).16 In addition to increasing the overall peak capacity of the 

analytical platform by coupling IMS to LC-HRMS, collision cross section (CCS) values can be derived 
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from the measured mobility and used to support untargeted annotation workflows.17,18 Ion mobility 

experiments can be performed using time-dispersive, spatial-dispersive, or confinement-selective release 

instrumentation.19 While the time-dispersive instruments with static (e.g., drift tube (DTIMS)) or oscillating 

electric field (e.g., traveling wave (TWIMS)) have been widely used in lipidomics,20 new instruments have 

been introduced mainly to improve the resolution of IMS separation (e.g., cyclic IMS).21,22 Alternatively, a 

post-acquisition strategy known as high resolution demultiplexing (HRDm) has been shown to increase the 

DTIMS platform’s resolving power through the interpolation of time-of-flight (TOF) transients and 

demultiplexing algorithms.23

With epilipid standards being scarce, structural elucidation often relies solely on RPLC behavior and 

MS/MS fragmentation patterns.1 Thus, the availability of CCS values could further increase the level of 

confidence in epilipid annotations. In this study, the IM behavior of several isomeric groups of eicosanoids 

(Figure 1) was evaluated using DTIMS separation. Although oxylipins are traditionally analyzed in negative 

ionization mode24, we additionally explored analysis in positive ionization mode by introducing various 

metal adducts. These modifications can alter the 3D gas-phase structure of the ions and thus may influence 

the MS/MS fragmentation mechanisms and the ion mobility separation.25,26     
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Figure 1. Examples of oxidized metabolites of arachidonic acid (FA 20:4). 5(S)-HETE: 5S-
hydroxyeicosatetraenoic acid. 15(R)-HETE: 15R-hydroxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. 15(S)-HETE: 15S-
hydroxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. 14,15-EpETrE: 14,15-epoxy-5Z,8Z,11Z-eicosatrienoic acid. 5-
OxoETE: 5-oxo-6E,8Z,11Z,14Z-eicosatetraenoic acid. 14(15)-EpETE: (+/-)-14(15)-epoxy-5Z,8Z,11Z,17Z- 
eicosatetraenoic acid. 15-OxoETE: 15-oxo-5Z,8Z,11Z,13E-eicosatetraenoic acid. 15(S)-HEPE: 15S-hydroxy-
5Z,8Z,11Z,13E,17Z-eicosapentaenoic acid. PGE2: 9-oxo-11R,15S-dihydroxy-5Z,13E-prostadienoic acid. PGD2: 
9S,15S-dihydroxy-11-oxo-5Z,13E-prostadienoic acid. PGJ2: 11-oxo-15S-hydroxy-5Z,9,13E-prostatrienoic acid. 
PGA2: 9-oxo-15S-hydroxy-5Z,10Z,13E-prostatrienoic acid. PGE1: 9-oxo-11R,15S-dihydroxy-13E-prostaenoic acid. 

 9S,11R,15S-trihydroxy-5Z,13E-prostadienoic acid.  9R,11R,15S-trihydroxy-5Z,13E-prostadienoic 
acid. 15(S)-HpETE: 15S-hydroperoxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. PGA1: 9-oxo-15S-hydroxy-10Z,13E-
prostadienoic acid. 5(S),12(S)-DiHETE: 5S,12S-dihydroxy-6E,8Z,10E,14Z-eicosatetraenoic acid. 8(S),15(S)-
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DiHETE: 8S,15S-dihydroxy-5Z,9E,11Z,13E-eicosatetraenoic acid. 5(S),12(R)-DiHETE (LTB4): 5S,12R-dihydroxy-
6Z,8E,10E,14Z-eicosatetraenoic acid. 

2. Materials And Methods

2.1. Chemicals
Methanol ultrapure (MeOH), acetonitrile (MeCN), isopropanol (i-PrOH), and formic acid (99%, HCOOH), 

all UPLC/MS grade were purchased from Biosolve (Valkenswaard, the Netherlands). Ammonium acetate 

(CH3COONH4), ammonium formate (HCOONH4), acetic acid (CH3COOH), and ethanol (EtOH), all LC-

MS grade, copper(II) sulfate pentahydrate (CuSO4 2O), ammonium bicarbonate (NH4HCO3) potassium 

acetate (CH3COOK), sodium acetate (CH3COONa), barium acetate ((CH3COO)2Ba), silver acetate 

(CH3COOAg), lithium acetate (CH3COOLi) and chloroform (CHCl3, analytical grade) were obtained from 

Sigma-Aldrich (Darmstadt, Germany). Ultrapure water (H2O) used throughout the experiments was 

obtained from an Elga Pure Lab apparatus (Tienen, Belgium). 

Oxylipins (Table 1 and Supporting Information (SI)-1.1) were purchased from Cayman Chemical (Ann 

Arbor, Michigan, United States). 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine (PC 16:0/18:2), 1-

palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (PC 16:0/18:1) and SPLASH® LIPIDOMIX® were 

purchased from Avanti Polar Lipids (Alabaster, United States). 1,2-dipalmitate-3-linoleate-glycerol (TG 

16:0/16:0/18:2) and cholesteryl linoleate (CE 18:2) were acquired from Larodan (Solna, Sweden).

Table 1. Elemental compositions, mass and notations for 20 oxylipins used in the study. 

Elemental composition (neutral) Neutral Mass (Da) Compound Abbreviation* Notation (species level)
PGE1

C20H34O5 354.2406 FA 20:3;O3

14,15-EpETrE
15(R)-HETE
15(S)-HETE

C20H32O3 320.2351

5(S)-HETE

FA 20:4;O

15(S)-HpETE
5(S),12(S)-DiHETE
5(S),12(R)-DiHETE
8(S),15(S)-DiHETE

C20H32O4 336.2301

PGA1

FA 20:4;O2

PGD2
C20H32O5 352.2250

PGE2
FA 20:4;O3

14(15)-EpETE
15(S)-HEPE
15-OxoETE

C20H30O3 318.2195

5-OxoETE

FA 20:5;O

PGA2
C20H30O4 334.2144

PGJ2
FA 20:5;O2

*Abbreviations as described in Figure 1.
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2.2.  Data Acquisition
Analytical measurements were performed on an Agilent 1290 Infinity II LC system coupled to an Agilent 

6560 drift tube ion mobility (DTIM)-quadrupole-time of flight (QTOF)-MS with dual jet stream 

electrospray ionization (ESI) source. Experiments were performed with flow injection analysis (FIA) or 

chromatographic separation with a Thermo Scientific Accucore C18 column (150 × 2.1 mm, 2.6 µm, 150 

Å). Mobile phases (MP) consisted of MeCN/H2O (1/1, v/v; A) and i-PrOH/MeCN/H2O (85/10/5, v/v/v; B) 

supplemented either with 5 mM HCOONH4 (MPF for formate supplemented MP) or 5 mM CH3COONH4 

(MPAc for acetate supplemented MP) and 0.1% (v/v) HCOOH. The methods are described in detail in Table 

SI-2.1.

Ion mobility data were acquired using pseudorandom 4-bit multiplexing mode and data-independent 

acquisition (DIA) based on All Ions Fragmentation (AIF) alternating between no collision energy and high 

collision energy frames (AF) in the single pulse mode at 10, 20, and 40 eV. A calibrant solution (purine and 

hexakis(1H, 1H, 3H-tetrafluoropropoxy)phosphazine) was constantly infused with an isocratic pump 

(Agilent 1260 Infinity II Isocratic Pump (G7110B)). The Agilent tune mixture (G1969-85000) was infused 

at regular intervals to obtain the slope and intercept of the calibration function used to calculate the DTCCSN2 

values of (un)known compounds acquired with the same electric field. All measurements were performed 

in triplicate.

2.3.  Preparation of oxylipin solutions and in vitro oxidation of lipids
Oxylipin standards (Table 1) were dissolved to obtain a concentration of 1 µg/mL, followed by a serial 

dilution of 1:10, 1:100, and 1:1000. For the analysis in negative ion mode, oxylipin standard solutions were 

diluted in 10% B using either MPF or MPAc solvent systems to generated formate or acetate adducts upon 

ESI, respectively. The solutions of Li, Ba, Na, K, or Ag acetate salts were first prepared in ultrapure H2O 

(10 mM), then diluted to 1 mM with MPF-A/MPF-B (9/1, v/v) to dissolve and generate cationized oxylipins.

For in vitro oxidation of complex lipids, the protocol was adapted from the previous work by Criscuolo et 

al.8 Briefly, lipids for preparation of micelles (0.5 mg of TG 16:0/16:0/18:2 with 0.15 mg of PC 16:0/18:1, 

or 0.5 mg of CE 18:2 with 0.19 mg of PC 16:0/18:1) and liposomes (0.5 mg of PC 16:0/18:2 or PC 16:0/20:4) 

were dried under a stream of N2. A total of 500  of 3 mM NH4HCO3 (pH 7.5) was added, vortexed for 10 

s, and sonicated for 15 min. Next, 250  of 1.2 mM CuSO4·5H2O and 250  of 2.4 mM Na-L-ascorbate 

were added to each sample. Samples were incubated for 24 h using an Eppendorf Thermo Mixer (37°C, 450 

rpm). Aliquots (250 µL) were collected and 500 µL of MeOH/CHCl3 (1/1, v/v) was added for extraction, 

vortexed, and centrifuged for 10 min at 4000 g at room temperature. The lower phase was collected, dried 

under N2, and dissolved in 250  of i-PrOH/H2O (90/10, v/v) and further diluted to 1:10 and 1:100.
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2.4.  Data Processing
All data were post-processed for calibration of the mass axis using purine (m/z 121.0508 in ESI(+) mode 

and m/z 119.0363 in  mode) and hexakis(1H, 1H, 3H-tetrafluoropropoxy)phosphazine (m/z 922.0097 

in ESI(+) mode and m/z 980.0163 in  mode) in IM-MS Reprocessor software (Agilent Technologies, 

Santa Clara, U.S.A). Next, data files were processed with PNNL PreProcessor27, and single-field collision 

cross-section values were calculated using IM-MS Browser v.10.00 (Agilent). To enhance the resolving 

power of DTIM measurements, high resolution demultiplexing 2.0 (Agilent) was used after the data was 

demultiplexed (PNNL PreProcessor with data interpolation of 1 to 3 drift bins) and a feature list was 

generated for each demultiplexed file in IM-MS Browser v.10.00.28 In order to identify data artifacts that 

can be generated during post-processing with HRDm, the compounds were injected individually and in 

mixtures at different concentrations. The isotopic pattern of compounds was manually confirmed, and the 

individual standards were plotted over the IM resolved peaks of mixtures. The percent difference in CCS 

 was used to evaluate the degree of separation for isomeric pairs at a given single peak resolving 

power.28,29

3. Results and Discussion

3.1. Quality control for IMS experiments 
Quality control (QC) procedures are essential to ensure data robustness in untargeted analysis. Although 

CCS values can be considered a physiochemical property of an ion in the gas phase, experimental values 

can vary up to 6.2% depending on the technique used for data acquisition.30 In addition, more than one peak 

can be observed in the IM for the compound of interest due to multiple ionization sites or simply because 

of the presence of poorly resolved isobaric ions or co-eluting isomers. As a result, peak selection and 

annotation for database building for IM should be performed with a manual (visual) inspection of the IM 

spectra using a minimum of three replicates to assess the repeatability. Guidelines are available for peak 

annotation and reporting (e.g., gas and electric field used, calibration strategy, and composition of the 

calibration solution) in IM.31–33 The latter also includes the use of a system suitability sample to generate 

reference values and assess systematic deviations during data acquisition and interlaboratory studies.32 

However, the current CCS compendium's compound list for quality assessment relies on small polar 

molecules like amino acids and peptides, with only a single lipid (cortisol) represented 

(https://mcleanresearchgroup.shinyapps.io/CCS-Compendium/). As such, the CCS Compendium is not an 

ideal reference for lipidomics IM analysis since instrumental conditions can be significantly different when 

analyzing lipids compared to polar small molecules.34 
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Here, the use of a deuterium-labeled mixture of lipid standards is introduced as a quality control/system 

suitability sample for IM.35,36 Therefore, the components of the SPLASH® Lipidomix® Mass Spec 

Standard, including eight lipids for ESI(+) and five for  mode, were considered for the evaluation 

(Table 2). Since two different mobile phases (MPF and MPAc) were used and some lipids tend to form 

adducts with acetate and/or formate in  both types of adducts ([M+CH3COO]  and [M+HCOO] ) 

were included. In each batch, the mixture of reference labeled standards was injected three times, i.e., in the 

beginning, the middle, and at the end of each sequence. Interlaboratory studies using DTIMS reported 

relative standard deviation (RSD) values of 0.3%.32 Therefore, the average DTCCSN2, SD, and RSD were 

calculated and an RSD  0.1% was chosen as an acceptable precision for intra-day measurements of 

standards (N=3). If the RSD value was exceeded, the standard was reinjected together with the tune mix for 

the calibration. In terms of accuracy, the average DTCCSN2 measurements were compared with available 

data in the CCS Compendium and the average percentage error was 0.5% with a maximum of 0.9% for all 

compounds (Table 2). As a result, the suitability criterium of CCS error < 1.0% was fulfilled.31 Thus, the 

application of certified mixture of standards (here SPLASH® Lipidomix® Mass Spec Standard) as a routine 

system suitability measure helps to ensure the QC between and within IMS data acquisition within one 

laboratory. Reporting the CCS values of different lipid classes in IM databases (e.g., LIPID MAPS® 

Lipidomic Ion Mobility Database) can improve harmonization and interoperability of IMS datasets.
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3.2.  Ion mobility behavior of isomeric oxylipins
To be efficiently resolved by IM, isomeric compounds must have significantly different conformations in 

the cross-section space that can be differentiated with a given instrumental resolution. Enantiomers typically 

require higher resolving power for base peak separation, followed by cis/trans (Z/E) and constitutional 

isomers.29 However, the efficiency of isomer separation based on IM is highly dependent on the structure 

of the molecule.37 For instance, Z/E isomers of diacylglycerophospholipids show better IM separation than 

the constitutional isomeric pesticides terbuthylazine and propazine.38 Therefore, the IM behavior for the 

analytes of interest should be assessed experimentally to evaluate what type of isomeric separation by IM 

can be achieved. 

Here we explore the CCS space for 20 eicosanoids corresponding to six groups of isomers in negative and 

positive ionization modes (Table 1, Figure 1). Oxylipins ionize well in the ESI(-) mode as deprotonated 

species as well as deprotonated CH3COONa adducts when ammonium acetate is supplemented in the mobile 

phase.4 In ESI(+) mode, some oxylipins can form protonated species or metal adducts.39 Metal adducts can 

alter the gas-phase conformation of molecules, offering the potential for the separation of isomers, such as 

bile acids and cannabinoids.40,41 Thus, we investigated the effect of Li, Na, K, Ag, and Ba adducts on 

oxylipins IM separation. The list of experimental DTCCSN2 values for 134 measured different ionization 

species is provided in Table SI-1.

Previously reported CCS space for lipids typically range from 150 to 400 Å2 17,42,  withing which oxylipins, 

in our study, occupied the range between 178.60 to 208.03 Å². The  of each isomeric pair was 

calculated to assess the ionization mode (positive/negative) and ionization species with the highest 

separation efficiency (Table SI-1.2). Both [M-H]- and [M+H]+ ions showed poor IM separation within 

isomeric groups. The only pairs of protonated ions with  > 2% were 5-OxoETE vs 15-OxoETE 

 = 2.73%; positional isomers), and 5-OxoETE vs 14,15-EpETE  = 3.25%; functional 

group isomer). However, for the majority of the oxylipins, protonated species were not even observed. The 

[M-H]- isomeric species with the largest difference in the cross section space were prostaglandins A2 and J2 

 = 1.91%; positional isomers). Interestingly, for the metal cations of oxylipins, 54 out of 56 

isomeric pairs provided  > 2.0%, confirming that these ionization species are interesting candidates 

to explore IM separation. 

3.2.1. IM separation of aliphatic acyclic oxidized fatty acids
Deprotonated ions of aliphatic acyclic metabolites, such as FA 20:4;O or FA 20:5;O isomeric groups, form 

very labile structures in the gas phase. Consequently, [M-H]- ions displayed broad IM peaks (e.g., 1-2 ms), 

and isomer separation was mostly not achieved. Thus, the deprotonated forms of aliphatic acyclic oxidized 
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fatty acids did not provide significant differences in CCS values, reflected in the similar arrival time 

distribution (ATD) of the individual standards (Figure 2 A-B). 

However, a distinct IM behavior was observed for other ionization species. Acetate adducts [M+CH3COO]- 

are commonly observed in  mode for different lipid classes such as GPL, ceramides, and 

sphingomyelins when ammonium acetate is added to the mobile phase.43 Using MPAc as mobile phase, the 

compounds in FA 20:4;O or FA 20:5;O isomeric groups formed [M-H+CH3COONa]- ions at m/z 401.2304 

and m/z 399.2148, respectively. The MS/MS spectra of [M-H+CH3COONa]- adducts were acquired to 

confirm species identities (Figures SI-2.1 and SI-2.2). Similarly to the fragmentation pattern of [M-H]- ions, 

the typical neutral losses of H2O and CO2 and position-specific fragments were prominent in the MS/MS 

spectra of sodium acetate adducts upon collision-induced dissociation (CID).8,44

Importantly, sodium acetate adducts of constitutional isomers within FA 20:4;O and FA 20:5;O isomeric 

groups showed  above 1.4%. By comparing CCS values of sodium acetate anions for 14,15-EpETE 

vs 15(S)-HEPE, 15(S)-HETE, and 5(S)-HETE isomers, the  of 1.4, 1.6 and 2.4 % can be observed, 

respectively (Figure 2 C-D). Notably, the epoxy-modified lipids formed the most compact structure (as 

evidenced by shorter migration time/CCS) for both FA 20:4;O and FA 20:5;O sodium acetate adducts.

Figure 2. The arrival time distribution of the [M-H] - and [M-H+CH3COONa]- ions of aliphatic acyclic oxidized 
fatty acid standards. 5(S)-HETE: 5S-hydroxyeicosatetraenoic acid. 15(R)-HETE: 15R-hydroxy-5Z,8Z,11Z,13E-
eicosatetraenoic acid. 15(S)-HETE: 15S-hydroxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. 14,15-EpETrE: 14,15-epoxy-
5Z,8Z,11Z-eicosatrienoic acid. 5-OxoETE: 5-oxo-6E,8Z,11Z,14Z-eicosatetraenoic acid. 14(15)-EpETE: (+/-)-14(15)-
epoxy-5Z,8Z,11Z,17Z-eicosatetraenoic acid. 15-OxoETE: 15-oxo-5Z,8Z,11Z,13E-eicosatetraenoic acid. 15(S)-
HEPE: 15S-hydroxy-5Z,8Z,11Z,13E,17Z-eicosapentaenoic acid.

Although many successful applications for IM separation of a single pair of isomers are available, examples 

of IM separation of complex mixtures of isomers with more than three compounds are very scarce.16,23 Here, 

a post-processing data reconstruction strategy based on 4-bit demultiplexed (Dm) DTIM files23 was used to 

resolve the mixtures of four isomers. When FA 20:4;O isomers were analyzed as a mixture, the ATD of [M-

H+CH3COONa]- ions in this isomeric group showed that a high IM resolution (Rp  is needed to resolve 



11

constitutional isomers of aliphatic acyclic oxylipins (Figure 3A, black trace). However, by applying a high 

resolution demultiplexed (HRDm) strategy, we could obtain almost base peak separation (90%) of epoxy 

and hydroxy lipids with the modification at similar carbon atom positions (C14-C15 for EpETrE and C15 for 

15(S)-HETE and 15(R)-HETE) (Figure 3A, dashed trace). The 15-HETE enantiomers could not be resolved 

using HRDm, as expected based on a  of 0.03%. Interestingly, the positional isomers 15- and 5- 

HETE with a  of  1% could be successfully resolved using the HRDm approach.

Figure 3. Arrival time distribution for the [M-H+CH3COONa]- adducts of a mixture of isomeric oxidized fatty 
acid (FA) FA 20:4;O (A) and for the [M+Li]+ and [M-H+Ba]+  adducts of FA 20:5;O (B and C, respectively). The 
peaks were assigned based on the DTCCSN2 values. Dm: demultiplexing. HRDm: high resolution demultiplexing. 5(S)-
HETE: 5S-hydroxyeicosatetraenoic acid. 15(R)-HETE: 15R-hydroxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. 15(S)-
HETE: 15S-hydroxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. 14,15-EpETrE: 14,15-epoxy-5Z,8Z,11Z-eicosatrienoic 
acid. 5-OxoETE: 5-oxo-6E,8Z,11Z,14Z-eicosatetraenoic acid. 14(15)-EpETE: (+/-)-14(15)-epoxy-5Z,8Z,11Z,17Z- 
eicosatetraenoic acid. 15-OxoETE: 15-oxo-5Z,8Z,11Z,13E-eicosatetraenoic acid. 15(S)-HEPE: 15S-hydroxy-
5Z,8Z,11Z,13E,17Z-eicosapentaenoic acid.

Compounds within the FA 20:5;O isomeric group appeared to have even more labile gas phase structures 

compared to FA 20:4;O, probably due to an additional double bond, negatively affecting the IM separation 

in  even when HRDm strategy was applied. To improve the IM separation of this group, we explored 

the ionization in positive ion mode using metal ion adducts. As a result, a  > 2.0% was achieved for 

five out of six possible combinations of FA 20:5;O isomeric pairs using either [M+Li]+ or [M-H+Ba]+ 

species (Figure 3B-3C; SI-1.2). The MS/MS of [M-H+Ba]+ and [M+Li]+ adducts of FA compounds were 

acquired at different CID energies (5 to 40 eV) and representative spectra of individual standards are 

provided in Figures SI-2.3 to SI-2.5. However, they were not as informative as the spectra in negative mode.

Interestingly, the intensity of [M-H+Ba]+ was approximately one hundred times lower than the [M+Li]+ 

mixture which can be explained by the compound's higher affinity for lithium or by the higher solvation of 

Ba2+ during ionization (Figure 3B-3C).45 The differences in relative intensities and IM resolution of isomers 

for Li and Ba adducts suggest that the cationization might occur at different positions within the molecule. 

While Li can be coordinated via ion-dipole (epoxy) and ion dipole/ -interaction (hydroxy/keto modification 
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with alkene group vicinal to oxygen), Ba can form a cationized carboxylate which might induce different 

gas-phase conformations, and thus, promote the separation of particular isomers.44  

The ATD and IM spectra of FA 20:5;O and FA 20:4,O mixtures showed that different ionization species 

can also affect the type of isomeric separation (Figures 3 and SI-2.6A). When the type of modification (ep, 

oxo, OH) occurring at the same carbon position (e.g., C14-C15, C15) was investigated, the DTCCSN2 values of 

epoxy isomers were lower than hydroxy or keto in ESI(+). This indicates that the epoxy modification 

induces the most compact structures in the gas phase for protonated or metal-containing ions, which is also 

consistent with publicly available CCS values for oxylipins [M+Na]+ (Table SI-1.3).46 Meanwhile, keto 

modification formed the most open conformations with all detected adducts in ESI(+) based on their arrival 

time distribution. Although limited IM separation for [M-H]- did not provide clear trends, but keto-modified 

species showed a slightly more compact structure than hydroxy species also for the [M-H+CH3COONa]- 

adducts (Figure 2D).

Despite the dataset's current size limitation, it demonstrateds the potential of using IM as an orthogonal 

method to RPLC in the analysis of oxidized lipids. Thus, the IM behavior appeared to be different from the 

RPLC elution order, in which the epoxy-modified lipids elute after hydroxy and keto derivatives (i.e., RPLC 

elution order: OH < oxo < ep).8 The IM migration order of positional isomers varied for different ionization 

species. Hydroxy and keto isomers with modification located close to the  of the acyl chain showed 

lower CCS values as [M-H]-  (Table SI-1.3; literature values and Table SI-1.1).46 This latter IM pattern, 

however, was not maintained for cationized compounds in ESI(+) or sodium acetate adducts in  The 

mobility trends observed in this work are consistent with previous research involving the [M+Na]+ adducts 

of oxylipins (5-HETE and 8-HETE < 12-HETE)46 and HETE-esterified PC (IM migration order: PC 18:0/8-

HETE and PC 18:0/9-HETE < PC 18:0/11-HETE and PC 18:0/12-HETE < PC 18:0/15-HETE)4, but more 

data is required to predict accurate IM trends using machine learning.47 This emphasizes the significance of 

high-quality CCS databases for oxidized lipids starting with oxylipins since they might induce similar 

migration patterns in complex epilipids.

3.2.2. IM separation of prostaglandins 
Prostanoids are bioactive products of arachidonic acid metabolism synthesized by cyclooxygenases and 

prostaglandin synthases.48 Prostaglandins, a subclass of prostanoids, have a distinctive cyclopentane ring 

between C8 - C12 that influences their IM behavior. For example, the IM analysis of the FA 20:4;O2 isomeric 

group as [M+Na]+ or [M-H+2K]+ demonstrated that dihydroxy (2OH) and hydroperoxy (OOH) isomers 

have more compact structures than prostaglandin A1 (Table SI-1.1). The opposite migration behavior was 

observed for the same isomers in ESI  where [M-H]- or [M-H+CH3COONa]- ions of PGA1 migrated 

faster than dihydroxy and hydroperoxyl isomers for the gas-phase structure of prostaglandin (Figure SI-
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2.6B). Interestingly, PGA1 as [M+Na]+ showed the presence of two peaks most probably due to different 

cationization sites (Figures SI-2.6B and 2.6C). 

Overall, similar to aliphatic acyclic eicosanoids, metal adducts of prostaglandins showed better IM 

separation relative to the ESI  species. The [M+Li]+ adducts of isomeric prostaglandins D2 and E2 (FA 

20:4;O3) showed a  of 2%, and near baseline separation could be observed at Rp  120 using HRDm 

(Figure 4A). Moreover, with the  higher than 3.5%, good separation even without HRDm could be 

observed for PGJ2 and PGA2 as [M+Li]+ and [M+Na]+ adducts (Figures 4B and 4C).

 

Figure 4. Arrival time distribution for [M+Li]+ adducts of FA 20:4;O3 (A) and [M+Li]+  and [M+Na]+ adducts 
of FA 20:5;O2 isomers (B and C) and FA 20:3;O3 (D and E). PGE2: 9-oxo-11R,15S-dihydroxy-5Z,13E-
prostadienoic acid. PGD2: 9S,15S-dihydroxy-11-oxo-5Z,13E-prostadienoic acid. PGJ2: 11-oxo-15S-hydroxy-
5Z,9,13E-prostatrienoic acid. PGA2: 9-oxo-15S-hydroxy-5Z,10Z,13E-prostatrienoic acid. PGE1: 9-oxo-11R,15S-
dihydroxy-13E-prostaenoic acid.  9S,11R,15S-trihydroxy-5Z,13E-prostadienoic acid.  9R,11R,15S-
trihydroxy-5Z,13E-prostadienoic acid. Dm: 4-bit demultiplexing. HRDm: high resolution demultiplexing.

Separation of FA 20:3;O3 isomers provided an intriguing example of how adduct chemistry can change IM 

behavior. While  has a large structure in the gas phase, its enantiomer  assumes a compact 

form. Although PGE1, the third component of the FA 20:3;O3 mixture, has a structure that is noticeably 

distinct from other PGF isomers, it migrated in the IM space between  or  both as Na and Li 

adducts (Figure 4D-E). The cis-type hydroxy groups form a more open structure, meanwhile, the trans-OH 

generates compact structures and the oxo (planar) migrates between the two former stereoisomers.
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3.3.  Investigating the potential of IM to improve peak capacity in the analysis of oxidized 

complex lipids
In order to evaluate the separation capabilities of IM for complex oxidized lipids, one polar (PC 16:0/18:2) 

and two neutral lipids (TG 16:0/16:0/18:2 and CE 18:2) were oxidized in vitro and analyzed by RPLC-

DTIM-MS in ESI(+) mode for the neutral lipids and both, ESI(+) and  for the polar lipid. 

The resolving power of low-pressure DTIM instruments depends upon the length of the drift cell, electric 

field, charge, and buffer gas temperature.19 Therefore, in preliminary experiments, the unoxidized lipid 

standards were first injected at low (12 V/cm) and high (17 V/cm) fields to investigate the effect of the 

electric field on the diffusion-limited resolving power.49 An average increase of 7% of Rp was observed with 

the higher electric field. As originally expected, the increase of the electric field improved resolving power 

by reducing peak broadening.50 Interestingly, a longer temporal separation in the low electric field allowed 

for improved resolution using HRDm for oxidized TG (Figure SI-2.7). Therefore, the evaluation of the 

optimal drift entrance and exit voltages for the optimal electric field for isomeric separation was an 

important parameter for data acquisition.

Liquid chromatography was coupled to the IM-MS method using a previously optimized methodology 

which contained ammonium formate as a mobile phase modifier (Table SI-2.1).8 When formate or acetate 

salts are added, PC lipids ionize as [M+HCOO]- or [M+CH3COO]-, respectively, resulting in an informative 

MS/MS spectrum for both unmodified and oxidized PC.51 For oxidized TG and CE, information about the 

type and position of modifications can be obtained with alkali adducts such as [M+Na]+, while the addition 

of ammonium-containing salts in the mobile phase can affect ionization efficiency due to ion competition 

during ESI.44 In IM-All Ions mode, DIA alternating between low and high collision energy frames was used. 

As fragmentation occurs after DTIM separation, fragments are aligned with the precursor by their drift time. 

However, fragments of adducts with similar mobility behavior can overlap using AIF. Ammonium salts 

were therefore removed from the mobile phase in ESI(+) after initial evaluations. As a result, [M+NH4]+ 

adducts were not detected for CE 18:2. For TG 16:0/16:0/18:2, the intensity of the [M+Na]+ was increased 

by a factor of two. The MS/MS spectra for the sodiated adducts without ammonium salts in the mobile 

phase are shown in Figures SI-2.8 and SI-2.9.

Because individual standards for complex oxidized lipids are not available, in vitro oxidation is an 

appropriate strategy for future method optimization. When complex lipids are oxidized in vitro, a large 

number of species are formed, including truncated and full-length oxygenated species. Complex lipids with 

an increasing number of double bonds have more possibilities of oxygen addition at various positions. 

Therefore, separation by liquid chromatography alone might not be sufficient to resolve certain isomers. For 

example, CE 18:2<+1O,-2H> is an oxidized metabolite that elutes 2 min before the unmodified CE 18:2 

(Figure 5). By selecting a RT window of 0.3 min (22.0-22.3), the low IM resolution data used to acquire 
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MS/MS data shows that a mixture of different isomers can be detected in different mobility regions (Figure 

5C-D) indicating the formation of CE 18:2<oxo> isomers at different positions (9, 10, 11). The potential 

isomers of CE 18:2<+1O,-2H> were well discriminated by the HRDm. However, since no MS/MS data 

could be obtained while using 4-bit multiplexing, there was no reliable way to determine which peak 

corresponds to which isomer to calculate CCS values. In agreement with cationized oxylipins, epoxy 

modifications of CE 18:2 produce more compact structures than keto and hydroxy derivatives. 

Consequently, the signal migrating after CE 18:2<oxo{9}> (Figure 5B) is likely to have a keto modification 

that is closer to the cholesteryl moiety. The CE 18:2<+1O> modified lipid, on the other hand, has one DBE 

less and elutes later in the chromatogram, yielding fewer isomeric possibilities, as also shown by the HRDm 

data (Figure SI-2.11), and the detected species could be annotated as CE 18:1<ep> isomers.

The addition of two oxygens to esterified linoleate can result in an even more complex mixture of isomers, 

including a hydroperoxy group at carbons 9 and 13, or combinations of di-hydroxy, keto, or epoxy 

derivatives.8 The extracted ion chromatogram of CE 18:2<+2O> is highly populated and AIF data from IM 

frames extracted between 21.9 and 22.2 minutes show that different isomeric CE 18:2<+2O> species are 

present with position-specific fragments of hydroperoxy at least at positions 9, 11, and 13 (Figure SI-2.12). 

The HRDm indicates that more isomeric lipids could be found in this region with an Rp of about 160, but 

additional MS/MS spectra are required for confirmation. According to these preliminary findings, oxidized 

CEs are excellent candidates for IM separation using instruments that have a resolving power higher than 

150. 
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Figure 5. Reversed-phase elution of [C45H74O3+Na]+ assigned as CE(18:2<+1O,-2H>) (A). Arrival time distribution 
of high resolution demultiplexed (HRDm) ion mobility data (without MS/MS) and All ions ion mobility separation 
(low resolution mode with data independent acquisition) (B). MS/MS spectrum at collision induced dissociation of 40 
eV for sodium adducts within 49-53 ms (C-E). FA: fatty acid. 

In comparison to CE, TG lipids have more labile structures in the gas phase, as evidenced by the wider IM 

peaks for their sodium adducts at the same electric field. The separation of oxidized TG isomers, such as 

the isomers of TG 16:0/16:0/18:2<+1O,-2H> and TG 16:0/16:0/18:2<+2O,-2H> was visible at Rs   190 

(Figures SI-2.13 and SI-2.14). Although the IM separation was detected at lower dilution levels (1:10 and 

1:100), proving that observed separation is not a data artifact, AIF spectra did not show position-specific 

fragments in the low MS range, which otherwise could have been used to confirm the presence of additional 

positional isomers. 

The analysis of oxidized glycerophospholipids in  allowed to obtain information about the fatty acyl 

composition.8 The oxidized species PC 16:0/18:2<2O> generated various isomers located in different 

regions of the chromatogram due to different polarities induced by the modification types (Figure SI-2.15). 

The power of LC-IM for oxidized PC isomers can be illustrated using HRDm with a resolving power higher 

than 200, which enables different IM peak profiles at different RT regions (Figure SI-2.15A). Whereas just 

one IM peak is shown at an RT  15.3 min, duplets are seen at a lower RT of about 15.0 min and 14.8 min, 

indicating the presence of isomeric species. In the AIF spectra, intense water loss from the precursor after 

demethylation [M-CH3-H2O]- and the methylation of FA 18:3<O> moiety was seen (Figure SI-2.15C). This 

latter suggests that the three partially resolved chromatographic peaks (RT: 14.5-15.5 min) might represent 

two positional isomers of hydroperoxyl species as well as an FA 18:1<OH, oxo> isomer. As the fragment 

ions at the lower range are close to the noise level, it was not possible to determine the position of the 

modification even when applying higher collision energy. However, by increasing the number of poorly 

resolved peaks in LC from 3 to 5 IM peaks (Figure SI-2.15B), the peak capacity was improved by 

introducing IMS into the analytical workflow. For in-depth characterization, the sensitivity and mass 

accuracy in the high energy frame can be problematic, particularly as oxidized lipids are detected at low 

levels in biological samples which would require a targeted IM-MS approach. Nevertheless, this study 

demonstrated that DTIM-AIF can offer sufficient information to distinguish between modified and 

unmodified lipids that might coelute in LC.

4. Conclusions
The generation of CCS libraries using various ionization species is a useful tool to assess which ions provide 

the best isomeric separation. Post-processing techniques, such as HRDm, can generate data artifacts and 

optimization of data processing as well as analysis of dilution series for the samples in question are crucial 

to identify and confirm isomeric separations. The increased peak capacity that arises when combining LC 

and IM suggests that epilipidomics studies have enormous potential, but they require highly sensitive and 
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fast IM-MS instruments capable of resolving isomers as well as producing high-quality MS/MS spectra for 

the identification of position- and modification-specific fragments ions. Furthermore, peak capacity in MS-

based lipidomics is impacted by false annotation of features due to overlapping isotopic peaks originating 

from different molecular species (i.e., type II isotopic effects), especially when addressing isomeric 

species.52 Isotopic type II correction is generally more critical in shotgun lipidomics because no prior 

chromatographic separation is performed.53 However, due to the large number of isomers with only slightly 

different polarity, overlaps of isotopologues with another co-eluting oxidized species can occur more often 

in epilipidomics analysis than in traditional LC-based lipidomics. By using IM, the isotopic type II effect 

can be reduced, and the intensity of a signal characterized by an m/z value at a specific retention time and 

drift time can be compared separately from the isotopologues of another co-eluting peak (Figure SI-2.16). 

Overall, this study shows the value of IMS in LC-HRMS workflows for the separation of highly isomeric 

mixtures of epilipids, but it also emphasizes the need for further development and optimization of IMS 

methods for epilipid analysis, as well as the importance of careful evaluation prior to assigning isomeric 

ions in the gas phase.
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Table SI1.1. Database of oxylipins including different ionization species, m/z, experimental drift tube 
collision cross section (CCS) values and precision measurements (standard deviation (SD), relative standard 
deviation (RSD)). Different isomeric groups are highlighted by different colours. ND: Non-Detected.

Table SI-1.2. Percentage difference in collision cross section  for the isomeric pairs of oxylipins.

Table SI-1.3. Literature curated collision cross section (CCS) in Å² values of oxylipins.

Supporting Information 2.

Table SI-2.1. Detailed LC and MS parameters used in the study.

Figure SI-2.1. Tandem mass spectra of FA 20:4;O isomers [M-H]- and [M-H+CH3COONa]-. 5-HETE: 5-
hydroxyeicosatetraenoic acid. 15-HETE: 15-hydroxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. 14,15-
EpETrE: 14,15-epoxy-5Z,8Z,11Z-eicosatrienoic acid.  

Figure SI-2.2A. Tandem mass spectra of FA 20:5;O isomers [M-H]- and [M-H+CH3COONa]-. 5-OxoETE: 
5-oxo-6E,8Z,11Z,14Z-eicosatetraenoic acid. 15-OxoETE: 15-oxo-5Z,8Z,11Z,13E-eicosatetraenoic acid. 

Figure SI-2.2B. Tandem mass spectra of FA 20:5;O isomers [M-H]- and [M-H+CH3COONa]-. 14(15)-
EpETE: (+/-)-14(15)-epoxy-5Z,8Z,11Z,17Z-eicosatetraenoic acid. 15(S)-HEPE: 15S-hydroxy-
5Z,8Z,11Z,13E,17Z-eicosapentaenoic acid.
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Figure SI-2.3A. Tandem mass spectra of [M+Li]+ adducts of (+/-)-14(15)-epoxy-5Z,8Z,11Z,17Z-
eicosatetraenoic acid (14(15)-EpETE) and 15-hydroxy-5Z,8Z,11Z,13E,17Z-eicosapentaenoic acid (15-
HEPE).

Figure SI-2.3B. Tandem mass spectra of [M-H+Ba]+ adducts of (+/-)-14(15)-epoxy-5Z,8Z,11Z,17Z- 
eicosatetraenoic acid (14(15)-EpETE) and 15-hydroxy-5Z,8Z,11Z,13E,17Z-eicosapentaenoic acid (15-
HEPE).

Figure SI-2.4A. Tandem mass spectra of [M+Li]+ adducts of 15-oxo-5Z,8Z,11Z,13E-eicosatetraenoic acid 
(15-OxoETE) and 5-oxo-6E,8Z,11Z,14Z-eicosatetraenoic acid (5-Oxo-ETE).

Figure SI-2.4B. Tandem mass spectra of [M-H+Ba]+ adducts of 15-oxo-5Z,8Z,11Z,13E-eicosatetraenoic 
acid (15-OxoETE) and 5-oxo-6E,8Z,11Z,14Z-eicosatetraenoic acid (5-Oxo-ETE).

Figure SI-2.5. Tandem mass spectra of [M+Li]+ of 9S,15S-dihydroxy-11-oxo-5Z,13E-prostadienoic acid 
(PGD2) and 9-oxo-11R,15S-dihydroxy-5Z,13E-prostadienoic acid (PGE2).

Figure SI-2.6. Arrival time distribution for the [M+Ag]+ adducts of a mixture of isomeric oxidized fatty 
acid (FA 20:4;O) (A), the [M-H+CH3COONa]- and [M+Na]+ adducts of FA 20:4;O2 (B and C, respectively) 
using 4-bit demultiplexing (Dm) and processing with high resolution demultiplexing (HRDm). The peaks 
were assigned based on the DTCCSN2 values. PGA1: 9-oxo-15S-hydroxy-10Z,13E-prostadienoic acid. 
5(S),12(S)-DiHETE: 5S,12S-dihydroxy-6E,8Z,10E,14Z-eicosatetraenoic acid. 8(S),15(S)-DiHETE: 
8S,15S-dihydroxy-5Z,9E,11Z,13E-eicosatetraenoic acid. 5(S)-HETE: 5S-hydroxyeicosatetraenoic acid. 
15(R)-HETE: 15R-hydroxy-5Z,8Z,11Z,13E-eicosatetraenoic acid. 15(S)-HETE: 15S-hydroxy-
5Z,8Z,11Z,13E-eicosatetraenoic acid. 14,15-EpETrE: 14,15-epoxy-5Z,8Z,11Z-eicosatrienoic acid.

Figure SI-2.7. High resolution demultiplexing separation of a sodium adduct ion of a triacylglycerol with 
addition of one oxygen TG(50:2<O>) using electric field of 17 vs 12 V/cm. TG: Triacylglycerol.

Figure SI-2.8. Reversed phased liquid chromatographic elution (A) and MS/MS spectrum at collision 
induced dissociation of 40 eV (B) of the unmodified CE 18:2. FA: Fatty acid. CE: Cholesterol ester.

Figure SI-2.9. Reversed phased liquid chromatographic elution (A) and MS/MS spectra at collision induced 
dissociation of 40 eV for [M+Na]+ (B) and [M+NH4]+  (C) of the unmodified TG 16:0/16:0/18:2. FA: Fatty 
acid. TG: Triacylglycerol.

Figure SI-2.10A. Reversed phased liquid chromatographic elution (A) and MS/MS spectra at collision 
induced dissociation of 20 eV for [M+Na]+ (B) and  [M+H]+  (C) of the unmodified PC 16:0/18:2. PC: 
Phosphocholine.

Figure SI-2.10B. Reversed phased liquid chromatographic elution (A) and MS/MS spectra at collision 
induced dissociation of 20 eV for [M+CH3COO]- (B) and [M+HCOO]- (C) of the unmodified PC 16:0/18:2. 
FA: Fatty acid. PC: Phosphocholine.

Figure SI-2.11. Reversed-phase elution of [C45H76O3+Na]+ assigned as CE(18:1<ep>) (A). Arrival time 
distribution of high resolution demultiplexed (HRDm) ion mobility data (without MS/MS) and All ions ion 
mobility separation (low resolution mode with data independent acquisition) (B). MS/MS spectrum at 
collision induced dissociation of 40 eV for sodium adduct within 49-51 ms (C). FA: Fatty acid. CE: 
Cholesterol ester.
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Figure SI-2.12. Reversed-phase elution of [C45H76O4+Na]+ assigned as CE(18:2<+2O>) (A). Arrival time 
distribution of high resolution demultiplexed (HRDm) ion mobility data (without MS/MS) and All ions ion 
mobility separation (low resolution mode with data independent acquisition) (B). MS/MS spectra at 
collision induced dissociation of 40 eV for sodium adduct within 49-51 ms (C) and 51-53 ms (D). FA: Fatty 
acid. CE: Cholesterol ester.

Figure SI-2.13. Reversed-phase elution of [C53H96O7+Na]+ assigned as TG (16:0/16:0/18:2<+1O,-2H>) 
(A). Arrival time distribution of high resolution demultiplexed (HRDm) ion mobility data (without MS/MS) 
and All ions ion mobility separation (low resolution mode with data independent acquisition) (B). MS/MS 
spectrum at collision induced dissociation of 40 eV for sodium adduct within 53-56 ms (C). FA: Fatty acid. 
TG: Triacylglycerol.

Figure SI-2.14. Reversed-phase elution of [C53H96O8+Na]+ assigned as TG (16:0/16:0/18:2<+2O,-2H>) 
(A). Arrival time distribution of high resolution demultiplexed (HRDm) ion mobility data (without MS/MS) 
and All ions ion mobility separation (low resolution mode with data independent acquisition) (B). MS/MS 
spectrum at collision induced dissociation of 40 eV for sodium adduct within 53.5-56 ms (C). FA: Fatty 
acid. TG: Triacylglycerol.

Figure SI-2.15. Reversed-phase elution of [C42H80O10NP+CH3COO]- assigned as PC(16:0/18:2<2O>) (A). 
Arrival time distribution of high resolution demultiplexed (HRDm) ion mobility data (without MS/MS) and 
All ions ion mobility separation (low resolution mode with data independent acquisition) (B). MS/MS 
spectra at collision induced dissociation of 20 eV for acetate adducts within 49-52 ms (C). FA: Fatty acid. 
PC: Glycerophosphatidylcholine.

Figure SI-2.16. Extracted ion chromatogram of the m/z 848.5658 showing multiple isomers (A). High 
resolution ion mobility demultiplexed data showing the separation between the third isotope of the m/z 
846.5502 and m/z 848.5658 (B). The All ions fragmentation spectra at collision induced dissociation of 40 
eV for PC(16:0/18:2<2O>) (C) and PC(16:0/18:2<OH, oxo>) (D) found in the retention time of ~13.7 min. 
FA: Fatty acid. PC: Glycerophosphatidylcholine.
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