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ABSTRACT
A new label-free quantification method based on the Minora algorithm is presented and 
compared to pre-existing label free quantification methods in the Thermo Scientific™ 
Proteome Discoverer™ software framework. The results of the new algorithm were 
significantly more accurate across a wide dynamic range compared to spectral counting and 
“Top N” quantification. The new algorithm was also run on a subset of the Akhilesh Pandey 
human proteome dataset to identify proteins specific to specific tissue types.

INTRODUCTION
Proteome Discoverer software is a node-based workflow engine and study management 
platform for analysis of mass spectrometry-based proteomics datasets. The latest released 
version 2.1 fully supports isotopically-labeled quantitative workflows, such as TMTTM reporter 
ion-based quantification and SILAC precursor ion quantification, but the supported label-free 
quantification methods are significantly less sophisticated. Currently, spectral counting is 
possible but not recommended when quantitative accuracy is required.  The only supported 
label-free quantification workflow produces an average abundance of the top “N” most 
abundant peptides and this has been shown to be accurate for even highly complex datasets.  
However, “Top N” quantification results cannot be used to create ratios, scaled abundance 
values, or to be used as replicates to generate standard errors. Here we present a new 
workflow for untargeted label-free quantification using a new feature detection approach that 
provides the full suite of quantitative capabilities previously only available for isotopically-
labeled quantification. The workflow will be compared to the two aforementioned label-free 
quantification workflows available within Proteome Discoverer 2.1 software.

MATERIALS AND METHODS
A standard dataset of Arabidopsis proteasome proteins spiked into a background of E. coli 
proteins (PXD003002) was downloaded from the PRoteomics IDEntifications (PRIDE) 
repository. This dataset was originally used to evaluate a spectral counting algorithm and is 
described in reference 1. The Pandey human proteome dataset2 was also downloaded from 
PRIDE and a portions of the dataset to demonstrate untargeted label free quantification of 
data with a multi-dimensional separation.  

For quantification using spectral counts, each of the datasets with the different levels of 
Arabidopsis proteasome proteins was run separately in batch mode using a standard 
Sequest™ HT-Percolator workflow and a basic consensus workflow.  Subsequently, all 
Processing results were reprocessed using a single Consensus workflow with the “Merge 
Mode” parameter in the MSF files node set to Do Not Merge.  With this setting, the number of 
unique peptides and PSMs for each of the datasets will be represented as a separate column.  
The Sequest HT search was performed against the entire Arabidopsis thaliana and 
Escherichia coli databases. The table with PSM values for each sample was exported to 
Microsoft Excel format and ratios were calculated manually.

For the “Top N” quantification workflow, a Precursor Ion Area Detector node was incorporated 
in the Processing workflow used for spectral counting above.  The default 
“CWF_Comprehensive_Enhanced_Annotation_Quan” template was used for the Consensus 
workflow.  In the Peptide and Protein Quantifier node, the “Top N Peptides Used for 
Quantification” parameter was set to 3. Like for spectral counting, the table with the reported 
Top N protein abundances was exported to Excel and ratios were calculated manually.

New Method for Feature Detection

The new feature detection algorithm is an extension of the Minora algorithm, which had 
already been used for precursor ion quantification since the release of Proteome Discoverer 
1.2 software.  Minora had always detected all isotopic peaks in a given data set, but up to now 
only those LC/MS peaks associated with peptide spectral matches (PSMs), and their 
associated isotopic forms in the case of SILAC, were used for quantification.  In this pre-
release version of Proteome Discoverer 2.2 software, the Minora algorithm has been modified 
to detect and quantify isotopic clusters regardless of whether or not they are associated with a 
PSM.  

A typical Processing workflow for Minora feature detection is shown in Figure 1.  The new 
label-free quantification workflow can be invoked by simply attaching the “Minora Feature 
Detector” to the Spectrum Files node.  This new feature detector will also be used for the 
isotopically-labeled precursor quantification method such as SILAC.

Multidimensional LC profiling

The new untargeted label-free quantification algorithm also supports multi-dimensional label-free data.  
The processing step works as described previously for such data with the feature mapping and 
retention alignment steps only applied to the same fraction from other datasets. Fractions 11-15 for 14 
of the samples from the Pandey group human proteome data were run using the same workflows as 
shown in the previous section. For these data, a total of 5116 proteins and 60616 unique peptides were 
identified.  Unlike the previous version of Proteome Discoverer software where these data were run 
using “Top 3” protein quantification results, the pre-release Proteome Discoverer 2.2 software enables 
scaled abundance visualization of the various samples. Figure 5 shows the proteins most 
overrepresented in the frontal cortex relative to the other samples by sorting by decreasing scaled 
abundance. Many of the most overrepresented proteins are all known to be neural proteins, including 
synapsin-1, synapsin-2, synapsin-3, neuromodulin, and microtubule-associated protein tau.  Also, 
some of these neuronal proteins show no signals for any of the other samples in Figure 5 by showing 
gray boxes indicating that there were no quantification values for these proteins. This is an indication 
that the Feature Mapping is actually working correctly by not associating random features  from the 
other datasets. Also, this shows the value of the scaled abundance compared to ratio calculations. If 
any of the other samples were used as the denominator for the ratio calculations, it might be missed 
that the selected protein is found only in the frontal cortex sample due to the undefined ratios that 
would be produced.

CONCLUSIONS
A new untargeted label-free quantification workflow based on the Minora algorithm has been 
demonstrated on a dataset with proteins at known concentration and is shown to be more accurate 
and sensitive than the previously available label-free quantification approaches from previous versions 
of Proteome Discoverer software. The combination of the label-free quantification workflow integrated 
into the scaling, normalization, and study management features of Proteome Discoverer software 
provide a powerful means for analyzing highly complex proteomics data.
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New Method for Label-Free Quantification in the Proteome  Discoverer Framework

Like the other quantification workflows in Proteome Discoverer 2.1 software, the peptide group 
abundances from the new label-free quantification method are calculated as the sum of the 
abundances of the individual PSMs for a given study factor that pass a quality threshold.  The 
protein abundance is calculated as the sum of the peptide group abundances associated with 
that protein.  

RESULTS AND DISCUSSION
The database searches produced a total of 55 Arabidopsis proteins and 423 E. coli proteins.  
This is less than would be expected given the relatively high protein concentration and long 
gradient length, but the chromatography used for these data analyses was suboptimal with 
peaks up to 5 minutes wide (Figure 3). Also, as the amount of the Arabidopsis proteins added 
to the sample increased past 1 µg, the peptides from these proteasome proteins dominate the 
chromatogram and thus the number of E. coli proteins decreases dramatically with increasing 
Arabidopsis protein concentration (data not shown).

Abundance ratios were calculated using the sample with 1 µg of Arabidopsis protein as the 
denominator. The average ratio for the Arabidopsis proteins are shown in Table 1.  Additional 
columns were added to denote the number of proteins that were quantified due to a 
measurement for both samples used in the ratio. The average ratios were calculated only for 
those proteins that produced a measured ratio.

The spectral counts-based quantification results correctly indicate the direction of expression for 
the Arabidopsis proteasome proteins, but the ratios are inaccurate for the more extreme ratios. 
The response is also relatively non-linear, with the average ratio for the 0.1 µg/1 µg samples 
showing a lower value than the 0.05 µg/1 µg samples and the 3 µg/1 µg ratio measuring lower 
than the 2 µg/1 µg ratio. These results are not a surprise given that it is widely known that this 
type of spectral counting is not expected to produce accurate quantification results. Normalized 
spectral counting algorithms are a significant improvement over the basic spectral counting 
method shown here and reference 1 from which these data were obtained describes a such a 
method. Implementation of such a method using emPAI values is planned for the individual study 
factors is being considered for a future Proteome Discoverer software release. However, all 
spectral counting-based quantification methods usually provide poorer sensitivity and dynamic 
range than other quantitative techniques due to the requirement for multiple PSMs for any given 
protein. As can be seen in Table 1, less than half of the Arabidopsis proteins could be quantified 
across the full dynamic range due to lack of PSMs in the samples with lowest protein abundance.

The “Top N” protein quantification results are shown in the second set of columns in Table 1.  The 
accuracy of the ratios is noticeably improved compared to spectral counting, producing a 
response that is closer to linear.  However, there are fewer quantified proteins in the “Top N” 
method than for spectral counting, primarily due to the requirement that the same three peptides 
need to be identified across all of the datasets. This is in effect even more stringent than the 
spectral counting method above and as a result even fewer proteins are quantified across the 
samples.  Also, while the accuracy of the ratios is improved, the precision of the measurements 
are not much improved over spectral counting.  

For feature detection-based quantification, the calculated ratios were significantly closer to the 
theoretically expected values at the lowest Arabidopsis concentrations. The precision of the ratios 
was also significantly improved in almost all cases for the feature detection results. The use of 
feature mapping led to a significantly increased number of quantified proteins given that only a 
single PSM is required for a given peptide across all raw files. The accuracy and precision of this 
method also benefits from the use normalization based on the E. coli proteins, which are known to 
be equally abundant across all samples.

A screen shot of the Arabidopsis protein identification results with untargeted label-free 
quantification is shown in Figure 4. The ratios and the scaled abundances for the identified 
proteins and peptide groups are color coded based on the level of expression. Scaled 
abundances were originally introduced in Proteome Discoverer 2.1 software primarily for the TMT 
quantification workflow and are now available in the preliminary version of Proteome Discoverer 
2.2 software for feature detection-based label free quantification. The samples can be sorted by 
scaled abundance for any given sample type, as seen in Figure 4 for the highlighted 0.05 sample 
group.  It can be easily seen that each of the proteasome proteins exhibit a similar trend by simply 
looking at the pattern of blue and red boxes. Also, since the scaled abundances exhibit the same 
profile as the ratios, the need for the calculation of ratios is somewhat obviated.

A typical Consensus workflow for label free quantification is also shown in Figure 1. There are 
two new nodes added to this workflow that perform retention time alignment and feature 
mapping. The feature mapper groups features detected from the Processing runs into 
“Consensus Features” that are mapped and quantified across all raw files and performs gap 
filling to find features that were not initially detected in the processing workflows. The Peptide 
and Protein Quantifier node works as previously, with improvements to scaling and 
normalization that benefit all quantification workflows.

There are three new tabs for feature detection results in the consensus report: Consensus 
Features, LCMS Features, and LCMS Peaks. The LCMS features are isotopic clusters 
grouped together for a given raw dataset and consist of multiple LCMS Peaks. Ultimately, the 
release may not include the LCMS Peaks list given that as much as 10’s of millions peaks 
could be detected in complex datasets. The consensus features link directly to the associated 
peptide group as well as the list of LCMS features detected from each data files (Figure 2).  
Also, when a consensus feature is selected, the traces for each of the features are shown in 
the chromatogram traces view. When a single LCMS Feature is selected, the chromatographic 
profile for only that individual feature is displayed.

Figure 1. Typical Processing and Consensus workflows for untargeted label-free 
quantification. The Minora Feature Detector, Rt-Aligner and Feature Mapper are new nodes 
created for the untargeted label-free quantification workflow. The Minora Feature Detector 
will also replace the old Precursor Ions Quantifier node used for SILAC and other precursor 
ion quantification workflows.

Figure 2. The Consensus Features table is linked to the collection of LCMS Features from 
each raw file. The chromatographic profiles for each LCMS Feature are shown in the 
Chromatogram Traces View at the bottom.
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Figure 3. Base peak chromatograms for three of the LC/MS runs, each scaled to 2e7 
intensity.  The dataset at the bottom is dominated by Arabidopsis peptides, leading to 
significant suppression the E coli peptides. Also, the typical chromatographic peak in this 
chromatogram can be up to 5 minutes wide, also decreasing the number of peptides and 
proteins that can be identified.
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0.05 0.59±0.24 28 0.22±0.32 22 0.040±0.028 47
0.1 0.45±0.19 33 0.24±0.16 26 0.084±0.050 49
0.25 0.7±0.27 47 0.4±0.29 36 0.24±0.10 52
0.5 0.77±0.24 50 0.51±0.27 39 0.52±0.13 54
1.5 1.48±0.50 52 1.72±0.60 47 1.35±0.24 55
2 1.9±0.93 52 2.85±1.51 47 1.91±1.0 55
3 1.67±0.70 52 3.92±1.80 47 2.82±0.80 55

Table 1. Average Arabidopsis thaliana protein ratios and standard deviations using the 1 ug
sample as the denominator for the three different label-free quantitative methods. The 
number of quantified proteins associated with each quantification method is also displayed 
in the column adjacent to the ratios. There were 55 identified Arabidopsis proteins in total 
identified across the samples.

Figure 4. Untargeted label-free quantification results within the Proteome Discoverer 
software framework. Both the ratios and the scaled abundance values are color-coded to 
display significantly under- or over-expressed proteins.

Processing Consensus

Figure 5. Minora feature detection results for the subset of the Pandey human proteome 
dataset.  The features are sorted by decreasing scaled abundance for the frontal cortex 
sample.
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Figure 1. Short (a) and Long (b) Chromatographic Gradients 

Table 4. Summary of  Screening Results for Unknown sample. Results shown include  Identified 
Compound Name, Confirmation Status, Peak Area, Calculated Concentration, Library Search 
Status, Library Score, Name of Match in Library, Isotopic Pattern Matching Score, # of Isotopes 
Matched, Delta m/z in ppm for detected peak, and Retention Time. Note that Methedrone failed 
confirmation due to a low Library Score. 

Figure 5.   Identification of fragments in Hydroxytolyl-Mephedrone spectrum using 
theoretical fragmentation in Mass Frontier software. Red highlighted fragments are matches to 
the experimental spectra (in blue). 

INTRODUCTION 
Forensic laboratories need reliable and flexible methods for detecting novel psychoactive 
compounds such as synthetic cathinones and cannabinoids.  The methods need to be easily 
modifiable to include new compounds.  LC-MS is ideally suited for this type of application since it 
can easily detect different classes of compounds in a single analytical run.  

OBJECTIVE 
To demonstrate the performance of high-resolution mass spectrometry for identification, confirmation 
and quantitation of synthetic cathinones and cannabinoids in urine. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator at cut-off concentration, and  two QCs (one each at 50% and 150% of 
the calibrator concentration) were prepared by fortifying blank urine with 32 synthetic 
cathinones and cannabinoids (Table 1). 

• Calibrator, QCs and an unknown donor sample were processed by a collaborating laboratory 
using protein precipitation followed by dilution. 

Liquid Chromatography 

Two chromatographic gradients were used.  The first was a “fast and dirty” two-minute screening 
method that provided limited chromatographic separation of isobaric compounds.  The second was a 
nine-minute gradient used for confirmation. 

• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 
autosampler. 

• Mobile Phase A: 10 mM ammonium formate in water 
• Mobile Phase B: 10 mM ammonium formate in methanol 
• Method 1 (Screening) 

• Column: Thermo Scientific HyPURITY™ C18 Javelin guard column, 20x2.1 mm 
• Gradient: see Figure 1a 

• Method 2 (Confirmation) 
• Column: Thermo Scientific Accucore™ Phenyl-Hexyl, 2.6 µm, 50 x 2.1 mm 
• Gradient:  see Figure 1b 

Mass Spectrometry 
• Thermo Scientific Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) triggered on compound m/z from inclusion list 
Method Evaluation 

Compounds were identified using retention time and accurate m/z (5 ppm mass accuracy) from the 
full-scan data.  Semi-quantitation was performed on the FS extracted ion chromatographic peak 
using the single-point calibrator and linear-through-zero calibration curves.  Confirmation was 
accomplished by spectral library matching with the MS2 spectra in both methods. Isotopic pattern 
matching was added to the longer method.  

To assess method performance, the calibrator and each QC sample were injected ten times with 
each method to determine mass accuracy, peak area precision, and quantitative performance.  The 
unknown sample previously analyzed by collaborating laboratory was injected three times with each 
method to determine identification accuracy. 

Data was acquired and processed with Thermo Scientific TraceFinder™ software version 4.1 

CONCLUSIONS 
• The developed methods accomplished their goals of identifying, confirming and quantifying 32 

synthetic cathinones and cannabinoids in urine. 
• The short method was intended as a screening-only method, not requiring definitive confirmation.  It 

surpassed that goal by also providing confirming fragmentation spectral matches.   
• The longer confirmatory method provided better confirmation with higher quantitative precision and 

library matching scores.  
• Theoretical fragmentation can provide confidence in identification of unknown peaks. 
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Table 3.  Performance Evaluation Results for Long Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

Analyte ng/mL Analyte  ng/mL 
3-Fluoromethcathinone 500 JWH 018 N-pentanoic acid metabolite 50 
3-FMC Ephedrine metabolite 100 MAM2201 N-pentanoic acid metabolite 25 
4-Methylethcathinone 50 MDPV 50 
5-Fluoro PB-22 3-carboxyindole metabolite 100 MDPV-D8 75 
AB-FUBINACA 50 Mephedrone 100 
AB-PINACA Pentanoic acid metabolite 250 Methcathinone 100 
ADBICA N-pentanoic acid metabolite 250 Methedrone 100 
ADB-PINACA pentanoic acid metabolite 100 Methylone 100 
AKB48 N-pentanoic acid metabolite 25 Naphyrone 25 
alpha-PVP 25 N-Ethylcathinone 50 
AM2201 4-hydroxypentyl metabolite 25 N-Ethylcathinone Ephedrine Metabolite 100 
AM2201 4-Hydroxypentyl metabolite D-5 37.5 N-Ethylcathinone Ephedrine metabolite-D5 150 
BB-22 3-carboxyindole metabolite 100 PB-22 3-carboxyindole metabolite 250 
Buphedrone 100 Pentylone 50 
Buphedrone Ephedrine metabolite 100 p-methoxy-methamphetamine  100 
Butylone 50 UR-144 N-pentanoic acid metabolite 50 
Cathinone 500 XLR-11 4-Hydroxypentyl metabolite-D5 37.5 
Ethylone 50 XLR11 N-(4-hydroxypentyl) metabolite 25 

Table 1. Synthetic Cathinones and Cannabinoids with Calibrator Concentration 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone -0.48 1.93 0.99 1.55 1.08 1.22 0.86 
3-FMC ephedrine met. -0.61 1.92 0.77 1.12 1.36 0.52 1.39 
4-Methylethcathinone -1.47 1.36 1.31 1.23 1.70 1.26 1.33 
5-FluoroPB-22 3-carboxyindole met. -2.28 2.30 2.04 1.98 3.07 2.15 2.48 
AB-FUBINACA -2.22 2.21 1.59 1.69 2.44 1.57 1.62 
AB-PINACA pentanoic acid met. -2.85 2.59 1.24 1.07 2.91 1.69 1.15 
ADBICA N-pentanoic acid met. -2.62 2.18 1.00 1.71 2.44 1.22 1.67 
ADB-PINACA pentanoic acid met. -4.20 6.92 5.67 8.15 6.61 5.52 8.56 
AKB48 N-pentanoic acid met. -2.16 1.27 2.84 1.66 1.60 2.51 1.52 
alpha-PVP -2.53 1.98 1.16 1.06 0.70 0.60 0.67 
AM2201 4-hydroxypentyl met. -1.90 1.03 2.06 1.26 0.62 0.90 1.78 
AM2201 4-Hydroxypentyl met. D-5 -2.52 1.08 NC NC 1.08 NC NC 
BB-22 3-carboxyindole met. -1.81 2.27 3.05 3.35 2.60 2.48 3.04 
Buphedrone -1.26 1.26 0.91 1.58 1.17 0.83 0.89 
Buphedrone Ephedrine met. -1.54 1.08 1.00 1.66 0.90 1.28 0.75 
Butylone -1.40 1.09 1.33 1.23 1.69 1.18 1.15 
Cathinone -1.47 1.43 1.99 1.09 1.34 1.57 1.25 
Ethylone -2.36 1.14 1.07 1.53 1.50 0.95 1.37 
JWH 018 N-pentanoic acid met. -2.36 1.88 0.79 2.31 1.85 1.51 2.53 
MAM2201 N-pentanoic acid met. -1.89 0.95 0.97 2.08 0.96 1.45 2.06 
MDPV -2.30 1.23 0.84 0.98 1.53 0.70 1.15 
MDPV-D8 -2.66 4.09 NC NC 1.69 NC NC 
Mephedrone -1.39 1.39 1.13 1.54 1.39 1.13 1.54 
Methcathinone -0.97 2.06 0.93 1.55 1.60 0.79 0.89 
Methedrone -1.02 1.17 0.77 1.34 1.05 1.20 0.90 
Methylone -1.42 1.29 1.41 1.50 1.95 1.52 1.21 
Naphyrone -0.90 1.74 0.66 1.50 0.81 0.69 1.08 
N-Ethylcathinone -1.25 4.40 0.27 1.45 1.85 0.72 1.08 
N-Ethylcathinone Ephedrine met. -1.12 1.27 0.58 1.26 0.55 0.24 0.51 
N-Ethylcathinone Ephedrine Met-D5 -1.76 2.26 NC NC 1.39 NC NC 
PB-22 3-carboxyindole met. -1.73 3.12 1.41 3.85 3.18 1.26 3.64 
Pentylone -1.69 1.54 2.01 1.27 1.21 1.46 1.22 
p-methoxymethamphetamine -2.28 1.06 0.92 1.55 1.08 0.85 0.76 
UR-144 N-pentanoic acid met. -2.02 1.03 2.28 2.61 1.57 2.05 2.70 
XLR-11 4-Hydroxypentyl met.-D5 -2.45 4.16 NC NC 1.31 NC NC 
XLR11 N-(4-hydroxypentyl) met. -1.57 1.59 0.75 1.54 0.68 1.00 0.46 

Compound Confirm Area  ng/mL LS LS (%) Lib Match 
Name 

IP Score 
(%) 

# 
Isotopes 

m/z (Delta 
in ppm) 

Actual 
RT 

MDPV C 1.45E+07 9.64 Pass 100 MDPV 100 3 of 4 -1.98  5.64 
Mephedrone C 6.99E+06 11.3 Pass 100 Mephedrone 100 4 of 5 -1.46  4.00 
Methedrone I 2.18E+07 24.9 Fail 63 Methedrone 100 4 of 6 -1.21  3.49 
Methylone C 1.23E+07 15.5 Pass 100 Methylone 100 3 of 5 -1.46  2.97 

RESULTS 
Data from the short screening method showed mass accuracies within 1 ppm for all except one 
compound, which was within 2.2 ppm.  The long method, which was run several days after the short 
method and near the end of the recommended instrument calibration stability, showed mass 
accuracies within 3 ppm except for the same single compound, which was within 4.2 ppm.   
Peak area precision was better than 13.9% and 8.1% for all compounds and all concentrations for 
the short and long methods, respectively.   
Calculated concentration precision was better than 9.8 % and 8.5% across all compounds and all 
concentrations for the short and long methods, respectively.   
Compound specific details for the above results are shown in Table 1 and Table 2. 
Three compounds, MDPV, mephedrone and methylone were identified and confirmed in the 
unknown sample.  The compounds were identified by retention time and accurate m/z from the FS 
data.  They were confirmed with isotopic pattern matching and fragmentation spectra matching to a 
spectral library (Figure 2). A fourth compound was identified by m/z, retention time, and isotopic 
pattern matching as methedrone.  However, it failed the spectral matching (Figure 3 and Figure 4). 
It was suspected that this compound might be a metabolite of one of the confirmed compounds.  A 
literature search revealed a possible match in hydroxytolyl-mephedrone which was confirmed with a 
theoretical fragmentation spectra match performed in Thermo Scientific Mass Frontier™ software 
(Figure 5). 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone 1.03 3.97 6.87 2.36 4.25 1.78 2.15 
3-FMC ephedrine met. 0.47 2.74 5.65 1.71 1.78 3.01 1.47 
4-Methylethcathinone 0.49 3.51 7.30 3.89 3.26 2.21 4.23 
5-fluoro PB-22 3-carboxyindole met. 0.17 5.41 10.50 6.44 5.94 5.47 7.85 
AB-FUBINACA -0.05 3.44 10.90 1.70 2.89 6.50 1.80 
AB-PINACA pentanoic acid met. -0.16 2.72 10.50 2.03 3.30 5.14 2.99 
ADBICA N-pentanoic acid met. -0.13 5.31 12.60 3.45 6.05 8.34 3.68 
ADB-PINACA pentanoic acid met. -2.22 3.34 7.52 3.51 6.46 5.01 4.90 
AKB48 N-pentanoic acid met. 0.13 2.58 13.90 2.37 4.19 5.21 2.48 
alpha-PVP 0.19 2.90 8.12 2.50 3.45 1.71 2.51 
AM2201 4-hydroxypentyl met. -0.08 3.11 8.69 3.23 1.98 1.92 2.13 
AM2201 4-Hydroxypentyl met. D-5 -0.27 4.44 NC  NC  3.10 NC  NC  
BB-22 3-carboxyindole met. 0.28 5.53 6.96 4.28 7.15 3.55 3.98 
Buphedrone 0.66 2.10 6.26 1.40 2.12 3.73 2.46 
Buphedrone Ephedrine met. 0.39 2.21 7.04 1.73 2.18 0.61 2.85 
Butylone 0.35 2.06 7.34 2.29 2.37 2.79 2.77 
Cathinone 0.78 4.97 8.44 2.36 4.15 6.93 3.43 
Ethylone 0.27 2.06 7.34 2.29 2.37 2.79 2.77 
JWH 018 N-pentanoic acid met. -0.03 3.73 7.83 2.63 5.35 3.64 3.19 
MAM2201 N-pentanoic acid met. 0.03 1.97 7.05 2.85 1.69 3.96 2.64 
MDPV 0.60 2.76 7.50 2.52 2.05 1.34 2.07 
MDPV-D8 0.44 4.62 NC  NC  1.92 NC  NC  
Mephedrone 0.59 2.10 6.26 1.40 2.12 3.74 2.46 
Methcathinone 0.85 10.70 6.91 5.61 9.77 8.33 5.28 
Methedrone 0.74 1.91 9.09 2.57 2.27 1.80 3.41 
Methylone 0.53 3.68 11.70 1.50 3.58 4.81 1.51 
Naphyrone 0.27 1.92 8.65 2.88 1.34 2.15 4.23 
N-Ethylcathinone 0.82 2.10 6.26 1.40 2.12 3.73 2.46 
N-Ethylcathinone Ephedrine met. 0.67 2.21 7.04 1.73 1.42 0.86 2.33 
N-Ethylcathinone Ephedrine Met-D5 0.64 3.59 NC  NC  1.82 NC  NC  
PB-22 3-carboxyindole met. 0.20 5.13 13.60 7.19 5.87 3.85 7.69 
Pentylone 0.34 2.85 5.79 2.99 2.71 0.98 3.53 
p-methoxymethamphetamine 0.39 2.21 7.04 1.73 1.42 0.86 2.33 
UR-144 N-pentanoic acid met. -0.14 1.83 10.70 2.10 2.11 0.39 1.76 
XLR-11 4-Hydroxypentyl met.-D5 -0.24 5.95 NC  NC  2.32 NC  NC  
XLR11 N-(4-hydroxypentyl) met. 0.74 2.58 12.90 2.03 1.41 1.16 1.39 

Table 2.  Performance Evaluation Results for Short Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

(a) Short Gradient (Screening) (b) Long Gradient (Confirmation) 

Figure 2.   Data results showing positive identification and confirmation of  Mephedrone in 
the unknown sample.  The compound peak is identified by retention time and accurate mass 
chromatogram (5 ppm window).  Confirmation is based on spectral library and isotopic pattern 
matching. 

Figure 3. Data results showing positive identification and negative confirmation of  
Methedrone in the unknown sample.  The compound is identified by accurate mass and retention 
time.  Isotopic pattern matching also passed, but the spectral library match did not meet the required 
limit. 

Identification/Quantitation Library Spectral Matching         – and –           Isotopic Pattern Matching 

Identification/Quantitation Library Spectral Matching (fail) – and –   Isotopic Pattern Matching (pass) 

Figure 4. Comparison of fragmentation spectra of (a) known methedrone in calibrator, 
(b) methedrone Library spectra, and (c) unknown sample.   
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Figure 1. Short (a) and Long (b) Chromatographic Gradients 

Table 4. Summary of  Screening Results for Unknown sample. Results shown include  Identified 
Compound Name, Confirmation Status, Peak Area, Calculated Concentration, Library Search 
Status, Library Score, Name of Match in Library, Isotopic Pattern Matching Score, # of Isotopes 
Matched, Delta m/z in ppm for detected peak, and Retention Time. Note that Methedrone failed 
confirmation due to a low Library Score. 

Figure 5.   Identification of fragments in Hydroxytolyl-Mephedrone spectrum using 
theoretical fragmentation in Mass Frontier software. Red highlighted fragments are matches to 
the experimental spectra (in blue). 

INTRODUCTION 
Forensic laboratories need reliable and flexible methods for detecting novel psychoactive 
compounds such as synthetic cathinones and cannabinoids.  The methods need to be easily 
modifiable to include new compounds.  LC-MS is ideally suited for this type of application since it 
can easily detect different classes of compounds in a single analytical run.  

OBJECTIVE 
To demonstrate the performance of high-resolution mass spectrometry for identification, confirmation 
and quantitation of synthetic cathinones and cannabinoids in urine. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator at cut-off concentration, and  two QCs (one each at 50% and 150% of 
the calibrator concentration) were prepared by fortifying blank urine with 32 synthetic 
cathinones and cannabinoids (Table 1). 

• Calibrator, QCs and an unknown donor sample were processed by a collaborating laboratory 
using protein precipitation followed by dilution. 

Liquid Chromatography 

Two chromatographic gradients were used.  The first was a “fast and dirty” two-minute screening 
method that provided limited chromatographic separation of isobaric compounds.  The second was a 
nine-minute gradient used for confirmation. 

• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 
autosampler. 

• Mobile Phase A: 10 mM ammonium formate in water 
• Mobile Phase B: 10 mM ammonium formate in methanol 
• Method 1 (Screening) 

• Column: Thermo Scientific HyPURITY™ C18 Javelin guard column, 20x2.1 mm 
• Gradient: see Figure 1a 

• Method 2 (Confirmation) 
• Column: Thermo Scientific Accucore™ Phenyl-Hexyl, 2.6 µm, 50 x 2.1 mm 
• Gradient:  see Figure 1b 

Mass Spectrometry 
• Thermo Scientific Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) triggered on compound m/z from inclusion list 
Method Evaluation 

Compounds were identified using retention time and accurate m/z (5 ppm mass accuracy) from the 
full-scan data.  Semi-quantitation was performed on the FS extracted ion chromatographic peak 
using the single-point calibrator and linear-through-zero calibration curves.  Confirmation was 
accomplished by spectral library matching with the MS2 spectra in both methods. Isotopic pattern 
matching was added to the longer method.  

To assess method performance, the calibrator and each QC sample were injected ten times with 
each method to determine mass accuracy, peak area precision, and quantitative performance.  The 
unknown sample previously analyzed by collaborating laboratory was injected three times with each 
method to determine identification accuracy. 

Data was acquired and processed with Thermo Scientific TraceFinder™ software version 4.1 

CONCLUSIONS 
• The developed methods accomplished their goals of identifying, confirming and quantifying 32 

synthetic cathinones and cannabinoids in urine. 
• The short method was intended as a screening-only method, not requiring definitive confirmation.  It 

surpassed that goal by also providing confirming fragmentation spectral matches.   
• The longer confirmatory method provided better confirmation with higher quantitative precision and 

library matching scores.  
• Theoretical fragmentation can provide confidence in identification of unknown peaks. 
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Table 3.  Performance Evaluation Results for Long Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

Analyte ng/mL Analyte  ng/mL 
3-Fluoromethcathinone 500 JWH 018 N-pentanoic acid metabolite 50 
3-FMC Ephedrine metabolite 100 MAM2201 N-pentanoic acid metabolite 25 
4-Methylethcathinone 50 MDPV 50 
5-Fluoro PB-22 3-carboxyindole metabolite 100 MDPV-D8 75 
AB-FUBINACA 50 Mephedrone 100 
AB-PINACA Pentanoic acid metabolite 250 Methcathinone 100 
ADBICA N-pentanoic acid metabolite 250 Methedrone 100 
ADB-PINACA pentanoic acid metabolite 100 Methylone 100 
AKB48 N-pentanoic acid metabolite 25 Naphyrone 25 
alpha-PVP 25 N-Ethylcathinone 50 
AM2201 4-hydroxypentyl metabolite 25 N-Ethylcathinone Ephedrine Metabolite 100 
AM2201 4-Hydroxypentyl metabolite D-5 37.5 N-Ethylcathinone Ephedrine metabolite-D5 150 
BB-22 3-carboxyindole metabolite 100 PB-22 3-carboxyindole metabolite 250 
Buphedrone 100 Pentylone 50 
Buphedrone Ephedrine metabolite 100 p-methoxy-methamphetamine  100 
Butylone 50 UR-144 N-pentanoic acid metabolite 50 
Cathinone 500 XLR-11 4-Hydroxypentyl metabolite-D5 37.5 
Ethylone 50 XLR11 N-(4-hydroxypentyl) metabolite 25 

Table 1. Synthetic Cathinones and Cannabinoids with Calibrator Concentration 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone -0.48 1.93 0.99 1.55 1.08 1.22 0.86 
3-FMC ephedrine met. -0.61 1.92 0.77 1.12 1.36 0.52 1.39 
4-Methylethcathinone -1.47 1.36 1.31 1.23 1.70 1.26 1.33 
5-FluoroPB-22 3-carboxyindole met. -2.28 2.30 2.04 1.98 3.07 2.15 2.48 
AB-FUBINACA -2.22 2.21 1.59 1.69 2.44 1.57 1.62 
AB-PINACA pentanoic acid met. -2.85 2.59 1.24 1.07 2.91 1.69 1.15 
ADBICA N-pentanoic acid met. -2.62 2.18 1.00 1.71 2.44 1.22 1.67 
ADB-PINACA pentanoic acid met. -4.20 6.92 5.67 8.15 6.61 5.52 8.56 
AKB48 N-pentanoic acid met. -2.16 1.27 2.84 1.66 1.60 2.51 1.52 
alpha-PVP -2.53 1.98 1.16 1.06 0.70 0.60 0.67 
AM2201 4-hydroxypentyl met. -1.90 1.03 2.06 1.26 0.62 0.90 1.78 
AM2201 4-Hydroxypentyl met. D-5 -2.52 1.08 NC NC 1.08 NC NC 
BB-22 3-carboxyindole met. -1.81 2.27 3.05 3.35 2.60 2.48 3.04 
Buphedrone -1.26 1.26 0.91 1.58 1.17 0.83 0.89 
Buphedrone Ephedrine met. -1.54 1.08 1.00 1.66 0.90 1.28 0.75 
Butylone -1.40 1.09 1.33 1.23 1.69 1.18 1.15 
Cathinone -1.47 1.43 1.99 1.09 1.34 1.57 1.25 
Ethylone -2.36 1.14 1.07 1.53 1.50 0.95 1.37 
JWH 018 N-pentanoic acid met. -2.36 1.88 0.79 2.31 1.85 1.51 2.53 
MAM2201 N-pentanoic acid met. -1.89 0.95 0.97 2.08 0.96 1.45 2.06 
MDPV -2.30 1.23 0.84 0.98 1.53 0.70 1.15 
MDPV-D8 -2.66 4.09 NC NC 1.69 NC NC 
Mephedrone -1.39 1.39 1.13 1.54 1.39 1.13 1.54 
Methcathinone -0.97 2.06 0.93 1.55 1.60 0.79 0.89 
Methedrone -1.02 1.17 0.77 1.34 1.05 1.20 0.90 
Methylone -1.42 1.29 1.41 1.50 1.95 1.52 1.21 
Naphyrone -0.90 1.74 0.66 1.50 0.81 0.69 1.08 
N-Ethylcathinone -1.25 4.40 0.27 1.45 1.85 0.72 1.08 
N-Ethylcathinone Ephedrine met. -1.12 1.27 0.58 1.26 0.55 0.24 0.51 
N-Ethylcathinone Ephedrine Met-D5 -1.76 2.26 NC NC 1.39 NC NC 
PB-22 3-carboxyindole met. -1.73 3.12 1.41 3.85 3.18 1.26 3.64 
Pentylone -1.69 1.54 2.01 1.27 1.21 1.46 1.22 
p-methoxymethamphetamine -2.28 1.06 0.92 1.55 1.08 0.85 0.76 
UR-144 N-pentanoic acid met. -2.02 1.03 2.28 2.61 1.57 2.05 2.70 
XLR-11 4-Hydroxypentyl met.-D5 -2.45 4.16 NC NC 1.31 NC NC 
XLR11 N-(4-hydroxypentyl) met. -1.57 1.59 0.75 1.54 0.68 1.00 0.46 

Compound Confirm Area  ng/mL LS LS (%) Lib Match 
Name 

IP Score 
(%) 

# 
Isotopes 

m/z (Delta 
in ppm) 

Actual 
RT 

MDPV C 1.45E+07 9.64 Pass 100 MDPV 100 3 of 4 -1.98  5.64 
Mephedrone C 6.99E+06 11.3 Pass 100 Mephedrone 100 4 of 5 -1.46  4.00 
Methedrone I 2.18E+07 24.9 Fail 63 Methedrone 100 4 of 6 -1.21  3.49 
Methylone C 1.23E+07 15.5 Pass 100 Methylone 100 3 of 5 -1.46  2.97 

RESULTS 
Data from the short screening method showed mass accuracies within 1 ppm for all except one 
compound, which was within 2.2 ppm.  The long method, which was run several days after the short 
method and near the end of the recommended instrument calibration stability, showed mass 
accuracies within 3 ppm except for the same single compound, which was within 4.2 ppm.   
Peak area precision was better than 13.9% and 8.1% for all compounds and all concentrations for 
the short and long methods, respectively.   
Calculated concentration precision was better than 9.8 % and 8.5% across all compounds and all 
concentrations for the short and long methods, respectively.   
Compound specific details for the above results are shown in Table 1 and Table 2. 
Three compounds, MDPV, mephedrone and methylone were identified and confirmed in the 
unknown sample.  The compounds were identified by retention time and accurate m/z from the FS 
data.  They were confirmed with isotopic pattern matching and fragmentation spectra matching to a 
spectral library (Figure 2). A fourth compound was identified by m/z, retention time, and isotopic 
pattern matching as methedrone.  However, it failed the spectral matching (Figure 3 and Figure 4). 
It was suspected that this compound might be a metabolite of one of the confirmed compounds.  A 
literature search revealed a possible match in hydroxytolyl-mephedrone which was confirmed with a 
theoretical fragmentation spectra match performed in Thermo Scientific Mass Frontier™ software 
(Figure 5). 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone 1.03 3.97 6.87 2.36 4.25 1.78 2.15 
3-FMC ephedrine met. 0.47 2.74 5.65 1.71 1.78 3.01 1.47 
4-Methylethcathinone 0.49 3.51 7.30 3.89 3.26 2.21 4.23 
5-fluoro PB-22 3-carboxyindole met. 0.17 5.41 10.50 6.44 5.94 5.47 7.85 
AB-FUBINACA -0.05 3.44 10.90 1.70 2.89 6.50 1.80 
AB-PINACA pentanoic acid met. -0.16 2.72 10.50 2.03 3.30 5.14 2.99 
ADBICA N-pentanoic acid met. -0.13 5.31 12.60 3.45 6.05 8.34 3.68 
ADB-PINACA pentanoic acid met. -2.22 3.34 7.52 3.51 6.46 5.01 4.90 
AKB48 N-pentanoic acid met. 0.13 2.58 13.90 2.37 4.19 5.21 2.48 
alpha-PVP 0.19 2.90 8.12 2.50 3.45 1.71 2.51 
AM2201 4-hydroxypentyl met. -0.08 3.11 8.69 3.23 1.98 1.92 2.13 
AM2201 4-Hydroxypentyl met. D-5 -0.27 4.44 NC  NC  3.10 NC  NC  
BB-22 3-carboxyindole met. 0.28 5.53 6.96 4.28 7.15 3.55 3.98 
Buphedrone 0.66 2.10 6.26 1.40 2.12 3.73 2.46 
Buphedrone Ephedrine met. 0.39 2.21 7.04 1.73 2.18 0.61 2.85 
Butylone 0.35 2.06 7.34 2.29 2.37 2.79 2.77 
Cathinone 0.78 4.97 8.44 2.36 4.15 6.93 3.43 
Ethylone 0.27 2.06 7.34 2.29 2.37 2.79 2.77 
JWH 018 N-pentanoic acid met. -0.03 3.73 7.83 2.63 5.35 3.64 3.19 
MAM2201 N-pentanoic acid met. 0.03 1.97 7.05 2.85 1.69 3.96 2.64 
MDPV 0.60 2.76 7.50 2.52 2.05 1.34 2.07 
MDPV-D8 0.44 4.62 NC  NC  1.92 NC  NC  
Mephedrone 0.59 2.10 6.26 1.40 2.12 3.74 2.46 
Methcathinone 0.85 10.70 6.91 5.61 9.77 8.33 5.28 
Methedrone 0.74 1.91 9.09 2.57 2.27 1.80 3.41 
Methylone 0.53 3.68 11.70 1.50 3.58 4.81 1.51 
Naphyrone 0.27 1.92 8.65 2.88 1.34 2.15 4.23 
N-Ethylcathinone 0.82 2.10 6.26 1.40 2.12 3.73 2.46 
N-Ethylcathinone Ephedrine met. 0.67 2.21 7.04 1.73 1.42 0.86 2.33 
N-Ethylcathinone Ephedrine Met-D5 0.64 3.59 NC  NC  1.82 NC  NC  
PB-22 3-carboxyindole met. 0.20 5.13 13.60 7.19 5.87 3.85 7.69 
Pentylone 0.34 2.85 5.79 2.99 2.71 0.98 3.53 
p-methoxymethamphetamine 0.39 2.21 7.04 1.73 1.42 0.86 2.33 
UR-144 N-pentanoic acid met. -0.14 1.83 10.70 2.10 2.11 0.39 1.76 
XLR-11 4-Hydroxypentyl met.-D5 -0.24 5.95 NC  NC  2.32 NC  NC  
XLR11 N-(4-hydroxypentyl) met. 0.74 2.58 12.90 2.03 1.41 1.16 1.39 

Table 2.  Performance Evaluation Results for Short Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

(a) Short Gradient (Screening) (b) Long Gradient (Confirmation) 

Figure 2.   Data results showing positive identification and confirmation of  Mephedrone in 
the unknown sample.  The compound peak is identified by retention time and accurate mass 
chromatogram (5 ppm window).  Confirmation is based on spectral library and isotopic pattern 
matching. 

Figure 3. Data results showing positive identification and negative confirmation of  
Methedrone in the unknown sample.  The compound is identified by accurate mass and retention 
time.  Isotopic pattern matching also passed, but the spectral library match did not meet the required 
limit. 

Identification/Quantitation Library Spectral Matching         – and –           Isotopic Pattern Matching 

Identification/Quantitation Library Spectral Matching (fail) – and –   Isotopic Pattern Matching (pass) 

Figure 4. Comparison of fragmentation spectra of (a) known methedrone in calibrator, 
(b) methedrone Library spectra, and (c) unknown sample.   
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Figure 1. Short (a) and Long (b) Chromatographic Gradients 

Table 4. Summary of  Screening Results for Unknown sample. Results shown include  Identified 
Compound Name, Confirmation Status, Peak Area, Calculated Concentration, Library Search 
Status, Library Score, Name of Match in Library, Isotopic Pattern Matching Score, # of Isotopes 
Matched, Delta m/z in ppm for detected peak, and Retention Time. Note that Methedrone failed 
confirmation due to a low Library Score. 

Figure 5.   Identification of fragments in Hydroxytolyl-Mephedrone spectrum using 
theoretical fragmentation in Mass Frontier software. Red highlighted fragments are matches to 
the experimental spectra (in blue). 

INTRODUCTION 
Forensic laboratories need reliable and flexible methods for detecting novel psychoactive 
compounds such as synthetic cathinones and cannabinoids.  The methods need to be easily 
modifiable to include new compounds.  LC-MS is ideally suited for this type of application since it 
can easily detect different classes of compounds in a single analytical run.  

OBJECTIVE 
To demonstrate the performance of high-resolution mass spectrometry for identification, confirmation 
and quantitation of synthetic cathinones and cannabinoids in urine. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator at cut-off concentration, and  two QCs (one each at 50% and 150% of 
the calibrator concentration) were prepared by fortifying blank urine with 32 synthetic 
cathinones and cannabinoids (Table 1). 

• Calibrator, QCs and an unknown donor sample were processed by a collaborating laboratory 
using protein precipitation followed by dilution. 

Liquid Chromatography 

Two chromatographic gradients were used.  The first was a “fast and dirty” two-minute screening 
method that provided limited chromatographic separation of isobaric compounds.  The second was a 
nine-minute gradient used for confirmation. 

• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 
autosampler. 

• Mobile Phase A: 10 mM ammonium formate in water 
• Mobile Phase B: 10 mM ammonium formate in methanol 
• Method 1 (Screening) 

• Column: Thermo Scientific HyPURITY™ C18 Javelin guard column, 20x2.1 mm 
• Gradient: see Figure 1a 

• Method 2 (Confirmation) 
• Column: Thermo Scientific Accucore™ Phenyl-Hexyl, 2.6 µm, 50 x 2.1 mm 
• Gradient:  see Figure 1b 

Mass Spectrometry 
• Thermo Scientific Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) triggered on compound m/z from inclusion list 
Method Evaluation 

Compounds were identified using retention time and accurate m/z (5 ppm mass accuracy) from the 
full-scan data.  Semi-quantitation was performed on the FS extracted ion chromatographic peak 
using the single-point calibrator and linear-through-zero calibration curves.  Confirmation was 
accomplished by spectral library matching with the MS2 spectra in both methods. Isotopic pattern 
matching was added to the longer method.  

To assess method performance, the calibrator and each QC sample were injected ten times with 
each method to determine mass accuracy, peak area precision, and quantitative performance.  The 
unknown sample previously analyzed by collaborating laboratory was injected three times with each 
method to determine identification accuracy. 

Data was acquired and processed with Thermo Scientific TraceFinder™ software version 4.1 

CONCLUSIONS 
• The developed methods accomplished their goals of identifying, confirming and quantifying 32 

synthetic cathinones and cannabinoids in urine. 
• The short method was intended as a screening-only method, not requiring definitive confirmation.  It 

surpassed that goal by also providing confirming fragmentation spectral matches.   
• The longer confirmatory method provided better confirmation with higher quantitative precision and 

library matching scores.  
• Theoretical fragmentation can provide confidence in identification of unknown peaks. 
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Table 3.  Performance Evaluation Results for Long Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

Analyte ng/mL Analyte  ng/mL 
3-Fluoromethcathinone 500 JWH 018 N-pentanoic acid metabolite 50 
3-FMC Ephedrine metabolite 100 MAM2201 N-pentanoic acid metabolite 25 
4-Methylethcathinone 50 MDPV 50 
5-Fluoro PB-22 3-carboxyindole metabolite 100 MDPV-D8 75 
AB-FUBINACA 50 Mephedrone 100 
AB-PINACA Pentanoic acid metabolite 250 Methcathinone 100 
ADBICA N-pentanoic acid metabolite 250 Methedrone 100 
ADB-PINACA pentanoic acid metabolite 100 Methylone 100 
AKB48 N-pentanoic acid metabolite 25 Naphyrone 25 
alpha-PVP 25 N-Ethylcathinone 50 
AM2201 4-hydroxypentyl metabolite 25 N-Ethylcathinone Ephedrine Metabolite 100 
AM2201 4-Hydroxypentyl metabolite D-5 37.5 N-Ethylcathinone Ephedrine metabolite-D5 150 
BB-22 3-carboxyindole metabolite 100 PB-22 3-carboxyindole metabolite 250 
Buphedrone 100 Pentylone 50 
Buphedrone Ephedrine metabolite 100 p-methoxy-methamphetamine  100 
Butylone 50 UR-144 N-pentanoic acid metabolite 50 
Cathinone 500 XLR-11 4-Hydroxypentyl metabolite-D5 37.5 
Ethylone 50 XLR11 N-(4-hydroxypentyl) metabolite 25 

Table 1. Synthetic Cathinones and Cannabinoids with Calibrator Concentration 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone -0.48 1.93 0.99 1.55 1.08 1.22 0.86 
3-FMC ephedrine met. -0.61 1.92 0.77 1.12 1.36 0.52 1.39 
4-Methylethcathinone -1.47 1.36 1.31 1.23 1.70 1.26 1.33 
5-FluoroPB-22 3-carboxyindole met. -2.28 2.30 2.04 1.98 3.07 2.15 2.48 
AB-FUBINACA -2.22 2.21 1.59 1.69 2.44 1.57 1.62 
AB-PINACA pentanoic acid met. -2.85 2.59 1.24 1.07 2.91 1.69 1.15 
ADBICA N-pentanoic acid met. -2.62 2.18 1.00 1.71 2.44 1.22 1.67 
ADB-PINACA pentanoic acid met. -4.20 6.92 5.67 8.15 6.61 5.52 8.56 
AKB48 N-pentanoic acid met. -2.16 1.27 2.84 1.66 1.60 2.51 1.52 
alpha-PVP -2.53 1.98 1.16 1.06 0.70 0.60 0.67 
AM2201 4-hydroxypentyl met. -1.90 1.03 2.06 1.26 0.62 0.90 1.78 
AM2201 4-Hydroxypentyl met. D-5 -2.52 1.08 NC NC 1.08 NC NC 
BB-22 3-carboxyindole met. -1.81 2.27 3.05 3.35 2.60 2.48 3.04 
Buphedrone -1.26 1.26 0.91 1.58 1.17 0.83 0.89 
Buphedrone Ephedrine met. -1.54 1.08 1.00 1.66 0.90 1.28 0.75 
Butylone -1.40 1.09 1.33 1.23 1.69 1.18 1.15 
Cathinone -1.47 1.43 1.99 1.09 1.34 1.57 1.25 
Ethylone -2.36 1.14 1.07 1.53 1.50 0.95 1.37 
JWH 018 N-pentanoic acid met. -2.36 1.88 0.79 2.31 1.85 1.51 2.53 
MAM2201 N-pentanoic acid met. -1.89 0.95 0.97 2.08 0.96 1.45 2.06 
MDPV -2.30 1.23 0.84 0.98 1.53 0.70 1.15 
MDPV-D8 -2.66 4.09 NC NC 1.69 NC NC 
Mephedrone -1.39 1.39 1.13 1.54 1.39 1.13 1.54 
Methcathinone -0.97 2.06 0.93 1.55 1.60 0.79 0.89 
Methedrone -1.02 1.17 0.77 1.34 1.05 1.20 0.90 
Methylone -1.42 1.29 1.41 1.50 1.95 1.52 1.21 
Naphyrone -0.90 1.74 0.66 1.50 0.81 0.69 1.08 
N-Ethylcathinone -1.25 4.40 0.27 1.45 1.85 0.72 1.08 
N-Ethylcathinone Ephedrine met. -1.12 1.27 0.58 1.26 0.55 0.24 0.51 
N-Ethylcathinone Ephedrine Met-D5 -1.76 2.26 NC NC 1.39 NC NC 
PB-22 3-carboxyindole met. -1.73 3.12 1.41 3.85 3.18 1.26 3.64 
Pentylone -1.69 1.54 2.01 1.27 1.21 1.46 1.22 
p-methoxymethamphetamine -2.28 1.06 0.92 1.55 1.08 0.85 0.76 
UR-144 N-pentanoic acid met. -2.02 1.03 2.28 2.61 1.57 2.05 2.70 
XLR-11 4-Hydroxypentyl met.-D5 -2.45 4.16 NC NC 1.31 NC NC 
XLR11 N-(4-hydroxypentyl) met. -1.57 1.59 0.75 1.54 0.68 1.00 0.46 

Compound Confirm Area  ng/mL LS LS (%) Lib Match 
Name 

IP Score 
(%) 

# 
Isotopes 

m/z (Delta 
in ppm) 

Actual 
RT 

MDPV C 1.45E+07 9.64 Pass 100 MDPV 100 3 of 4 -1.98  5.64 
Mephedrone C 6.99E+06 11.3 Pass 100 Mephedrone 100 4 of 5 -1.46  4.00 
Methedrone I 2.18E+07 24.9 Fail 63 Methedrone 100 4 of 6 -1.21  3.49 
Methylone C 1.23E+07 15.5 Pass 100 Methylone 100 3 of 5 -1.46  2.97 

RESULTS 
Data from the short screening method showed mass accuracies within 1 ppm for all except one 
compound, which was within 2.2 ppm.  The long method, which was run several days after the short 
method and near the end of the recommended instrument calibration stability, showed mass 
accuracies within 3 ppm except for the same single compound, which was within 4.2 ppm.   
Peak area precision was better than 13.9% and 8.1% for all compounds and all concentrations for 
the short and long methods, respectively.   
Calculated concentration precision was better than 9.8 % and 8.5% across all compounds and all 
concentrations for the short and long methods, respectively.   
Compound specific details for the above results are shown in Table 1 and Table 2. 
Three compounds, MDPV, mephedrone and methylone were identified and confirmed in the 
unknown sample.  The compounds were identified by retention time and accurate m/z from the FS 
data.  They were confirmed with isotopic pattern matching and fragmentation spectra matching to a 
spectral library (Figure 2). A fourth compound was identified by m/z, retention time, and isotopic 
pattern matching as methedrone.  However, it failed the spectral matching (Figure 3 and Figure 4). 
It was suspected that this compound might be a metabolite of one of the confirmed compounds.  A 
literature search revealed a possible match in hydroxytolyl-mephedrone which was confirmed with a 
theoretical fragmentation spectra match performed in Thermo Scientific Mass Frontier™ software 
(Figure 5). 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone 1.03 3.97 6.87 2.36 4.25 1.78 2.15 
3-FMC ephedrine met. 0.47 2.74 5.65 1.71 1.78 3.01 1.47 
4-Methylethcathinone 0.49 3.51 7.30 3.89 3.26 2.21 4.23 
5-fluoro PB-22 3-carboxyindole met. 0.17 5.41 10.50 6.44 5.94 5.47 7.85 
AB-FUBINACA -0.05 3.44 10.90 1.70 2.89 6.50 1.80 
AB-PINACA pentanoic acid met. -0.16 2.72 10.50 2.03 3.30 5.14 2.99 
ADBICA N-pentanoic acid met. -0.13 5.31 12.60 3.45 6.05 8.34 3.68 
ADB-PINACA pentanoic acid met. -2.22 3.34 7.52 3.51 6.46 5.01 4.90 
AKB48 N-pentanoic acid met. 0.13 2.58 13.90 2.37 4.19 5.21 2.48 
alpha-PVP 0.19 2.90 8.12 2.50 3.45 1.71 2.51 
AM2201 4-hydroxypentyl met. -0.08 3.11 8.69 3.23 1.98 1.92 2.13 
AM2201 4-Hydroxypentyl met. D-5 -0.27 4.44 NC  NC  3.10 NC  NC  
BB-22 3-carboxyindole met. 0.28 5.53 6.96 4.28 7.15 3.55 3.98 
Buphedrone 0.66 2.10 6.26 1.40 2.12 3.73 2.46 
Buphedrone Ephedrine met. 0.39 2.21 7.04 1.73 2.18 0.61 2.85 
Butylone 0.35 2.06 7.34 2.29 2.37 2.79 2.77 
Cathinone 0.78 4.97 8.44 2.36 4.15 6.93 3.43 
Ethylone 0.27 2.06 7.34 2.29 2.37 2.79 2.77 
JWH 018 N-pentanoic acid met. -0.03 3.73 7.83 2.63 5.35 3.64 3.19 
MAM2201 N-pentanoic acid met. 0.03 1.97 7.05 2.85 1.69 3.96 2.64 
MDPV 0.60 2.76 7.50 2.52 2.05 1.34 2.07 
MDPV-D8 0.44 4.62 NC  NC  1.92 NC  NC  
Mephedrone 0.59 2.10 6.26 1.40 2.12 3.74 2.46 
Methcathinone 0.85 10.70 6.91 5.61 9.77 8.33 5.28 
Methedrone 0.74 1.91 9.09 2.57 2.27 1.80 3.41 
Methylone 0.53 3.68 11.70 1.50 3.58 4.81 1.51 
Naphyrone 0.27 1.92 8.65 2.88 1.34 2.15 4.23 
N-Ethylcathinone 0.82 2.10 6.26 1.40 2.12 3.73 2.46 
N-Ethylcathinone Ephedrine met. 0.67 2.21 7.04 1.73 1.42 0.86 2.33 
N-Ethylcathinone Ephedrine Met-D5 0.64 3.59 NC  NC  1.82 NC  NC  
PB-22 3-carboxyindole met. 0.20 5.13 13.60 7.19 5.87 3.85 7.69 
Pentylone 0.34 2.85 5.79 2.99 2.71 0.98 3.53 
p-methoxymethamphetamine 0.39 2.21 7.04 1.73 1.42 0.86 2.33 
UR-144 N-pentanoic acid met. -0.14 1.83 10.70 2.10 2.11 0.39 1.76 
XLR-11 4-Hydroxypentyl met.-D5 -0.24 5.95 NC  NC  2.32 NC  NC  
XLR11 N-(4-hydroxypentyl) met. 0.74 2.58 12.90 2.03 1.41 1.16 1.39 

Table 2.  Performance Evaluation Results for Short Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

(a) Short Gradient (Screening) (b) Long Gradient (Confirmation) 

Figure 2.   Data results showing positive identification and confirmation of  Mephedrone in 
the unknown sample.  The compound peak is identified by retention time and accurate mass 
chromatogram (5 ppm window).  Confirmation is based on spectral library and isotopic pattern 
matching. 

Figure 3. Data results showing positive identification and negative confirmation of  
Methedrone in the unknown sample.  The compound is identified by accurate mass and retention 
time.  Isotopic pattern matching also passed, but the spectral library match did not meet the required 
limit. 

Identification/Quantitation Library Spectral Matching         – and –           Isotopic Pattern Matching 

Identification/Quantitation Library Spectral Matching (fail) – and –   Isotopic Pattern Matching (pass) 

Figure 4. Comparison of fragmentation spectra of (a) known methedrone in calibrator, 
(b) methedrone Library spectra, and (c) unknown sample.   

(a) Methedrone in 
Calibrator 

(b) Methedrone 
Library Spectra 

(c) Peak in 
Unknown Sample 
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Figure 1. Short (a) and Long (b) Chromatographic Gradients 

Table 4. Summary of  Screening Results for Unknown sample. Results shown include  Identified 
Compound Name, Confirmation Status, Peak Area, Calculated Concentration, Library Search 
Status, Library Score, Name of Match in Library, Isotopic Pattern Matching Score, # of Isotopes 
Matched, Delta m/z in ppm for detected peak, and Retention Time. Note that Methedrone failed 
confirmation due to a low Library Score. 

Figure 5.   Identification of fragments in Hydroxytolyl-Mephedrone spectrum using 
theoretical fragmentation in Mass Frontier software. Red highlighted fragments are matches to 
the experimental spectra (in blue). 

INTRODUCTION 
Forensic laboratories need reliable and flexible methods for detecting novel psychoactive 
compounds such as synthetic cathinones and cannabinoids.  The methods need to be easily 
modifiable to include new compounds.  LC-MS is ideally suited for this type of application since it 
can easily detect different classes of compounds in a single analytical run.  

OBJECTIVE 
To demonstrate the performance of high-resolution mass spectrometry for identification, confirmation 
and quantitation of synthetic cathinones and cannabinoids in urine. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator at cut-off concentration, and  two QCs (one each at 50% and 150% of 
the calibrator concentration) were prepared by fortifying blank urine with 32 synthetic 
cathinones and cannabinoids (Table 1). 

• Calibrator, QCs and an unknown donor sample were processed by a collaborating laboratory 
using protein precipitation followed by dilution. 

Liquid Chromatography 

Two chromatographic gradients were used.  The first was a “fast and dirty” two-minute screening 
method that provided limited chromatographic separation of isobaric compounds.  The second was a 
nine-minute gradient used for confirmation. 

• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 
autosampler. 

• Mobile Phase A: 10 mM ammonium formate in water 
• Mobile Phase B: 10 mM ammonium formate in methanol 
• Method 1 (Screening) 

• Column: Thermo Scientific HyPURITY™ C18 Javelin guard column, 20x2.1 mm 
• Gradient: see Figure 1a 

• Method 2 (Confirmation) 
• Column: Thermo Scientific Accucore™ Phenyl-Hexyl, 2.6 µm, 50 x 2.1 mm 
• Gradient:  see Figure 1b 

Mass Spectrometry 
• Thermo Scientific Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) triggered on compound m/z from inclusion list 
Method Evaluation 

Compounds were identified using retention time and accurate m/z (5 ppm mass accuracy) from the 
full-scan data.  Semi-quantitation was performed on the FS extracted ion chromatographic peak 
using the single-point calibrator and linear-through-zero calibration curves.  Confirmation was 
accomplished by spectral library matching with the MS2 spectra in both methods. Isotopic pattern 
matching was added to the longer method.  

To assess method performance, the calibrator and each QC sample were injected ten times with 
each method to determine mass accuracy, peak area precision, and quantitative performance.  The 
unknown sample previously analyzed by collaborating laboratory was injected three times with each 
method to determine identification accuracy. 

Data was acquired and processed with Thermo Scientific TraceFinder™ software version 4.1 

CONCLUSIONS 
• The developed methods accomplished their goals of identifying, confirming and quantifying 32 

synthetic cathinones and cannabinoids in urine. 
• The short method was intended as a screening-only method, not requiring definitive confirmation.  It 

surpassed that goal by also providing confirming fragmentation spectral matches.   
• The longer confirmatory method provided better confirmation with higher quantitative precision and 

library matching scores.  
• Theoretical fragmentation can provide confidence in identification of unknown peaks. 
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Screening, Confirmation and Quantitation of Synthetic Cathinones and Cannabinoids in Urine by High-Resolution  
Accurate-Mass Mass Spectrometry 

Table 3.  Performance Evaluation Results for Long Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

Analyte ng/mL Analyte  ng/mL 
3-Fluoromethcathinone 500 JWH 018 N-pentanoic acid metabolite 50 
3-FMC Ephedrine metabolite 100 MAM2201 N-pentanoic acid metabolite 25 
4-Methylethcathinone 50 MDPV 50 
5-Fluoro PB-22 3-carboxyindole metabolite 100 MDPV-D8 75 
AB-FUBINACA 50 Mephedrone 100 
AB-PINACA Pentanoic acid metabolite 250 Methcathinone 100 
ADBICA N-pentanoic acid metabolite 250 Methedrone 100 
ADB-PINACA pentanoic acid metabolite 100 Methylone 100 
AKB48 N-pentanoic acid metabolite 25 Naphyrone 25 
alpha-PVP 25 N-Ethylcathinone 50 
AM2201 4-hydroxypentyl metabolite 25 N-Ethylcathinone Ephedrine Metabolite 100 
AM2201 4-Hydroxypentyl metabolite D-5 37.5 N-Ethylcathinone Ephedrine metabolite-D5 150 
BB-22 3-carboxyindole metabolite 100 PB-22 3-carboxyindole metabolite 250 
Buphedrone 100 Pentylone 50 
Buphedrone Ephedrine metabolite 100 p-methoxy-methamphetamine  100 
Butylone 50 UR-144 N-pentanoic acid metabolite 50 
Cathinone 500 XLR-11 4-Hydroxypentyl metabolite-D5 37.5 
Ethylone 50 XLR11 N-(4-hydroxypentyl) metabolite 25 

Table 1. Synthetic Cathinones and Cannabinoids with Calibrator Concentration 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone -0.48 1.93 0.99 1.55 1.08 1.22 0.86 
3-FMC ephedrine met. -0.61 1.92 0.77 1.12 1.36 0.52 1.39 
4-Methylethcathinone -1.47 1.36 1.31 1.23 1.70 1.26 1.33 
5-FluoroPB-22 3-carboxyindole met. -2.28 2.30 2.04 1.98 3.07 2.15 2.48 
AB-FUBINACA -2.22 2.21 1.59 1.69 2.44 1.57 1.62 
AB-PINACA pentanoic acid met. -2.85 2.59 1.24 1.07 2.91 1.69 1.15 
ADBICA N-pentanoic acid met. -2.62 2.18 1.00 1.71 2.44 1.22 1.67 
ADB-PINACA pentanoic acid met. -4.20 6.92 5.67 8.15 6.61 5.52 8.56 
AKB48 N-pentanoic acid met. -2.16 1.27 2.84 1.66 1.60 2.51 1.52 
alpha-PVP -2.53 1.98 1.16 1.06 0.70 0.60 0.67 
AM2201 4-hydroxypentyl met. -1.90 1.03 2.06 1.26 0.62 0.90 1.78 
AM2201 4-Hydroxypentyl met. D-5 -2.52 1.08 NC NC 1.08 NC NC 
BB-22 3-carboxyindole met. -1.81 2.27 3.05 3.35 2.60 2.48 3.04 
Buphedrone -1.26 1.26 0.91 1.58 1.17 0.83 0.89 
Buphedrone Ephedrine met. -1.54 1.08 1.00 1.66 0.90 1.28 0.75 
Butylone -1.40 1.09 1.33 1.23 1.69 1.18 1.15 
Cathinone -1.47 1.43 1.99 1.09 1.34 1.57 1.25 
Ethylone -2.36 1.14 1.07 1.53 1.50 0.95 1.37 
JWH 018 N-pentanoic acid met. -2.36 1.88 0.79 2.31 1.85 1.51 2.53 
MAM2201 N-pentanoic acid met. -1.89 0.95 0.97 2.08 0.96 1.45 2.06 
MDPV -2.30 1.23 0.84 0.98 1.53 0.70 1.15 
MDPV-D8 -2.66 4.09 NC NC 1.69 NC NC 
Mephedrone -1.39 1.39 1.13 1.54 1.39 1.13 1.54 
Methcathinone -0.97 2.06 0.93 1.55 1.60 0.79 0.89 
Methedrone -1.02 1.17 0.77 1.34 1.05 1.20 0.90 
Methylone -1.42 1.29 1.41 1.50 1.95 1.52 1.21 
Naphyrone -0.90 1.74 0.66 1.50 0.81 0.69 1.08 
N-Ethylcathinone -1.25 4.40 0.27 1.45 1.85 0.72 1.08 
N-Ethylcathinone Ephedrine met. -1.12 1.27 0.58 1.26 0.55 0.24 0.51 
N-Ethylcathinone Ephedrine Met-D5 -1.76 2.26 NC NC 1.39 NC NC 
PB-22 3-carboxyindole met. -1.73 3.12 1.41 3.85 3.18 1.26 3.64 
Pentylone -1.69 1.54 2.01 1.27 1.21 1.46 1.22 
p-methoxymethamphetamine -2.28 1.06 0.92 1.55 1.08 0.85 0.76 
UR-144 N-pentanoic acid met. -2.02 1.03 2.28 2.61 1.57 2.05 2.70 
XLR-11 4-Hydroxypentyl met.-D5 -2.45 4.16 NC NC 1.31 NC NC 
XLR11 N-(4-hydroxypentyl) met. -1.57 1.59 0.75 1.54 0.68 1.00 0.46 

Compound Confirm Area  ng/mL LS LS (%) Lib Match 
Name 

IP Score 
(%) 

# 
Isotopes 

m/z (Delta 
in ppm) 

Actual 
RT 

MDPV C 1.45E+07 9.64 Pass 100 MDPV 100 3 of 4 -1.98  5.64 
Mephedrone C 6.99E+06 11.3 Pass 100 Mephedrone 100 4 of 5 -1.46  4.00 
Methedrone I 2.18E+07 24.9 Fail 63 Methedrone 100 4 of 6 -1.21  3.49 
Methylone C 1.23E+07 15.5 Pass 100 Methylone 100 3 of 5 -1.46  2.97 

RESULTS 
Data from the short screening method showed mass accuracies within 1 ppm for all except one 
compound, which was within 2.2 ppm.  The long method, which was run several days after the short 
method and near the end of the recommended instrument calibration stability, showed mass 
accuracies within 3 ppm except for the same single compound, which was within 4.2 ppm.   
Peak area precision was better than 13.9% and 8.1% for all compounds and all concentrations for 
the short and long methods, respectively.   
Calculated concentration precision was better than 9.8 % and 8.5% across all compounds and all 
concentrations for the short and long methods, respectively.   
Compound specific details for the above results are shown in Table 1 and Table 2. 
Three compounds, MDPV, mephedrone and methylone were identified and confirmed in the 
unknown sample.  The compounds were identified by retention time and accurate m/z from the FS 
data.  They were confirmed with isotopic pattern matching and fragmentation spectra matching to a 
spectral library (Figure 2). A fourth compound was identified by m/z, retention time, and isotopic 
pattern matching as methedrone.  However, it failed the spectral matching (Figure 3 and Figure 4). 
It was suspected that this compound might be a metabolite of one of the confirmed compounds.  A 
literature search revealed a possible match in hydroxytolyl-mephedrone which was confirmed with a 
theoretical fragmentation spectra match performed in Thermo Scientific Mass Frontier™ software 
(Figure 5). 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone 1.03 3.97 6.87 2.36 4.25 1.78 2.15 
3-FMC ephedrine met. 0.47 2.74 5.65 1.71 1.78 3.01 1.47 
4-Methylethcathinone 0.49 3.51 7.30 3.89 3.26 2.21 4.23 
5-fluoro PB-22 3-carboxyindole met. 0.17 5.41 10.50 6.44 5.94 5.47 7.85 
AB-FUBINACA -0.05 3.44 10.90 1.70 2.89 6.50 1.80 
AB-PINACA pentanoic acid met. -0.16 2.72 10.50 2.03 3.30 5.14 2.99 
ADBICA N-pentanoic acid met. -0.13 5.31 12.60 3.45 6.05 8.34 3.68 
ADB-PINACA pentanoic acid met. -2.22 3.34 7.52 3.51 6.46 5.01 4.90 
AKB48 N-pentanoic acid met. 0.13 2.58 13.90 2.37 4.19 5.21 2.48 
alpha-PVP 0.19 2.90 8.12 2.50 3.45 1.71 2.51 
AM2201 4-hydroxypentyl met. -0.08 3.11 8.69 3.23 1.98 1.92 2.13 
AM2201 4-Hydroxypentyl met. D-5 -0.27 4.44 NC  NC  3.10 NC  NC  
BB-22 3-carboxyindole met. 0.28 5.53 6.96 4.28 7.15 3.55 3.98 
Buphedrone 0.66 2.10 6.26 1.40 2.12 3.73 2.46 
Buphedrone Ephedrine met. 0.39 2.21 7.04 1.73 2.18 0.61 2.85 
Butylone 0.35 2.06 7.34 2.29 2.37 2.79 2.77 
Cathinone 0.78 4.97 8.44 2.36 4.15 6.93 3.43 
Ethylone 0.27 2.06 7.34 2.29 2.37 2.79 2.77 
JWH 018 N-pentanoic acid met. -0.03 3.73 7.83 2.63 5.35 3.64 3.19 
MAM2201 N-pentanoic acid met. 0.03 1.97 7.05 2.85 1.69 3.96 2.64 
MDPV 0.60 2.76 7.50 2.52 2.05 1.34 2.07 
MDPV-D8 0.44 4.62 NC  NC  1.92 NC  NC  
Mephedrone 0.59 2.10 6.26 1.40 2.12 3.74 2.46 
Methcathinone 0.85 10.70 6.91 5.61 9.77 8.33 5.28 
Methedrone 0.74 1.91 9.09 2.57 2.27 1.80 3.41 
Methylone 0.53 3.68 11.70 1.50 3.58 4.81 1.51 
Naphyrone 0.27 1.92 8.65 2.88 1.34 2.15 4.23 
N-Ethylcathinone 0.82 2.10 6.26 1.40 2.12 3.73 2.46 
N-Ethylcathinone Ephedrine met. 0.67 2.21 7.04 1.73 1.42 0.86 2.33 
N-Ethylcathinone Ephedrine Met-D5 0.64 3.59 NC  NC  1.82 NC  NC  
PB-22 3-carboxyindole met. 0.20 5.13 13.60 7.19 5.87 3.85 7.69 
Pentylone 0.34 2.85 5.79 2.99 2.71 0.98 3.53 
p-methoxymethamphetamine 0.39 2.21 7.04 1.73 1.42 0.86 2.33 
UR-144 N-pentanoic acid met. -0.14 1.83 10.70 2.10 2.11 0.39 1.76 
XLR-11 4-Hydroxypentyl met.-D5 -0.24 5.95 NC  NC  2.32 NC  NC  
XLR11 N-(4-hydroxypentyl) met. 0.74 2.58 12.90 2.03 1.41 1.16 1.39 

Table 2.  Performance Evaluation Results for Short Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

(a) Short Gradient (Screening) (b) Long Gradient (Confirmation) 

Figure 2.   Data results showing positive identification and confirmation of  Mephedrone in 
the unknown sample.  The compound peak is identified by retention time and accurate mass 
chromatogram (5 ppm window).  Confirmation is based on spectral library and isotopic pattern 
matching. 

Figure 3. Data results showing positive identification and negative confirmation of  
Methedrone in the unknown sample.  The compound is identified by accurate mass and retention 
time.  Isotopic pattern matching also passed, but the spectral library match did not meet the required 
limit. 

Identification/Quantitation Library Spectral Matching         – and –           Isotopic Pattern Matching 

Identification/Quantitation Library Spectral Matching (fail) – and –   Isotopic Pattern Matching (pass) 

Figure 4. Comparison of fragmentation spectra of (a) known methedrone in calibrator, 
(b) methedrone Library spectra, and (c) unknown sample.   
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(b) Methedrone 
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Unknown Sample 
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Figure 1. Short (a) and Long (b) Chromatographic Gradients 

Table 4. Summary of  Screening Results for Unknown sample. Results shown include  Identified 
Compound Name, Confirmation Status, Peak Area, Calculated Concentration, Library Search 
Status, Library Score, Name of Match in Library, Isotopic Pattern Matching Score, # of Isotopes 
Matched, Delta m/z in ppm for detected peak, and Retention Time. Note that Methedrone failed 
confirmation due to a low Library Score. 

Figure 5.   Identification of fragments in Hydroxytolyl-Mephedrone spectrum using 
theoretical fragmentation in Mass Frontier software. Red highlighted fragments are matches to 
the experimental spectra (in blue). 

INTRODUCTION 
Forensic laboratories need reliable and flexible methods for detecting novel psychoactive 
compounds such as synthetic cathinones and cannabinoids.  The methods need to be easily 
modifiable to include new compounds.  LC-MS is ideally suited for this type of application since it 
can easily detect different classes of compounds in a single analytical run.  

OBJECTIVE 
To demonstrate the performance of high-resolution mass spectrometry for identification, confirmation 
and quantitation of synthetic cathinones and cannabinoids in urine. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator at cut-off concentration, and  two QCs (one each at 50% and 150% of 
the calibrator concentration) were prepared by fortifying blank urine with 32 synthetic 
cathinones and cannabinoids (Table 1). 

• Calibrator, QCs and an unknown donor sample were processed by a collaborating laboratory 
using protein precipitation followed by dilution. 

Liquid Chromatography 

Two chromatographic gradients were used.  The first was a “fast and dirty” two-minute screening 
method that provided limited chromatographic separation of isobaric compounds.  The second was a 
nine-minute gradient used for confirmation. 

• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 
autosampler. 

• Mobile Phase A: 10 mM ammonium formate in water 
• Mobile Phase B: 10 mM ammonium formate in methanol 
• Method 1 (Screening) 

• Column: Thermo Scientific HyPURITY™ C18 Javelin guard column, 20x2.1 mm 
• Gradient: see Figure 1a 

• Method 2 (Confirmation) 
• Column: Thermo Scientific Accucore™ Phenyl-Hexyl, 2.6 µm, 50 x 2.1 mm 
• Gradient:  see Figure 1b 

Mass Spectrometry 
• Thermo Scientific Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) triggered on compound m/z from inclusion list 
Method Evaluation 

Compounds were identified using retention time and accurate m/z (5 ppm mass accuracy) from the 
full-scan data.  Semi-quantitation was performed on the FS extracted ion chromatographic peak 
using the single-point calibrator and linear-through-zero calibration curves.  Confirmation was 
accomplished by spectral library matching with the MS2 spectra in both methods. Isotopic pattern 
matching was added to the longer method.  

To assess method performance, the calibrator and each QC sample were injected ten times with 
each method to determine mass accuracy, peak area precision, and quantitative performance.  The 
unknown sample previously analyzed by collaborating laboratory was injected three times with each 
method to determine identification accuracy. 

Data was acquired and processed with Thermo Scientific TraceFinder™ software version 4.1 

CONCLUSIONS 
• The developed methods accomplished their goals of identifying, confirming and quantifying 32 

synthetic cathinones and cannabinoids in urine. 
• The short method was intended as a screening-only method, not requiring definitive confirmation.  It 

surpassed that goal by also providing confirming fragmentation spectral matches.   
• The longer confirmatory method provided better confirmation with higher quantitative precision and 

library matching scores.  
• Theoretical fragmentation can provide confidence in identification of unknown peaks. 
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Table 3.  Performance Evaluation Results for Long Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

Analyte ng/mL Analyte  ng/mL 
3-Fluoromethcathinone 500 JWH 018 N-pentanoic acid metabolite 50 
3-FMC Ephedrine metabolite 100 MAM2201 N-pentanoic acid metabolite 25 
4-Methylethcathinone 50 MDPV 50 
5-Fluoro PB-22 3-carboxyindole metabolite 100 MDPV-D8 75 
AB-FUBINACA 50 Mephedrone 100 
AB-PINACA Pentanoic acid metabolite 250 Methcathinone 100 
ADBICA N-pentanoic acid metabolite 250 Methedrone 100 
ADB-PINACA pentanoic acid metabolite 100 Methylone 100 
AKB48 N-pentanoic acid metabolite 25 Naphyrone 25 
alpha-PVP 25 N-Ethylcathinone 50 
AM2201 4-hydroxypentyl metabolite 25 N-Ethylcathinone Ephedrine Metabolite 100 
AM2201 4-Hydroxypentyl metabolite D-5 37.5 N-Ethylcathinone Ephedrine metabolite-D5 150 
BB-22 3-carboxyindole metabolite 100 PB-22 3-carboxyindole metabolite 250 
Buphedrone 100 Pentylone 50 
Buphedrone Ephedrine metabolite 100 p-methoxy-methamphetamine  100 
Butylone 50 UR-144 N-pentanoic acid metabolite 50 
Cathinone 500 XLR-11 4-Hydroxypentyl metabolite-D5 37.5 
Ethylone 50 XLR11 N-(4-hydroxypentyl) metabolite 25 

Table 1. Synthetic Cathinones and Cannabinoids with Calibrator Concentration 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone -0.48 1.93 0.99 1.55 1.08 1.22 0.86 
3-FMC ephedrine met. -0.61 1.92 0.77 1.12 1.36 0.52 1.39 
4-Methylethcathinone -1.47 1.36 1.31 1.23 1.70 1.26 1.33 
5-FluoroPB-22 3-carboxyindole met. -2.28 2.30 2.04 1.98 3.07 2.15 2.48 
AB-FUBINACA -2.22 2.21 1.59 1.69 2.44 1.57 1.62 
AB-PINACA pentanoic acid met. -2.85 2.59 1.24 1.07 2.91 1.69 1.15 
ADBICA N-pentanoic acid met. -2.62 2.18 1.00 1.71 2.44 1.22 1.67 
ADB-PINACA pentanoic acid met. -4.20 6.92 5.67 8.15 6.61 5.52 8.56 
AKB48 N-pentanoic acid met. -2.16 1.27 2.84 1.66 1.60 2.51 1.52 
alpha-PVP -2.53 1.98 1.16 1.06 0.70 0.60 0.67 
AM2201 4-hydroxypentyl met. -1.90 1.03 2.06 1.26 0.62 0.90 1.78 
AM2201 4-Hydroxypentyl met. D-5 -2.52 1.08 NC NC 1.08 NC NC 
BB-22 3-carboxyindole met. -1.81 2.27 3.05 3.35 2.60 2.48 3.04 
Buphedrone -1.26 1.26 0.91 1.58 1.17 0.83 0.89 
Buphedrone Ephedrine met. -1.54 1.08 1.00 1.66 0.90 1.28 0.75 
Butylone -1.40 1.09 1.33 1.23 1.69 1.18 1.15 
Cathinone -1.47 1.43 1.99 1.09 1.34 1.57 1.25 
Ethylone -2.36 1.14 1.07 1.53 1.50 0.95 1.37 
JWH 018 N-pentanoic acid met. -2.36 1.88 0.79 2.31 1.85 1.51 2.53 
MAM2201 N-pentanoic acid met. -1.89 0.95 0.97 2.08 0.96 1.45 2.06 
MDPV -2.30 1.23 0.84 0.98 1.53 0.70 1.15 
MDPV-D8 -2.66 4.09 NC NC 1.69 NC NC 
Mephedrone -1.39 1.39 1.13 1.54 1.39 1.13 1.54 
Methcathinone -0.97 2.06 0.93 1.55 1.60 0.79 0.89 
Methedrone -1.02 1.17 0.77 1.34 1.05 1.20 0.90 
Methylone -1.42 1.29 1.41 1.50 1.95 1.52 1.21 
Naphyrone -0.90 1.74 0.66 1.50 0.81 0.69 1.08 
N-Ethylcathinone -1.25 4.40 0.27 1.45 1.85 0.72 1.08 
N-Ethylcathinone Ephedrine met. -1.12 1.27 0.58 1.26 0.55 0.24 0.51 
N-Ethylcathinone Ephedrine Met-D5 -1.76 2.26 NC NC 1.39 NC NC 
PB-22 3-carboxyindole met. -1.73 3.12 1.41 3.85 3.18 1.26 3.64 
Pentylone -1.69 1.54 2.01 1.27 1.21 1.46 1.22 
p-methoxymethamphetamine -2.28 1.06 0.92 1.55 1.08 0.85 0.76 
UR-144 N-pentanoic acid met. -2.02 1.03 2.28 2.61 1.57 2.05 2.70 
XLR-11 4-Hydroxypentyl met.-D5 -2.45 4.16 NC NC 1.31 NC NC 
XLR11 N-(4-hydroxypentyl) met. -1.57 1.59 0.75 1.54 0.68 1.00 0.46 

Compound Confirm Area  ng/mL LS LS (%) Lib Match 
Name 

IP Score 
(%) 

# 
Isotopes 

m/z (Delta 
in ppm) 

Actual 
RT 

MDPV C 1.45E+07 9.64 Pass 100 MDPV 100 3 of 4 -1.98  5.64 
Mephedrone C 6.99E+06 11.3 Pass 100 Mephedrone 100 4 of 5 -1.46  4.00 
Methedrone I 2.18E+07 24.9 Fail 63 Methedrone 100 4 of 6 -1.21  3.49 
Methylone C 1.23E+07 15.5 Pass 100 Methylone 100 3 of 5 -1.46  2.97 

RESULTS 
Data from the short screening method showed mass accuracies within 1 ppm for all except one 
compound, which was within 2.2 ppm.  The long method, which was run several days after the short 
method and near the end of the recommended instrument calibration stability, showed mass 
accuracies within 3 ppm except for the same single compound, which was within 4.2 ppm.   
Peak area precision was better than 13.9% and 8.1% for all compounds and all concentrations for 
the short and long methods, respectively.   
Calculated concentration precision was better than 9.8 % and 8.5% across all compounds and all 
concentrations for the short and long methods, respectively.   
Compound specific details for the above results are shown in Table 1 and Table 2. 
Three compounds, MDPV, mephedrone and methylone were identified and confirmed in the 
unknown sample.  The compounds were identified by retention time and accurate m/z from the FS 
data.  They were confirmed with isotopic pattern matching and fragmentation spectra matching to a 
spectral library (Figure 2). A fourth compound was identified by m/z, retention time, and isotopic 
pattern matching as methedrone.  However, it failed the spectral matching (Figure 3 and Figure 4). 
It was suspected that this compound might be a metabolite of one of the confirmed compounds.  A 
literature search revealed a possible match in hydroxytolyl-mephedrone which was confirmed with a 
theoretical fragmentation spectra match performed in Thermo Scientific Mass Frontier™ software 
(Figure 5). 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone 1.03 3.97 6.87 2.36 4.25 1.78 2.15 
3-FMC ephedrine met. 0.47 2.74 5.65 1.71 1.78 3.01 1.47 
4-Methylethcathinone 0.49 3.51 7.30 3.89 3.26 2.21 4.23 
5-fluoro PB-22 3-carboxyindole met. 0.17 5.41 10.50 6.44 5.94 5.47 7.85 
AB-FUBINACA -0.05 3.44 10.90 1.70 2.89 6.50 1.80 
AB-PINACA pentanoic acid met. -0.16 2.72 10.50 2.03 3.30 5.14 2.99 
ADBICA N-pentanoic acid met. -0.13 5.31 12.60 3.45 6.05 8.34 3.68 
ADB-PINACA pentanoic acid met. -2.22 3.34 7.52 3.51 6.46 5.01 4.90 
AKB48 N-pentanoic acid met. 0.13 2.58 13.90 2.37 4.19 5.21 2.48 
alpha-PVP 0.19 2.90 8.12 2.50 3.45 1.71 2.51 
AM2201 4-hydroxypentyl met. -0.08 3.11 8.69 3.23 1.98 1.92 2.13 
AM2201 4-Hydroxypentyl met. D-5 -0.27 4.44 NC  NC  3.10 NC  NC  
BB-22 3-carboxyindole met. 0.28 5.53 6.96 4.28 7.15 3.55 3.98 
Buphedrone 0.66 2.10 6.26 1.40 2.12 3.73 2.46 
Buphedrone Ephedrine met. 0.39 2.21 7.04 1.73 2.18 0.61 2.85 
Butylone 0.35 2.06 7.34 2.29 2.37 2.79 2.77 
Cathinone 0.78 4.97 8.44 2.36 4.15 6.93 3.43 
Ethylone 0.27 2.06 7.34 2.29 2.37 2.79 2.77 
JWH 018 N-pentanoic acid met. -0.03 3.73 7.83 2.63 5.35 3.64 3.19 
MAM2201 N-pentanoic acid met. 0.03 1.97 7.05 2.85 1.69 3.96 2.64 
MDPV 0.60 2.76 7.50 2.52 2.05 1.34 2.07 
MDPV-D8 0.44 4.62 NC  NC  1.92 NC  NC  
Mephedrone 0.59 2.10 6.26 1.40 2.12 3.74 2.46 
Methcathinone 0.85 10.70 6.91 5.61 9.77 8.33 5.28 
Methedrone 0.74 1.91 9.09 2.57 2.27 1.80 3.41 
Methylone 0.53 3.68 11.70 1.50 3.58 4.81 1.51 
Naphyrone 0.27 1.92 8.65 2.88 1.34 2.15 4.23 
N-Ethylcathinone 0.82 2.10 6.26 1.40 2.12 3.73 2.46 
N-Ethylcathinone Ephedrine met. 0.67 2.21 7.04 1.73 1.42 0.86 2.33 
N-Ethylcathinone Ephedrine Met-D5 0.64 3.59 NC  NC  1.82 NC  NC  
PB-22 3-carboxyindole met. 0.20 5.13 13.60 7.19 5.87 3.85 7.69 
Pentylone 0.34 2.85 5.79 2.99 2.71 0.98 3.53 
p-methoxymethamphetamine 0.39 2.21 7.04 1.73 1.42 0.86 2.33 
UR-144 N-pentanoic acid met. -0.14 1.83 10.70 2.10 2.11 0.39 1.76 
XLR-11 4-Hydroxypentyl met.-D5 -0.24 5.95 NC  NC  2.32 NC  NC  
XLR11 N-(4-hydroxypentyl) met. 0.74 2.58 12.90 2.03 1.41 1.16 1.39 

Table 2.  Performance Evaluation Results for Short Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

(a) Short Gradient (Screening) (b) Long Gradient (Confirmation) 

Figure 2.   Data results showing positive identification and confirmation of  Mephedrone in 
the unknown sample.  The compound peak is identified by retention time and accurate mass 
chromatogram (5 ppm window).  Confirmation is based on spectral library and isotopic pattern 
matching. 

Figure 3. Data results showing positive identification and negative confirmation of  
Methedrone in the unknown sample.  The compound is identified by accurate mass and retention 
time.  Isotopic pattern matching also passed, but the spectral library match did not meet the required 
limit. 

Identification/Quantitation Library Spectral Matching         – and –           Isotopic Pattern Matching 

Identification/Quantitation Library Spectral Matching (fail) – and –   Isotopic Pattern Matching (pass) 

Figure 4. Comparison of fragmentation spectra of (a) known methedrone in calibrator, 
(b) methedrone Library spectra, and (c) unknown sample.   

(a) Methedrone in 
Calibrator 

(b) Methedrone 
Library Spectra 

(c) Peak in 
Unknown Sample 
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Figure 1. Short (a) and Long (b) Chromatographic Gradients 

Table 4. Summary of  Screening Results for Unknown sample. Results shown include  Identified 
Compound Name, Confirmation Status, Peak Area, Calculated Concentration, Library Search 
Status, Library Score, Name of Match in Library, Isotopic Pattern Matching Score, # of Isotopes 
Matched, Delta m/z in ppm for detected peak, and Retention Time. Note that Methedrone failed 
confirmation due to a low Library Score. 

Figure 5.   Identification of fragments in Hydroxytolyl-Mephedrone spectrum using 
theoretical fragmentation in Mass Frontier software. Red highlighted fragments are matches to 
the experimental spectra (in blue). 

INTRODUCTION 
Forensic laboratories need reliable and flexible methods for detecting novel psychoactive 
compounds such as synthetic cathinones and cannabinoids.  The methods need to be easily 
modifiable to include new compounds.  LC-MS is ideally suited for this type of application since it 
can easily detect different classes of compounds in a single analytical run.  

OBJECTIVE 
To demonstrate the performance of high-resolution mass spectrometry for identification, confirmation 
and quantitation of synthetic cathinones and cannabinoids in urine. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator at cut-off concentration, and  two QCs (one each at 50% and 150% of 
the calibrator concentration) were prepared by fortifying blank urine with 32 synthetic 
cathinones and cannabinoids (Table 1). 

• Calibrator, QCs and an unknown donor sample were processed by a collaborating laboratory 
using protein precipitation followed by dilution. 

Liquid Chromatography 

Two chromatographic gradients were used.  The first was a “fast and dirty” two-minute screening 
method that provided limited chromatographic separation of isobaric compounds.  The second was a 
nine-minute gradient used for confirmation. 

• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 
autosampler. 

• Mobile Phase A: 10 mM ammonium formate in water 
• Mobile Phase B: 10 mM ammonium formate in methanol 
• Method 1 (Screening) 

• Column: Thermo Scientific HyPURITY™ C18 Javelin guard column, 20x2.1 mm 
• Gradient: see Figure 1a 

• Method 2 (Confirmation) 
• Column: Thermo Scientific Accucore™ Phenyl-Hexyl, 2.6 µm, 50 x 2.1 mm 
• Gradient:  see Figure 1b 

Mass Spectrometry 
• Thermo Scientific Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) triggered on compound m/z from inclusion list 
Method Evaluation 

Compounds were identified using retention time and accurate m/z (5 ppm mass accuracy) from the 
full-scan data.  Semi-quantitation was performed on the FS extracted ion chromatographic peak 
using the single-point calibrator and linear-through-zero calibration curves.  Confirmation was 
accomplished by spectral library matching with the MS2 spectra in both methods. Isotopic pattern 
matching was added to the longer method.  

To assess method performance, the calibrator and each QC sample were injected ten times with 
each method to determine mass accuracy, peak area precision, and quantitative performance.  The 
unknown sample previously analyzed by collaborating laboratory was injected three times with each 
method to determine identification accuracy. 

Data was acquired and processed with Thermo Scientific TraceFinder™ software version 4.1 

CONCLUSIONS 
• The developed methods accomplished their goals of identifying, confirming and quantifying 32 

synthetic cathinones and cannabinoids in urine. 
• The short method was intended as a screening-only method, not requiring definitive confirmation.  It 

surpassed that goal by also providing confirming fragmentation spectral matches.   
• The longer confirmatory method provided better confirmation with higher quantitative precision and 

library matching scores.  
• Theoretical fragmentation can provide confidence in identification of unknown peaks. 
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Table 3.  Performance Evaluation Results for Long Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

Analyte ng/mL Analyte  ng/mL 
3-Fluoromethcathinone 500 JWH 018 N-pentanoic acid metabolite 50 
3-FMC Ephedrine metabolite 100 MAM2201 N-pentanoic acid metabolite 25 
4-Methylethcathinone 50 MDPV 50 
5-Fluoro PB-22 3-carboxyindole metabolite 100 MDPV-D8 75 
AB-FUBINACA 50 Mephedrone 100 
AB-PINACA Pentanoic acid metabolite 250 Methcathinone 100 
ADBICA N-pentanoic acid metabolite 250 Methedrone 100 
ADB-PINACA pentanoic acid metabolite 100 Methylone 100 
AKB48 N-pentanoic acid metabolite 25 Naphyrone 25 
alpha-PVP 25 N-Ethylcathinone 50 
AM2201 4-hydroxypentyl metabolite 25 N-Ethylcathinone Ephedrine Metabolite 100 
AM2201 4-Hydroxypentyl metabolite D-5 37.5 N-Ethylcathinone Ephedrine metabolite-D5 150 
BB-22 3-carboxyindole metabolite 100 PB-22 3-carboxyindole metabolite 250 
Buphedrone 100 Pentylone 50 
Buphedrone Ephedrine metabolite 100 p-methoxy-methamphetamine  100 
Butylone 50 UR-144 N-pentanoic acid metabolite 50 
Cathinone 500 XLR-11 4-Hydroxypentyl metabolite-D5 37.5 
Ethylone 50 XLR11 N-(4-hydroxypentyl) metabolite 25 

Table 1. Synthetic Cathinones and Cannabinoids with Calibrator Concentration 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone -0.48 1.93 0.99 1.55 1.08 1.22 0.86 
3-FMC ephedrine met. -0.61 1.92 0.77 1.12 1.36 0.52 1.39 
4-Methylethcathinone -1.47 1.36 1.31 1.23 1.70 1.26 1.33 
5-FluoroPB-22 3-carboxyindole met. -2.28 2.30 2.04 1.98 3.07 2.15 2.48 
AB-FUBINACA -2.22 2.21 1.59 1.69 2.44 1.57 1.62 
AB-PINACA pentanoic acid met. -2.85 2.59 1.24 1.07 2.91 1.69 1.15 
ADBICA N-pentanoic acid met. -2.62 2.18 1.00 1.71 2.44 1.22 1.67 
ADB-PINACA pentanoic acid met. -4.20 6.92 5.67 8.15 6.61 5.52 8.56 
AKB48 N-pentanoic acid met. -2.16 1.27 2.84 1.66 1.60 2.51 1.52 
alpha-PVP -2.53 1.98 1.16 1.06 0.70 0.60 0.67 
AM2201 4-hydroxypentyl met. -1.90 1.03 2.06 1.26 0.62 0.90 1.78 
AM2201 4-Hydroxypentyl met. D-5 -2.52 1.08 NC NC 1.08 NC NC 
BB-22 3-carboxyindole met. -1.81 2.27 3.05 3.35 2.60 2.48 3.04 
Buphedrone -1.26 1.26 0.91 1.58 1.17 0.83 0.89 
Buphedrone Ephedrine met. -1.54 1.08 1.00 1.66 0.90 1.28 0.75 
Butylone -1.40 1.09 1.33 1.23 1.69 1.18 1.15 
Cathinone -1.47 1.43 1.99 1.09 1.34 1.57 1.25 
Ethylone -2.36 1.14 1.07 1.53 1.50 0.95 1.37 
JWH 018 N-pentanoic acid met. -2.36 1.88 0.79 2.31 1.85 1.51 2.53 
MAM2201 N-pentanoic acid met. -1.89 0.95 0.97 2.08 0.96 1.45 2.06 
MDPV -2.30 1.23 0.84 0.98 1.53 0.70 1.15 
MDPV-D8 -2.66 4.09 NC NC 1.69 NC NC 
Mephedrone -1.39 1.39 1.13 1.54 1.39 1.13 1.54 
Methcathinone -0.97 2.06 0.93 1.55 1.60 0.79 0.89 
Methedrone -1.02 1.17 0.77 1.34 1.05 1.20 0.90 
Methylone -1.42 1.29 1.41 1.50 1.95 1.52 1.21 
Naphyrone -0.90 1.74 0.66 1.50 0.81 0.69 1.08 
N-Ethylcathinone -1.25 4.40 0.27 1.45 1.85 0.72 1.08 
N-Ethylcathinone Ephedrine met. -1.12 1.27 0.58 1.26 0.55 0.24 0.51 
N-Ethylcathinone Ephedrine Met-D5 -1.76 2.26 NC NC 1.39 NC NC 
PB-22 3-carboxyindole met. -1.73 3.12 1.41 3.85 3.18 1.26 3.64 
Pentylone -1.69 1.54 2.01 1.27 1.21 1.46 1.22 
p-methoxymethamphetamine -2.28 1.06 0.92 1.55 1.08 0.85 0.76 
UR-144 N-pentanoic acid met. -2.02 1.03 2.28 2.61 1.57 2.05 2.70 
XLR-11 4-Hydroxypentyl met.-D5 -2.45 4.16 NC NC 1.31 NC NC 
XLR11 N-(4-hydroxypentyl) met. -1.57 1.59 0.75 1.54 0.68 1.00 0.46 

Compound Confirm Area  ng/mL LS LS (%) Lib Match 
Name 

IP Score 
(%) 

# 
Isotopes 

m/z (Delta 
in ppm) 

Actual 
RT 

MDPV C 1.45E+07 9.64 Pass 100 MDPV 100 3 of 4 -1.98  5.64 
Mephedrone C 6.99E+06 11.3 Pass 100 Mephedrone 100 4 of 5 -1.46  4.00 
Methedrone I 2.18E+07 24.9 Fail 63 Methedrone 100 4 of 6 -1.21  3.49 
Methylone C 1.23E+07 15.5 Pass 100 Methylone 100 3 of 5 -1.46  2.97 

RESULTS 
Data from the short screening method showed mass accuracies within 1 ppm for all except one 
compound, which was within 2.2 ppm.  The long method, which was run several days after the short 
method and near the end of the recommended instrument calibration stability, showed mass 
accuracies within 3 ppm except for the same single compound, which was within 4.2 ppm.   
Peak area precision was better than 13.9% and 8.1% for all compounds and all concentrations for 
the short and long methods, respectively.   
Calculated concentration precision was better than 9.8 % and 8.5% across all compounds and all 
concentrations for the short and long methods, respectively.   
Compound specific details for the above results are shown in Table 1 and Table 2. 
Three compounds, MDPV, mephedrone and methylone were identified and confirmed in the 
unknown sample.  The compounds were identified by retention time and accurate m/z from the FS 
data.  They were confirmed with isotopic pattern matching and fragmentation spectra matching to a 
spectral library (Figure 2). A fourth compound was identified by m/z, retention time, and isotopic 
pattern matching as methedrone.  However, it failed the spectral matching (Figure 3 and Figure 4). 
It was suspected that this compound might be a metabolite of one of the confirmed compounds.  A 
literature search revealed a possible match in hydroxytolyl-mephedrone which was confirmed with a 
theoretical fragmentation spectra match performed in Thermo Scientific Mass Frontier™ software 
(Figure 5). 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone 1.03 3.97 6.87 2.36 4.25 1.78 2.15 
3-FMC ephedrine met. 0.47 2.74 5.65 1.71 1.78 3.01 1.47 
4-Methylethcathinone 0.49 3.51 7.30 3.89 3.26 2.21 4.23 
5-fluoro PB-22 3-carboxyindole met. 0.17 5.41 10.50 6.44 5.94 5.47 7.85 
AB-FUBINACA -0.05 3.44 10.90 1.70 2.89 6.50 1.80 
AB-PINACA pentanoic acid met. -0.16 2.72 10.50 2.03 3.30 5.14 2.99 
ADBICA N-pentanoic acid met. -0.13 5.31 12.60 3.45 6.05 8.34 3.68 
ADB-PINACA pentanoic acid met. -2.22 3.34 7.52 3.51 6.46 5.01 4.90 
AKB48 N-pentanoic acid met. 0.13 2.58 13.90 2.37 4.19 5.21 2.48 
alpha-PVP 0.19 2.90 8.12 2.50 3.45 1.71 2.51 
AM2201 4-hydroxypentyl met. -0.08 3.11 8.69 3.23 1.98 1.92 2.13 
AM2201 4-Hydroxypentyl met. D-5 -0.27 4.44 NC  NC  3.10 NC  NC  
BB-22 3-carboxyindole met. 0.28 5.53 6.96 4.28 7.15 3.55 3.98 
Buphedrone 0.66 2.10 6.26 1.40 2.12 3.73 2.46 
Buphedrone Ephedrine met. 0.39 2.21 7.04 1.73 2.18 0.61 2.85 
Butylone 0.35 2.06 7.34 2.29 2.37 2.79 2.77 
Cathinone 0.78 4.97 8.44 2.36 4.15 6.93 3.43 
Ethylone 0.27 2.06 7.34 2.29 2.37 2.79 2.77 
JWH 018 N-pentanoic acid met. -0.03 3.73 7.83 2.63 5.35 3.64 3.19 
MAM2201 N-pentanoic acid met. 0.03 1.97 7.05 2.85 1.69 3.96 2.64 
MDPV 0.60 2.76 7.50 2.52 2.05 1.34 2.07 
MDPV-D8 0.44 4.62 NC  NC  1.92 NC  NC  
Mephedrone 0.59 2.10 6.26 1.40 2.12 3.74 2.46 
Methcathinone 0.85 10.70 6.91 5.61 9.77 8.33 5.28 
Methedrone 0.74 1.91 9.09 2.57 2.27 1.80 3.41 
Methylone 0.53 3.68 11.70 1.50 3.58 4.81 1.51 
Naphyrone 0.27 1.92 8.65 2.88 1.34 2.15 4.23 
N-Ethylcathinone 0.82 2.10 6.26 1.40 2.12 3.73 2.46 
N-Ethylcathinone Ephedrine met. 0.67 2.21 7.04 1.73 1.42 0.86 2.33 
N-Ethylcathinone Ephedrine Met-D5 0.64 3.59 NC  NC  1.82 NC  NC  
PB-22 3-carboxyindole met. 0.20 5.13 13.60 7.19 5.87 3.85 7.69 
Pentylone 0.34 2.85 5.79 2.99 2.71 0.98 3.53 
p-methoxymethamphetamine 0.39 2.21 7.04 1.73 1.42 0.86 2.33 
UR-144 N-pentanoic acid met. -0.14 1.83 10.70 2.10 2.11 0.39 1.76 
XLR-11 4-Hydroxypentyl met.-D5 -0.24 5.95 NC  NC  2.32 NC  NC  
XLR11 N-(4-hydroxypentyl) met. 0.74 2.58 12.90 2.03 1.41 1.16 1.39 

Table 2.  Performance Evaluation Results for Short Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

(a) Short Gradient (Screening) (b) Long Gradient (Confirmation) 

Figure 2.   Data results showing positive identification and confirmation of  Mephedrone in 
the unknown sample.  The compound peak is identified by retention time and accurate mass 
chromatogram (5 ppm window).  Confirmation is based on spectral library and isotopic pattern 
matching. 

Figure 3. Data results showing positive identification and negative confirmation of  
Methedrone in the unknown sample.  The compound is identified by accurate mass and retention 
time.  Isotopic pattern matching also passed, but the spectral library match did not meet the required 
limit. 

Identification/Quantitation Library Spectral Matching         – and –           Isotopic Pattern Matching 

Identification/Quantitation Library Spectral Matching (fail) – and –   Isotopic Pattern Matching (pass) 

Figure 4. Comparison of fragmentation spectra of (a) known methedrone in calibrator, 
(b) methedrone Library spectra, and (c) unknown sample.   
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Figure 1. Short (a) and Long (b) Chromatographic Gradients 

Table 4. Summary of  Screening Results for Unknown sample. Results shown include  Identified 
Compound Name, Confirmation Status, Peak Area, Calculated Concentration, Library Search 
Status, Library Score, Name of Match in Library, Isotopic Pattern Matching Score, # of Isotopes 
Matched, Delta m/z in ppm for detected peak, and Retention Time. Note that Methedrone failed 
confirmation due to a low Library Score. 

Figure 5.   Identification of fragments in Hydroxytolyl-Mephedrone spectrum using 
theoretical fragmentation in Mass Frontier software. Red highlighted fragments are matches to 
the experimental spectra (in blue). 

INTRODUCTION 
Forensic laboratories need reliable and flexible methods for detecting novel psychoactive 
compounds such as synthetic cathinones and cannabinoids.  The methods need to be easily 
modifiable to include new compounds.  LC-MS is ideally suited for this type of application since it 
can easily detect different classes of compounds in a single analytical run.  

OBJECTIVE 
To demonstrate the performance of high-resolution mass spectrometry for identification, confirmation 
and quantitation of synthetic cathinones and cannabinoids in urine. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator at cut-off concentration, and  two QCs (one each at 50% and 150% of 
the calibrator concentration) were prepared by fortifying blank urine with 32 synthetic 
cathinones and cannabinoids (Table 1). 

• Calibrator, QCs and an unknown donor sample were processed by a collaborating laboratory 
using protein precipitation followed by dilution. 

Liquid Chromatography 

Two chromatographic gradients were used.  The first was a “fast and dirty” two-minute screening 
method that provided limited chromatographic separation of isobaric compounds.  The second was a 
nine-minute gradient used for confirmation. 

• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 
autosampler. 

• Mobile Phase A: 10 mM ammonium formate in water 
• Mobile Phase B: 10 mM ammonium formate in methanol 
• Method 1 (Screening) 

• Column: Thermo Scientific HyPURITY™ C18 Javelin guard column, 20x2.1 mm 
• Gradient: see Figure 1a 

• Method 2 (Confirmation) 
• Column: Thermo Scientific Accucore™ Phenyl-Hexyl, 2.6 µm, 50 x 2.1 mm 
• Gradient:  see Figure 1b 

Mass Spectrometry 
• Thermo Scientific Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) triggered on compound m/z from inclusion list 
Method Evaluation 

Compounds were identified using retention time and accurate m/z (5 ppm mass accuracy) from the 
full-scan data.  Semi-quantitation was performed on the FS extracted ion chromatographic peak 
using the single-point calibrator and linear-through-zero calibration curves.  Confirmation was 
accomplished by spectral library matching with the MS2 spectra in both methods. Isotopic pattern 
matching was added to the longer method.  

To assess method performance, the calibrator and each QC sample were injected ten times with 
each method to determine mass accuracy, peak area precision, and quantitative performance.  The 
unknown sample previously analyzed by collaborating laboratory was injected three times with each 
method to determine identification accuracy. 

Data was acquired and processed with Thermo Scientific TraceFinder™ software version 4.1 

CONCLUSIONS 
• The developed methods accomplished their goals of identifying, confirming and quantifying 32 

synthetic cathinones and cannabinoids in urine. 
• The short method was intended as a screening-only method, not requiring definitive confirmation.  It 

surpassed that goal by also providing confirming fragmentation spectral matches.   
• The longer confirmatory method provided better confirmation with higher quantitative precision and 

library matching scores.  
• Theoretical fragmentation can provide confidence in identification of unknown peaks. 
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Table 3.  Performance Evaluation Results for Long Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

Analyte ng/mL Analyte  ng/mL 
3-Fluoromethcathinone 500 JWH 018 N-pentanoic acid metabolite 50 
3-FMC Ephedrine metabolite 100 MAM2201 N-pentanoic acid metabolite 25 
4-Methylethcathinone 50 MDPV 50 
5-Fluoro PB-22 3-carboxyindole metabolite 100 MDPV-D8 75 
AB-FUBINACA 50 Mephedrone 100 
AB-PINACA Pentanoic acid metabolite 250 Methcathinone 100 
ADBICA N-pentanoic acid metabolite 250 Methedrone 100 
ADB-PINACA pentanoic acid metabolite 100 Methylone 100 
AKB48 N-pentanoic acid metabolite 25 Naphyrone 25 
alpha-PVP 25 N-Ethylcathinone 50 
AM2201 4-hydroxypentyl metabolite 25 N-Ethylcathinone Ephedrine Metabolite 100 
AM2201 4-Hydroxypentyl metabolite D-5 37.5 N-Ethylcathinone Ephedrine metabolite-D5 150 
BB-22 3-carboxyindole metabolite 100 PB-22 3-carboxyindole metabolite 250 
Buphedrone 100 Pentylone 50 
Buphedrone Ephedrine metabolite 100 p-methoxy-methamphetamine  100 
Butylone 50 UR-144 N-pentanoic acid metabolite 50 
Cathinone 500 XLR-11 4-Hydroxypentyl metabolite-D5 37.5 
Ethylone 50 XLR11 N-(4-hydroxypentyl) metabolite 25 

Table 1. Synthetic Cathinones and Cannabinoids with Calibrator Concentration 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone -0.48 1.93 0.99 1.55 1.08 1.22 0.86 
3-FMC ephedrine met. -0.61 1.92 0.77 1.12 1.36 0.52 1.39 
4-Methylethcathinone -1.47 1.36 1.31 1.23 1.70 1.26 1.33 
5-FluoroPB-22 3-carboxyindole met. -2.28 2.30 2.04 1.98 3.07 2.15 2.48 
AB-FUBINACA -2.22 2.21 1.59 1.69 2.44 1.57 1.62 
AB-PINACA pentanoic acid met. -2.85 2.59 1.24 1.07 2.91 1.69 1.15 
ADBICA N-pentanoic acid met. -2.62 2.18 1.00 1.71 2.44 1.22 1.67 
ADB-PINACA pentanoic acid met. -4.20 6.92 5.67 8.15 6.61 5.52 8.56 
AKB48 N-pentanoic acid met. -2.16 1.27 2.84 1.66 1.60 2.51 1.52 
alpha-PVP -2.53 1.98 1.16 1.06 0.70 0.60 0.67 
AM2201 4-hydroxypentyl met. -1.90 1.03 2.06 1.26 0.62 0.90 1.78 
AM2201 4-Hydroxypentyl met. D-5 -2.52 1.08 NC NC 1.08 NC NC 
BB-22 3-carboxyindole met. -1.81 2.27 3.05 3.35 2.60 2.48 3.04 
Buphedrone -1.26 1.26 0.91 1.58 1.17 0.83 0.89 
Buphedrone Ephedrine met. -1.54 1.08 1.00 1.66 0.90 1.28 0.75 
Butylone -1.40 1.09 1.33 1.23 1.69 1.18 1.15 
Cathinone -1.47 1.43 1.99 1.09 1.34 1.57 1.25 
Ethylone -2.36 1.14 1.07 1.53 1.50 0.95 1.37 
JWH 018 N-pentanoic acid met. -2.36 1.88 0.79 2.31 1.85 1.51 2.53 
MAM2201 N-pentanoic acid met. -1.89 0.95 0.97 2.08 0.96 1.45 2.06 
MDPV -2.30 1.23 0.84 0.98 1.53 0.70 1.15 
MDPV-D8 -2.66 4.09 NC NC 1.69 NC NC 
Mephedrone -1.39 1.39 1.13 1.54 1.39 1.13 1.54 
Methcathinone -0.97 2.06 0.93 1.55 1.60 0.79 0.89 
Methedrone -1.02 1.17 0.77 1.34 1.05 1.20 0.90 
Methylone -1.42 1.29 1.41 1.50 1.95 1.52 1.21 
Naphyrone -0.90 1.74 0.66 1.50 0.81 0.69 1.08 
N-Ethylcathinone -1.25 4.40 0.27 1.45 1.85 0.72 1.08 
N-Ethylcathinone Ephedrine met. -1.12 1.27 0.58 1.26 0.55 0.24 0.51 
N-Ethylcathinone Ephedrine Met-D5 -1.76 2.26 NC NC 1.39 NC NC 
PB-22 3-carboxyindole met. -1.73 3.12 1.41 3.85 3.18 1.26 3.64 
Pentylone -1.69 1.54 2.01 1.27 1.21 1.46 1.22 
p-methoxymethamphetamine -2.28 1.06 0.92 1.55 1.08 0.85 0.76 
UR-144 N-pentanoic acid met. -2.02 1.03 2.28 2.61 1.57 2.05 2.70 
XLR-11 4-Hydroxypentyl met.-D5 -2.45 4.16 NC NC 1.31 NC NC 
XLR11 N-(4-hydroxypentyl) met. -1.57 1.59 0.75 1.54 0.68 1.00 0.46 

Compound Confirm Area  ng/mL LS LS (%) Lib Match 
Name 

IP Score 
(%) 

# 
Isotopes 

m/z (Delta 
in ppm) 

Actual 
RT 

MDPV C 1.45E+07 9.64 Pass 100 MDPV 100 3 of 4 -1.98  5.64 
Mephedrone C 6.99E+06 11.3 Pass 100 Mephedrone 100 4 of 5 -1.46  4.00 
Methedrone I 2.18E+07 24.9 Fail 63 Methedrone 100 4 of 6 -1.21  3.49 
Methylone C 1.23E+07 15.5 Pass 100 Methylone 100 3 of 5 -1.46  2.97 

RESULTS 
Data from the short screening method showed mass accuracies within 1 ppm for all except one 
compound, which was within 2.2 ppm.  The long method, which was run several days after the short 
method and near the end of the recommended instrument calibration stability, showed mass 
accuracies within 3 ppm except for the same single compound, which was within 4.2 ppm.   
Peak area precision was better than 13.9% and 8.1% for all compounds and all concentrations for 
the short and long methods, respectively.   
Calculated concentration precision was better than 9.8 % and 8.5% across all compounds and all 
concentrations for the short and long methods, respectively.   
Compound specific details for the above results are shown in Table 1 and Table 2. 
Three compounds, MDPV, mephedrone and methylone were identified and confirmed in the 
unknown sample.  The compounds were identified by retention time and accurate m/z from the FS 
data.  They were confirmed with isotopic pattern matching and fragmentation spectra matching to a 
spectral library (Figure 2). A fourth compound was identified by m/z, retention time, and isotopic 
pattern matching as methedrone.  However, it failed the spectral matching (Figure 3 and Figure 4). 
It was suspected that this compound might be a metabolite of one of the confirmed compounds.  A 
literature search revealed a possible match in hydroxytolyl-mephedrone which was confirmed with a 
theoretical fragmentation spectra match performed in Thermo Scientific Mass Frontier™ software 
(Figure 5). 

Compound Delta 
ppm 

Peak Area %CV Calc Conc. %CV 
Cal QC-Lo QC-Hi Cal QC-Lo QC-Hi 

3-Fluoromethcathinone 1.03 3.97 6.87 2.36 4.25 1.78 2.15 
3-FMC ephedrine met. 0.47 2.74 5.65 1.71 1.78 3.01 1.47 
4-Methylethcathinone 0.49 3.51 7.30 3.89 3.26 2.21 4.23 
5-fluoro PB-22 3-carboxyindole met. 0.17 5.41 10.50 6.44 5.94 5.47 7.85 
AB-FUBINACA -0.05 3.44 10.90 1.70 2.89 6.50 1.80 
AB-PINACA pentanoic acid met. -0.16 2.72 10.50 2.03 3.30 5.14 2.99 
ADBICA N-pentanoic acid met. -0.13 5.31 12.60 3.45 6.05 8.34 3.68 
ADB-PINACA pentanoic acid met. -2.22 3.34 7.52 3.51 6.46 5.01 4.90 
AKB48 N-pentanoic acid met. 0.13 2.58 13.90 2.37 4.19 5.21 2.48 
alpha-PVP 0.19 2.90 8.12 2.50 3.45 1.71 2.51 
AM2201 4-hydroxypentyl met. -0.08 3.11 8.69 3.23 1.98 1.92 2.13 
AM2201 4-Hydroxypentyl met. D-5 -0.27 4.44 NC  NC  3.10 NC  NC  
BB-22 3-carboxyindole met. 0.28 5.53 6.96 4.28 7.15 3.55 3.98 
Buphedrone 0.66 2.10 6.26 1.40 2.12 3.73 2.46 
Buphedrone Ephedrine met. 0.39 2.21 7.04 1.73 2.18 0.61 2.85 
Butylone 0.35 2.06 7.34 2.29 2.37 2.79 2.77 
Cathinone 0.78 4.97 8.44 2.36 4.15 6.93 3.43 
Ethylone 0.27 2.06 7.34 2.29 2.37 2.79 2.77 
JWH 018 N-pentanoic acid met. -0.03 3.73 7.83 2.63 5.35 3.64 3.19 
MAM2201 N-pentanoic acid met. 0.03 1.97 7.05 2.85 1.69 3.96 2.64 
MDPV 0.60 2.76 7.50 2.52 2.05 1.34 2.07 
MDPV-D8 0.44 4.62 NC  NC  1.92 NC  NC  
Mephedrone 0.59 2.10 6.26 1.40 2.12 3.74 2.46 
Methcathinone 0.85 10.70 6.91 5.61 9.77 8.33 5.28 
Methedrone 0.74 1.91 9.09 2.57 2.27 1.80 3.41 
Methylone 0.53 3.68 11.70 1.50 3.58 4.81 1.51 
Naphyrone 0.27 1.92 8.65 2.88 1.34 2.15 4.23 
N-Ethylcathinone 0.82 2.10 6.26 1.40 2.12 3.73 2.46 
N-Ethylcathinone Ephedrine met. 0.67 2.21 7.04 1.73 1.42 0.86 2.33 
N-Ethylcathinone Ephedrine Met-D5 0.64 3.59 NC  NC  1.82 NC  NC  
PB-22 3-carboxyindole met. 0.20 5.13 13.60 7.19 5.87 3.85 7.69 
Pentylone 0.34 2.85 5.79 2.99 2.71 0.98 3.53 
p-methoxymethamphetamine 0.39 2.21 7.04 1.73 1.42 0.86 2.33 
UR-144 N-pentanoic acid met. -0.14 1.83 10.70 2.10 2.11 0.39 1.76 
XLR-11 4-Hydroxypentyl met.-D5 -0.24 5.95 NC  NC  2.32 NC  NC  
XLR11 N-(4-hydroxypentyl) met. 0.74 2.58 12.90 2.03 1.41 1.16 1.39 

Table 2.  Performance Evaluation Results for Short Chromatographic Method %CVs are for 
n=11 replicates at each concentration.  Delta ppm is the average across all concentrations and all 
replicates ( n=33). 

(a) Short Gradient (Screening) (b) Long Gradient (Confirmation) 

Figure 2.   Data results showing positive identification and confirmation of  Mephedrone in 
the unknown sample.  The compound peak is identified by retention time and accurate mass 
chromatogram (5 ppm window).  Confirmation is based on spectral library and isotopic pattern 
matching. 

Figure 3. Data results showing positive identification and negative confirmation of  
Methedrone in the unknown sample.  The compound is identified by accurate mass and retention 
time.  Isotopic pattern matching also passed, but the spectral library match did not meet the required 
limit. 

Identification/Quantitation Library Spectral Matching         – and –           Isotopic Pattern Matching 

Identification/Quantitation Library Spectral Matching (fail) – and –   Isotopic Pattern Matching (pass) 

Figure 4. Comparison of fragmentation spectra of (a) known methedrone in calibrator, 
(b) methedrone Library spectra, and (c) unknown sample.   

(a) Methedrone in 
Calibrator 

(b) Methedrone 
Library Spectra 

(c) Peak in 
Unknown Sample 

Find out more at thermo� sher.com

© 2016 Thermo Fisher Scienti� c Inc. All rights reserved. All rights reserved.  All otherAll trademarks are the property 
of Thermo Fisher Scienti� c and its subsidiaries unless otherwise speci� ed. 
PN64893-EN 11/16S

For Forensic Use Only. 


