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Fragmentation Spectral Library Creation
After acquisition, all fragmentation data was submitted for full curation prior to uploading to the
fragmentation library. Briefly, the curation process involves review by a trained chemist/mass
spectroscopist with determination of spectral noise using replicate scans to remove electronic and
chemical noise from the resulting average spectra for each energy level. The next step involved the
recalibration of each spectra using a combination of predicted fragmentation and elemental
composition to generate the recalibrated data. Finally, the recalibrated data was annotated for the
structure and elemental composition of fragment ions. The data was then uploaded for public use on
the mzCloud fragmentation spectral library (mzCloud.org, Figure 1) as well as direct searching from
the data processing software used for this work. Acquisition of data was performed on Orbitrap™
based mass spectromters including Thermo Scientific Q Exactives and Orbitrap hybrids.
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HRAM LC-MS Acquisition – Sample Analysis
Acquisition of test samples was performed on a Thermo Scientific Q Exactive mass spectrometer
(Figure 2) with full MS scans at 60,000 resolution (FWHM @ 200 m/z) with data dependent MS 2
triggered from detected components. The MS2 fragmentation data was acquired at 15,000 resolution
using HCD fragmentation (50% normalized collision energy). Data dependent MS 2 provides
unambiguous, precursor ion selected MS2 data which is superior for spectral library searching
compared to various independent acquisition approaches. In order to assure a more complete
coverage for analytes, the untargeted peak detection data for the suspect and clean samples was
compared with any trace level peaks in suspect samples not having matching MS 2 fragmentation
acquired in a subsequent inclusion triggered analysis.
Figure 2. Thermo Scientific Q Exactive mass spectrometer and Vanquish UHPLC system.
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triggered from detected components. The MS2 fragmentation data was acquired at 15,000 resolution
using HCD fragmentation (50% normalized collision energy). Data dependent MS 2 provides
unambiguous, precursor ion selected MS2 data which is superior for spectral library searching
compared to various independent acquisition approaches. In order to assure a more complete
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compared with any trace level peaks in suspect samples not having matching MS 2 fragmentation
acquired in a subsequent inclusion triggered analysis.
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triggered from detected components. The MS2 fragmentation data was acquired at 15,000 resolution
using HCD fragmentation (50% normalized collision energy). Data dependent MS 2 provides
unambiguous, precursor ion selected MS2 data which is superior for spectral library searching
compared to various independent acquisition approaches. In order to assure a more complete
coverage for analytes, the untargeted peak detection data for the suspect and clean samples was
compared with any trace level peaks in suspect samples not having matching MS 2 fragmentation
acquired in a subsequent inclusion triggered analysis.
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Figure 2. Thermo Scientific Q Exactive mass spectrometer and Vanquish UHPLC system.

Data Processing
The acquired data was processed using Thermo Scientific™ Compound Discoverer™ 2.0 software
with a workflow built for unknown peak detection, comparison between samples, and identification.
Data processing in Compound Discoverer software utilizes customizable workflows which assemble
multiple nodes to create an application specific approach. In this way it is clearer how the data flows
through the processing. The workflow used for this work is shown in Figure 3 and includes the
retention alignment of data from multiple injections followed by unknown component detection. In
this step, peaks are detect and isotopes are grouped to create features. These features are
grouped for the different ionization adducts based on retention and mass differences to create
components from which an individual molecular weight for each chemical can be determined. This
reduces the complexity of the mass spectral data which can have many tens of thousands of
“chromatographic features”, m/z values which have a chromatographic peaks shape, into a list of
the relevant compounds.

ries for Unknown Analysis

Detected peaks were compared across the different samples to properly group together the same
component detected in multiple samples. Fragmentation spectra from all components was batch
searched against the mzCloud fragmentation library online with matches returned for visualization
within Compound Discoverer. Fragmentation spectral library matching is not the only tool for
determining possible compound identification, however. From the list of relevant compounds,
elemental compositions could be predicted. Elemental composition was performed using a suitable
open set of elements in use and ranges appropriate for a true unknown detection (C90 H190 Br3
Cl4 N10 O15 P2 S5 F6). The elemental composition algorithm makes use of the high resolution fine
isotopic information available in the full scan data to improve the determination of potential
elemental compositions. The compositions could be searched against multiple data sources for
putative possible components as an additional approach to fragmentation library searching.
Detected peaks were compared across the different samples to properly group together the same
component detected in multiple samples. Fragmentation spectra from all components was batch
searched against the mzCloud fragmentation library online with matches returned for visualization
within Compound Discoverer. Fragmentation spectral library matching is not the only tool for
determining possible compound identification, however. From the list of relevant compounds,
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compound. Comparison of suspect samples against historical “clean” samples can help separate
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Knowns of no interest – Compounds assigned identifications based on fragmentation library search
(with or without retention time) and known to be components which are not interesting in the context
of our analysis. Uncovering the compounds in this category is the focus of this work.
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Figure 3. Processing Workflow in Compound Discoverer 2.0

Data Processing
The acquired data was processed using Thermo Scientific™ Compound Discoverer™ 2.0 software
with a workflow built for unknown peak detection, comparison between samples, and identification.
Data processing in Compound Discoverer software utilizes customizable workflows which assemble
multiple nodes to create an application specific approach. In this way it is clearer how the data flows
through the processing. The workflow used for this work is shown in Figure 3 and includes the
retention alignment of data from multiple injections followed by unknown component detection. In
this step, peaks are detect and isotopes are grouped to create features. These features are
grouped for the different ionization adducts based on retention and mass differences to create
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Detected peaks were compared across the different samples to properly group together the same
component detected in multiple samples. Fragmentation spectra from all components was batch
searched against the mzCloud fragmentation library online with matches returned for visualization
within Compound Discoverer. Fragmentation spectral library matching is not the only tool for
determining possible compound identification, however. From the list of relevant compounds,
elemental compositions could be predicted. Elemental composition was performed using a suitable
open set of elements in use and ranges appropriate for a true unknown detection (C90 H190 Br3
Cl4 N10 O15 P2 S5 F6). The elemental composition algorithm makes use of the high resolution fine
isotopic information available in the full scan data to improve the determination of potential
elemental compositions. The compositions could be searched against multiple data sources for
putative possible components as an additional approach to fragmentation library searching.
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The unknown compounds in all samples of urine and plasma were searched against mzCloud and
the identified compounds wereEndogenous
reviewed. This allowed the determination of “knowns of no interest”
which included endogenous compounds, environmental / food packaging exposure, personal care
products, etc. (Figure 4).
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Figure 4. Identified Components by Fragmentation – Knowns of No Interest
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In general, plasma contained several hundred compounds (200-325) while urine contained between
2000-3000 compounds. This is perhaps not surprising given the concentrating nature of the
kidney/urine. Fragmentation library matches and putative identifications could be proposed for an
average of 25-35% of components in all samples with 12-18% of plasma components being given
identification from fragmentation library matches and 8-12% of urine components matching
fragmentation library spectra. This resulted in a significant reduction of overall sample complexity. In
addition, this approach also helped to identify a putative drug of abuse in a suspect sample through
Endogenous
fragmentation similar to safrole with a simultaneous
observation of source fragmentation of an amine
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Determining Potential Components of Interest
An additional approach to determining potential unknowns of interest was the comparison of peak
detection from suspect and known ‘clean’ samples, looking for components with significantly higher
detection in the suspect urines and plasmas. This approach detected several components of interest,
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search does not require that the precursor ion mass matches (different, but similar precursor
structures will provide similar fragmentation) or will accept lower fragmentation match scores (which
may still indicate a degree of parent structure similarity, such as from a positional isomer or analog).

The utilization of a chemically diverse library can help to reduce biological matrix complexity
by providing identification of “Knowns of no interest” in the context of attempts to detect drugs,
adulterants, or doping agents.
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One such component identified in urine was a compound which only showed up in 2 suspect samples
(Figure 6). The fragmentation was manually submitted to mzCloud for a similarity search (Figure 7).
The search returned a hit for sufentanil indicating the peak may indeed be low level sufentanil or a
sufentanil analog.
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