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Overview
Quadrupole Time
becoming the desired technology for sensitive and selective 
screening workflows in a forensic toxicological setting. The 
technology overcomes many challenges faced when using 
traditional techniques and more significantly captures all 
information about the 
retrospectively mining the data. Using the accurate mass and 
mass resolution information from both TOF
acquired data allows for simultaneous highly specific targeted 
quantitation and non
new benchtop Q
designed flight path and new, intuitive software for easy adoption 
of accurate mass technology to forensic testing. We demonstrate 
that the new hardware and software combine
of confidence for compound identification 
urine samples in one seamless workflow.

Introduction
Liquid Chromatography coupled to Tandem Mass Spectrometry 
(LC-MS/MS) is a widely used analytical tool for the screen
compounds and metabolites. Triple quadrupole based mass 
analyzers operated in Multiple Reaction Monitoring (MRM) mode 
have 
selective and sensitive quantitative results, but are limited to 
targeted screening only.

With an increasing demand for retrospective and non
analyses of forensic toxicological samples, 
accurate mass and 
popularity. The adoption of the techn
more complicated 
compared to their nominal mass counterparts. Here we 
a revolutionary 
spectrometer that contains advances in engineering design to 
bring th
capabilities into a compact benchtop platform.  
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Quadrupole Time-of-Flight (QTOF) mass spectrometry is 
becoming the desired technology for sensitive and selective 
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retrospectively mining the data. Using the accurate mass and 
mass resolution information from both TOF
acquired data allows for simultaneous highly specific targeted 
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urine samples in one seamless workflow. 

Liquid Chromatography coupled to Tandem Mass Spectrometry 
MS/MS) is a widely used analytical tool for the screen

compounds and metabolites. Triple quadrupole based mass 
analyzers operated in Multiple Reaction Monitoring (MRM) mode 

become the preferred method to routinely deliver highly 
selective and sensitive quantitative results, but are limited to 

With an increasing demand for retrospective and non
analyses of forensic toxicological samples, 

full scan mass analyzers are gaining 
ology has been restric

more expensive
compared to their nominal mass counterparts. Here we 

Quadrupole Time-of-Flight (QTOF) mass 
spectrometer that contains advances in engineering design to 

e high performance TOF-MS and TOF
capabilities into a compact benchtop platform.   

Forensic Identification and
a Revolutionary D

Igniting your routine forensic testing with the 

SCIEX, 1201 Radio Rd, Redwood City, CA 94065, USA; 2

Flight (QTOF) mass spectrometry is 
becoming the desired technology for sensitive and selective 
screening workflows in a forensic toxicological setting. The 
technology overcomes many challenges faced when using 
traditional techniques and more significantly captures all 

sample in one injection to allow for 
retrospectively mining the data. Using the accurate mass and 

MS and TOF-MS/MS 
acquired data allows for simultaneous highly specific targeted 

ing. Here we describe a 
TOF system with revolutionary N geometry TOF

designed flight path and new, intuitive software for easy adoption 
of accurate mass technology to forensic testing. We demonstrate 

d allow a high level 
and quantification from

Liquid Chromatography coupled to Tandem Mass Spectrometry 
MS/MS) is a widely used analytical tool for the screen

compounds and metabolites. Triple quadrupole based mass 
analyzers operated in Multiple Reaction Monitoring (MRM) mode 

become the preferred method to routinely deliver highly 
selective and sensitive quantitative results, but are limited to 

With an increasing demand for retrospective and non-targeted 
analyses of forensic toxicological samples, high resolution, 

full scan mass analyzers are gaining 
ology has been restric

expensive instrumentation 
compared to their nominal mass counterparts. Here we introduce 

Flight (QTOF) mass 
spectrometer that contains advances in engineering design to 

MS and TOF-MS/MS 
 

Forensic Identification and
a Revolutionary D

Igniting your routine forensic testing with the new SCIEX X500

2SCIEX, 71 Four Valley Drive, Concord, Ontario, L4K 4V8 Canada.

Flight (QTOF) mass spectrometry is 
becoming the desired technology for sensitive and selective 
screening workflows in a forensic toxicological setting. The 
technology overcomes many challenges faced when using 
traditional techniques and more significantly captures all 

sample in one injection to allow for 
retrospectively mining the data. Using the accurate mass and 

MS/MS 
acquired data allows for simultaneous highly specific targeted 

ing. Here we describe a 
TOF system with revolutionary N geometry TOF 

designed flight path and new, intuitive software for easy adoption 
of accurate mass technology to forensic testing. We demonstrate 

d allow a high level 
and quantification from 

Liquid Chromatography coupled to Tandem Mass Spectrometry 
MS/MS) is a widely used analytical tool for the screening of 

compounds and metabolites. Triple quadrupole based mass 
analyzers operated in Multiple Reaction Monitoring (MRM) mode 

become the preferred method to routinely deliver highly 
selective and sensitive quantitative results, but are limited to 

targeted 
high resolution, 

full scan mass analyzers are gaining 
ology has been restricted by 

instrumentation 
introduce 

Flight (QTOF) mass 
spectrometer that contains advances in engineering design to 

MS/MS 

Forensic Identification and Quantification Workflows 
a Revolutionary Designed QTOF 

SCIEX X500

71 Four Valley Drive, Concord, Ontario, L4K 4V8 Canada.

The SCIEX X500R QTOF 
complete workflow from the fully integrated SCIEX ExionLC
Systems to the freshly designed 
interface for simultaneous identification and quantification 
workflows

 

SCIEX X500
The new benchtop 
revolutionary N geometry TOF designed flight path 
engineered for simplicity, service accessibility and minimized 
footprint. 
effective flight path length for ions 
a smaller overall foot print. 
extra mirror in the TOF chamber without a loss in transmission
(Figure 2)
simple heated TOF vacuum chamber design. This consists of 6 
discreet heater drones maintai
temperature, insulating
(Figure 2).  
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SCIEX X500R QTOF 
complete workflow from the fully integrated SCIEX ExionLC
Systems to the freshly designed 
interface for simultaneous identification and quantification 
workflows (Figure 1.)
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Figure 4 shows the mass accuracy 
QTOF System 
with various concentrations of analytes, 
over a ten hour period. 
be within a 1 ppm mass accuracy

Figure 4. 
System in the Analysis of Urine Samples 

Figure 5 shows the resolution for both TOF
masses 
X500R QTOF System

Figure 5. Resolution of the
Week’s Period for Select

Figure 6 shows a representative linear dynamic range of the 
SCIEX X500
Asenapine compound.

SCIEX OS Software
SCIEX OS Software is a single software platform 
control, data processing as well as reporting
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Figure 6. Linearity of the SCIEX X500
Asenapine (0.5 ng/mL to 1000 ng/mL)
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Acquisition, Processing and Management work spaces
7). In the Acquisition work space there are separate method 
editors for the LC and MS parameters as well as batch creation 
and queue panes. The Processing allows for simultan
identification and quantification.  The Management workspace 
allows the adjustment of hardware, software and user settings. 
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Acquisition

The SCIEX OS software has 
method setup with only relevant parameters 
8 shows the setup for an In
method for t
that are taken to input the

For a quick instrument status c
user through
performance, 
result 

Figure 6. Linearity of the SCIEX X500
Asenapine (0.5 ng/mL to 1000 ng/mL)

SCIEX OS 
Acquisition, Processing and Management work spaces

. In the Acquisition work space there are separate method 
editors for the LC and MS parameters as well as batch creation 
and queue panes. The Processing allows for simultan
identification and quantification.  The Management workspace 
allows the adjustment of hardware, software and user settings. 

Figure 7.  Home Page of SCIEX OS Software. Single Software 
Platform for LC/MS Control, Data Processing and Reporting.

Acquisition 

The SCIEX OS software has 
method setup with only relevant parameters 
8 shows the setup for an In
method for the analysis of small molecules and the in
that are taken to input the

For a quick instrument status c
user through the steps to perform a quick review
performance, perform an auto
result prior to running a batch (Figure 9

Figure 6. Linearity of the SCIEX X500
Asenapine (0.5 ng/mL to 1000 ng/mL)

SCIEX OS software is intuitive and lo
Acquisition, Processing and Management work spaces

. In the Acquisition work space there are separate method 
editors for the LC and MS parameters as well as batch creation 
and queue panes. The Processing allows for simultan
identification and quantification.  The Management workspace 
allows the adjustment of hardware, software and user settings. 

Home Page of SCIEX OS Software. Single Software 
Platform for LC/MS Control, Data Processing and Reporting.

 

The SCIEX OS software has 
method setup with only relevant parameters 
8 shows the setup for an In

he analysis of small molecules and the in
that are taken to input the MS 

For a quick instrument status c
the steps to perform a quick review
perform an auto

prior to running a batch (Figure 9

Figure 6. Linearity of the SCIEX X500R QTOF System shown for
Asenapine (0.5 ng/mL to 1000 ng/mL)    

software is intuitive and lo
Acquisition, Processing and Management work spaces

. In the Acquisition work space there are separate method 
editors for the LC and MS parameters as well as batch creation 
and queue panes. The Processing allows for simultan
identification and quantification.  The Management workspace 
allows the adjustment of hardware, software and user settings. 

Home Page of SCIEX OS Software. Single Software 
Platform for LC/MS Control, Data Processing and Reporting.

The SCIEX OS software has a simplified step by step acquisition 
method setup with only relevant parameters 
8 shows the setup for an Information D

he analysis of small molecules and the in
MS parameter values. 

For a quick instrument status check, the Manual Tune guides the 
the steps to perform a quick review
perform an auto-calibration and report out the test 

prior to running a batch (Figure 9

QTOF System shown for
 

software is intuitive and logical, segregated into 
Acquisition, Processing and Management work spaces

. In the Acquisition work space there are separate method 
editors for the LC and MS parameters as well as batch creation 
and queue panes. The Processing allows for simultan
identification and quantification.  The Management workspace 
allows the adjustment of hardware, software and user settings. 

Home Page of SCIEX OS Software. Single Software 
Platform for LC/MS Control, Data Processing and Reporting.

simplified step by step acquisition 
method setup with only relevant parameters being 

formation Dependent Acquisition 
he analysis of small molecules and the in

parameter values. 

the Manual Tune guides the 
the steps to perform a quick review

ibration and report out the test 
prior to running a batch (Figure 9).     

QTOF System shown for

gical, segregated into 
Acquisition, Processing and Management work spaces (Figure 

. In the Acquisition work space there are separate method 
editors for the LC and MS parameters as well as batch creation 
and queue panes. The Processing allows for simultan
identification and quantification.  The Management workspace 
allows the adjustment of hardware, software and user settings. 

Home Page of SCIEX OS Software. Single Software 
Platform for LC/MS Control, Data Processing and Reporting. 

simplified step by step acquisition 
being visible. Figure 

ependent Acquisition 
he analysis of small molecules and the intuitive steps 

parameter values.      

the Manual Tune guides the 
the steps to perform a quick review of the system 

ibration and report out the test 

QTOF System shown for 

gical, segregated into 
(Figure 

. In the Acquisition work space there are separate method 
editors for the LC and MS parameters as well as batch creation 
and queue panes. The Processing allows for simultaneous 
identification and quantification.  The Management workspace 
allows the adjustment of hardware, software and user settings.  

Home Page of SCIEX OS Software. Single Software 
 

simplified step by step acquisition 
visible. Figure 

ependent Acquisition 
tive steps 

the Manual Tune guides the 
of the system 

ibration and report out the test 

Figure 8. 

Figure 9. SCIEX OS Software MS Tune Allows for Quick Instrument 
Status Check via Simple Step by Step Instructions

Building a batch is assisted by the smart grid design allowing 
copy/paste, fill 
10 shows the batch editor and the link to the auto
setup.  

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 
11.  The SCIEX OS software allows for 
status including monitoring and recording of LC pressure trace
as well as direct control of the individual components of the 
system (Figure 11).
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Building a batch is assisted by the smart grid design allowing 
copy/paste, fill down, auto increment and import/
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system (Figure 11).
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Building a batch is assisted by the smart grid design allowing 
down, auto increment and import/export.  Figure 

10 shows the batch editor and the link to the auto

Once the batch has been submitted to the queue the Auto
samples are inserted as shown in the Queue Manager in Figure 
11.  The SCIEX OS software allows for detailed instrument 
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Processing

Once a results table is generated, quantitative and qualitative 
results can be reviewed in the same panel (Figure 12). A Traffic 
light system indicates the confidence of the identification based 
on accurate 
matching. Compounds calculated to be above the cutoff 
concentration in unknown samples are flagged. In the same work 
space the peak integration, spectra and calibration lines can be 
displayed.

 

Figure 10. SCIEX OS Software Batch Editor and Setup for Auto
Calibration

Figure 11. SCIEX 0S Software Queue Manager with Inserted Auto
Cal Samples and Detailed 
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Table 1:  List of analytes and internal standards, and their concentrations

 

Compounds

6-MAM

7-Aminoclonazepam

7-Hydroxymitragynine

Acetyl Fentanyl

Alpha-Hydroxyalprazolam

Alpha-Hydroxymidazolam

Alpha-Hydroxytriazolam

Alpha-PPP

Alpha-PVP

Alprazolam

AM-2201 4

Amitriptyline

Amphetamine

Benzoylecgonine

Buphedrone

Buprenorphine

Carisoprodol

Clomipramine

Codeine

Cotinine

Cyclobenzaprine

Desalkylflurazepam

Desipramine

Desmethyldoxepin

Dextromethorphan

Diazepam 

Dihydrocodeine

Doxepin

EDDP 

Fentanyl 

Grey background: IS
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1000
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Hydroxymitragynine 1000
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Hydroxyalprazolam 5000

Hydroxymidazolam 5000

Hydroxytriazolam 5000
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1000
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OH pentyl 1000
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5000

5000

5000

Desalkylflurazepam 5000

5000

Desmethyldoxepin 5000

Dextromethorphan 5000

5000
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5000

10000
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Compounds

Gabapentin

Hydrocodone

Hydromorphone

Imipramine 

JWH 122 5-

JWH 19 6-OH hexyl

JWH 210 5-

JWH-018 4-

JWH-018 pentanoic 
acid 

JWH-073 3-

JWH-073-butanoic acid

JWH-250-N
pentyl 

JWH-073-butanoic acid

JWH-250-N
pentyl 

Lorazepam 

MDA 

MDEA 

MDMA 

MDPV 

Meperidine 

Mephedrone

Meprobamate

Methadone 

Methamphetamine

Methedrone

Methylone 

Methylphenidate

Midazolam 

Mitragynine

Morphine 
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10000 

5000 

5000 

5000 

1000 

1000 

1000 

1000 

1000 

1000 

butanoic acid 1000 

1000 

butanoic acid 1000 

1000 

5000 

10000 

10000 

10000 

1000 

5000 

1000 

10000 

10000 

10000 

1000 

1000 

5000 

5000 

1000 

5000 

 

Table 1:  List of analytes and internal standards, and their concentrations in spiking solution (for preparation of calibrators)

Compounds

Naloxone 

Naltrexone 

N-desmethyltapentadol

Norbuprenorphine

Norcodeine

Nordiazepam

Norfentanyl

Norhydrocodone

Normeperidine

Noroxycodone

Norpropoxyphene

Nortriptyline

O-Desmethyltramadol

Oxazepam 

Oxycodone 

Oxymorphone

PCP 

Pregabalin 

Propoxyphene

Protriptyline

RCS4-4-OH

Ritalinic Acid

Sufentanil 

Tapentadol 

Temazepam 

Tramadol 

Zolpidem 

Amobarbital/pentobarbital

Butabarbital

Butalbital 

 

in spiking solution (for preparation of calibrators)

Compounds 

 

desmethyltapentadol

Norbuprenorphine 

Norcodeine 

Nordiazepam 

Norfentanyl 

Norhydrocodone 

Normeperidine 

Noroxycodone 

Norpropoxyphene 

Nortriptyline 

Desmethyltramadol 

 

 

Oxymorphone 

 

Propoxyphene 

Protriptyline 

OH-pentyl 

Ritalinic Acid 

Tapentadol  

Temazepam  

Amobarbital/pentobarbital

Butabarbital 
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in spiking solution (for preparation of calibrators)

(ng/mL) 

5000 

5000 

desmethyltapentadol 5000 

2000 

5000 

5000 

200 

5000 

5000 

5000 

10000 

5000 

5000 

5000 

5000 

5000 

2500 

10000 

10000 

5000 

1000 

5000 

200 

5000 

5000 

5000 

5000 

Amobarbital/pentobarbital 10000 

10000 

10000 
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in spiking solution (for preparation of calibrators)

 Compounds

Pentobarbital

Secobarbital

THC-COOH

6-MAM-d3

Amphetamine

Benzoylecgonine
d3 

Buprenorphine

Carisoprodol

Codeine

Fentanyl

Hydrocodone

Hydromorphone

JWH 018 4
pentyl-d5

JWH 019 6
hexyl-d5

MDPV-d8

Meperidine

Mephedrone

Meprobamate

Methadone

Methamphetamine
d5 

Methylone

Mitragynine

Morphine

Nordiazepam

Nortriptyline

Oxycodone

Oxymorphone

THC-COOH

Butalbital

Secobarbital
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in spiking solution (for preparation of calibrators) 

Compounds 

Pentobarbital 

Secobarbital 

COOH 

d3 

Amphetamine-d5 

Benzoylecgonine-

Buprenorphine-d4 

Carisoprodol-d7 

Codeine-d6 

Fentanyl-d5 

Hydrocodone-d6 

Hydromorphone-d6 

JWH 018 4-OH 
d5 

JWH 019 6-OH 
d5 

d8 

Meperidine-d4 

Mephedrone-d3 

Meprobamate-d7 

Methadone-d3 

Methamphetamine-

Methylone-d3 

Mitragynine-d3 

Morphine-d6 

Nordiazepam-d5 

Nortriptyline-d3 

Oxycodone-d6 

Oxymorphone-d3 

COOH-d3 

Butalbital-d5 

Secobarbital-d5 
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(ng/mL) 

10000 

10000 

2000 
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SCIEX OS Software Processing
Identification and Quantification 

Defining the retention time and accurate precursor and fragment 
mass for each analyte is performed first (Figure 24)
setting up the library searching parameters

Figure 24. Defining the Retention Time, Accurate mass of Precursor 
and Fragment Ions

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 
integration discrepancies. Qualifying d
defining the identification criteria and 
levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 
difference, marginal difference or un
(Figure 25

Figure 25
Components in the SCIEX OS S

 

Results and Discussion
As part of evaluating the new SCIEX X500
simultaneous identification and quan
forensically related samples routinely, we
gradients
analytes throughout the entire gradient as evenly as possible in 

SCIEX OS Software Processing
Identification and Quantification 

Defining the retention time and accurate precursor and fragment 
mass for each analyte is performed first (Figure 24)
setting up the library searching parameters

Figure 24. Defining the Retention Time, Accurate mass of Precursor 
and Fragment Ions

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 
integration discrepancies. Qualifying d
defining the identification criteria and 
levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 
difference, marginal difference or un
(Figure 25). 

Figure 25. Defining the I
Components in the SCIEX OS S

Results and Discussion
As part of evaluating the new SCIEX X500
simultaneous identification and quan
forensically related samples routinely, we
gradients. We evaluated each methods
analytes throughout the entire gradient as evenly as possible in 

SCIEX OS Software Processing
Identification and Quantification 

Defining the retention time and accurate precursor and fragment 
mass for each analyte is performed first (Figure 24)
setting up the library searching parameters

Figure 24. Defining the Retention Time, Accurate mass of Precursor 
and Fragment Ions  

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 
integration discrepancies. Qualifying d
defining the identification criteria and 
levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 
difference, marginal difference or un

. Defining the Identification and 
Components in the SCIEX OS S

Results and Discussion
As part of evaluating the new SCIEX X500
simultaneous identification and quan
forensically related samples routinely, we

. We evaluated each methods
analytes throughout the entire gradient as evenly as possible in 

SCIEX OS Software Processing
Identification and Quantification 

Defining the retention time and accurate precursor and fragment 
mass for each analyte is performed first (Figure 24)
setting up the library searching parameters

Figure 24. Defining the Retention Time, Accurate mass of Precursor 

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 
integration discrepancies. Qualifying d
defining the identification criteria and 
levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 
difference, marginal difference or un

dentification and 
Components in the SCIEX OS Software

Results and Discussion 
As part of evaluating the new SCIEX X500
simultaneous identification and quantification of compounds from 
forensically related samples routinely, we

. We evaluated each methods
analytes throughout the entire gradient as evenly as possible in 

SCIEX OS Software Processing 
Identification and Quantification Results

Defining the retention time and accurate precursor and fragment 
mass for each analyte is performed first (Figure 24)
setting up the library searching parameters.  

Figure 24. Defining the Retention Time, Accurate mass of Precursor 

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 
integration discrepancies. Qualifying definitions also includes 
defining the identification criteria and setting the 
levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 
difference, marginal difference or unacceptab

dentification and Quantification Qualifying 
oftware  

As part of evaluating the new SCIEX X500R QTOF to perform 
tification of compounds from 

forensically related samples routinely, we investigated two LC 
. We evaluated each methods capabilities to elute all 

analytes throughout the entire gradient as evenly as possible in 

Results 

Defining the retention time and accurate precursor and fragment 
mass for each analyte is performed first (Figure 24) followed by 

Figure 24. Defining the Retention Time, Accurate mass of Precursor 

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 

efinitions also includes 
setting the confidence 

levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 

acceptable difference 

Quantification Qualifying 

QTOF to perform 
tification of compounds from 

investigated two LC 
capabilities to elute all 

analytes throughout the entire gradient as evenly as possible in 

Defining the retention time and accurate precursor and fragment 
followed by 

Figure 24. Defining the Retention Time, Accurate mass of Precursor 

Defining the qualifying components includes setting accuracy 
tolerance levels for calibrants and controls as well as flagging 

efinitions also includes 
confidence 

levels at which mass error, error in retention time, isotope pattern 
and library matching scores are deemed an acceptable 

le difference 

Quantification Qualifying 

QTOF to perform 
tification of compounds from 

investigated two LC 
capabilities to elute all 

analytes throughout the entire gradient as evenly as possible in 

order to maximize triggering IDA MS/
reduce the MRM
MRMHR), resolve isobaric species and alleviate ion suppression 
caused by co
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minute run and Figure 27 show

Figure 26. Extracted Ion
Analysis using an 8.0 Minute LC R

Figure 27. Extracted Ion Chromatograms for Analytes from a Urine 
Analysis using an 2.0 Minute LC Runtime
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With the ability to provide the most interference free 
fragmentation information for library searching
acquisition
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Figure 28 Screening and Identification Results from an IDA 
Experiment 

The importance of acquiring quality MS/MS data for identification 
purposes, and not to solely rely on the accurate mass of the 
precursor ion, 
figure demonstrates how
distinguish between structural isobaric compounds. In each 
example shown, isobaric compounds are barely 
chromatographically 
both the compounds cannot 
mass of the precursor ions or confidently by retention time if 
there is any drift in retention
confidence is gained through library MS/MS comparisons.

Figure 29. High Confidence Identification of Naloxone and 6
Isobaric Compounds 
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Figure 30. High Confidence Identification of Buprenorphine and 
Mephedrone Isobaric Compounds Gained through Library MS/MS 
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Figure 31
Normeperidine
Comparisons

Figures 32 an
from the TOF
workflow. This information can be used for quantification 
purposes. 
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Mephedrone Isobaric Compounds Gained through Library MS/MS 
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31. High Confidence Identification of 
Normeperidine Isobaric Compounds 
Comparisons  

Figures 32 and 33 show
from the TOF-MS information acquired as 
workflow. This information can be used for quantification 
purposes.  
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