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MEASUREMENT

 

Advances in modern forensic science 
have contributed significantly to the 
growing demands and time pressures 
on research laboratories to perform a 
diverse and challenging mix of analyses. 

Their work can encompass multiple testing requirements and is often crucial — so fast, 
scientifically sound and defensible results are a must. 

PerkinElmer has the knowledge, experience and technology to support the needs of 
today’s forensic and research toxicology labs. We understand the need for time and 
cost savings in this arena, coupled with the challenges of providing robust,  
high-quality data. 

Our portfolio of innovative LC/MS solutions includes high performance instruments, 
easy-to-use software and world-leading support services – all designed to simplify and 
streamline your analytical workflow and ensure confident results. 

This reference notebook offers a diverse mix of forensic applications that specifically 
highlight the unique performance characteristics of the AxION 2 TOF and AxION DSA. 
Learn how our techniques and technology can screen, confirm and quantify various 
known and unknown sample types across a wide range of forensic and  
research applications.  

STREAMLINE AND SIMPLIFY 
YOUR FORENSICS  
WORKFLOW 

For Research Use Only. Not for Use in Diagnostic Procedures.
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AxION 2 Time-of-flight Mass Spectrometer

Imagine being able to quantify with the power of exact mass. What would it mean to the 
depth of your sample insight? What would it do for the certainty of your results? How would it 
impact your productivity and bottom line?

Now you can find out for yourself with the AxION® 2 TOF MS from PerkinElmer.

Every workflow is different. Every laboratory has unique demands on its instrumentation. Only 
the AxION 2 TOF MS delivers the ideal combination of mass accuracy, dynamic range, speed 
and sensitivity to optimize performance no matter what your application or sample matrix.

Discover the flexibility and functionality of the AxION 2 TOF MS and see how it feels to 
quantify with complete confidence across the entire mass range.

GREATER CONTROL 
GREATER INSIGHT 
GREATER CONFIDENCE

Isotope Calculated m/z Observed m/z Calculated % Observed % ppm Error

1 609.28066 609.2816 100.00 100.00 1.54

2 610.28393 610.2843 37.23 38.67 0.61

3 611.28671 611.2878 8.59 8.51 1.78

4 612.28941 612.2895 1.48 1.38 0.15

Everything You’re Looking for in a Time-of-Flight Mass Spectrometer

Sensitivity
Unique ionization sources and TrapPulse™

technology ensure optimum sensitivity.

Speed
Exceptionally fast acquisition rates enable 
integration with the fastest LC separations for 
superior throughput.

Full Spectrum 
Measuring and recording every exact mass in each analysis allows you 
to reprocess data without re-running a sample.

Mass Accuracy
Exact mass capabilities and reliable isotopic ratio measurements deliver complete specificity for 
unambiguous sample insight.

Dynamic Range
Five orders of linear dynamic range, both intra- and inter-spectrum, provide 
absolute confidence in your results.

Software
Robust yet intuitive solutions designed specifically to streamline and simplify individual workflows.

3 replicate injections of 1 pg reserpine.

Reserpine injection of 40 pg on column.

Direct infusion of sodium iodide.

Plot of 3 replicate injections of reserpine.

Fast LC analysis of reserpine.
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AxION Separation Probe

The innovative AxION Separation Probe facilitates chromatography directly at the ionization source. This 
minimizes dead volume effects in the system for superior signal-to-noise ratios, enhanced sensitivity and 
narrower peaks.

Engineered with an array of patented and proprietary 
technologies, the AxION 2 TOF MS offers exceptional 
sensitivity without compromising resolution or mass 
accuracy. Capable of spectacularly fast acquisition rates, 
the instrument integrates perfectly with the fastest LC 
separations to deliver better signal-to-noise ratios and 
higher throughput for a wide variety of compounds.

Capillary Exit Collisionally Induced Dissociation (CID) 
Allows you to modulate the ion fragmentation under 
vacuum in a controlled and clean environment for more
detailed structural elucidation.

Patented Ion Sources 
Ensure ultimate sensitivity by delivering the most efficient 
nebulization and desolvation for the most effective 
ionization available.

Patented Multi-Stage Ion Guide 
Maximizes ion transmission across multiple vacuum 
stages for superior sensitivity.

V-Shaped Flight Path 
Delivers the resolution needed to solve the toughest 
analytical challenges while maintaining the highest levels 
of sensitivity.

Orthogonal Design 
Maximizes resolution and sensitivity while minimizing 
background chemical noise.

Electron Multiplier Detector 
Provides exceptional spectral integrity and superior 
peak resolution through a fast acquisition rate and 
wide dynamic range.

STATE-OF-THE-ART 
TECHNOLOGY 
UNRIVALED 
SENSITIVITY

Engineered with an array of patented and proprietary 
technologies, the AxION 2 TOF MS offers exceptional 

accuracy. Capable of spectacularly fast acquisition rates, 
the instrument integrates perfectly with the fastest LC 
separations to deliver better signal-to-noise ratios and 

Capillary Exit Collisionally Induced Dissociation (CID)
Allows you to modulate the ion fragmentation under 
vacuum in a controlled and clean environment for more

Ensure ultimate sensitivity by delivering the most efficient 

Maximizes resolution and sensitivity while minimizing 
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AxION Solo displays 
multiple samples in a plate 
or vial view for quick, easy 
target identification.

• Matched formulas are shown in a ranked summary (based on 
theoretical accuracy and isotopic ratios) to help you choose 
the correct one.

• Mass error tolerance and isotope ratio matching criteria 
are user-defined.

• Simple and intuitive, the interface allows the generation 
of accurate, reliable results without in-depth elemental or 
chemistry knowledge.

• Each parameter match between observed and experimental 
data can be viewed by checking the “Details” box.

AxION EC ID converts 
exact mass data of 
unknown compounds  
to known formulas.

AxION Solo for Target Analysis Workflows

The faster your processing, the quicker your results, and 
the sooner you can make decisions. That’s the productivity-
enhancing power of AxION Solo.

By allowing you to arrange and view windows to mimic 
your workflow—whether it’s for single or multiple target 
investigations—the software makes it easy to maximize 
analytical throughput and minimize costs. 

A highly intuitive, compound-centric software, AxION Solo 
helps you quickly find what you’re looking for—graphically, 
clearly, accurately.clearly, accurately.

AxION EC ID for Compound Identification Workflows

Fast, accurate compound identification requires the ability to 
find the right formula quickly and efficiently. And nothing 
narrows your search more rapidly, simply or clearly than AxION 
EC ID (Elemental Composition Identification).

Highly flexible and intuitive, this proprietary software takes the 
exact mass and isotope pattern data from the AxION 2 TOF 
MS and uses it to search for known formulas in user selectable 
databases. Matched formulas are shown in a simple summary 
and scored according to your match parameters so you can 
quickly pick the correct one.

• Extensive reports and results publishing options.

• Broad array of data-evaluation parameters, including:

-Found and pure/not found.

-Found contains fragments.

-Found and confirmed with isotopic ratios and retention time.

• Ability to view multiple samples in a plate or vial view and 
quickly identify your target in the samples.

AxION Xpo™

For those requiring the reviewing and reporting functionality 
of AxION Solo but not its processing capabilities, AxION Xpo 
offers a compound-centric data-viewing environment in which 
to assess your results and customize your reporting.

INTUITIVE  
AND FLEXIBLE 

SOFTWARE
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Going from sample to results 
can often be complex and 
time-consuming. That is why 
PerkinElmer has introduced a 
unique solution: the AxION® 
DSA (Direct Sample Analysis) 
system. Nothing simplifies 
workflows more than AxION 
DSA. Diminish cumbersome 
method development, eliminate 
chromatography and dramatically 
reduce sample preparation. 

RESULTS IN SECONDS
The innovative AxION DSA 
technology was developed for 
the rapid direct analysis of solid, 
liquid or gaseous samples.  
The DSA utilizes ambient ionization under atmospheric pressure conditions and offers a novel alternative 
to standard chromatographically interfaced solutions. Laboratories can now screen, compare and confirm 
virtually any sample, by introducing it directly to a mass spectrometer in a matter of seconds. 

•  No chromatography required.

•  Avoid time consuming method development.

•  Minimal sample preparation.

The AxION DSA system will change the way you work by providing  
results-driven decisions in seconds.

REVOLUTIONIZE 
YOUR MASS SPEC
WORKFLOW

AxION DSA for rapid analysis and 
exact mass accuracy 
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Introduction 

Immunoassays have 
traditionally been used for 
specimen testing but are well 
known for potential false 
negatives. Additionally, 

immunoassays are not always sensitive enough to detect low levels of 
compounds in challenging matrices, and can often not identify specific drugs 
within drug classes, due to their lack of specificity. GC/MS, which is also used 
extensively for compounds in these classes, offers its own challenges. Many 
compounds are polar and often thermally labile, requiring derivatization prior to 
enhance volatility. Thermally labile compounds may be misidentified due to 
common EI fragments with other compounds. Unlike GC/MS, LC/MS typically 
does not require derivatization of samples, and is ideally suited for the rapid 
analysis of these compounds. 

We present an alternative workflow to test and quantify such compounds in a 
research setting, utilizing a rapid LC method with time-of-flight mass 
spectrometry (TOF MS).

Testing and Quantification  
of a Representative Panel  
of Illicit Drugs in Urine  
Using UHPLC-TOF

A P P L I C A T I O N  N O T E

Liquid Chromatography/
Mass Spectrometry

Authors:

Avinash Dalmia

Joanne Mather

PerkinElmer, Inc. 
Shelton, CT 
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In 2011, guidelines were altered to allow the use of LC/MS 
instruments for urine quantitative confirmatory analysis. Among 
the LC techniques, LC/MS/MS is often used to quantitate 
compounds in a variety of matrices, due to its sensitivity and 
selectivity. However, triple quadrupole techniques can have a 
high cost and lack the ability to easily identify new or 
unknown compounds.

We present an alternative technique to quantitate compounds in 
urine utilizing a rapid dilute and shoot with LC separation method 
in combination with time-of-flight mass spectrometry (TOF MS). 

In addition to the wide quantitative dynamic range of the AxION®

2 TOF MS, which rivals capabilities of the triple quadrupole 
instruments, the TOF also provides full spectrum information 
which allows for screening of non-target compounds. It is vital 
that research labs have an approach that is fast, yet generic in 
nature and not targeted. It is costly and time prohibitive to add 
new analytes to an immunoassay based screening panel. TOF MS 
collects all the ions, and can be used to screen for a ‘new’ 
compound immediately at little to no extra method development 
or cost, and with no requirement to reanalyze the sample.

In this application note we present a rapid workflow for the 
testing and quantification of analytes in urine.

Experimental

A workflow for testing and quantification of the analytes in urine 
shown in Figure 1.

Sample Preparation
Urine (0.5 mL) was diluted with 0.5 mL of water. Sample (10 µL) 
was directly injected on column. No sample extraction was required.

Calibration Curve(s) 
Urine blanks were spiked with calibrant levels of 11 representative 
compounds listed in Table 1 and 300 ng/ml of deuterated internal 
standards. The deuterated MDMA standard was used as an 
internal standard for both MDA and MDMA. Samples were 
diluted 1:1 with water and 10 µL injected onto column. Each 
calibration level was injected five times. 

LC chromatography was developed to ensure that no 
interferences inherent in the matrix were detected as false 
positives, and also to ensure minimization of matrix effects 
(suppression or enhancement).

Immunoassays have traditionally been used for specimen testing 
but this approach can be challenging since it can give false 
positive results. Some common remedies have the potential to  
produce a false positive result, such as decongestants, yielding a 
positive result for amphetamine. These false positives then require 
confirmation by other complimentary techniques, such as GC/MS. 
Immunoassays are not always sensitive enough to detect low 
levels of the drug in challenging matrices, such as urine and blood 
and can often not identify specific compounds within compound 
classes due to their lack of specificity. An example of this is the 
detection of morphine where the test would be unable to confirm 
whether the compound was morphine, codeine or heroin.

GC/MS, used extensively in research for confirmatory analysis 
offers its own challenges. Most of the compound classes are 
polar and often thermally labile thus requiring derivatization prior 
to analysis. Thermally labile compounds are often misidentified 
due to common EI fragments with other compounds. Unlike GC/
MS, LC/MS does not require time consuming derivatization of 
samples and is ideally suited for the rapid analysis of 
these compounds. 

Compound Structure 

Amphetamine (AMP)

Methamphetamine(MAMP)

3,4-Methylenedioxyamphetamine(MDA)

3,4-Methylenedioxymethamphetamine(MDMA)

3,4-Methylenedioxy-N-ethylamphetamine (MDEA)

Phencyclidine (PCP)

Codeine (COD)

Morphine (MOR)

6 Acteylmorphine (6-AM)

Benzoylecgonine (BZE)

Tetrahydrocannabinol carboxylic acid (THC-COOH)

Table 1. List of analytes and their molecular structures.
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LC conditions:
Pump:  PerkinElmer Flexar™ FX-15 UHPLC pump 
Flow:  0.25 mL/min 
Mobile phase A:   100 % Water with 10 mM Ammonium 

Formate adjusted to pH 5.5
Mobile phase B: 95 % ACN/5% Water with 0.05 %  
  Formic Acid

Gradient conditions: 
Time (min) %A  %B Curve
 1.0 97.5 2.5  
 5.5 25 75 1
 8.5 5 95 1
 10.0 5 95 1

Injection volume: 10 µL Full Loop Mode 
Column:  PerkinElmer Brownlee™ SPP column C-18, 

2.1x50 mm, 2.7 μm (part number 
N9308402), SPP C18 guard column 
cartridge 2.1 mm x 5 mm, 2.7 μm  
(part number N9308513), guard column 
holder (part number N9308534)

Column temperature: 30 °C
Diverter valve:   LC Effluent was diverted to waste during 

initial 1.8 min of LC runS conditions:

Mass spectrometer:  PerkinElmer AxION 2 TOF MS
Ionization source:  PerkinElmer Ultraspray™ 2 (Dual  
  ESI source)
Ionization mode:  Positive

Acquisition mode:  Trap Pulse

Internal calibration:   Performed using m/z 118.0863 and 
322.0481 as lock mass ions. 

Figure 1. Workflow for testing, identification and quantification  in urine. 

Compound
detected

Y/N?

Y 6-AM
Y PCP 
Y BZE
Y AMP
Y MAMP
Y  MDMA 
 

Report NO

Interrogate Data 
ID UnknownsYES Quantification & Confirmation 

Accurate Mass LC/MS
Dilute and 

shoot 
sample

THC-COOH

N THC-COOH
N COCAINE
N CODEINE 
N MORPHINE
N MDA
N MDEA

ANALYTE

Targeted Compounds to Screen

Results

Testing
To rapidly identify the presence or absence of compounds in 
large batches of samples, AxION Solo™ software was used. 
AxION Solo provides quick visualization of the presence or 
absence of analytes in the samples (Figure 2). Presence of 
individual analytes can be coded with a specific color for ease of 
identification. The software identifies the presence of an analyte 
based on accurate mass and isotope profile ratio as shown in 
Figure 3. The isotope ratios allow further confirmation of the 
identity of detected compound, lowering the risk of false 
positives and can also be used to add confidence to the 
assignment of chemical composition to unknown species. In 
addition to searching against spectral information, the software 
also searches for target analytes based on user defined retention 
time windows which further improves the specificity of detection. 
The list of target analytes can be quickly and easily added to as 
previously unknown analytes are detected in samples. 

The analysis was completed in < 10 min. (Figure 4) with all peaks 
eluting before 9.5 minutes. The acquisition rate of the AxION TOF 
2 is sufficient to provide a total of at least 10 spectra across each 
chromatographic peak. The use of the divert valve, which removes 
the salt to waste, ensures a cleaner more robust assay as urine 
salts, which tend to elute at the beginning of the chromatographic 
run do not enter the mass spectrometer. 

Confirmation/Quantification
The overall assay sensitivity was determined to be in the 1 - 10 ng/
mL range for all of the compounds spiked into urine, (Table 2). 
When analyzing such low levels of compound carryover must be 
assessed to ensure that the assay is suitable for use. In spite of the 
low LOQs provided by the TOF MS, 0% carryover was observed for 
the majority of the analytes and levels were negligible in others 
were detected, after an injection of the upper limit of 
quantification (ULOQ) mixture of the compounds tested. 
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Analyte Concentration Range (ng/mL) r2

AMP 10-10000 0.9966

MAMP  3-10000 0.9979

MDA  10-10000 0.9982

MDMA  3-10000 0.9968

MDEA  1-1000 0.9995

PCP  1-10000 0.9901

BZE  3-10000 0.9955

6-AM  10-10000 0.9959

Morphine 10-10000 0.9990

Codeine 3-10000 0.9955

THC-COOH 10-10000 0.9944

Table 3. Linearity correlation coefficients.

   
   
Analyte  LOQ (ng/ml)

AMP 10

MAMP 3

MDA 10

MDMA    3

MDEA    1

PCP 1

BZE 3

 6-AM 10

Morphine    10

Codeine    3

THC-COOH    10

Table 2. LOQ of compounds in urine.

Linearity of a representative compound MDEA is shown in 
Figure 5. The assay showed linearity over three orders with an r2

value of 0.9995. The majority of the compounds analyzed showed 
linearity of three orders of dynamic range where all data was 
processed without weighting and did not require a quadratic fit, 
with r2 values of 0.99 demonstrating that the assay was linear 
(Table 4). Multiple injections (n=5) of each calibration level showed 
excellent reproducibility (RSDs< 15%) for each of the analytes. The 
presence of a compound in a urine sample can be confirmed by 
accurate mass and isotope profile provided by TOF MS. As shown 
in Table 5, the accurate masses of the majority of the analytes are 
< 3 ppm. 

The cannabinoid metabolite (delta-9-tetrahydrocannabinol-9-
carboxylic acid/ THC-COOH), a difficult analyte to ionize, was 
detected with LOQ of 10 ng/mL. Morphine, a difficult analyte to 
retain and remove potential interferences simultaneously, was 
detected with LOQ of 10 ng/mL.

Figure 2. AxION Solo screen shot for blank urine and 100 ng/ml levels of analytes in 
urine.

Figure 3. Mass accuracy and isotope profile of MDEA.

MDEA M+1 Isotope
Expected Rel. Response = 13.05%
Measured Rel. Response = 13.43%

MDEA M+1 Isotope
Expected Rel. Response = 0.77%
Measured Rel. Response = 1.28%

[M+H]+

Theoretical Mass = 208.1332
Measured Mass = 208.1335
Mass Accuracy = 1.44 ppm

Figure 4. EIC for 300 ng/ml of 11 representative compound standard in urine.

Figure 5. MDEA- linear calibration curve (1-1000 ng/ml).
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Conclusions

The method required little to no sample preparation or method 
development, saving hours of time and the use of costly reagents 
and consumables. This equates to a much lower cost per sample. 
The AxION 2 TOF was easily able to screen and confirm 1- 10 ng/
mL concentrations of compounds spiked in urine. 

AxION 2 TOF with the ADC detector technology provides wide 
dynamic range capabilities similar to that of a triple quadrupole 
mass spectrometer, and also offers the testing of untargeted 
compounds and allows for subsequent re-interrogation of data. 
The AxION 2 TOF MS is much easier to set up and adjust current 
methods for new or unknown compounds in comparison to triple 
quadrupoles which are more time consuming when modifying 
current methods or developing new methods. For rapid large scale 
screening of batches of samples, PerkinElmer AxION Solo software 
provides a quick and easy platform for forensic laboratories to 
detect the presence or absence of analytes. 

Compound [M+H]+ Formula Measured Mass Mass Error/Da Mass Error/ppm

AMP 136.1120 C9H13N 136.1114 0.0006 4.4

MAMP 150.1277 C10H15N 150.1272 0.0005 3.5

MDA 180.1019 C10H13NO2 180.1012 0.0007 3.9

MDMA 194.1176 C11H15NO2 194.1168 0.0008 3.9

MDEA 208.1332 C12H17NO2 208.1326 0.0006 2.9

PCP 244.2059 C17H25N 244.2053 0.0006 2.8

Morphine 286.1438 C17H19NO3 286.1434 0.0004 1.4

BZE 290.1387 C16H19NO4 290.1385 0.0002 0.7

Codeine 300.1594 C18H21NO3 300.1606 0.0012 4.0

6-AM 328.1543 C19H21NO4 328.1552 0.0009 3.9

THC-COOH 345.2060 C21H28O4 345.2068 0.0008 2.2 

Table 4. Exact mass and formula for 11 analytes in urine.

For Research Use Only. Not for Use in Diagnostic Procedures. 
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A P P L I C A T I O N  N O T E

Introduction 

The Centers for Disease Control and Prevention 
report that nearly three out of four prescription 
drug overdoses involve prescription pain killers1 and 

that death rates involving opioid analgesic abuses have more than tripled in the U.S since 19992.

We present a study for screening of opioids along with the quantitation of the drugs in urine using 
a time-of-flight (TOF) mass spectrometer (MS) for use in forensic laboratories.

Testing of opioids is most commonly done using the Enzyme Multiple Immunoassay Test (EMIT). 
Immunoassays suffer from non-specificity as they can only identify a class of drugs and cannot 
identify the specific compound within the class. As an example, an immunoassay for the 
SAMHSA panel screens for opiates such as codeine and morphine but would not detect opioids 
such as oxycodone, which is a semi- synthetic compound. This non-specificity can lead to false 
positive or false negative results, needing confirmation by techniques such as GC/MS. 

Testing and Quantification  
of Opioids in Urine by 
UHPLC-TOF

A P P L I C A T I O N  N O T E

Liquid Chromatography/
Mass Spectrometry

Author:

Sharanya Reddy

PerkinElmer, Inc.  
Shelton, CT 



14

Mobile phase B: 50/50 acetonitrile/methanol 
(0.1% formic acid)

Gradient conditions:   5% B to 50% B in 4 min. (linear gradient),
from 50% B to 90%B for next 1.0 min., 
maintained for an additional 1 min.

Injection volume: 7 μL in partial loop mode
Column: PerkinElmer Brownlee™ SPP C-18, 

2.1x100 mm, 2.7 μm (part number 
N9308404), 25 °C

MS conditions:
Mass spectrometer: PerkinElmer AxION® 2 TOF MS
Ionization source: PerkinElmer Ultraspray™ 2 (Dual ESI source)
Ionization mode: Positive

Internal calibration was performed using m/z 195.0876 and 
622.02896 as lock mass ions.

Results

Testing/Confirmation 
The full spectral information provided by the TOF allows for the 
testing of hundreds of compounds that may be present in the 
sample without pre-defining them prior to analysis. Powerful 
software tools such as AxION Solo™ software is utilized to rapidly 
identify the presence or absence of compounds in large batches 
of samples (Figure 2). The software identifies the presence of a 
compound based on accurate mass and isotope profile ratio as 
shown in Figure 3. In addition to searching against spectral 
information, the software can also search for target analytes 
based on user defined retention time windows, which further 
improves the specificity of detection. Even after acquisition of 
data, the samples can be re-examined for presence of other 

GCMS assays offer their own challenges, since they require 
derivatization of the analytes to make them volatile for GC 
analysis. Derivatization chemistry is not always quantitative 
and can be time-consuming and limit high throughput analysis. 
Unlike GC/MS, LC/MS based techniques do not require time 
consuming derivatization of samples. Among the LC techniques, 
LC/MS/MS (using tandem quadrupole instrumentation) is often 
used to quantitate compounds in biological fluids due to 
its sensitivity and selectivity. However, LC/MS/MS assays are 
only suitable for targeted analysis, which can be an issue 
for forensic toxicologists who are frequently faced with the 
challenge of looking for unknown compounds in samples. 
TOF mass spectrometers, unlike tandem quadrupole instruments, 
collect full spectrum information without the loss of sensitivity 
observed with scanning instruments, which allows for 
simultaneous targeted and non-targeted analyses, making 
them ideal to use in forensic laboratories. 

Experimental

A workflow for the testing and quantification of opioids is shown 
in Figure 1.

Calibration Curve(s) 
Urine (0.5 mL) was diluted with 0.5 mL of water containing 
varying concentrations of a mixture of opioids. Sample (7 μL) 
injected on column. Each calibration level was injected five times. 

LC conditions:
Pump: PerkinElmer Flexar™ FX-15 UHPLC pump
Flow: 0.4 mL/min
Mobile phase A: Water (0.1% formic acid)Water (0.1% formic acid)W

Figure 1. Workflow for testing, identification and quantification of opioids in urine.

Compound
detected

Y/N?
Y     NALOXONE 
Y     OXYMORPHONE
Y     HYDROMORPHONE 
Y     HYDROCODONE 
Y     MORPHINE 
Y     NORBUPRENORPHINE 
Y     BUPRENORPHINE 
Y     6-ACETYL MORPHINE 
       (6-AM) 
Y     CODEINE

ReportNO

Interrogate Data 
ID UnknownsYES Quantification & Confirmation 

Accurate Mass LC/MS
Dilute and 

shoot 
sample

N     NORMEPERIDINE 
N     TRAMADOL 
N     NORPROXYPHENE 
N     PROXYPHENE 
N     EDDP 
N     METHADONE 
N     MEPERIDINE 
N     NORFENTANYL 
N     FENTANYL

ANALYTE

Targeted Compounds to Screen
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compounds that may be in the sample by simply adding these to 
the target list in the software and extracting their masses from the 
individual chromatograms. The analysis of opioids was completed 
in six minutes with all the compounds eluting in less than five 
minutes (Figure 4).  

Quantification 
The overall assay sensitivity was determined to be in the 1-10 ng/mL 
range for all of the compounds spiked into urine, (Table 1). The limit 
of quantification (LOQs) measured by the TOF instrument were 200-
2000 times more sensitive than what is required by the non-specific 
EMIT immunoassays for majority of the opioids (with the exception 
of 6 acetyl-morphine, which has a cut off of 10 ng/mL). When 
analyzing such low levels of compound, carryover must be assessed 
to ensure that the assay is suitable for use. In spite of the low LOQs 
provided by the TOF MS, 0% carryover was observed after injection 
of 1 µg/mL (1000 ng/ml) standard for most of the opioids. 

The linearity of a representative drug, normeperidine is shown in 
Figure 5. The assay showed linearity over four orders with an r2

Figure 2. AxION Solo Software: The top left hand corner shows the presence (green) 
and the absence (grey) of meperidine in different serum samples (vials). The remaining 
opioids in the selected vial are displayed in the table (bottom left).

Figure 3. The accurate mass of methadone for A, A+1, are < 3 ppm. 
The isotope ratios for A+1, A+2 are within 3% of expected ratio.

Figure 4. Analysis of opioids by UHPLC-TOF MS spiked in serum < 5 min.

Figure 5. Shows linearity for EDDP (2-ethylidene-1,5-dimethyl-3,3-diphenylpyrro-
lidine) spiked in serum over 1- 10,000 ng/mL concentration range(r2 = 0.997, n=5 
for each calibration level). 

Analyte LOQ (ng /mL)

Normeperidine 1 

Tramadol 2

Norproxyphene 10

Proxyphene 1

EDDP  1

Methadone 1

Meperidine 1

Norfentanyl 2

Fentanyl 1

Naloxone 10

Oxymorphone 10

Hydromorphone 5

Hydrocodone 10

Morphine 10

Norbuprenorphine 2

Buprenorphine 2

6-acetyl morphine (6-AM) 5

Codeine 10

Table 1. Shows the LOQs of the opioids in urine.

value of 0.997. The majority of the opioids analyzed showed 
linearity between 3-4 orders of dynamic range with r2 values of 
0.99 (Table 2). Multiple injections (n=5) of each calibration level 
showed excellent reproducibility (RSDs < 15%) for each of the 
drugs. The presence of a given drug in a urine sample can be 
confirmed by accurate mass and the isotope profile provided by 
TOF MS. As shown in Table 3, the accurate masses of each of the 
opioids are < 5 ppm.

Conclusions

The method required little to no sample preparation or method 
development, saving hours of time and the use of costly reagents 
and consumables. The AxION 2 TOF was easily able to identify 
opioids spiked in urine at concentrations as low as 1-10 ng/ml. 
The detection limits of these drugs were 200-2000 times lower 
than that required by immunoassays. The AxION 2 TOF provides 
wide dynamic range capabilities similar to that of a triple 
quadrupole mass spectrometer, and also offers the screening of 
untargeted compounds and the ability to retrospectively look for 
analytes in the data set. For rapid large scale screening of batches of 
samples, PerkinElmer AxION Solo software provides a quick and 
easy platform for forensic laboratories to detect the presence or 
absence of opioids in urine.
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Analyte Concentration range (ng/mL) r2

Normeperidine 1-10,000 0.997

Tramadol 2-2500 0.997

Norproxyphene 10-5000 0.991

Proxyphene 1-2500 0.994

EDDP   1-5000 0.997

Methadone 1-2500 0.997

Meperidine 1-2500 0.996

Norfentanyl 2-10,000 0.996

Fentanyl 1-5000 0.996

Naloxone  10-10,000 0.997

Oxymorphone 10-20,000 0.997

Hydromorphone 5-20,000 0.997

Hydrocodone 10-10,000 0.997

Morphine 10-10,000 0.995

Norbuprenorphine 2-0,000 0.992

Buprenorphine 2-2500 0.995

6-acetyl morphine (6-AM) 5-10,000 0.995

Codeine 10-10,000 0.996

Table 2. Shows the linear dynamic range and regression for each of the opioids 
spiked in urine as matrix.

Table 3. Shows the theoretical mass, observed mass and mass error of opioids.

   Theoretical Mass of Observed Mass of ppm  
Analyte Benzodiazepines Benzodiazepines Error Structure

Tramadol 264.1958 264.1953 1.8 ppm

Norproproxyphene 326.2115 326.2102 3.9 ppm

Proproxyphene 340.2271 340.2270 0.3 ppm

EDDP   278.1903 278.1902 0.4 ppm

Methadone 310.2165 310.2157 2.6 ppm

Morphine 286.1438 286.1432 2.1 ppm

Meperidine 248.1645 248.1637 3.2 ppm

Norfentanyl 233.1648 233.1652 1.7 ppm

Fentanyl 337.2274 337.2266 2.3 ppm

Naloxone 328.1543 328.1534 2.7 ppm

Oxymorphone 302.1387 302.1378 2.9 ppm

Normeperidine 234.1489 234.1482 2.9 ppm

Hydromorphone 286.1438 286.1444 2.1 ppm

Hydrocodone 300.1594 300.1586 2.6 ppm

Norbuprenorphine 414.2639 414.2639 0.0 ppm

Buprenorphine 468.3108 468.3098 2.1 ppm

6-acetyl morphine 328.1543 328.1535 2.4 ppm

Codeine 300.1594 300.1585 2.9 ppm
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A P P L I C A T I O N  N O T E

Introduction 

Opioids are historically one of  
the world’s longest known class of 
drugs – the use of the opium poppy 

predates recorded history. The terms opiates and opioids are often used 
interchangeably – the term opiate refers to narcotic opioid alkaloids, which are a 
product of the opium poppy plant, opioid describes both natural opiates and 
synthetic or semi synthetic opioid substances. Natural and synthetic opioid drugs  
are often monitored in clinical research and forensic laboratories as their highly 
addictive nature and the feeling of euphoria produced by the drug makes them 
subject to abuse. The CDC reports that nearly three out of four prescription drug 
overdoses are caused by prescription pain killers1 and that death rates involving 
opioid analgesics have more than tripled in the U.S. since 19922. 
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Calibration Curve(s) 
To 250 µL of serum, 500 µL of ACN containing 1% acetic acid 
and varying concentrations of a mixture of opioid standards were 
added. The samples were vortexed, centrifuged (10,000 RPM for 
10 mins). The supernatant (500 µL) was dried under nitrogen to 
~100 µL. Final volume of each sample was made to 1000 µL with 
water and 7 µL injected on column. Each calibration level was 
injected five times. 

LC conditions:
Pump:  PerkinElmer Flexar™ FX-15 UHPLC pump 
Flow:  0.4 mL/min 
Mobile phase A:  Water (0.1% formic acid) 
Mobile phase B:  50/50 acetonitrile/methanol  
 (0.1% formic acid)
Gradient conditions:   5% B to 50% B in 4 min. (linear gradient), 

from 50% B to 90%B for next 1.0 min., 
maintained here for another min. 

Injection volume:  7 μL in partial loop mode 
Column:   PerkinElmer Brownlee™ SPP C-18,  

2.1x100 mm, 2.7 μm (part number 
N9308404), 25 °C

MS conditions:
Mass spectrometer:  PerkinElmer AxION® 2 TOF MS 
Ionization source:  PerkinElmer Ultraspray™ 2 (Dual ESI source) 
Ionization mode:  Positive

Internal calibration was performed using m/z 195.0876 and 
622.02896 as lock mass ions.

Results

Quantification/Confirmation is acceptable 
The full spectral information provided by the TOF allows for 
examining of the data for hundreds of compounds that may be 
present in the sample without pre-defining them prior to analysis. 
Powerful software tools, such as AxION Solo™ software, was 

Testing of opioids is most commonly done using the Enzyme 
Multiple immunoassay Test (EMIT). Immunoassays suffer from 
non-specificity as they can only identify a class of drugs and 
cannot identify the specific compound within the class. As an 
example an immunoassay SAMHSA panel screens for opiates 
such as codeine and morphine but would not detect opioids such 
as oxycodone, which is a semi synthetic compound. This lack of 
specificity can lead to false positive or false negative results, 
needing confirmation by techniques such as GC/MS. 

These assays offer their own challenges, since they require 
derivatization of the analytes to make them volatile for GC 
analysis. Derivatization chemistry is not always quantitative, it can 
be time-consuming and limit high throughput analysis. Unlike 
GC/MS, LC/MS based techniques do not require time- consuming 
derivatization of samples. Among the LC techniques, LC/MS/MS 
(using tandem quadrupole instrumentation) is often used to 
quantitate compounds in biological fluids due to its sensitivity 
and selectivity. However, LC/MS/MS assays are only suitable for 
targeted analysis which can be an issue for forensic toxicologists 
who are faced with the challenge of often looking for unknown 
compounds in samples. TOF mass spectrometers, unlike tandem 
quadrupole instruments, collect full spectrum information 
without loss of sensitivity observed with scanning instruments 
which allows for both targeted and non-targeted analysis making 
them ideal to use in forensic laboratories. 

Experimental

A workflow for the screening and quantification of opioids is 
shown in Figure 1.

Materials 
All opiate reference standards were purchased from Cerriliant® TX, 
USA. The heat inactivated serum was obtained from Life 
Technologies™ (code # 34005100).

Figure 1. Workflow for testing, identification and quantification of opioids in serum.
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utilized to rapidly identify the presence or absence of compounds 
in large batches of samples (Figure 2). The software identifies the 
presence of a compound based on accurate mass and isotope 
profile ratio as shown in Figure 3. In addition to searching against 
spectral information, the software can also search for target 
analytes based on user defined retention time windows which 
further improves the specificity of detection. Even after acquisition 
of data, the samples can be re-examined for presence of other 
compounds that may be in the sample by simply adding these to 

Figure 2. AxION Solo Software: The top left hand corner shows the presence (green) 
and the absence (grey) of meperidine in different serum samples (vials). The remaining 
opioids detected in the selected vial are displayed in the table (bottom left).

Figure 3. The accurate mass of methadone for A, A+1, are < 3 ppm. The isotope ratios 
for A+1, A+2 are within 3% of expected ratio.

Figure 4. Analysis of opioids by UHPLC-TOF MS spiked in serum < 5 min.

Figure 5. Shows linearity for EDDP (2-ethylidene-1,5-dimethyl-3, 
3-diphenylpyrrolidine) spiked in serum over 1- 10,000 ng/mL concentration 
range (r2 = 0.997, n=5 for each calibration level). 

Analyte LOQ (ng /mL)

Normeperidine 1

Tramadol 1

Norproxyphene 2

Proxyphene 2

EDDP   1

Methadone 2

Meperidine 1

Norfentanyl 2

Fentanyl 1

Naloxone 5

Oxymorphone 10

Hydromorphone 5

Hydrocodone 10

Norbuprenorphine 5

Buprenorphine 2

6-acetyl morphine (6-AM) 5

Codeine 5

Oxycodone 5

N-desmethyl tramadol 1

Morphine 10

Table 1. Shows the LOQs of the opioids spiked in serum.

the target list in the software and extracting their masses from the 
individual chromatograms. The analysis of opioids was complete in 
6 minutes with all the compounds eluting in < 5 minutes (Figure 4).  

Quantification 
The overall assay sensitivity was determined to be in the 1-10 ng/mL 
range for all of the drugs spiked into serum, (Table 1). The limit of 
quantification (LOQs) measured by the TOF instrument were 200-
2000 times more sensitive than what is required by the non-specific 
EMIT immunoassays for majority of the opioids (with the exception 
of 6-acetyl morphine, which has a cut off of 10 ng/mL). When 
analyzing such low levels of compound carryover must be assessed 
to ensure that the assay is suitable for use. In spite of the low LOQs 
provided by the TOF MS, 0% carryover was observed after injection 
of 1 μg/ml (1000 ng/ml) standard for most of the opioids. 

The linearity of a representative drug, 2-ethylidene-1,5-dimethyl-3,3-
diphenylpyrrolidine (EDDP) is shown in Figure 5. The assay showed 
linearity over four orders with an r2 value of 0.997. The majority of 
the opioids analyzed showed linearity between 3-4 orders of 
dynamic range with r2 values of 0.99. Multiple injections (n=5) of 
each calibration level showed excellent reproducibility (RSDs < 15%) 
for each of the drugs. The presence of a given drug in a serum 
sample can be confirmed by accurate mass and isotope profile 
provided by TOF MS. As shown in Table 3, the accurate masses of 
each of the opioids are < 5 ppm.

Conclusions

The method required little to no sample preparation or method 
development, saving hours of time and the use of costly reagents 
and consumables. The AxION 2 TOF was easily able to identify 
1-10 ng/mL concentration of opioids spiked in serum. The 
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Analyte Concentration range (ng/mL) r2

Normeperidine 1-10,000 0.997

Tramadol 1-10,000 0.995

Norproxyphene 2-10,000 0.999

Proxyphene 2-10,000 0.998

EDDP   1-10,000 0.997

Methadone 2-10,000 0.995

Meperidine 1-10,000 0.997

Norfentanyl 2-10,000 0.997

Fentanyl 1-10,000 0.998

Naloxone 5-10,000 0.993

Oxymorphone 10-20,000 0.996

Hydromorphone 5-20,000 0.991

Hydrocodone 10-20,000 0.994

Norbuprenorphine 5-10,000 0.991

Buprenorphine 2-10,000 0.997

6-acetyl morphine (6-AM) 5-10,000 0.996

Codeine 5-10,000 0.998

Oxycodone 5-20,000 0.998

N-desmethyl tramadol 1-10,000 0.997

Morphine 10-20,000 0.997

Table 2. Shows the linear dynamic range and regression for each of the opioids 
spiked in serum as matrix. 

Table 3. Shows the theoretical mass, observed mass and mass error of opioids.  

   Theoretical Mass Observed Mass ppm  
Analyte  of Opiates of Opiates Error Structure

Tramadol 264.1958 264.1955 1.1 ppm

Norproproxyphene 326.211 326.2106 2.7 ppm

Proproxyphene 340.2271 340.2268 0.9 ppm

EDDP   278.1903 278.1902 0.35 ppm

Methadone 310.2165 310.2159 1.9 ppm

Meperidine 248.1645 248.1640 -2.0 ppm

Norfentanyl 233.1648 233.1641 3.0 ppm

Fentanyl   337.2274 337.2266 2.3 ppm

Naloxone 328.1543 328.1534 2.7 ppm

Oxymorphone 302.1387 302.1379 2.6 ppm

Hydromorphone 286.1438 286.1431 2.4 ppm

Hydrocodone 300.1594 300.1592 0.7 ppm

Oxycodone 316.1543 316.1536 2.2 ppm

Norbuprenorphine 414.2639 414.2636 0.7 ppm

Buprenorphine 468.3108 468.3100 1.7 ppm

6-acetyl morphine 328.1543 328.1537 1.8 ppm

Codeine   300.1594 300.1589 1.7 ppm

Morphine 286.1438 286.1429 3.1 ppm

N-desmethytramadol 250.1802 250.1798 1.6 ppm

Normeperidine 234.1489 234.1481 2.9 ppm

detection limits of these drugs were 200-2000 times lower than 
that required by immunoassays. The AxION 2 TOF provides wide 
dynamic range capabilities similar to that of a triple quadrupole 
mass spectrometer and also offers the screening of untargeted 
compounds and the ability to retrospectively look for analytes in 
the data set. For rapid large scale screening of batches of samples 
PerkinElmer AxION Solo software provides a quick and easy 
platform to detect the presence or absence of compounds 
in serum.
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Introduction 

There is a great need by 
forensic toxicologists to develop 
robust analytical methods to 
accurately and quickly measure 
benzodiazepines in biological 

fluids including urine in cases such as sexual assault and fatalities.

Immunoassays have traditionally been used for testing of benzodiazepines but this 
approach can be challenging giving false positive results – needing confirmation 
by techniques such as GC/MS. Immunoassays are not always sensitive enough to 
detect low levels of the drug in matrices such as urine and blood. 

Workflow for  
Quantification of 
Benzodiazepines in Urine 
Using UHPLC- TOF
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GC/MS offers its own challenges in the analysis of 
benzodiazepines as most of the compound classes are polar  
and often thermally labile, thus requiring derivatization prior to 
analysis. Unlike GC/MS, LC/MS does not require time consuming 
derivatization of samples and is ideally suited for the rapid analysis 
of these compounds. Among the LC techniques, LC/MS/MS is 
often used to quantitate drugs of abuse (non-clinical applications) 
in biological fluids due to its sensitivity and selectivity. 

We present an alternative technique to quantitate 
benzodiazepines in urine utilizing a rapid dilute and shoot LC 
method in combination with time-of-flight mass spectrometry 
(TOF MS). The detection limits of benzodiazepines analyzed by 
the TOF were 100-200 times lower than those required by  
non-specific immunoassays. In addition to the wide quantitative 
dynamic range of the AxION® 2 TOF MS, which rivals 
capabilities of the triple quadrupole instruments, the TOF also 
provides full spectral information, allowing for screening of 
non-target compounds. 

In this application note we present a rapid workflow for the 
quantification of benzodiazepines in urine.

Experimental

A workflow for the quantification of benzodiazepines is shown  
in Figure 1.

Calibration Curve(s) 
Urine (0.5 mL) was diluted with 0.5 mL of methanol containing 
varying concentrations of a mixture of benzodiazepines. 5 µL of 
the sample was injected on column. Each calibration level was 
injected five times. 

LC conditions:
Pump:  PerkinElmer Flexar™ FX-15 UHPLC pump 
Flow:  0.4 mL/min 
Mobile phase A:  Water (0.1% formic acid) 
Mobile phase B:  Acetonitrile (0.1% formic acid) 
Gradient conditions:  20% B to 90% B over four minutes 
Injection volume:  5 μL in partial fill mode 
Column:   PerkinElmer Brownlee™ SPP C-18, 2.1x50 mm, 

2.7 μm (part number N9308402), 25 °C

MS conditions:
Mass spectrometer:  PerkinElmer AxION 2 TOF MS 
Ionization source:  PerkinElmer Ultraspray™ 2 (Dual ESI source) 
Ionization mode:  Positive

Internal calibration was performed using m/z 195.0876 and 
622.02896 as lock mass ions.

Figure 1. Workflow for identification and quantification of benzodiazepines in urine.
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Results

To rapidly identify the presence or absence of compounds in large 
batches of samples, AxION Solo™ software was used. AxION Solo 
provides quick visualization of the presence or absence of analytes 
in the samples (Figure 2). The presence of an individual compound 
can be coded with a specific color for ease of identification. The 
software identifies the presence of a compound based on 
accurate mass and isotope profile ratio as shown in Figure 3. In 
addition to searching against spectral information, the software 
can also search for target analytes based on user defined retention 
time windows which further improves the specificity of detection. 
The list of target analytes can be quickly and easily added to as 
previously unknown analytes are detected in samples. The analysis 
of benzodiazepines was completed in < 3 min. (Figure 4) with all 
peaks eluting before 2.7 minutes. 

Quantification
The overall assay sensitivity was determined to be in the 
1- 2 ng/mL range for all of the drugs spiked into urine, (Table 1). 
The limit of quantification (LOQs) measured by the TOF instrument 
were 100-200 times more sensitive than what is required by the 
non-specific EMIT immunoassays. 

When analyzing such low levels of compound, carryover must be 
assessed to ensure that the assay is suitable for use. In spite of the 
low LOQs provided by the TOF MS, 0% carryover was observed 
after an injection of the upper limit of quantification (ULOQ) 
mixture of the benzodiazepines. 

The linearity of a representative drug, diazepam, is shown in 
Figure 5. The assay showed linearity over four orders with an r2

value of 0.998. The majority of the benzodiazepines analyzed 
showed linearity between 3-4 orders of dynamic range with r2

values of 0.99 (Table 2). Multiple injections (n=5) of each 
calibration level showed excellent reproducibility (RSDs< 15%) for 
each of the drugs. The presence of a given drug in a urine sample 
can be confirmed by accurate mass and isotope profile provided 
by TOF MS. As shown in Table 3, the accurate masses of each of 
the benzodiazepines are < 3 ppm. 

Figure 2. AxION Solo Software: The top left hand corner shows the presence (pink) 
and the absence (grey) of chlonazepam in different samples (vials). The remaining 
benzodiazepines detected in the selected vial are displayed in the table (lower left).

Figure 3. The accurate mass of chlonazepam for A, A+1, are < 2 ppm. The isotope 
ratios for A+1, A+2 are within 5% of expected ratios.

Fig 3. The accurate mass of chlonazepam for A, A+1, are < 2ppm.  
The isotope ratios for A+1, A+2 are within 5% of expected ratio

Figure 4. Analysis of benzodiazepines by UHPLC-TOF MS spiked in urine < 3 mins.
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Fig. 4. Analysis of benzodiazepams by UHPLC-TOF MS spiked in urine < 3 mins.

Analyte LOQ (ng /mL)

Diazepam 1 

Oxazepam 2

Temazepam 2

Alpralozam 2

Flunitrazepam 2

Chlonazepam 2

Lorazepam 2

Midazolam 2

Nordiazepam 2

α-Hydroxy Alpralozam 2

α-Hydroxy Triazolan 2

Table 1. Shows the LOQs of the benzodiazepines.

Figure 5. Shows linearity for diazepam spiked in urine over 1-10,000 ng/mL 
concentration range (r2 = 0.998).Fig. 5. Shows linearity for diazepam spiked in urine over 1- 10,000 ng/mL concentration 

range(r2 = 0.998).  
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Analyte Concentration range (ng/mL) r2

Diazepam 1-10,000 0.998

Oxazepam 2-10,000 0.995

Temazepam 2-10,000 0.996

Alpralozam 2-10,000 0.995

Flunitrazepam 2-10,000 0.997

Chlonazepam 2-5,000 0.997

Lorazepam 2-5,000 0.998

Midazolam 2-2,500 0.999

Nordiazepam 2-10,000 0.997

α-Hydroxy Alpralozam 2-5,000 0.997

α-Hydroxy Triazolan 2-10,000 0.991

Table 2. Shows the linear dynamic range and regression for each of the  
benzodiazepines spiked in urine as matrix.

Table 3. Shows the theoretical mass, observed mass and mass error of benzodiazepines.
Analyte Theoritical mass of 

benzodiazepams
Observed mass of 
benzodiazepams

ppm 
error

Structure

α-OH triazolan 359.0461 359.0470 -2.5 ppm

α-OH alpralozam 325.0851 325.0856 -1.5 ppm

nordiazepam 271.0633 271.0640 -2.5 ppm

midalozam 326.0855 326.0848 2.1 ppm

lorazepam 321.0192 321.0185 2.2 ppm

Analyte Theoritical mass of 
benzodiazepams

Observed mass of 
benzodiazepams

ppm 
error

Structure

α-OH triazolan 359.0461 359.0470 -2.5 ppm

α-OH alpralozam 325.0851 325.0856 -1.5 ppm

nordiazepam 271.0633 271.0640 -2.5 ppm

midalozam 326.0855 326.0848 2.1 ppm

lorazepam 321.0192 321.0185 2.2 ppm

Analyte Theoritical mass of 
benzodiazepams

Observed mass of 
benzodiazepams

ppm 
error

Structure

α-OH triazolan 359.0461 359.0470 -2.5 ppm

α-OH alpralozam 325.0851 325.0856 -1.5 ppm

nordiazepam 271.0633 271.0640 -2.5 ppm

midalozam 326.0855 326.0848 2.1 ppm

lorazepam 321.0192 321.0185 2.2 ppm

Analyte Theoritical mass of 
benzodiazepams

Observed mass of 
benzodiazepams

ppm 
error

Structure

α-OH triazolan 359.0461 359.0470 -2.5 ppm

α-OH alpralozam 325.0851 325.0856 -1.5 ppm

nordiazepam 271.0633 271.0640 -2.5 ppm

midalozam 326.0855 326.0848 2.1 ppm

lorazepam 321.0192 321.0185 2.2 ppm

Analyte Theoritical mass of 
benzodiazepams

Observed mass of 
benzodiazepams

ppm 
error

Structure

α-OH triazolan 359.0461 359.0470 -2.5 ppm

α-OH alpralozam 325.0851 325.0856 -1.5 ppm

nordiazepam 271.0633 271.0640 -2.5 ppm

midalozam 326.0855 326.0848 2.1 ppm

lorazepam 321.0192 321.0185 2.2 ppm

chlonazepam 316.0483 316.0481 0.6 ppm

flunitrazepam 314.0935 314.0941 -1.9 ppm

alpralozam 309.0902 309.0898 1.3 ppm

temazepam
301.0738 301.0735 0.9 ppm

oxazepam 287.0582 287.0587 -1.7 ppm

diazepam 285.0789 285.0783 2.1 ppm

Table 3.  Shows the theoritical mass, observed mass and mass error of benzodiazepams

chlonazepam 316.0483 316.0481 0.6 ppm

flunitrazepam 314.0935 314.0941 -1.9 ppm

alpralozam 309.0902 309.0898 1.3 ppm

temazepam
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Table 3.  Shows the theoritical mass, observed mass and mass error of benzodiazepams

chlonazepam 316.0483 316.0481 0.6 ppm

flunitrazepam 314.0935 314.0941 -1.9 ppm

alpralozam 309.0902 309.0898 1.3 ppm

temazepam
301.0738 301.0735 0.9 ppm

oxazepam 287.0582 287.0587 -1.7 ppm

diazepam 285.0789 285.0783 2.1 ppm

Table 3.  Shows the theoritical mass, observed mass and mass error of benzodiazepams

   Theoretical Mass of Observed Mass of ppm  
Analyte Benzodiazepines Benzodiazepines Error Structure

α-OH Triazolan 359.0461 359.0470 -2.5 ppm

α-OH Alpralozam 325.0851 325.0856 -1.5 ppm

Nordiazepam 271.0633 271.0640 -2.5 ppm

Midalozam 326.0855 326.0848 2.1 ppm

Lorazepam 321.0192 321.0185 2.2 ppm

Chlonazepam 316.0483 316.0481 0.6 ppm

Flunitrazepam 314.0935 314.0941 -1.9 ppm

Alpralozam 309.0902 309.0898 1.3 ppm

Temazepam 301.0738 301.0735 0.9 ppm

Oxazepam 287.0582 287.0587  -1.7 ppm

Diazepam 285.0789 285.0783 2.1 ppm

Conclusions

The method required little to no sample preparation or method 
development, saving hours of time and the use of costly reagents 
and consumables. The AxION 2 TOF was easily able to identify 
1-2 ng/mL concentration of benzodiazepines spiked in urine. The 
detection limits of these drugs were 100-200 times lower than 
that required by immunoassays. The AxION 2 TOF with the ADC 
detector technology provides wide dynamic range capabilities 
similar to that of a triple quadrupole mass spectrometer and also 
offers the testing of untargeted compounds.  For rapid large scale 
testing of batches of samples PerkinElmer AxION Solo software 
provides a quick and easy platform to detect the presence or 
absence of benzodiazepines. 
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Introduction 

There is great need by forensic 
toxicologists and clinical 
researchers to develop robust 
analytical methods that 
accurately and quickly measure 
benzodiazepines in biological 
fluids including plasma in cases 

such as overdoses, sexual assault and fatalities.

Immunoassays have traditionally been used for screening of benzodiazepines but this 
approach can be challenging giving false positive results – needing confirmation by 
techniques such as GC/MS. Immunoassays are not always sensitive enough to detect 
low levels of the drug in matrices such as urine and blood. Also, the results obtained 

Workflow for the Testing  
and Quantification of 
Benzodiazepines in Plasma 
Using UHPLC Time-of-flight 
Mass Spectrometry
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from immunoassays correlate to the total concentration of 
benzodiazepines ingested but cannot identify the specific 
benzodiazepines consumed by the user. GC/MS offers its own 
challenges in the analysis of benzodiazepines as most of the 
compound class are polar and often thermally labile thus 
requiring derivatization prior to analysis. Unlike GC/MS, LC/MS 
does not require time consuming derivatization of samples and is 
ideally suited for the rapid analysis of these compounds. Among 
the LC techniques, LC/MS/MS is often used to quantitate drugs 
of abuse in (non-clinical applications) biological fluids due to its 
sensitivity and selectivity. 

We present an alternative technique to quantitate benzodiazepines 
in plasma utilizing a rapid protein precipitation method with  
a fast LC separation method in combination with time-of- 
flight mass spectrometry (TOF MS). The detection limits of 
benzodiazepines analyzed by the TOF were 20-100 times lower 
than those required by non-specific immunoassays. In addition 
to the wide quantitative dynamic range of the AxION® 2 TOF 
MS, which rivals capabilities of the triple quadrupole 
instruments, the TOF also provides full spectrum information 
which allows for detection of non-target compounds. Due to the 
variety of the illicit and abused drugs available and high 
incidence of drug abuse, it is vital that labs have an approach 
that is fast, yet generic in nature and not targeted.

In this application note we present a rapid workflow for the 
testing and quantification of benzodiazepines in plasma.

Experimental

A workflow for the testing and quantification of benzodiazepines 
is shown in Figure 1.

Calibration Curve(s) 
To 250 µL of plasma, 500 µL of ACN containing 1 % acetic acid 
and varying concentrations of a mixture of benzodiazepine 
standards was added. The samples were voretxed, then 
centrifuged (10,000 RPM for 10 min). The supernatant (500 µL) 
was mixed with water (500 µL) and injected on column (5 µL). 
Each calibration level was injected five times. 

LC conditions:

Pump:  PerkinElmer Flexar™ FX-15 UHPLC pump 
Flow:  0.4 mL/min 
Mobile phase A:  Water (0.1% formic acid) 
Mobile phase B:  Acetonitrile (0.1% formic acid) 
Gradient conditions:  20% B to 90% B in 4 min (linear gradient),  
Injection volume:  5 μL in partial fill mode 
Column:  PerkinElmer Brownlee™ SPP C-18,  
 2.1x50 mm, 2.7 μm (part number   
 N9308402), 25 °C

MS conditions: 
Mass spectrometer:  PerkinElmer AxION 2 TOF MS 
Ionization source:  PerkinElmer Ultraspray™ 2 (Dual ESI source) 
Ionization mode:  Positive

Internal calibration was performed using m/z 195.0876 and 
622.02896 as lock mass ions.

Figure 1. Workflow for testing, identification and quantification of benzodiazepines in plasma.
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Results

To rapidly identify the presence or absence of compounds in large 
batches of samples, AxION Solo™ software was used. AxION Solo 
provides quick visualization of the presence or absence of analytes 
in the samples (Figure 2). The presence of individual compounds 
can be coded with a specific color for ease of identification. The 
software identifies the presence of a drug based on accurate mass 
and isotope profile ratio as shown in Figure 3. In addition to 
searching against spectral information, the software can also 
search for target analytes based on user defined retention time 
windows which further improves the specificity of detection. The 
list of target analytes can be quickly and easily added to as 
previously unknown analytes are detected in samples. 

The analysis of benzodiazepines was completed in < 3 min (Figure 
4) with all peaks eluting before 2.7 minutes. 

Confirmation/Quantification
The overall assay sensitivity was determined to be in the 
2-10 ng/mL range for all of the drugs spiked into serum, (Table 1). 
The limit of quantification (LOQs) measured by the TOF instrument 
were 20-100 times more sensitive than what is required by the 
non-specific EMIT immunoassays. When analyzing such low levels 
of compound, carryover must be assessed to ensure that the assay 
is suitable for use. In spite of the low LOQs provided by the TOF 
MS, 0% carryover was observed after an injection of the upper 
limit of quantification (ULOQ) mixture of the benzodiazepine. 

The linearity of a representative drug, alprazolam is shown in 
Figure 5. The assay showed linearity over four orders with an r2

value of 0.996. The majority of the benzodiazepines analyzed 
showed linearity between 3-4 orders of dynamic range with r2

values of 0.99 (Table 2). Multiple injections (n=5) of each 
calibration level showed excellent reproducibility (RSDs< 15%) for 
each of the drugs. The presence of a given drug in a serum 
sample can be confirmed by accurate mass and isotope profile 
provided by TOF MS. As shown in Table 3, the accurate masses of 
each of the benzodiazepines are < 3 ppm. 

Figure 2. AxION Solo Software: The top left hand corner shows the presence (pink) 
and the absence (grey) of chlonazepam in different samples (vials). The remaining 
benzodiazepines detected in the selected vial are displayed in the table (bottom left).

Figure 4. Analysis of benzodiazepines by UHPLC-TOF MS spiked in plasma < 3 mins.

Figure 5. Shows linearity for alpralozam spiked in serum over 2- 20,000 ng/mL 
concentration range(r2 = 0.998, n = 5 injections per level). 

Figure 3. The accurate masses of chlonazepam for A, A+1 are within 2 ppm of 
expected. The isotope intensity ratios for A+1, A+2 are within 5% of expected. 

Fig. 2. Axion Solo Software: The top left hand corner shows the presence (pink) and the
absence (grey) of chlonazepam in different samples (vials). The remaining benzodiazepines
detected in the selected vial are displayed in the table (bottom left).

Analyte LOQ (ng /mL)

Diazepam 2 

Oxazepam 5

Temazepam 5

Alpralozam 2

Flunitrazepam 5

Chlonazepam 5

Lorazepam 10

Midazolam 5

Nordiazepam 5

α-Hydroxy Alpralozam 5

α-Hydroxy Triazolan  5

Table 1. Shows the LOQs of the benzodiazepines in serum.
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Analyte Concentration Range (ng/mL) r2

Diazepam 2-20,000 0.992

Oxazepam 5-20,000 0.996

Temazepam 5-20,000 0.997

Alpralozam 2-20,000 0.996

Flunitrazepam 5-10,000 0.991

Chlonazepam 5-20,000 0.993

Lorazepam 10-20,000 0.998

Midazolam 5-10,000 0.998

Nordiazepam 5-20,000 0.997

α-Hydroxy Alpralozam 5-20,000 0.998

α-Hydroxy Triazolan 5-20,000 0.998

Table 2. Shows the linear dynamic range and regression for each of the  
benzodiazepines spiked in serum as matrix. Table 3. Shows the theoritical mass, observed mass and mass error of benzodiazepines.

Analyte Theoritical mass of 
benzodiazepams

Observed mass of 
benzodiazepams

ppm 
error

Structure

α-OH triazolan 359.0461 359.0470 -2.5 ppm

α-OH alpralozam 325.0851 325.0856 -1.5 ppm

nordiazepam 271.0633 271.0640 -2.5 ppm

midalozam 326.0855 326.0848 2.1 ppm

lorazepam 321.0192 321.0185 2.2 ppm
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error

Structure
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lorazepam 321.0192 321.0185 2.2 ppm
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α-OH triazolan 359.0461 359.0470 -2.5 ppm

α-OH alpralozam 325.0851 325.0856 -1.5 ppm

nordiazepam 271.0633 271.0640 -2.5 ppm

midalozam 326.0855 326.0848 2.1 ppm

lorazepam 321.0192 321.0185 2.2 ppm

chlonazepam 316.0483 316.0481 0.6 ppm

flunitrazepam 314.0935 314.0941 -1.9 ppm

alpralozam 309.0902 309.0898 1.3 ppm

temazepam
301.0738 301.0735 0.9 ppm

oxazepam 287.0582 287.0587 -1.7 ppm

diazepam 285.0789 285.0783 2.1 ppm

Table 3.  Shows the theoritical mass, observed mass and mass error of benzodiazepams
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temazepam
301.0738 301.0735 0.9 ppm

oxazepam 287.0582 287.0587 -1.7 ppm
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Table 3.  Shows the theoritical mass, observed mass and mass error of benzodiazepams

chlonazepam 316.0483 316.0481 0.6 ppm

flunitrazepam 314.0935 314.0941 -1.9 ppm

alpralozam 309.0902 309.0898 1.3 ppm

temazepam
301.0738 301.0735 0.9 ppm

oxazepam 287.0582 287.0587 -1.7 ppm

diazepam 285.0789 285.0783 2.1 ppm

Table 3.  Shows the theoritical mass, observed mass and mass error of benzodiazepams

chlonazepam 316.0483 316.0481 0.6 ppm

flunitrazepam 314.0935 314.0941 -1.9 ppm

alpralozam 309.0902 309.0898 1.3 ppm

temazepam
301.0738 301.0735 0.9 ppm

oxazepam 287.0582 287.0587 -1.7 ppm

diazepam 285.0789 285.0783 2.1 ppm

Table 3.  Shows the theoritical mass, observed mass and mass error of benzodiazepams

   Theoretical Mass of Observed Mass of ppm  
Analyte Benzodiazepines Benzodiazepines Error Structure

α-OH Triazolan 359.0461 359.0456 1.3 ppm

α-OH Alpralozam 325.0851 325.0841 3.1 ppm

Nordiazepam 271.0633 271.0636 -1.1 ppm

Midalozam 326.0855 326.0848 2.1 ppm

Lorazepam 321.0192 321.0184 2.4 ppm

Chlonazepam 316.0483 316.0484 -0.3 ppm

Flunitrazepam 314.0935 314.0928 2.2 ppm

Alpralozam 309.0902 309.0896 1.9 ppm

Temazepam 301.0738 301.0731 2.3 ppm

Oxazepam 287.0582 287.0584  0.3 ppm

Diazepam 285.0789 285.0789 0.0 ppm

Conclusions

Even in a challenging matrix such as plasma, the method required 
minimal sample preparation or method development, saving 
hours of time and the use of costly reagents and consumables. 
The AxION 2 TOF was easily able to identify 2-10 ng/mL 
concentration of benzodiazepines spiked in serum. The detection 
limits of these drugs were 20-100 times lower than that required 
by immunoassays. The AxION 2 TOF provides wide dynamic range 
capabilities similar to that of a triple quadrupole mass 
spectrometer and also offers the screening of untargeted 
compounds. For rapid large scale screening of batches of samples, 
PerkinElmer AxION Solo software provides forensic laboratories 
with a quick and easy platform to detect the presence or absence 
of benzodiazepines. 

For Research Use Only. Not for Use in Diagnostic Procedures.
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Introduction

The PerkinElmer AxION® Time of Flight (TOF), fitted with 
ADC detector technology, provides a wide dynamic range 
and is suitable for quantitative analysis of target along 
with qualitative screening of unknown compounds. In this 
application note we present a workflow for the testing 
and quantification of compounds in urine. The accurate 
mass and isotope ratios provided by the AxION 2 TOF MS 
along with retention time matching is used to identify and 

confirm the presence of both known and unknown target analytes without the 
need for fragmentation information. The AxION 2 TOF MS fitted with the dual-
probe Ultraspray™ 2 ESI source allows for simultaneous infusion of both inter-
nal calibrant mixture and the LC effluent so the mass accuracy is maintained 
throughout the analysis at low ppm level with continuous lock mass correction. 

Quantitative Analysis  
of Analytes in Urine using 
UHPLC Coupled to 
Accurate Mass AxION 2 
TOF Mass Spectrometer
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LC conditions 

Pump:  PerkinElmer Flexar™ FX-10 pump

Flow:  0.4 mL/min

Mobile phase A:  Water containing 0.1% formic acid

Mobile phase B:  Acetonitrile containing 0.1%   
  formic acid

Gradient conditions:  95% A/5% B for 1 min., followed  
  by 95% A/5% B to 10% A/90% B  
  in 5 min. (linear gradient),   
  maintained at 10% A/90% B for  
  next 1.5 min. 

Injection volume:  4 μL in partial fill mode

Column used:  PerkinElmer Brownlee™ SPP C-18,  
  2x50 mm, 2.7 μm, 25 °C

MS conditions:

Mass spectrometer: PerkinElmer AxION 2 TOF MS

Ionization source: PerkinElmer Ultraspray™ 2  
 (Dual ESI source)

Ionization mode: Positive

Spectral acquisition rate: 3 spectra/sec

Capillary exit voltage: 100 V

TrapPulse™ mode: 100-1000 m/z (D7:68, D8:91)

Internal calibration was performed using m/z 118.08625 and 
622.02896 as lock mass ions.
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Table 1.  LODs of some representative analytes in urine.

Analyte LOD in urine (ng/mL or ppb)

Methamphetamine 1

Amphetamine 5

Diazepam 1

Haloperidol 4

Alpralozam 1

Fluorazepam 5

Codeine 5

Morphine 5

Doxepine 1

Haloperidol 4

Cocaine 1

Benzoylecognine 1

Methadone 1

3, 4 MDA 1

MDEA 1

Oxycodone 1

The linearity of a representative compound, oxycodone, is 
shown in Figure 2. The analysis showed regression values (r2 = 
0.999) over ~4 orders of dynamic range thereby emphasizing 
the quantitative capabilities of the AxION 2 TOF MS. 

Experimental

SPE extraction: Blank urine samples were spiked with varying 
concentrations of analytes (1-10,000 ppb) and with inter-
nal standards (d5-diazepam and d3-doxepine at 50 ng/mL 
each). Urine (300 µL) was extracted over PerkinElmer HLB 
solid phase cartridges (30 mg/1 mL cartridges, 30 micron 
particle size, Part Number N9306650). The cartridges were 
conditioned with methanol (1 mL) followed by water (1 mL). 
The urine samples were then loaded on the cartridges and 
extracted at a flow rate of 1 mL/min. The cartridges were 
washed with 5% methanol in water (1 mL) dried under 
vacuum for ~ 1 min and eluted with methanol (1 mL). The 
eluate was dried and reconstituted to 300 µL with water. 

Results

The separation and analysis of 21 compounds belonging to 
several classes was achieved within seven minutes (Figure 
1). The recovery of the drugs over SPE cartridges was esti-
mated to be ≥ 80% for nearly all of the analytes (deter-
mined at 20 ppb concentration spiked in urine). Using the 
proprietary TrapPulse technology of the AxION 2 TOF MS, 
excellent limits of detection were observed (LODs, based on 
S/N ≥ 3) for a majority of the analytes (1-5 ppb, Table 1). In 
the TrapPulse mode of operation, the duty cycle of the TOF 
increases, resulting in significant improvement in signal. The 
LODs measured by the AxION 2 TOF MS were 100-400 times 
lower than the required cut-off levels by the EMIT assays 
for most classes of analytes showing the excellent sensitivity 
provided by the instrument. 

Figure 1.  Analysis of different classes of compounds within seven minutes.

Figure 2.  Calibration curve of oxycodone over a concentration range of 
1-10,000 ppb (d3 doxepine used as internal standard).
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Table 2.  Shows  theoretical mass, observed mass and mass error of representative compounds. 

  Monoisotopic Mass 
Analyte Formula [M+H]+ Observed Mass Mass Error (ppm)

Methamphetamine C10H15N 150.1277 150.1273 -2.66

Amidarone C25H29I2NO3 646.0310 646.0312 0.39

Amphetamine C19H13N 136.1121 136.1113 -5.88

Codeine C18H21NO3 300.1594 300.1594 -0.07

Diazepam C16H13ClN2O 285.0789 285.0792 0.98

Doxepine C19H21NO 280.1696 280.1695 -0.36

Haloperidol C21H23ClFNO2 376.1474 376.1474 0.00

Morphine C17H19NO3 286.1438 286.1434 -1.40

Flurazepam C21H23ClFN3O 388.1586 388.1593 1.80

Alprolazam C17H13ClN4 309.0902 309.0900 -0.65

Cocaine C17H21NO4 304.1543 304.1550 2.30

EDDP perchlorate  C20H24ClNO4 278.1903 278.1906 1.08 
(fragment, [M-O4Cl]+) 

Benzoylecognine C16H19NO4 290.1387 290.1394 2.41

Methadone C21H27NO 310.2165 310.2171 1.93

3,4 MDA C10H13NO2 180.1019 180.1016 -1.67

MDEA C12H17NO2 208.1332 208.1326 -2.88

MDMA C11H15NO2 194.1176 194.1169 -3.61

Phenylpropylamine C9H13NO 152.1069 152.1060 -5.92

Oxycodone C18H21NO4 316.1543 316.1545 0.54

Figure 3.  (a-c) Shows the effect of narrowing the extracted ion mass window 
on the S/N of 1 ppb of alpralozam in urine. Blue trace is of control urine and 
the black trace is of spiked urine.

The major advantage of TOF MS is the accurate mass capa-
bility for confirming the presence of a given analyte. Table 2 
shows examples of accurate mass provided by AxION 2 TOF 
MS in comparison to the corresponding theoretical mass. 
The accurate mass, isotope ratios and retention time is used 
as confirmation of the presence of a given analyte. Analyte 
detection in urine at low parts-per-billion level is significantly 
improved by narrowing the extracted ion mass window as 
shown in Figure 3 (a-c) for alpralozam. The noise is reduced 
considerably with a narrower mass window improving over-
all S/N and thereby providing more confidence in analysis of 
a given compound. 
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summary of the potential target compounds for a given 
elemental composition. The compound was determined to be 
caffeine, one of the most commonly consumed stimulants. 
Similar analysis using AxION EC ID software suggested the 
unknown peaks eluting at Rt ~1 and ~1.8 mins were most 
likely theobromine/theophylline/paraxanthine, which are all 
isomer metabolites of caffeine. The presence of caffeine and 
its metabolites in urine was further confirmed by retention 
time matching with standards. 

Forensic researchers also have the challenge of looking 
for unknown compounds in samples. TOF MS technology 
provides the user the ability to re-mine already acquired 
data for presence of these “unknown” compounds. As an 
example, an unknown compound was analyzed eluting at 
retention time (Rt) of ~2.5 mins (Figure 4). The identity of 
this unknown peak was determined with the AxION EC ID 
software using accurate mass and isotope ratios. The soft-
ware searches against a database and provides a ranked 
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Figure 4.  Panel a: shows the elution profile of unknown targets that were identified as caffeine and metabolites of caffeine using accurate mass and isotope ratio 
obtained from the AxION 2 TOF MS along with the AxION EC ID software; Panel b: with the AxION EC ID software, the elemental composition C7H8N4O2 
was the first hit for m/z 181.0718; Panel c: upon sorting for decreasing AIDS (chemical listed for most number of assays), the first possible candidate for 
C7H8N4O2 was theophylline and the second choice was paraxanthine, both of which are metabolites of caffeine.
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Conclusions

The study of analytes in urine presented in this applica-
tion note shows the exceptional capabilities of the AxION 
2 TOF MS for both quantitative analysis and for testing of 
additional components present in urine for research applica-
tions. The detection limits of several classes of compounds 
analyzed by the TOF were 100-400 times lower than those 
required by non-specific immunoassays. The TOF provides 
full spectrum information which allows for screening of non-
target compounds in addition to having a wide quantitatiive 
dynamic range. This application note was developed for 
21 analytes; however, it can easily be extended to a wider 
range of compounds with the help of the easy to use quan-
titation and reporting software package provided with the 
instrument.
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A P P L I C A T I O N  N O T E

Introduction

Testing methods for drugs currently require 
long chromatographic methods and sample 
preparation or immunoassay techniques 
(EMIT) with confirmation by GC/MS or 
LC/MS/MS. These methods can be time-
consuming and laborious. The majority of 
urine testing methods cover only a limited 
number of metabolites, since reference 

standards are poorly available, making it difficult to keep up with the changing illicit 
drug scene. Due to the variety of compounds available, it is important to monitor 
the entire spectral range, which is easily performed using a time-of-flight-mass 
spectrometer (TOF MS). The ability to analyze samples rapidly is desirable, as drug 
seizures may result in thousands of samples. A method was developed using the 
AxION® 2 TOF MS integrated with the AxION Direct Sample Analysis™ (DSA™) system 
(Figure 1) for testing various classes of street seized, illicit designer drugs, and growth 
hormones in solid, liquids as well as metabolites in urine.

This method enables fast screening and confirmation with 
minimal or no sample preparation using the AxION DSA 
system. We present a real life case study for the analysis of 
369 unknown drugs from seized pills, vials, powders and 
urine samples (Figure 2). The study shows the suitability of 
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this method and instrumentation and also the ease of use and quick 
implementation possible of this solution into a laboratory due to 
the simple user interface, holistic design and visual reporting (Figure 
3). At the end of the first day of installation of the instrument, 
sample results were being reported. Rich spectral information for 
testing drug compounds takes only 20 seconds, without the need 
for classical mass spec training. The presence of the target analytes 
was confirmed using AxION Solo™ software by exact monoisotopic 
masses of precursor ion and fragment ions. Identification was 
performed by reverse automatic database search with set criteria 
for mass accuracy, isotopic pattern and abundance. A database 
containing all schedule 1-5 drugs as well as other substances to 
contain more than 1,000 compounds of illicit and commonly abused 
drugs and pharmaceuticals was used. Additional databases added in 
minutes. Samples were confirmed using an orthogonal confirmation 
methodology to validate the accuracy of this method against current 
industry standards.

In addition to the previous advantages described, we can now  
perform rapid screening of samples with automated sample  
analysis for many different sample types including solid, liquid and 
gas. Samples are introduced via disposable mesh and glass capillaries. 
The system is fully enclosed, providing decreased noise for excellent 

Experimental conditions: 
Traditional sample analysis using  
SPE/LC/MSMS v. DSA/TOF

Traditional sample analysis steps - 25 mins: 
Wet SPE cartridge à Condition cartridge à Pipette 
sample à Dispense sample à Wash salts à Elute  
cartridge à Collect eluent à Transfer eluent à  
Run analysis à Confirm results 

DSA/TOF sample analysis - 25 seconds: 
Pipette sample à Load instrument à Acquire spectra 
à Confirm results

Sample Prep: Minimal to no sample prep 

5 µl for liquid samples was used, no sample prep  
(figure 4a - 4b)

Pills and other solids were crushed and analyzed either 
directly as solids or after dissolving with MeOH 

Urine was diluted 20:1 with 50:50 methanol:water 
and directly pipetted onto the mesh

LC conditions: None required using DSA

Pump: PerkinElmer Flexar™ FX-10 or 15 pumps  
recommended when running LC-TOF; not required  
for DSA

MS conditions: 
Mass Spectrometer: PerkinElmer AxION 2 TOF MS 
Ionization Source: AxION DSA 
Ionization Mode: Positive 
Spectral Acquisition Rate: 5 spectra/sec 
Capillary Exit Voltage: 100 V 
Pulse and TrapPulse Mode: 50-650 m/z (D7:38, D8:52) 
Detector Voltage: 5000 and 8000 V

Mass Calibration: 
A 2nd order external mass calibration was performed  
in positive ionization mode from an infusion of  
5 calibration masses.

Internal calibration was performed using m/z 
121.05087 and 622.02896 as lock mass ions.

DSA Parameters:     
DSA Heater Temperature: 250 oC 
Auxiliary Gas: 80 psi 
Drying Gas Flow Rate: 3 L/min 
Drying Gas Temperature: 25 oC 
Corona Needle Voltage: 2200 V

Figure 2: Seized street samples and DSA solids and liquids rack (foreground).

Figure 4a: AxION DSA liquid rack,  
5 ul applied.

Figure 3: AxION DSA and AxION Solo: a holistic design that enables true one-click 
automated sample analysis.

Figure 4b: AxION DSA solid’s rack.
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Results 
369 unknown samples were tested using the AxION DSA/
TOF and AxION Solo. Due to the simple nature of the control 
software (Figure 5), the samples can be easily analyzed 
without complicated parameter setup and targets screened 
automatically. 53 unique substances were detected in this 
study, (Table 1). Each sample took less than 25 seconds. This 
is a total of 154 minutes or approximately 2.5 hours run and 
post data analysis time. No sample prep was required for many 
of the samples, but some crushing and MeOH extractions/ 
dilutions were performed totaling less than 4 hours for analysis 
of all samples. All samples were analyzed, confirmed and 
reported in a single morning using the AxION Solo Drugs of 
Abuse library and post-acquisition data processing software 
(Figure 6). As shown in Figure 7, the AxION Solo software easily 
screens multiple samples at one time. It provides annotated 
mass spectra for all substances detected in the sample that was 
run, including mass accuracy in ppm against theoretical. Isotopic 
ratio matching for further confirmation and a stop-light visual 
summary of substances found/not found against the library, 
provide a quick review and confirmation of the drugs detected.

Figure 5: Easy sample submission for the AxION DSA Controller.

Figure 6: AxION Solo Database, extensive list of illicit drugs that are 
readily added to in just a few clicks from targeted unknowns determined 
using the AxION 2 TOF.

Figure 7: AxION Solo stop light reporting and at-a-glance rich spectral information.

signal to noise, and is holistically designed with simple control 
and dedicated target and unknown analysis software. Sources 
are easily interchangeable to enable switching from DSA/
TOF to LC/TOF in minutes to allow for a flexible laboratory 
workflow. Testing is performed in a single sample analysis of 
targeted substances using accurate mass and isotope ratio 
supported by the AxION Solo software as well as confirmation 
of targeted unknowns, with the AxION EC ID software. 
AxION Solo uses accurate mass, isotope ratio and collision 
induced dissociation (CID) accurate mass fragments enabling 
confirmation by: 

• Monoisotopic mass of the precursor ion 
• Isotope ratios of the precursor ion 
• Accurate mass of multiple fragments 
• Isotope ratios of fragments
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Table 1: Identified Substance from Testing of Drug Compounds

Opioids

 
DRUG

 
DESCRIPTION

ELEMENTAL 
FORMULA

ION 
OBSERVED

THEORETICAL 
MASS

MEASURED 
MASS

ERROR 
(PPM)

METHADONE SYNTHETIC OPIOID C21H27NO [M+H]+ 310.2165 310.2171 -1.93

ETORPHINE/M99 SEMI-SYNTHETIC OPIOIDS C25H33NO4 [M+H]+ 412.2477 412.2491 -3.40

METHYLDESORPHINE OPIOID ANALGESIC C18H21NO2 [M+H]+ 284.1645 284.1653 -2.82

DIHYDROMORPHINE SYNTHETIC OPIOID C17H21NO3 [M+H]+ 288.1594 288.1606 -4.16

HYDOMORPHINOL OPIATE ANALOGUE C17H21NO4 [M+H]+ 304.1543 304.1549 -1.97

MORPHINE OPIATE ANALGESIC C17H19NO3 [M+H]+ 286.1438 286.1441 -1.05

OXYCODONE SEMI-SYNTHETIC OPIOIDS C18H21NO4 [M+H]+ 316.1543 316.1552 -2.85

CODEINE OPIATE C18H21NO3 [M+H]+ 300.1594 300.1587 2.33

DIHYDROCODEINE SYNTHETIC OPIOID  C18H23NO3 [M+H]+ 302.1751 302.1756 -1.65

6-ACETYLMORPHINE 6-MAM HEROIN METABOLITE C19H21NO4 [M+H]+ 328.1543 328.1535 2.44

EDDP METHADRON METABOLITE C20H23N [M+H]+ 278.1903 278.1905 -0.72

Steroids

 
DRUG

 
DESCRIPTION

ELEMENTAL 
FORMULA

ION 
OBSERVED

THEORETICAL 
MASS

MEASURED 
MASS

ERROR 
(PPM)

TESTOSTERONE PROPIONATE STEROID HORMONE DERIVATIVE C22H32O3 [M+H]+ 346.2458 346.2446 3.47

TESTOSTERONE DECANOATE STEROID HORMONE DERIVATIVE C29H46O3 [M+H]+ 443.3520 443.3523 -0.68

NANDROLONE DECANOATE ANABOLIC STEROID C28H44O3 [M+H]+ 429.3363 429.3362 0.23

STANOZOLOL ANABOLIC STEROID DERIVATIVE C21H32N2O [M+H]+ 329.2587 329.2577 3.04

BOLDENONE UNDECYLENATE ANABOLIC STEROID DERIVATIVE C30H44O3 [M+H]+ 453.3363 453.3344 4.19

METHANDROSTENOLONE ANABOLIC STEROID C20H28O2 [M+H]+ 301.2162 301.2153 2.99

TESTOSTERONE ENANTHATE STEROID HORMONE DERIVATIVE C26H40O3 [M+H]+ 401.3050 401.3049 0.25

MESTEROLONE ANABOLIC STEROID DERIVATIVE DHT C20H32O2 [M+H]+ 305.2475 305.2477 -0.66

TRENBOLONE LIVESTOCK STEROID C18H22O2 [M+H]+ 271.1693 271.1694 -0.37

NANDRALONE PHENYLPROPIONATE ANABOLIC STEROID C27H34O3 [M+H]+ 407.2581 407.2591 -2.46

TRENBOLONE ENATHATE LIVESTOCK STEROID C25H34O3 [M+H]+ 383.2581 383.2584 -0.78

Stimulant, Amphetamine and Other Psychoactive Substances

 
DRUG

 
DESCRIPTION

ELEMENTAL 
FORMULA

ION 
OBSERVED

THEORETICAL 
MASS

MEASURED 
MASS

ERROR 
(PPM)

 4-METHOXYAMPHETAMINE SEROTONERGIC DRUG  AMPHETAMINE CLASS C10H15NO [M+H]+ 166.1226 166.1228 -1.20

 FLUOROAMPHETAMINE PSYCHOACTIVE DRUG AMPHETAMINE C9H12FN [M+H]+ 154.1027 154.1025 1.30

 TCP DISSOCIATIVE ANESTHETIC DRUG C15H23NS [M+H]+ 250.1624 250.1619 2.00

 PARAHEXYL SYNTHETIC HOMOLOGUE THC C22H32O2 [M+H]+ 329.2475 329.2471 1.21

 MDMA EMPATHOGENIC  AMPHETAMINE CLASS C11H15NO2 [M+H]+ 194.1176 194.118 -2.06

 N-ETHYLAMPHETAMINE STIMULANT DRUG AMPHETAMINE CLASS C11H17N [M+H]+ 164.1434 164.1439 -3.05

 TETRAHYDROCANNABINOL (THC) PSYCHOACTIVE CANNABIS C21H30O2 [M+H]+ 315.2319 315.2330 -3.49

 CAFFEINE STIMULANT C8H10N4O2 [M+H]+ 195.0877 195.0878 -0.51

 NRG-2 SYNTHETIC CATHINONE C12H17NO [M+H]+ 192.1383 192.1385 -1.04

 PHENMETRAZINE STIMULANT MORPHOLINE C11H15NO [M+H]+ 178.1226 178.1228 -1.12

 MEPHEDRONE STIMULANT AMPHETAMINE/CATHINONE C11H15NO [M+H]+ 178.1226 178.1229 -1.68

 MDPV PSYCHOACTIVE STIMULATE NDRI C16H21NO3 [M+H]+ 276.1594 276.1589 1.81

 DIETHYLCATHINONE STIMULANT DRUG CATHINONE CLASS AP-
PETITE SUPRESSANT 

C13H19NO [M+H]+ 206.1539 206.1527 5.82

 FLUOROMETHCATHINONE FMC STIMULANT AMPHETAMINE/CATHINONE C10H12FNO [M+H]+ 182.0976 182.097 3.29

 COCA LEAVES/COCAINE* STIMULANT SNDRI TROPANE ALKALOID C17H21NO4 [M+H]+ 304.1543 304.1547 -1.32
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Other Identified Substances 

 
DRUG

 
DESCRIPTION

ELEMENTAL 
FORMULA

ION 
OBSERVED

THEORETICAL 
MASS

MEASURED 
MASS

ERROR 
(PPM)

BENZOYLECGONINE TOPICAL ANALGESIC METABOLITE OF COCAINE C16H19NO4 [M+H]+ 290.1387 290.1389 -0.69

PENTOBARBITAL BARBITURATE C11H18N2O3 [M+H]+ 227.1390 227.1381 3.96

TADALAFIL/CIALIS ERECTILE DYSFUNCTION C22H19N3O4 [M+H]+ 390.1448 390.1459 -2.82

CARBAMAZEPIN ANTICONVULSANT MOOD STABILZER C15H12N2O [M+H]+ 237.1023 237.1029 -2.53

AMITRIPTYLINE TRICYCLIC ANTIDEPRESSIVE C20H23N [M+H]+ 278.1903 278.1901 0.72

SIBUTRAMINE ORAL ANOREXIANT C17H26CLN [M+H]+ 280.1827 280.1839 -4.28

SILDENAFIL/VIAGRA ERECTILE DYSFUNCTION C22H30N6O4S [M+H]+ 475.2122 475.2129 -1.47

RISPERIDONE ANTIPSYCHOTICS SCHIZOPHRENIA C23H27FN4O2 [M+H]+ 411.2191 411.2182 2.19

QUININE ANTI MALARIAL C20H24N2O2 [M+H]+ 325.1911 325.1923 -3.69

ZOLPIDEM INSOMNIA MED C19H21N3O [M+H]+ 308.1758 308.1767 -2.92

CLENBUTEROL BRONCHIAL DILATOR PERFORMANCE ENHANCING C12H18CI2N2O [M+H]+ 277.0869 277.0867 0.72

DIAZEPAM BENZODIAZEPINE C16H13CLN2O [M+H]+ 285.0789 285.0787 0.70

KETAMINE NMDA RECEPTOR ANTAGONIST C13H16CINO [M+H]+ 238.0993 238.0989 1.68

LIDOCAINE ANESTHETIC USED TO CUT COCAINE C14H22N2O [M+H]+ 235.1805 235.1796 3.83

BENZOCAINE SURFACE ANESTHETIC C9H11NO2 [M+H]+ 166.0863 166.0862 0.60

Conclusion 
The AxION DSA/TOF system provides a new solution for the testing of illicit drugs in seconds compared to lengthy sample  
preparation and chromatographic run times of 20-60 min. Testing of unknown drugs in samples is performed in seconds  
using monoisotopic mass of the precursor ion, isotope ratios of the precursor ion, accurate mass of multiple fragment ions and  
isotope ratios of fragment ions using AxION Solo software. AxION EC ID software provides a solution that can identify exact mass  
of precursor and fragments of unknown compounds in seconds. These compounds can be screened against public or user-defined  
databases and added easily and quickly to your targeted library. If chromatography is desired, AxION DSA can switch to LC/TOF in  
a few minutes to adapt to any workflow that you require in your lab.

For Research Use Only. Not for Use in Diagnostic Procedures.
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A P P L I C A T I O N  N O T E

Synthetic cathinones are gaining popularity 
as drugs of abuse and are often sold in bath 
salts. Currently, there is no standard method 
to quickly screen and confirm cathinones in 
bath salts. To address this issue, use of the 
AxION® Direct Sample Analysis™ (DSA™) inte-
grated with the AxION 2 time-of-flight  
mass spectrometer (TOF) (PerkinElmer, Waltham, 

MA) was implemented. Cathinone standards and bath salt samples were rapidly 
screened and confirmed in seconds by accurate mass and isotopic distribution of 
parent and fragment ions using DSA/TOF and AxION Solo™ software.

Introduction

Cathinone is a beta-ketone amphetamine analogue that is found naturally in 
the Catha edulis plant. Derivatives of cathinone have been synthesized and are 
grouped together as cathinones.1 Synthetic cathinones have gained popularity 
in the U.S. over the last few years as drugs of abuse, and are often sold as bath 
salts in head shops. The synthetic stimulants are used as legal substitutes for 
other illicit drugs, such as cocaine and methamphetamine. Bath salt components 
continually change as street chemists alter existing compounds to avoid detec-
tion. This in turn makes law enforcement surrounding bath salts and cathinones 
difficult. To date, the Drug Enforcement Agency (DEA) has only been successful 
in permanently banning two cathionones: mephedrone and methylenedioxypy-
rovalerone (MDPV).2
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Experimental

Sample Preparation

Cathinone standards were prepared by placing a small 
amount of solid sample on the mesh target screen and 
applying 5 µL of methanol. Due to their insolubility in meth-
anol, confiscated bath salt samples were directly sampled by 
placing them in glass sampling tubes. Images of the mesh 
target screen and a glass sampling tube are shown in Figure 
2.

AxION DSA/TOF MS Instrumentation

The AxION DSA conditions were as follows: corona current of 
5 µA, heater temperature of 350 °C, auxiliary gas (N2) pressure 
of 80 psi, drying gas (N2) flow of 4 L/min, and drying gas (N2) 
temperature of 25 °C. The AxION 2 TOF MS was run in posi-
tive ionization mode with a flight tube voltage of 8000 V. The 
capillary exit voltage was set to 100 V for normal MS analy-
sis and 160 V for CID analysis. Mass spectra were acquired 
with a mass range of 50–1000 m/z and an acquisition rate 
of 2 spectra/sec. To maintain mass accuracy, two lock mass 
ions were used (m/z 121.0509 and m/z 322.0481). All sam-
ples were analyzed for only 15 sec.

Results

Cathinone Standards

All eleven cathinone standards were analyzed by DSA/TOF,  
and the [M+H]+ ion, as well as at least two fragment ions, 
were identified. The mass errors for the [M+H]+ ion in each 
standard were determined to be less than 5 ppm and are 
listed in Table 1. The mass spectra collected from standards 
using CID, for the two cathinones that have been perma-
nently banned (mephedrone and MDPV), are shown in 
Figure 3. In addition to the [M+H]+ ion, all identified frag-
ment ions, based on accurate mass and isotopic distribu-
tion, are also labeled in Figure 3. The same procedure was 
performed for the remaining cathinone standards. Many 
cathinones shared fragment ions, such as theoretical m/z 
149.0233, 126.1277, and 91.0542, corresponding to frag-
ment ions with formulas of C8H5O3, C8H16N, and C7H7, 
respectively. 

There lacks a standard analytical methodology for the detec-
tion and confirmation of cathinones in bath salts. A variety 
of lengthy methods have been used to analyze cathinones, 
including an 18-min method utilizing GC/MS and LC/MS/MS 
to detect and confirm mephedrone, and a 20-min method 
implementing GC/MS to detect several cathiones.3,4 This 
article presents a fast and direct screening and confirmation 
method using the AxION DSA/TOF.  

Due to the variety of bath salts available, it is advantageous 
to monitor the entire spectral range, which is easily per-
formed using TOF MS. The ability to analyze samples rapidly 
is desirable, as drug seizures may result in thousands of 
samples. Fast screening of seized samples in seconds, with-
out sample preparation, is easily performed using  
DSA/TOF MS. A proof of concept for the rapid analysis of  
11 cathinones in bath salts is presented here.

AxION DSA/TOF MS analysis allowed for the screen-
ing of 11 cathinones, including butylone; methylone; 
naphyrone; mephedrone; 4-fluoromethcathinone 
(4-FMC); 4-methylethcathinone (4-MEC); ethcathinone; 
3,4-methylenedioxy-α-pyrrolidinobutiophenone (MDPBP); 
α-pyrrolidinopentiophenone (α-PVP); 3-methyl-α-
pyrrolidinopropiophenone (α-MPPP); and MDPV. Structures 
of the 11 cathinones studied are shown in Figure 1. The 
presence of the target analytes was confirmed using AxION 
Solo software by mass accuracy and isotopic abundances of 
parent and fragment ions produced by collision-induced dis-
sociation (CID).

Figure 1.  Structures of the 11 cathinones used in this study.

Figure 2.  Images of the DSA TOF equipped with a mesh target screen (left) and a 
glass sampling tube (right).
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Bath Salt Samples

Five different bath salt samples (labeled numbers 3, 5, 7, 
8, and 9) were analyzed and found to contain a variety of 
the cathinones. These were easily confirmed from previously 
analyzed standards. The mass spectra of samples 3 and 8 
were found to contain butylone and 4-MEC, and MDPBP, 
butylone, α-MPPP, and α-PVP, respectively (Figure 4). As 
shown in Figure 4, excellent mass accuracy was observed 
for real bath salt samples in only 15 sec, and no sample 
preparation, despite the large number of ions present. The 
remaining bath salt samples were found to contain: MDPV 
in sample 5; butylone in sample 7; and MDPBP, α-PVP, and 
4-MEC in sample 9. All cathinones in the bath salt samples 
were confirmed by accurate mass and isotopic distribution 
of parent and fragment ions using AxION Solo software.

Figure 3.  Mass spectra obtained in 15 sec each, directly on mesh, for mephedrone 
(top) and MDPV (bottom), demonstrating the mass accuracy of the AxION 
TOF/MS, and the ability to easily detect and identify cathinone standards.

Figure 4.  Mass spectra of two different bath salt samples, one sample containing four cathinones (sample 8, top) and the other 
sample (sample 3, bottom) containing two cathinones, demonstrating the ability to perform rapid confirmation of multiple 
analytes, in 15 sec or less, with AxION DSA/TOF/MS. Peak numbers 1–17 were found in sample 8 and correspond to α-MPPP 
(#1–3), MDPBP (#4–7), α-PVP (#8–12), and butylone (#13–17). Peak numbers 18–25 were found in sample 3 and correspond 
to butylone (#18–22) and 4-MEC (#23–25).
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Conclusion

This article offers the first solution for screening and/or 
confirmation of bath salts in seconds without sample prepa-
ration using DSA/TOF and AxION Solo software. Eleven 
cathinone standards were screened, without sample prepara-
tion, in 15 sec per sample. Accurate masses of parent and 
fragment ions were determined and used to confirm the 
presence of cathinones in various bath salts. The accurate 
mass of the [M+H]+ ion of each of the cathinones, in stan-
dard and bath salt samples, was determined and observed 
to be <5 ppm mass error. Some bath salts contained up to 
four different cathinones. In conclusion, the AxION DSA/TOF 
can screen and confirm multiple cathinones in bath salts by 
accurate masses of both parent and fragment ions, as well 
as isotopic distributions. DSA/TOF applied in labs respon-
sible for screening and confirming the presence of illegal 
substances could replace traditional, lengthy techniques, such 
as GC/MS and LC/MS/MS. The AxION DSA/TOF work flow 
will decrease training and analysis time, lower costs, and 
improve laboratory productivity.

Table 1.  Comparison of the accurate mass and the observed mass for each 
cathinone standard; all mass errors were less than 5 ppm.

 Ion  Theoretical Measured Error 
Cathinone Observed Mass Mass (ppm)

Butylone [M+H]+ 222.1125 222.1127 0.9 

Methylone [M+H]+ 208.0968 208.0973 2.4

Naphyrone [M+H]+ 282.1852 282.1851 –0.4

Mephedrone [M+H]+ 178.1226 178.1218 –4.5

4-FMC [M+H]+ 182.0976 182.0978 1.1

4-MEC [M+H]+ 192.1383 192.1382 –0.5

Ethcathinone [M+H]+ 178.1226 178.1218 –4.5

MDPBP [M+H]+ 262.1438 262.1438 0.0

α-PVP [M+H]+ 232.1696 232.1685 –4.7

α-MPPP [M+H]+ 218.1539 218.1532 –3.2

2-MDPV [M+H]+ 276.1594 276.1591 –1.1
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TOF MS

DIRECT SAMPLE ANALYSIS

Rapid analysis

Complete characterization

No method development  
or sample preparation 

• DSA-TOF analysis of cathinone 
standards, butylone, 2-MDPV, 
mephedrone, and MDPBP resulted in 
excellent mass accuracy of parent and 
fragment ions

• The analysis was performed in 15 
seconds with no sample preparation

• Cathinones are commonly found in 
street drugs, such as bath salts

• Currently, no standard method of 
analysis is available for cathinones

Forensics: CID of Cathinone Standards

For Research Use Only. Not for Use in Diagnostic Procedures.
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DIRECT SAMPLE ANALYSIS

No sample preparation

Low detection limits

Fast, accurate mass

• With no sample preparation, DSA-TOF 
analysis of the cola sample detected 
the drug with high mass accuracy

• The analysis was performed in  
15 seconds with no sample preparation 
and external calibration

• The minimum level of the date rape 
drug, Gamma-Hydroxy Butyric Acid, 
which affects humans is 1 mg/mL

• A cola sample was spiked with the 
drug at 0.1 mg/mL, 10-fold less than 
the minimum detection limit

Forensics: Date rape drug in cola

For Research Use Only. Not for Use in Diagnostic Procedures.
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TOF MS

DIRECT SAMPLE ANALYSIS

Forensics: Steroids

Results in seconds

No complex method development

Confirms presence of drugs  
of abuse

• Ampules of steroids were seized 
from a gym for analysis

• Analysis confirmed that the ampule 
was incorrectly labeled; the active 
compound was testosterone enan-
thate not testosterone decanoate

• Analysis performed in 15 seconds 

without chromatography, no meth-
od development and  
external calibration
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DIRECT SAMPLE ANALYSIS

Easy to use

Confirms compound 
identity

Fast, accurate mass

• The analysis was performed in  
15 seconds with no sample preparation 
and external calibration

• Testosterone is an anabolic steroid 
that can be used to enhance physical 
performance in athletes

• Testosterone powder was directly 
analyzed in a glass capillary

• Confirmation of testosterone was 
achieved in seconds with high mass 
accuracy

Forensics: Testosterone in steroid powder

For Research Use Only. Not for Use in Diagnostic Procedures.
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Author:
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PerkinElmer, Inc. 
Shelton, CT 

Introduction 

Fibers originating 
from textiles in 
carpet, furniture, and 
clothing are often 
used as evidence at 

crime scenes. Fiber analysis is traditionally performed using various non-destructive 
techniques including optical microscopy, visible and infrared micro-spectrophotometry. 
Chromatography techniques such as poor resolving thin-layer chromatography or 
higher resolution HPLC with UV or diode array detection (DAD) can also be used 
for fiber identification. In this study, we show analysis of dyes extracted from fibers 
using UHPLC coupled to time-of-flight mass spectrometry (TOF MS), providing a more 
specific and sensitive technique. TOF MS provides a higher degree of discrimination 
between closely resembling dyes with similar functional groups of detection compared 
to UV or DAD detection using accurate mass measurements and isotope ratio 
confirmations. We also provide a method to build a database for forensic dyes using 
accurate mass and isotope profile information acquired from the time-of-flight (TOF) 
mass spectrometer along with the proprietary AxION® EC ID™ software. 

Quantitation of Dyes in Forensic 
Fibers Using UHPLC-TOF MS 
and Building a Dye Database  
with AxION EC ID Software
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Experimental

Sample preparation:
Dyes were extracted from fibers using proprietary technology 
and provided as liquid extracts by Microtrace Scientific, IL, USA. 
The liquid extracts were analyzed by LC-TOF. 

LC conditions:
Pump:  PerkinElmer Flexar™ FX-15 UHPLC pump 
Flow:  0.4 mL/min 
Mobile phase A:  Water containing 0.1% formic acid 
Mobile phase B:  Acetonitrile containing 0.1% formic acid 
Gradient conditions:   Starting at 50% B to 90% B in 5 min in a 

linear gradient
Injection volume:  5 μL in partial fill mode 
Column used:   PerkinElmer Brownlee™ SPP C-18,  

2x50 mm, 2.7 μm (part # N9308402), 25 °C

MS conditions:
Mass spectrometer:  PerkinElmer AxION 2 TOF MS 
Ionization source:  PerkinElmer Ultraspray™ 2 (Dual ESI source) 
Ionization mode:  Negative 
m/z range:  100-1050 
Capillary exit voltage: 100 V 
Internal calibration was performed using m/z 112.9856 and 
1033.9881 as lock mass ions.

Results

Anionic dyes, acid yellow 246, acid red 361 and acid blue  
277 are commonly used synthetic dyes to color fibers. The 
separation and analysis of the dye standards was achieved  
in less than three min. using UHPLC-TOF (Figure 1). The  
mass accuracy measured by the AxION 2 TOF for each of  
the dyes was less than one ppm compared to theoretical  
values (Table 1). Accurate mass measurement greatly improves 
the confidence of identification in dyes extracted from various 
fabrics because of potential interferences from dye residues 
that may have the same nominal mass.  

Calibration curves set up for each of the dyes showed excellent 
linearity (r2 >0.99) over a wide range of concentration  
(10-1500 ng/ml) (Figure 2 a-c). Based on the S/N obtained for 
10ng/mL, we should easily be able to detect 1-2 ppb for the 
dyes (analysis is triplicates). 

Fiber extracts from sample A and B (diluted 20 fold) were 
analyzed by LC-TOF and showed the presence of all three anionic 
dyes (Figure 3). The concentration of each of the dyes determined 
in the sample fiber A in triplicate injections are shown in Table 2. 
Based on our results, the accurate mass and isotope profile 
capabilities and linearity of the AxION 2 TOF can be an excellent 
tool for identification and quantitation of dyes in fibers.

The user can build a database for dyes in fabrics using the 
PerkinElmer AxION EC ID software. The database can be set up 
using an excel spreadsheet with compound name and elemental 
composition information of all the dyes that are found in fabrics. 
AxION EC ID software can search against this dye database and 
identify unknown dyes in fabrics.  

Figure 1. Analysis of fiber dyes by UHPLC-TOF. Separation in under 3mins

Fig. 1 Analysis of fiber dyes by UHPLC-TOF.  Separation in under 3mins
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Figure 2. Linear calibration curves over concentration ranges 10-1500 ng /mL for the 
anionic fiber dyes for triplicate injections a. Acid blue 277 b. acid red 361 and c. acid 
yellow 246.

a

b

c

Fig. 2. Linear calibration curves over concentration ranges 10-1500 ng/mL for the 
anionic fiber dyes for triplicate injections a.  Acid blue 277 b. acid red 361 and c. acid 
yellow 246 

r 2 = 0.998

r 2 = 0.995

r 2 = 0.997

 Expected Observed  
 Dye mass [M-H]- mass [M-H]- ppm error

Acid blue 277  544.0853 544.0857 0.7

Acid red 361  517.1221 517.1213 1.5

Acid yellow 246  516.0693  516.0695 0.4

Table 1. Expected and observed masses [M-H]- of anionic dyes listed of anionic dyes 
listed along with ppm error.
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Conclusions

Analysis of fibers found at a crime scene can play an important 
role in forensics. Characterization of textile dyes in fibers is a 
crucial part of fiber identification. Using UHPLC-TOF mass 
spectrometry, we can easily identify and quantify the dyes 
present in the fiber extracts. A database for the various dyes can 
be generated in an excel spreadsheet using just the elemental 
composition information of known dyes. The AxION EC ID 
software can search against this database in fibers using 
accurate mass and isotope profile information obtained from the 
TOF mass spectrometer. 
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Figure 3. Shows the dye extracts from sample fabrics A and B.
Fig. 3. Shows the dye extracts from sample fabrics A and B

Sample fiber A

Sample fiber B
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Figure 4. A database for fabric dyes can be generated using an excel spreadsheet with 
just the elemental composition information and the name of each dye. Using accurate 
mass and isotope profile info, the  AxION EC ID software searches against this 
database and computes the likely elemental composition match.

Fig. 4. A database for fabric dyes can be generated using an excel spreadsheet with just the 
elemental composition information and the name of each dye.  Using accurate mass and 
isotope profile info, the  AxION EC ID software searches against this database and computes 
the likely elemental composition match.  

Dye present in Average concentration  
 sample fiber A in original soln %RSD

Acid blue 277  12.3 µg/mL 11%

Acid red 361  31.6 µg/mL 4.6%

Acid yellow 246  18.0 µg/mL  7.4%

Table 2. Quantitation of dyes in sample fiber A (triplicate injections).

As an example, the accurate mass and isotope profile 
information of acid yellow 246 was searched against 10 dyes 
entered into the database, the search came up with the 
elemental composition matching acid yellow 246 (Figure 4). The 
database can be generated for an unlimited number of dyes. 
Both retention time and accurate mass information can help in 
accurate identification of the dyes in fibers.

For Research Use Only. Not for Use in Diagnostic Procedures.
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TOF MS

DIRECT SAMPLE ANALYSIS

Forensics: Nitroglycerin
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Results in seconds

No sample preparation

Non-destructive

• DSA/TOF analysis on fabric identified 
gunshot residue by confirmation of 
nitroglyercin with accurate mass

• Analysis was performed in 15 seconds 
with no sample preparation and 
external calibration• 2% Dichloromethylene in methanol (as 

a dopant) was infused at 10 µL/min to 
ionize nitroglycerin as a chloride adduct

• Gunshot residue analysis on fabric is 
important for forensic analysis of crime 
scenes. Modern gun powders use 
nitrocellulose and nitroglyercin as basic 
ingredients.

For Research Use Only. Not for Use in Diagnostic Procedures.
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TOF MS

DIRECT SAMPLE ANALYSIS

Results in seconds

No sample preparation

Non destructive

Forensics: Ethyl Centralite

• DSA/TOF analysis on fabric identified 
gunshot residue by confirmation of 
ethyl centralite with accurate mass

• 2% Dichloromethylene in methanol 
was infused at 10 µL/min and DSA/TOF 
was run in positive mode

• The analysis was performed in  
15 seconds with no sample preparation 
and external calibration

• Residue analysis on fabric is important 
for forensic analysis of crime scenes.  
Modern gun powders use nitrocellulose 
and nitroglyercin as basic ingredients.

For Research Use Only. Not for Use in Diagnostic Procedures.
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