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What is mass spectrometer?

Mass spectrometry (MS) is an analytical technique that
measures the mass-to-charge ratio of ions. The results are
typically presented as a mass spectrum, a plot of intensity as
a function of the mass-to-charge ratio. Mass spectrometry is
used in many different fields and is applied to pure samples
as well as complex mixtures.
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https://en.wikipedia.org/wiki/Mass-to-charge_ratio
https://en.wikipedia.org/wiki/Ion
https://en.wikipedia.org/wiki/Mass_spectrum

Isotope mass

Most elements are found in nature in form of different so called isotopes. Isotopes

of an element have nuclei with the same number of protons (the same atomic
number) but different numbers of neutrons.

Hydrogen ©® @@ P S

1 proton
Helium “ .:'
2 prot
protons - e
Lithium g .‘:.
3 protons
7L1
Proton: @ Neutron: @

However, both, protons and neutrons contribute to the weight of an atom, which
explains the difference in weight of isotopes.
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Most Elements Have More Than One Isotope

Element Mass Natural
Abundance
1.0078 99.985%

: 2.0141 0.015
12.0000 98.89

¢ 13.0034 1.11
14.0031 99.64

N 15.0001 0.36
15.9949 99.76

O 16.9991 0.04
17.9992 0.20

F 18.9984 100
31.9721 95.00
32.9715 0.76

S 33.9679 4.22
35.9671 0.02
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About masses

Integer mass:
Sum of the integer masses of the elements composing the molecule,
e.g. CgH;,04

Integer mass = 6*12+12*1+6*16=180 Da

Monoisotopic mass:
Definition see last slide

Monoisotopic mass =
6*12.000000+12*1.007825+6*15.994915=180.06339 Da

Average mass:
The sum of the average masses of the elements (weighted average
of all stable isotopes of an element) composing the molecule

Average mass = 6*12.011+12*%1.00794+6*15.994=180.15768 Da
SCIEX
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Mass errors — absolute vs. relative

Absolute mass error (Da or mDa)

= Theoretical Mass - Measure Mass
=180.06339 - 180.0657
= -0.00231 Da

Relative mass error (ppm)

Theoretical mass — Measure mass

Theoretical mass x 1,000,000

_180.06339—180.0657
- 180.06339

=-12.82 ppm

x1,000,000
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LCMS Specifications terminologies

* What is Signal to noise ratio?

® Signal carries information about the analyte that is of interest to us.

" Noise is made up of extraneous information that is unwanted because it
degrades the accuracy and precision of an analysis

® Signal-to-Noise Ratio

Signal-to-noise (S/N) is much more useful figure of merit than noise alone for
describing the quality of an analytical method. The magnitude of the noise is
defined as the standard deviation s of numerous measurements and signal
Is given by the mean x of the measurements. S/N is the reciprocal of the
relative standard deviation. S/N < 2 or 3 - impossible to detect a signal.

Chromatogram Spectrum

Signal

Noise e

648 649 650 651 652 653 654 655 656 657

http://faculty.atu.edu/abhuiyan/Course/Chem%204414/Chapter%205.ppt Sc l Ex
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LCMS Specifications terminologies

* What is dynamic range?

Dynamic range is the difference between the smallest and largest usable signal
through a transmission or processing chain or storage medium. It is measured as a
ratio, or as a base-10 (decibel) or base-(doublings, bits or stops) logarithmic value.

https://en.wikipedia.org/wiki/Dynamic_range

Orders of magnitude (log base 10)

% 1-10 =1 order

< 1-100 =2 orders
% 1-1,000 = 3 orders
< 1-10,000 =4 orders
% 1-100,000 =5 orders
% 1-1,000,000 = 6 orders

Concentration range of a certain analyte that can be detection on a system
Minimum detection limit (LOD) would be the lowest value

Maximum detection limit would be the largest value within linearity limits

/SGEX)
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https://en.wikipedia.org/wiki/Decimal
https://en.wikipedia.org/wiki/Decibel
https://en.wikipedia.org/wiki/Binary_numeral_system
https://en.wikipedia.org/wiki/Bit
https://en.wikipedia.org/wiki/Stops_(Dynamic_Range)
https://en.wikipedia.org/wiki/Logarithmic_scale

Resolution

Mass
Resolution =
FWHM
_50%
L] 1 T L] 1 I L] T T } IL I 1
490 995 1005 1010 1020 1030 1040
Mass
Assignment
(1000 Da) m/z
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LCMS Specifications terminologies

* Low resolution vs High resolution

TripleQuads and QTRAP are known
as nominal mass instruments (low
resolution)

TOFs are know as high resolution
instruments

System Resolu- Mass Mass
tion accuracy error

1000 100 PPM
QT 8000 0.01 10 PPM
~100% /Apex
TT 40000 0.0001 <1 PPM
Mass
Resolution =
FWHM X500R 40000 0.0001 <1 PPM
L_50%
Parts per Million
} L (PPM) =
. : 3 . : : . A N Experimental mass - Theoretical mass
990 995 T 1005 1010 1020 1030 1040 x 106
Mass Theoretical mass

Assignment
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Low resolution MS

Intensity, cps

2.0e7
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High resolution MS

610.2835

611.2858

QTOF
Orbitrap
FTMS
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Why do we need ions?

e We want to measure the mass of our analytes. For this we
have to separate them according to their masses
e This is typically done in electromagnetic or magnetic fields

e
Q + - Well, what should happen???

1

¢ A neutral molecule cannot be influenced by such fields
e SO0 we need ions which are effected by these fields!

,Lorentz force"

Quellen- Richtung der e
spalt Elekironenbewegung
Richtung des
Magnetfeldes
Td 2r Kollektor
von der :
platte Richtung der Kraft
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Molecules and ions

A molecule is defined as a sufficiently stable electrically
neutral group of at least two atoms in a definite
arrangement held together by strong chemical bonds

An ion is an atom or molecule which has lost or gained
one or more electrons, making it positively or negatively
charged. A negatively charged ion, which has more
electrons in its electron shells than it has protons in its
nuclei, is known as an anion due to its attraction to
anodes. Conversely, a positively-charged ion, which has
fewer electrons than protons, is known as a cation due
to its attraction to cathodes.

www.wikipedia.org
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http://en.wikipedia.org/wiki/Electric_charge
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Electron_shell
http://en.wikipedia.org/wiki/Proton
http://en.wikipedia.org/wiki/Atomic_nucleus
http://en.wikipedia.org/wiki/Anode
http://en.wikipedia.org/wiki/Cathode

How are ions and molecules related?

Cations
CeH,oN,O-Nal™
[CoH1iNL0,]* CetioNaONal
\ |l, ) o,
ST
Hiy o \cmcoo-
- [CioH13N4O4]
[C8H9N4OZ] Anions
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The mass spectrum

Intensity (relative or absolute)

Mass/charge ratio (m/z), Da

_SCIEX
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The mass spectrum

The mass spectrum gives us information about

e the mass of a compound
e the charge of a compound

e the isotopic composition of a compound

e the abundance of the compound

It gives no information about the nature of the compound!

The Power of Precision



MS versus MS/MS

For an MS spectrum I record the m/z values of all the
compounds in my sample

For an MS/MS spectrum, I select one of the signals
from the MS spectrum, isolate the signal, fragment it
and record all the m/z values of the resulting fragments

| MS

J nﬁLIL Mot
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MS versus MS/MS

For an MS spectrum I record the m/z values of all the
compounds in my sample

For an MS/MS spectrum, I select one of the signals
from the MS spectrum, isolate the signal, fragment it
and record all the m/z values of the resulting fragments

e By




MS versus MS/MS

For an MS spectrum I record the m/z values of all the
compounds in my sample

For an MS/MS spectrum, I select one of the signals
from the MS spectrum, isolate the signal, fragment it
and record all the m/z values of the resulting fragments

. MS B MS/MS
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How to do MS/MS

There are two principally different ways to perform
MS/MS.:

MS/MS in space (selection and fragmentation takes
places in different places)

This is typically performed on QgQ, Q(q)TOF, TOF/TOF
and QQgFT systems

MS/MS in time (selection and fragmentation takes
place one after the other but in same location)

This is typically performed on ion trap and FT-ICR
systems

The Power of Precision



MS/MS in space vs in time

a, Qs
Q: o?)
0?) Detector
Selection

Fragmentation

Selection
Ion source

General scheme of QgX design. For QTOF replace Q3 by TOF, for Q-
FT Q3 by FT-ICR; the collision cell is typically annotated with a
small g (but can also be a hexapole (h) or other type (e.g. T-Wave)

SCIEX
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MS/MS in space vs in time

Accumulation Isolation

Excitation
@n N\ .*‘

Fragment
Accumulation

Detection




Solvents — What is Recommended

Mixtures of water with methanol and/or acetonitrile

Addition of volatile buffers :
— Ammonium acetate or formate (2-20 mM)

In positive ionization mode :
— Adding acetic or formic acid (0.1-1%) to support protonation

* In negative ionization mode :
— Addition of ammonia (0.1-1%) to support deprotonation

/SCIEX
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Progesterone (MW 314)

EFFECT OF AMMONIUM ACETATE ON IONIZATION

B 0110 MCA seans from Sample 2 (OMM HH4AC) of PROGESTERONE ESLy *7 "7 irbo Spray), Smoothed Maz, 1.Geb cps.
& (5es, 3153 H,O/Acetonitrile (50/50)
2 10 53 3373
= 2 25 280 285 290 295 300 305 3o 35 320 325 330 335 340 345 350

iz, aru

Mz §.2ef cps.

B 0110 MCA scans from Sample 2 (2MM HH4AC) of PROGESTERONE ESI ‘urbo Spray), Smoothed
o - H,O/Acetonitrile (50/50)
o ( 5.0e6 ' .
> 1 + 2 mM ammonium acetate
-
i) T T t t T t T T T T T T v T T T T
IS 270 275 280 285 290 295 300 305 310 314 320 325 330 335 340 345 350
méz, amu
W +01: 10 MCA soans frem Sample 3 (20hM NHAAD) of PROGESTEROME ESI. urba Spray), Smoothed Masx. 1.7 el ops)
g a3 H,OlAcetonitrile (50/50)
U_ e i .
JER M + 20 mM ammonium acetate
g 1 H
ai) T T . 7 r T T — T ¥ T T T T T T T T
IS 270 275 280 285 290 295 300 306 310 314 320 325 330 335 340 345 350
méz, amu
B 13110 MCA scans from Sample G (100MM HHSAD) of PROGESTERONE E (Turbo Spray), Smoothed Max. 1.2e6 cps.
o as1 H,O/Acetonitrile (50/50)
(&)

1.00e6 | N + 100 mM ammonium acetate

"

Intensity

270 278 280 285 290 295 300 305 30 35 30 325 330 33/ 340 345 340
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Solvents — What is Not Recommended

Salts or non-volatile buffers
- Sodium phosphate, NacCl, etc.

* Inorganic acids
- Hydrochloric acid, sulfuric acid, etc.

Other popular modifier
- Trifluoroacetic acid (TFA)
— High background due to m/z 113 in negative ion mode

Triethylamine (TEA, sticky and not volatile !)
- High background due to m/z 102 in positive ion mode

/SCIEX
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Effect of a Contaminant, TEA (C;H;5N)

PROGESTERONE INTENSITY IN POSITIVE ESI MODE

3152

7s5i  50% H20/Acetonitrile + 2 mM
ammonium acetate

Intensity, cps
IS
o
3

Parent ion

UUPSRUV. PV 7 U0 LL LG LN, 8., DTV | F RN TS PUNGRIVY, | SOON. Y SO UUNOUT T PO, ROD N | ORI B8 N | ey
B0 80 100 120 140 160 180 200 220 240 260 260 300 320 340
v

W 407130 MCA soans fiom Sample 3 (TEA CONTAMINATED) of FROGES TERDNE ES|uiff (Turbo Spray), Smoothed W 2068 ops.

50% H20/ Acetonitrile + 2 mM

1.868

ammonium acetate containing

1668

o '\ triethylamine (TEA)

11e8{ 579
1.0e8
o [CsHysN + H] +
7.067
6.0e7

Parent ion!

4.0e7 a80

3067 71
2.067 118.0
1.0e7 10

126.0

Intensity, cps

&0 20 100 120 140 160 180 200 220 240 260 280 300 320




Effect of a Contaminated Solvent on Analysis

TRIAZINE MIXTURE @ 20 NG/ML

B 4040000 to 0151 min from Sample 1 (13 of Triazinwiff(Turbo Spray) Max, 2.0 ops,

2066
1568
I
Co 10
L
£
22
5065 oz
oo | P02 2052 por g2, 2123 2132 2181 5242 252 25p e cn 283 82 4522902
W0 202 204 206 208 20 212 M4 208 Me 0 232 4 206 29 23 2 2 206 2 240 2 0¥ 246 248 250

miz, Da

B 401:0,000 to 026 minfrom Sample 1 (1) of triazine + dredowiff (Turbo Spray) Max. 3.0e8 cps,

3¢5 =32

306

20e5

Intensi

72
1085 10

2102
2233
24, 2032 2042 D9 [N sy 2152 diga2192 213

L
00 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 238 240 242 244 246 248 250
miz, Da

2282 2282
202 o342 : 2464

[W +01: 0,000 to 0,402 min from Sample 3 (3) of triazine + dredowiff (Turbo Spray) Max. 4.3e6 ops.

Intensit

B2 1373

100 120 140 160 180 ZUD 220 40 0 ZSD 300 320 340 360 380 400 420 440 460 480 500
miz, Da

a0 a0

Scanning area 200 — 250 :
The masses of the Triazine
mixture are visible

Scanning area 200 — 250 :
The masses of the Triazine
mixture are not visible
Hypothesis : concentration
too low

Scanning area 50 — 500 :
The contamination is visible.
It is responsible for the loss
of sensitivity

SCIEX
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How to Control the Quality of the Solvents

WHAT CAN YOU DO IF YOU SUSPECT YOUR SOLVENT IS CONTAMINATED?

* Preparation :
- Change the profile (HW Profile) to “MS and syringe”.

- Prepare 4 solutions : pure water, organic phase (acetonitrile or methanol) without buffer, water with buffer
and organic phase with acid / buffer

* How to check :

- Fill the syringe with the different solutions (1. water, 2. organic phase, 3. water with buffer, 4. organic with
buffer)

— Runin Manual Tuning a Q1 scan starting from 50 until the highest mass of your method is covered (e.g.
50 — 500 amu)

— Check the intensity of the masses which are present. Do you see any clusters of masses?

* Note :

- If you used mixed buffer systems (e.g. formic acid and NH, formate) check one buffer after the other to
really identify the cause of contamination

/SCIEX/
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Example of Q1 Scan of Clean and Contaminated Solvent

B 043575 min from Sample 5 (ACH/HZ0) of Solvent wiff (Turba Spray) Max. 1.1e5 cps.

1.07es 4152

1.00e5 o
Q.00e3 o
2.00e3 o
FT.00ed o

S.00ed o
221.58 4371 _A533

S.00ed o
G20.5
656.5

Intengity, cps

.00 4 207 161.1 2022 2192 261.3282.2

1z0.2

20453273

E.00e4 4 535 1 74 :
zo00ea ] TA1 tfpsdzgimasz Lo
(af=] =i

1.00ed 4 L |
i

o.ooM
50 100

[~ T 0335 min fram Sampls 2 (1min) of neu_ L dreckig.miff (Turbe Spray)
1140 zan =
R wma
£ e
5066
@ 1502
= 405
= 2173
=
T 3.0e5
=
205 1732
1.z
234
1068 dsa s zzall
_&3_70_1 103 1f] {a7.a 1JE-= 20185
on wl da L, "
50 100 150 200
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High throughput analytical tools

LCMS
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In the past...... Gas Chromatography

* GC used to be the main instruments in most labs

* For analytes to be analyzed by GC, samples must be in
gas phase, or must be volatile enough to become a gas

* If your sample is a liquid that is hard to volatilize or
contain high concentration of salt, it is impossible to use
GC.

- Urine, Blood etc....

* Analytes that do not bind well to GC column need to be
‘derivatised’ - Lots of sample prep work!

* However, GC separations are very good compared to
LC and some compounds need GC for separation e.g.
diesel, hydrocarbons

/SEEX)
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Other benefits of LCMS

* Shorter run time compared to GC run time (no heating and cooling
down)

* No high temperature is involved - suitable for thermal labile
compound

* lonic compounds that are difficult to analysed by GC can now be
done by LCMS

* Greater sensitivity can be achieved due to higher injection volume
(GC typical inj vol: 1ul; LC typical inj vol: 10ul)

* Easier to maintain e.g. do not need to silanised injector liner or cut
GC column

/SﬁX)
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LC-MS/MS for metabolomics
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LC-MS/MS for metabolomics
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SCIEX Triple Quad™
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v

QTRAP® system —— QTOF

System
o — Quantitation — Quantitation
~ Quantitation — 1D with MRM — ID with accurate
— |ID with MRM ratio ratio mass
= |ID with — |ID with MS/MS
MS/MS library searching
library — D true
searching unknowns
Increased confidence in - Retrospective

data processing
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Components of a LC or GC-MS/MS

Mass

Detector
source Analyzer

API: ESI QQQ  conversion
APCI QTRAP dynode/
APPI lon trap electron
El multiplier

Magnetic Sector
Separation MALDI QTOF « multichannel
Techniques Orbitrap plate_— 3
FIMS /SCIEX
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Components of a LC or GC-MS/MS

\WEESS
source Analyzer

‘ Detector

APL S QQ0Q e conversion
Ans QTRAP dynode/
o lon trap electron
EI - -

Maanetic Sector multiplier

Separation MALDI QTOF « multichannel
Techniques Orbitrap plate_

FTMS »“SCIEX )
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lon source

/SEEX)
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lonDrive™ Turbo V Source

LC input Vertical
adjustment of
the probe
Adjustment

Lateral of the

adjustment electrode

of the probe level

One of the two
heating
elements
lonDrive™
Turbo V
source
Support to
install the
source

ESI probe

Evacuation of
the source
(exhaust)

e
o

_SCIEX
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APCIl and ESI Probe

ESI

o
_SCIEX)
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lonization

Anion; [M-HJ

- H* Adducts
Acids: [M+HCOQ],
[M+CH,COOJ
: lonization

\ Cation; [M+H]*

+ H*

Adducts with

Alkali metals, e.qg.,
[M+Na]*, [M+K]*

Ammonia
[M+NH,]*

2019 DH Tech. Dev. Pte. Ltd The Power of Precision



*Positive or Negative Polarity?

* |f the sample has functional groups that H
readily accept a proton (H+) then positive NH, H—N"—H
ion detection is used “ o )\

e.g. amines R-NH, + H* = R-NH;* as in NI N A NN
many drugs, proteins or peptides HZN)\N/)\NHZ )\ /)\

etc

* |f the sample has functional groups that

readily lose a proton then negative ion OH o
detection is used PY " PY
N| N o NN
e.g. carboxylic acids R-CO,H = R-CO, HO)\N/)\OH )|\ /)\
and alcohols R-OH =R-O-as in HO™  N™ "OH

phenol, saccharides,
oligonucleotides etc

<  \

P \

)

# y
/SCIEX’
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Adducts and Clusters Formed in LC-MS

Cluster/Adduct lon Source of cluster Occurrence m/z of
(Polarity) Cluster lon

M+ NH,] Ammonia positive M+ 18

[M + Na] * Sodium salts positive M+ 23

M+ K] " Potassium salts positive M + 39

[M + CH;CN+H] ™ Acetonitrile positive M + 42

[M + CH;OH+H] * Methanol positive M + 33

[M + H,O+H] * Water positive M+ 19

[M + CH,COO] " Acetic acid negative M+ 59

M+ CI] Chlorinated solvent negative M+ 35

Sci

EX
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Atmospheric Pressure lonization (API) technique

* ElectroSpray lonization (ESI)
— lonization by high voltage (TurbolonSpray®/ Turbo V™ Source)

* Atmospheric Pressure Chemical lonization (APCI)

— lonization by Corona discharge (Turbo V Source)

* Atmospheric Pressure Photo lonization (APPI)
- lonization by UV light (PhotoSpray® Source)

/SCIEX)
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How to Choose the
Correct lon Source?
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General Source Selection

100kD

-
o
=
O

1kD

Molecular Weight

y;

ESI

- APCI

Carbamates

g
l 8ok

eroids

PAH'.-

ow

Polarity

>

High

© 2019 DH Tech. Dev. Pte. Ltd
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lonization Modes vs. Type of Compounds

* Turbolon Spray (ESI) — Tadalafil, Sildenafil, Amphemtamine, Paracetamol,
Malachite green, Melamine/Cyanuric acid, Sudan dyes,
Acidic/triazines/organophosphates pesticides, Chloramphenicol, Mycotoxin,

etc
Tadalafil
Chloramphenicol
Carbaryl
Alfatoxin B1
Cl cl
o]
Il
P |
Hy” o O—C—NHCH,

_SCIEX
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lonization Modes vs. Type of Compounds

* Heated Nebulizer (APCI) — Aspartame, Progesterone, Steroids, Vitamin A,
Vitamin D2, D3 etc

Progesterone Cortisone Vitamin D3

Vitamin A

\‘\\“\OH

~SCIEX
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http://en.wikipedia.org/wiki/File:Progesterone-2D-skeletal.png
http://upload.wikimedia.org/wikipedia/commons/6/64/Cortison.svg
http://en.wikipedia.org/wiki/File:Cholecalciferol.svg

lonization Modes vs. Type of Compounds

— Photospray (APPI) — Polyaromatic Hydrocarbons (PAH)
PAHSs

O oo O U SO

1. Maghthalenea £ Acanaphthylens 3. Aczenaphihens 4. Flezrana 5. Phenanihrang
B. Anthracens T. Flunrarihe e a. Pyreans B, Banrialanihraceanea
10 Chrysene 11. Banzolbilluoranthane 12. Banzolkiflusranthens

TP G OGP oo

13 Benzofalpyrane 14, Benzojg hijperylane 15 Indens(1,2 3o dipyrene 16, Dibezia hjanthrazens

SCIEX
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ESI mechanism

Needle

L O CUR
lon Spray LC Corona Discharge /2 ‘
Gurtain Plate Q\

Voltage . Flow Gas1 APCI Only =
(1) \ — e @ Droplet
() Solvent
Gas 2 (GS2) @ lons of Interest
& Heat (TEM) Curtain Plate
Curtain Gas
GS1=Nebulizer gas /
GS2=Desolvation gas ,’

Y Y
". % Q0 «
@ e -
. ( Oeo

g )

\ Orifice

\ (DP)

1. Formation of
Charged 2. Evaporation 3. lonic Repulsion 4. lons Enter

Droplets Mass Analyzer 5 -
~SCIERY
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Parameter Optimization for TIS Probe

Typical values

Operational Range

Parameter
LC Flow (uL/min) 5 to 50 51 to 150 15110400 | 401t0800 | Above 800 5 to 3000
Gas 1 ‘(mg’u”zerl 150 30 30 to 50 4010 70 50 to 90 60 to 90 15 t0 90
Gas 2 ‘(;gir)bo Gas* 0'to 30 300 50 4010 70 50 to 90 60 to 90 00 90
Temperature? (°C) 0to 150 150 to 250 250 to 500 500 to 650 600 to 750 Up to 750
Curtain Gas (psi) 15t0 20 25 30 35 40 15to0 50
';E)"Sli’ﬁo\ée{gﬁ)' 5t0 10 3t07 0to5 0to3 0to2 0to 13
PLOOZ?tE?]ri(Zn?Q]t)al 4t06 4t06 4t06 4t06 3to7 3to7
Electrode Protusion ~2 ~1 ~1 05t01 05 05102

(mm)

1) The maximum setting of the gas depends on the gas source. Usually the sum Gasl + Gas2

should not exceed 140 psi.

2) The optimal temperature value depends on the compound and the composition of the mobile
phase (a significant proportion of water requires a higher temperature)

SCIEX
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Optimizing ESI Source Conditions

e Aim is a stable spray and high ionization efficiency.

e Generally, high flow rates and a high percentage of water require high nebulizer

pressure and dry gas settings.

e As HPLC gradients in reversed phase chromatography start with the highest
percentage of water, the parameters determined for the initial conditions will be

appropriate for the whole run.
e Check that no “spikes” appear in the chromatogram.

e Monitoring of the TIC in the Control software helps to optimize for maximum
signal intensity which corresponds to a maximum transfer of ions into the mass

spec.

e The best optimization for LC-MS analysis, e.g. for quantitation is achieved by

direct infusion of the target compound and mixing with the respective HPLC

eluent using a T-piece. SC'EX
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APCI mechanism

Corona LC

diSChdaI"Qe Flow Heated
neﬁ/ € Nebulizer

L

Colona
discharge
needle

APCI Knob

L

©

@ o,orn,
() Solvent molecule

APCI Headie @ lon of interest
Gas 1 Curtain Plate .
(GS1) Curtain Gas
\ (CUR)
M
\
" ) ®Q © 9 \
O @ Q
o @ @
@ Q ;’
| 4
\
Y Orifice
1. Molecules 2. Corona 3.N,0rQ, 4, Vaporized, \ (DP)
Converted Discharge Pass Charge Charged Solvent 5. Ent
to Gas Needle lonizes  to Vaporized  Passes Charge - lons Enter
N, or O, in Solvent to Analyte Mass Analyzer
Source aided by DP
“SCIEX
Step 1 Step 2 Step 3
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Atmospheric Pressure Chemical lonization (APCI)

IONIZATION WITH A CORONA NEEDLE

3 steps ionization process:

1. El-ionization of gas molecules : N,**, O,

2. Gas molecules ionize solvent molecules : H;O*, CH;OH,*

3. CH3;0H,* and/or H;O* transfer proton to analyte molecule : [M+H]*

/SCIEX/
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Source/Gas Parameters — APCI Probe

Higher flow rates required:
* At least 200 pL/min (up to 2 mL/min)

Nebulizer Gas (Gas 1)
* Typical range: 20 psi to 90 psi
« Higher flow rates require higher Gas
1 values

Curtain Gas (CUR)
« Nitrogen
* As high as possible without
decreasing the signal
* Depends on flow rate and analyte

« Higher flow rates require higher
CUR values

* Typical range: 15 psi to 35 psi

* Move the Corona Needle
* Needle Current (NC)
* In positive mode about 1 to 5 pA
* In negative mode about -1 to -5 pA

* Set the lowest current that produces the highest
signal intensity

* Evaporation of sample solution
» Temperature (TEM) — The optimal spray
temperature is affected by the flow rate, the
solvent composition, the quantity, the
composition, and the type of sample
* Optimal TEM is the lowest setting that ensures
the complete vaporization

» Default value can be 450°C

N

SCIEX)
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Parameter Optimization for APCI Probe

Parameter Typical values Operational range
LC flow (uL/min) 200 to 400 401 to 1000 Above 1000 200 to 3000
Gas 1 zp':?)b“'izer 40 to 80 50 to 90 60 to 90 0to 90
Gas 2 - Tu_rbo Gas NA. NA. NA. NA.
(psi)

Temperature* (°C) 550 to 650 450 to 650 550 to 750 Up to 750
Curtain Gas (psi) 30 35 40 10to 50

Egos?tfo\f(rlfr']‘;?)' Oto5 Oto3 Oto2 0to 13

EL‘,’S?EO\?{%%' 4106 4106 3t07 3t05

* The optimal temperature value depends on the compound and composition of the mobile
phase (A significant proportion of water requires a higher temperature)

SCIEX

The Power of Precision




Proper Vacuum is Required for Good lon Transfer

2| s

arton L et

Figure 1. Schematic of Triple Quadrupole Configuration




Transition to Vacuum

WITHOUT VACUUM - NO MASS SPECTROMETRY !
* Three vacuum steps:
- Area OR-QJet® 2 lon Guide (ca. 1 to 2 torr)
— Area QO (some Millitorrs)
- AreaQ1/Q2/Q3/CEM (ca. 0.6 x 10 torr)

* Bayard Alpert Gauge (BAG) measures the pressure in the
Q1/Q2/Q3/CEM area

— Pressure increases (up to ca. 3 x10- torr) if CAD gas is "on"

e System will not start if:

— Nitrogen supply to the CUR gas < 20 psi

— Pressure > 1x10 torr (system will also shut down automatically)

~SCIEX
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Behind the Source

lon Transfer

e I g
/e

B

Mass Analyzer

Q1 Q2 a3 |
| A I &

N

Figure 1. Schematic of Triple Quadrupole Configuration

© 2019 DH Tech. Dev. Pte. Ltd

Detector
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Mass Analyzer

.
_SCIEX
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Triple Quadrupole Mass
Spectrometer; QQQ




Triple Quadrupole Mass Spectrometer; QQQ

lonization Source: Quadru-pole Qua.d.rupole Quadrupole
mass filter Collision Cell hascbiter
ESI, APCI e -
4 Q3 Particle
Multiplier

ﬂ

Sample
| — | [ o— U
m/z m/z
selection Fragmentation selection of
fragments

/SﬁX)
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Quadrupole function

TO
DETECTOR

quadrupole rods

exit slit
IONS (to detector)

resonant ion
(detected)

non-resonance ion

source slit
(not detected)

/SEEX)

© 2019 DH Tech. Dev. Pte. Ltd The Power of Precision



Quadrupoles Mass Filters

O
O e ®E
@ ==

mass scanning mode

=

L —
o = clelelc

single mass transmission mode




Difference Between Single Quad and Triple Quad

System Single Quad Triple Quad
Selected lon Monitoring Multiple Reaction Monitoring
e— 2 > - - S
Scan mode [ y— > o—n»o./ ; : .
: 7 ; o- " e + >
- High sensitivity -Very high sensitivity
Quality of Data - Prone to high noise level - Low noise level due to high
selectivity

SCIEX
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In real sample...

SIM mode MRM mode

2.59 218
2.5e5
snu->
o ZDesd =
= = GO0 -
& 1525 =
i3] o0
& (.05 ] b 400
= =
5.0e4 ] - 200
|:||:| T T T T T T T T T T |:|' T T T T
12 14 16 18 20 22 24 26 28 20 12 14 16 18 20 22 24 26 28 20
Time, min Time, min

Same compound both at same concentration
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Guidelines for MSMS analysis

* In food safety application: According to European guidelines
EC/657/2002

— Forbidden substance: min. 4 identification points
— Authorised substance: min. 3 identification points

Technique(s) Number of ions Idegﬂ?:tz tion
GC-MS (EI or CI) or LC-MS n ions n
GC-MS/MS or LC-MS/MS 1 precursor + 1 daughters ions 2.5
‘ GC-MS/MS or LC-MS/MS 1 precursor + 2 daughters ions 4
GC-MS/MS or LC-MS/MS 2 precursor, each with 1 daughter 5

SCIEX
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EU Guidelines

IDENTIFICATION OF RESIDUES BY LC/MS/MS ACCORDING TO THE NEW EU
GUIDELINES: APPLICATION TO THE TRACE ANALYSIS OF (VETERINARY)
DRUGS IN BIOLOGICAL AND ENVIRONMENTAL MATRICES

Alida A.M. Stolker, Ellen Dijkman, Willem Niesing and Elbert A. Hogendoorn
Laboratory for Organic-Analytical Chemistry,
National Institute for Public Health and the Environment, P.O. Box 1,
Ant. van Leeuwenhoeklaan 9, 3720 BA Bilthoven, Netherlands
Fax: 31-30-2744424, linda.stolker@rivm.nl

Table 1. The relationship between a range of classes of mass fragment and
Identification Points earned.

MS technique Identification Points earned per ion

Low resolutin mass spectrometry (LR) 1.0

LR-MS" Precursor ion

LR-MS" Transition products

High resolution mass spectrometry (HR) 20
HR-MS" Precursor ion 20
HR-MS Transition products 25

SCIEX
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Example: Reserpine MSMS

W ims2 (B509.20) CE (50): 10 MCA scans from Sample 1 (PIMS2) of Reserpine_Infusion_210311.wiff (Turbo Spray), Smoothed Max. 1.5e7 ops.

195.0

157 4

- <:> m/z 174 \ m/z 195

“"1Fragment lo}

—

1.2e7 4

C10H1104+
OCH,

174.0

1.1e7 4

1.0e7 4 < Y
———1

9.0e6 4

CH,O

OCH,

8.0e6 4

Intensity, cps

7 Deb o

OCH,

anes | 397.2

3.0e6 o

236.2 365.2 448.2 Parent lon
20461 192.1

1064
M
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http://en.wikipedia.org/wiki/File:Reserpine.png

Reserpine
In acquisition method, monitor 2 MRM transitions

Intensity, cps

XIC of +MRM (2 pairs). 609.300/195.000 Da ID: Reserpine 1 from Sample 2 (Std Sppb) of Quant.wiff (Turbo Spray) Max, 7.5e5 cps.

7 5e5 27

7065 4
B.0e5 4

MRM 1: 609/195

4.0e5 4
Area 1.21e6 counts
3065 1
2065 4

1.0e5 4

0.0

o
o+

0.2 0.4 =X} 08 1.0 12 1.4 16 18 20 22 24 26 28 30 32 34 36 a8 4.0 4.2 4.4 46 4.8
Time, min

Intensity, cps

XIC of +MRM (2 pairs): 609.300/174.000 Da ID: Reserpine 2 from Sample 2 (Std Sppb) of Quantwiff (Turbe Spray) Max, 5.4¢5 cps.

5.de8 25e
5.0e5 4
4.5e5 4
40e5 4
Z:: MRM 2: 609/174
2565 Area 8.53e5 counts
2.0e5 4
1.5e5 4
1.0e5 4

S50e4 4

0.0
00 0.2 0.4 06 0g 1.0 12 1.4 16 18 2.0 22 24 26 28 30 32 34 36 38 4.0 4.2 4.9 46 4.8

Time, min
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lon Ratio

lonRatio = Avim 2

AMRM 1

where

* MRM 1: Quantitation Trace (i.e Quantifier)
* MRM 2: Confirmation Trace (i.e Qualifier)
* A: Peak Area

For Reserpine, ion ratio = 8.53e5/ 1.21e6 = 0.70

SCIEX
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Main changes infroduced in Document N° SANTE/11312/2021

Table 3. Identification requirements for different MS techniques.?

MS detector/Characteristics Requirements for identification
Resoloion Typlcal systems Acquisition minimum number additionally
(examples) of lons
SIN239
Single MS Anglyte
peaks from
GUORIPOe, full scan, Imited m/z range, SIM | 3ions both product ions in
lon frap, TOF the extracted ion
chromatograms must
fully overlap.
Unit mass
resolution lon ratio from sample
MS/MS selected or muitiple reaction extracts should be
monitoring (SRM, MRM), mass within
triple quadrupole, | resolution for precursor-ion 2 product ions +30% (relative
lon trap, Q-trap, Isolation equal to or better than of ofrercge )
Q-TOF, Q-Orbitrap | unit mass resolution of calibration
standards from same
sequence

a) preferably including the molecularion, (de)protonated molecule or adduct ion

b ) including at least one fragmention
c) <1 mDa for m/z<200

d) in case noise is absent, a signal should bepresent in at least 5 subsequent scans

o
_SCIEX
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Compound Parameters

/SEEX)
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Compound Parameters

- Compound parameters are independent of the Source parameters

that ionized the analytes

— Once ions enter the mass spectrometer, the ions are controlled by a
series of voltages (compound parameters) across the mass rail

wran s’ vewte s

Figure 1. Schematic of Triple Quadrupaie Configuration

/SﬁX)
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Compound Parameters

Voltage Function

Declustering

Potential (DP) declusters lons

Collision Energy
(CE)

Collision Cell Exit
Potential (CXP)

Fragments ions & in Traps helps ions into Trap

Assists ions going into Q3

;.....\\

Figure 1. Schematic of Triple Quadrupoie Configuration

= o
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Quadrupole Scan Modes

/SEEX)
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MS and MS/MS Scan Types

G A
A >

B—>
C—>

—_—

MS Scans:
Q1/Q3 Full Range Scan
Q1/Q3 Multiple lon Scan

(aka Single lon Monitoring)

e N
T e

CE L e
MS/MS Scans:
Product lon Scan
Precursor lon Scan
Neutral Loss Scan

Multiple Reaction
Monitoring (MRM)

SCIEX
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MS scan

/SEEX)
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MS mode

% Q1 MS (Q1) scan

)

>

Q1 multiple lons (Q1 MlI) scan

0

)

>

Q31 MS (Q3) scan

0

X4

Q3 multiple lons (Q3 MI) scan

/SCIEX/
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Q1 and Q3 MS Scans — Start/Stop Mode

Q1 Q2 Q3
400 500 800
300 1000

400 500 800

© 2019 DH Tech. Dev. Pte. Ltd



Q1 and Q3 MS Scans — Multiple lons Mode

Q1 Q2 Q3
Q1 —
Scan \ = LC
@
2,
<
0 time 10
or
Q3 e
Scan \ .
_. | Infusion
>
@
2,
<
0 time 10
© 2015 AB Sciex. -
SCIEX)
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MSMS scan

/SEEX)
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MS/MS: Fragmentation

* Collisional energy, also known as Collisionally Activated
Dissociation (CAD), is converted into vibrational energy, and bonds
break

— With CE energy, ions collide with CAD gas (N2)
— Fragmentation occurs in Q2 (collision cell)

* For singly charged ions, the following formulas apply:
Positive mode: [Precursor]” _y  Product® & Neutral

Negative mode: [Precursor] 5~ Product & Neutral

.
_SCIEX
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MSMS mode

MS/MS: modes of operation

A ‘—1‘

. i

Product lon Scan
]

filter Precursor lon
scan Product lon

Neutral Loss Scan
o — 0 ¢

© ¥ e 9 /
/A \0 I.
~—‘ ® 7

’ ’

scan Q1 and Q3 with
constant mass off-set

Precursor lon Scan

QO —#

o— '/' |‘
— '\’ |t
=—3

scan Precursor lon
filter Product lon

Multiple Reaction
Monitoring (MRM)
S| g ¥ —
o |
filter Precursor lon
filter Product lon
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MSMS mode

MS/MS: modes of operation

Product lon Scan
©) | cov——F

. i

filter Precursor lon
scan Product lon

Precursor lon Scan

QO —#

o— '/' |’
— '\’ |t
=—3

scan Precursor lon
filter Product lon

Neutral Loss Scan
o — 0 ¢

© ¥ e 9 /
/ \0 I.
% 6] :

’ ’

scan Q1 and Q3 with
constant mass off-set

Multiple Reaction
Monitoring (MRM)
Sl ga N
o |
filter Precursor lon
filter Product lon
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MS/MS — Product lon Scan

Q3

156.1
108.1 t
<+

92.1 ["l | >
311.1 02
Q1

. Precursor ion

selected in Q1

. Fragmentation of

precursor oCCurs in

Q2

. Product lons

scanned in Q3
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Product lon Scan

o, sz (809.30) CE (50): 10 MCA scans from Sample 1 (PIMS2) of Reserpine_Infusion_210311.wiff (Turbo Spray), Smoothed

157 4

1.4e7 4

1.3e7 4

1.2e7

1.1e7 4

1.0e7 4

9.0e6 4

B8.0e6 4

Intensity, cps

7.0e6 4

B.0e8 4

5.0e6 1

4.0e6 1

3.0e6 4

195.0

q

Fragment lo

174.0

Q)

D,

N

250

CH,O

300

Max. 1.5e7 ops.

All fragment ions of precursor ion

m/z 195
C10H1104+
OCH,

m/z 174 V\

OCH,

OCH,

397.2

Parent lon
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MS/MS — MRM (Multiple Reaction Monitoring)

Q3

1. Precursor ions
selected in Q1

279.1/1561 g
251.1/108.1 <=

2. Fragmentation of
precursor occurs
in Q2

3. Product lons

279.1 selected in Q3

251.1

Minimum dwell time : 1ms (6500/6500+

Ql series); 2ms (5500/4500 SerieS)SC|EXr

The Power of Precision



Multiple Reaction Monitoring

A precursor/product ion

- KOG of @ AR (3 paies)y 251,902 9 Da fom Sample T (1) of BETH urbao Bn:n’l. T T
W 5IC of +MRM (4 paire): 265.1/92.1 Da
7000 W MIC of +MRM (4 pairs): 279.1/124.1 Da
. HIC@‘MM(-IM:J:SH.],I’:SG.]N
wo! 311.1/156.1—
g o pair being monitored
§ oo 279.1/124 1
]
=0l 265.1/92.1 |
- 2511921 4
1000 \ [ |
00 l'.‘l |
0 = vt
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Dwell Time

NEEDED FOR GOOD QUANTITATION

/SEEX)
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What is dwell time?

* Time taken for the ions to be scan out from the mass analyser
during MRM or Ml mode

* Usually calculate in terms of millisecond (ms)
— Longer dwell time - less data points will be acquired

— Shorter dwell time - more data points will be
acquired

/SﬁX)
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Importance of Dwell Time

Intensity, eps

Optimum Dwell Time

3.9¢6

s TICIXIC r
3,006 'l \
2.506 F-9 + i
DT: 20ms fl \I
2,066 | ||
1.5¢6 ./f 1
\
1.006 J '||I
| °
5.0e5 |I| !
/ L
0.0 "’f e
1.0 1.1
Consequences:

- At least 10-15pt across peak
width

- Good repeatability and Quant
result

Intensity, cps

3966

3.566

3.0e6

2,508

2.0e6

1.5e6

1.0e6

5.0e5

0.0

Dwell Time set incorrectly

A
- i N
XIC 2 3
3066 } #
E.Q. 25¢6{ [E.Q. . ;
DT: 50ms 8 DT: 5ms ‘ i
2 2068 ! :
5 .
= 158 :I ‘.
1,006 jl :
.
5.0e5 ;I [ ]
W o 0.0 o* ..‘ﬂ —aq
10 14 1.0 1.1

Consequences:

- Insufficient points or too much points across peak
width

- Poor repeatability and Quan result
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Relationship of Dwell time vs S/N and Data-point across the
peak

* As dwell time increases, sensitivity (i.e. S/N) will increase because
more product ions are formed.

As dwell time increases, the number of data-points across the

peak will decrease because the product ions will take a longer time
to reach the detector to produce a signal.

Dwell time t S/N t No. of Data-points l

_SCIEX
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Multi-Component Analysis — 297 lon Pairs

1.0508
1.0066 1
00651
8.5065

80085
7.5085 |
7.00¢5
6.5006 |
6.0005 |
5.50e5

W XIC of +MRM (267 pairs): 226.21170.0 amu from Sample 1 (MRM 100) of Data MRM pesticides_02.wiff (Turbo Spray)

Max. 1.1e8 cps.
—
)
=t BFR
v
r
Risiken erkennen — Gesundheil schutzen
Pesticide 17 transition 2™ transition
.= - s
5 = = = c£
5 g 5 3 B 5 3 B|| ag
3 E E & E E 3 43
b =| & 5 g 8 = g =g
§ B E| 8 8 s 4 8 =|| &%
E 3 5| B £ 2 E £ 2| |58
L] 8 g = = = = 28
s & g 8 8 s & 8 Z5
1-Naphthyl acetic acid ESI+ [M#NH4]+ 41| 204,1 1411 31 204,1 1151 83 9,8
2.4-D ESI- [M-H]- -21| 218.0 160,89 -14] 2180 1249 -34 10,8
2.4-DB ESI- [M-H]- -66( 247.0 160,8 -12 247.0 1249 -34 134
2-Naphthyloxyacetic acid ESI + [M+NH4]+ 36( 2201 1571 19 2201 1271 43 103
2-Naphthyloxyacetic acid ESI- [M-H]- -71(201.1 143,0 -18 2011 1149 -50 10.3
3.4,5-Trimethacarb ESI+ [M+H]+ 61[ 194,1 137,115 194,1 1220 35 13.4]
3-Hydroxycarbofuran ESI+ [M+H]+ 21(238.1 1811 15/ [2381 1631 18 8.7|
4-CPA ESI- [M-H]- -71] 185,0 126,8 -18| 185.0 140,7 -12 7.4
5-Hydroxy-Clethodim-sulfon ESI- [M-H]- -61| 406,1 92,8 -30| |406.1 64,1 -80 2.8
5-Hydroxy-clethodim-sulfon ESI+ [M+H]+ 16| 408,1 204,0 27| 408,1 1761 36 86
5-Hydroxy-imidacloprid ESI+ [M+H]+ 56(272.0 1911 23 2720 2248 23 8.7
5-Hydroxy-thiabendazol ESl+ [M+H]+ 71/ 218,0 190,9 35 2180 1469 43 9.3
6-Chlor-3-phenyl-pyridazin-4-ol  ESI + [M+H]+ 66( 207.0 1040 31 2070 771 43 6.2
Acephate ESI + [M+H]+ 6 1841 1249 25 184.1 1429 13 1.7
Acetamiprid ESI+ [M+H]+ 36(223,0 126,0 27| |223,0 901 45 9.1
Acibenzolar-S-methyl ESI + [M+H]+ 26| 2109 1361 39| 2109 1400 31 144
Aclonifen ESI+ [M+H]+ 56(265,0 182,17 39| [2650 2180 33 15,8
Acrinathrin ESI + [M+NH4]+ 26( 5591 2081 23 5591 1811 43 18.7|
|Alachlor ESI + [M+H]+ 31| 270.1 2381 15 2701 1622 25 151
Aldicarb ESI + [M+NH4])+ 1| 208.1 89,1 21 208.1 1160 13 10.4]
Aldicarh.sulfoxid ESls IMaHls clonzi oo 4 N7 4 431 44 22

22 23 M4 25 W

Figure 2. Standard of 300 pesticides {100 ng/ml} detected in MRM.

For more information go to http://www.bfr.bund.de/cd/5832
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Scheduled MRM™ — Aligns MRMs so expected MRMs will be
monitored in order

Experimental determination of 75 pesticides

1.7e6 Lo
1.56 4
1.6 ‘
5.0e5 [ G [T0000 foec) |

A N

N ._ll il
0.0 h I _.:\_.--_j:km ety o _\._.cx__j . ¥ Ut A
[E-] 1.0 15 20 25 a0 35 Lo [ 50 5.5 6.0
Tme, mh
————————— R T — — —_—
L — — —_— —_— ——————
v e —— —_—

lower number of MRM monitored

-

higher number of MRM monitored
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lon Detection

/SEEX)
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High Energy Dynode (HED) Detector Technology

FOR FAST POLARITY SWITCHING

6kV Float
Positive Mode Positive Mode Negative Mode
Float + Bias .
— Float + Bias Float + Bias
(]
_ CEM. +ve CEM, +ve

+/- 300 V Deflector (optimized parameter) - -
-oﬂe 0 —

+4kV Float ' e ' e

Positive ions first converted to an
Float + Bias electron, then electrons are Negative ions directly
A/ T
detected by electron multiplier

‘ detected by electron multiplier
T g
+/- 300 V Deflector (optimized parameter)

Improve 1. polarity switching.
2. linear dynamic range.

Negative Mode

/SEEX)
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High Resolution Accurate
Mass Spectrometry; QTOF

/SGEX)
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What is different between QQQ vs QTOF?

QQQ

lonization Source: ’ mu:gsr;liic;lre
ESI, APCI e
| I
sample —
]|
m/z

selection

Quadrupole Quadrupole
Collision Cell mass filter
“q2” Q3"

=
— v

Fragmentation ‘

m/z
selection of
fragments

Same Q1 and Q2

Particle
Multiplier

functionality.

18 Optics

4-channel tlu(in TDC

A
A

400 L/s <o

/SCIEX)
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What is different between QQQ vs QTOF?

lonization Source:

ESI, APCI

Sample‘

QQQ

Quadrupole
mass filter
“Q1”

m/z
selection

Quadrupole
Collision Cell
“q2”

Fragmentation

Quadrupole
mass filter
“q3”

m/z
selection of
fragments

Particle
Multiplier

Iﬂ
v

—

Difference in Q3!

a
TurbeY
IS sourre

I¢n Optics

4-channel 'lu(in TQ

B

T
MCP
Detector

o0
module

—

—T

=
]

‘uimui;

\o

2019 DH Tech. Dev. Pte. Ltd
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Time of Flight: Linear TOF Analyzer

Source ) ] ] Detector
Acceleratio Drift Region (Flight Tube)
n L] L]
o o
L] L]
L] L]
d EEEEEE:EEEE‘:::::::;f:::::::::b-.---fo:
+ . .
KV . o IR
+ +

Principle: All ions are accelerated with the same potential at a fixed
initial point and time, and are allowed to drift down the Flight Tube

lons will separate according to their mass-to-
charge ratios, with light ions accelerated to a
higher velocity that heavy ions.

-1 2
The lighter ions strike the detector before the EK /2 MV

heavier ions. The “time of flight” (TOF) can
be used to calculate the ions’ m/z.
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Time of Flight: Reflector TOF Analyzer

Reflector Detector Drift Region Reflector
\ (Flight Tube) (lon Mirjor)

P
W
N
|

The reflector uses an electrostatic field gradient to turn ions around,
extending the flight length without increasing the instrument size.

The reflector also compensates any kinetic energy spread of ions
having the same mass. The result is improved resolution.

SCIEX
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Comparison resolution of QTOF and TQ

Speciium Yom Feserd_aly | wil? (sample 2) - Reserpne. «TOF MS 807 - 811) dom 2 74 o 2875 mn

I sy, pe

~GUEBEEHEE

2000
20000
19000
18000
17000
16000
15000
14000
13000
12000
19000
10000

808 27E8

“Peak shape from TQ” »

“Peak shape from QTOF”

#
/ 8102637

|

8072 8074 6076 607 6080 G0S]  G0B4  B0RG  GOBE GO  GM2
MassCaarge Da

aoad

Ll

-1 ]

oo L1 8104
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Sensitivity and Resolution

* There is always a trade off between sensitivity and resolution in
all quadrupole type mass analyzer

— High resolution = more ion filtering = less ions
reaching detector = less signal

— Low resolution = less ion filtering = more ions
reaching detector = more signal

/SEEX)
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Unique features of a QTOF vs. triple quadrupole MS

* Applications?
- High-resolution MRM quantification - high-resolution accurate mass
fragments results in greater compound specificity

- Non-target acquisition with suspect screening - high-resolution accurate mass
product scan for compound confirmation

- Unknown compound ID

2019 DH Tech. Dev. Pte. Ltd The Power of Precision



Advantages of high-resolution mass spectrometry

* QTOF can distinguish between compounds of similar mass
- X500R = 30,000 resolution, 300 Da compound, Am = 0.01 Da

* QTOF can accurately measure molecular weight to several decimal places

— 300 Da compound, 5 ppm mass error = 0.0015 Da

High-resolution mass spectrometry
can distinguish these pesticides!

Kresoxim-methyl

C18H19N04

Mass = 313.1214 Da
CH,

o
O3 -OCHs

OCH3

Isazophos
CyH,;CIN;O4PS
Mass = 313.0417 Da

Q*

/SCIEX/
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Molecule fragmentation

* Compounds will break apart into characteristic fragments which generally represent pieces

of the original (precursor) molecule

* Fragmentation pattern can reveal the chemical structure

* TOF instruments obtain high resolution fragment masses resulting in greater specificity

100%
90%
80%
Perfluorooctanoate
(W O -
F | =
C—0O" =
= &0%
F 3
F F FF FF F ) .
= 50%
7
g 40%
=
- .
20%

168.9824

2129245
169.3925

629888 2199902 696807

i ”3?957 moomsn TR

Jed.aves

3609784
4129646

il

100 150 200 250 300 350
Mass/Charge, Da
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ID unknown compounds and confirm target compound ID

e

Retention time (<2.5%) v

High resolution accurate mass (<5 ppm) v

Isotope pattern (>80%) v

MS/MS fragmentation pattern match with HRMS Library v

Fsorme prid_TOF (Standard) 2..H-07-50 ppbowifi2), {zampl | spec 20171 periment 1, from 4979 to 5.012 min  ~ @ Spectrum from 20171 . ursor: CE:35]
Area: 210165, Heghts 3.504ed, BT 499 min 100% @ Library Specirum: Imidaclopnd (138261-41-3) , CE=35215
35000 2860587 100%
. 175.0083
90% 90%
B0% 2000583
30000 o 0%
0%
50%
25000 o s
& 10%{ 5 211055
T owm T e [”‘“ 140128 176 1025
5 ] 3 840558 7
. o g B ‘ 1460713 2100629 3000
g R S ¥ U Y RO T ‘
H z FE ) - fptope—i
= ] ”
15000 o P .
2 I
- ssosm 0%
10000 - o
5o%
W% 50%
5000 ) -20%
10%1 253 2149 B062 | ps91000 -80%
|2540016 2551086 2603831 50%
o% -100%.
254 255 256 257 256 250 260 160 150 200 250
Mess/Charge. Do Mass/Charge, Ds
 Pesk Detais ' ForrmulaFinder Resls EER - =
Precursor m/z Mass Error (ppm) Retention Time (min) lon Ratio Name Formula Score mfrDa) Emor (ppm)  Error MSMS ( Name  CAS® Formula MM (Da) it Rev.Fit
[ 06 49 19000 I imidacioond 138261-41-3 COMIOONSC2 25505231 995 952 €

2019 DH Tech. Dev. Pte. Ltd
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ID unknown compounds and confirm target compound ID

4. Match with high-resolution mass spectrometry library v

= @ Spectrum from 20171128-SWATH-07-50 pph.wiff2 (sample 1) - 50 ppb. Experiment 6. from 5.000 min Precursar: 2.-50 ppbuwit!2 (sample 1) - 50 ppb. Experiment 6, from 5.118 to 5,387 min Precursor: 249.0-275.0 Da. CE: 35]
@ Library Spectum: Imidacloprid (138261-41-3). CE=35:15
100%
90
80%

- Experimental Spectrum

so%

175.098
209.059
"

30% 211.056
b 174.000[176102 208023 !
74 :

h 210083
84056 99056 113017114.013 26 133.963 7 [ 185.066
128026 146071 161978 214060 251095 o0 0o 265,043 270283
I . 042
T

“1 stoes
P W it R A T o

RITI NS ” i

o Library Spectrum

90%.

60 70 80 %0 100 110 120 130 140 150 160 170 180 190 200 2 220 30 240 250 260 7 280
¥ Library Search Results
Name CASE Formula MM (Da) Fit Rev.Fit Purity CE(eV)
u Imidacloprid 138261-41-3 COH10CINSO2 25505231 995 952 943 35

Library sources:
1. Commercial library (e.g. SCIEX, NIST)
2. User generated

> \N
/SCIEX/

2019 DH Tech. Dev. Pte. Ltd The Power of Precision



Instrument rail

REFLECTRON

ION FLIGHT PATH

ELECTROSPRAY PROBE DRIFT SPACE

QUADRUPOLE MASS FILTER (Q1)
COLLISION GAS

ION OPTICS
ION SOURCE COLLISION CELL (Q2)

ION PULSER

ION DETECTOR

/SCIEX
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Targeted and Untargeted Screening: Acquisition, Processing and Results

Sample Injection

IDA/SWATH® Pesticide

Analyte Cross Sample
Confirmation Quantitation Comparison
X500R System SCIEX 0S Software MarkerView™ Software

Pesticide Identification &

Statistical Analysis
Quantitation
== ] e
Bench Top QTOF SCIEX OS Targeted Data Extraction using T-tests, PCA analysis, etc.
Routine Use a Library and Quantitation

Single Injection Workflow

/SCIEX
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MS and MS/MS Scan Types

TOF-MS

2 1200
son 1%

*

MSMS scan TOF-MS/MS

o
- DDA (Data Dependent ° —— "

- DIA (Data Independent
Acquisition)

- MRMHR (Multiple Reaction
Monitoring)

/SGEX)
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MSMS scan: DDA (Data Dependent Acquisition)

The mass spectrometer selects the most intense peptide
lons in a first stage (Q1) of tandem mass spectrometry, and
then they are fragmented and analyzed in a second stage of
tandem mass spectrometry.

TOF-MS

First MS scan G § m

Criteria:
- Number of precursor ion
- Intensity threshold

{-;

EIE

TOF-MS/MS

EEIE

MSMS scan

Second and so on =5 H— e M

miz

SCIEX
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MSMS scan: DIA (Data Independent Acquisition; SWATH* MS)

For each cycle, the instrument focuses on a narrow mass window of
precursors and acquires MS/MSdata from all precursors detected within that
window. This mass window is then stepped across the entire mass range,
systematically collecting MS/MS data from every mass and from all detected
precursors.

m/z

12001
11754

sA®
Pact = 4

5254
500+

4754
swath
width

4509 l —
425-[

cycle time retention time

SWATH MS data independent acquisition

* SWATH - Sequential Windowed Acquisition of All
Theoretical Fragment ions SCIEX

The Power of Precision



Comparison DDA vs DIA

DDA (Data Dependent
Acquisition)

lons from 1 amu allowed into the
collision cell

MS/MS spectra only from a single
parent mass

Thresholds applied for MS/MS
spectral data acquisition

Very fast, has short cycle times

Spectra are usually very clean and
library searchable

Can be used for quantitation

DIA (Data Independent
Acquisition; SWATH™)

lons from several masses
allowed into collision cell at one
time

MS/MS Spectra contains
fragment ions from all parent
ilons

No thresholds applied — always
have spectral data

Can have long cycle times

Need to carefully cleanup
spectra for library searching

Can be used for quantitation

SCIEX
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DDA/DIA; Targeted and Untargeted Screening

Confirmation Criteria

Targeted screening Untargeted screening

Confirmation criteria: Confirmation criteria:
Mass error (<5 ppm) v~ Mass error (<5 ppm) v~
Retention time (<2.5%) v~
Library “fit” (>70) v~ Library “fit” (>70) v~

/’SAiécfﬁIEXz'>
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MSMS scan: MRMPR (Multiple Reaction Monitoring)

Also known as Selective Reaction Monitoring — SRM) is a
highly specific and sensitive mass spectrometry technique

that can selectively quantify compounds within complex
mixtures.

Using only Precursor lon

Zn
@ | .
0 “.ol--c.. ..i|-~

Selected ion will be
fragmented in collision cell
and scan out to TOF
analyzer.

/SCIEX
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MSMS scan: MRMPR Workflow with Time Scheduling

* Input Q1 and Q3 masses and compound retention time

@

Using Precursor-Fragment lon & RT

TOF MSMS

Mass Table

R

Compound ID
FLEP 1

FL6P 2

ATP1

ATP 2
Glutamate 1
Glutamate 2
Citrate 1

Citrate 2

@ Apply fragment ion mass

Group name
FL6P

F16P

ATP

ATP
Glutamate
Glutamate
Citrate

Citrate

Apply TOF start/stop mass

Precursor ion (Da)
337.00
337.00
506.00
506.00
146.00
146.00
191.00
191.00

Fragment ion (Da)
96.9693

789594

408.0105
158.9242
128.0347
102.0559
111.0088

87.0089

/| Apply Scan Schedule

| Accumutation
0.0400
0.0400
0.0400
0.0400
0.0400
00400
0.0400
0.0400

| Retention time (min)
270
3.70
3.85
3.85
2.73
273
354
3.54

© 2019 DH Tech. Dev. Pte. Ltd
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Targeted quantitation — MRMHR

* Increased selectivity with MRMHR:
* Feed Sample Tested Positive for NP-Semicarbazide

O ~  Explorer fi\ & @ Ready LA
[N File Edit Show Graph Process BioToolKit Window Help - Fx
B (B CIASXS00 QTOF ~ | 4= = m% QaEEE®
@RAEr- % -he- o uldl GAEBE®
+ @ SEM 1XIC fromData_Nitrofurans_08 wiff2 (sample 1) - sample 48. Experiment 2. +TOF MSMSof 209.1 (100 - 1000): 192.04 +/- 0.18 Da. Gaussian s (05 poinis) +
4 E{ MRM 209/192 and 209/166
Z s '
- 0 . T, S o
1 2 3 4 5 6 7 8 3 10 1 12 13 14
Time. min
GEAET %kl e Ul  FRIEET®
10 ppm MW XIC from Data_Nitrofurans_Dif2 (sample 1) - sample 43, Experiment 1, +TOF MS (100 - 1000): 208.0675 /- 0.0010 Da, Gaussian smoothed (0.5 points) +
3000
t TOF-MS 2
%: 2000
£ ool XIC of 209.0675 = 10 ppm
o i A
1 2 3 4 5 6 7 8 9 10 1 12 13 14
Time, min
GEhh et % -The-waAUl- GAEES®
— @ SEM 1XIC fromData_Nitrofurans_08 wiff2 (sample 1) - sample 48. Experiment 2_ +TOF MSMSof 209.1 (100 - 1000): 192 0404 +- 0.0048 Da. Gaussian smoothed (0.5 points) +
@ SEM 2 XIC from Data_Nitrofurans_08 wiff2 (sample 1) - sample 48, Experiment 2, +TOF MSMS of 209.1 (100 - 1000): 166.0611 +/- 0.0042 Da, Gaussian smeothed (0.5 points) -
HR &
8 50 MRM
3 100
7
E J A . ){ 209/192.0404 and 209/166.0611
0 e
Data Acquisition Mass Spec

~SCIEX
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LCMSMS applications

/SEEX)
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Strategy for Easy, Sensitive and Selective Detection of THC

Carboxylic Acid Direct from Hair.

The active ingredient in cannabis is THC
and its major metabolite is THC carboxylic acid,
which is the target analyte for detecting cannabis
use. Urine is the typical matrix analyzed for THC
use and LC-MS/MS operating in MRM mode is the
usual technique of choice. Analysis of urine or
plasma for THC carboxylic acid generally detects
use only during a time window of up to thirty days.

However, THC carboxylic acid is also
stored in hair and, hence, enables monitoring of a
person’s use of cannabis over an extended period
of time.

v
80 THC CBN
2 pg/mg 2pg/mg 2pglong

A X
132 136 140 144 1438 152 155 15.0\
rel. abundance (%) vs. a(quhf(\on llme ( ’n\

SCIEX
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MRM and MRM3

343 > 299 > MS3

Q1 343 o Q3 299 o
Q3 191

SCIEX
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Detection of THC-COOH with MRM

MRM: TOP/343->245/QUANT, BOTTOM/343->191/QUAL

CalZ-THC-COOH

ndard) 343.1/2452 - HarC.. Ca\! THC-COOH T (Standard) 343.17 2452 HairCurv...
23,

CaM THC-COOH T (Standard) 343, 1;2452 HairCurv...

Cal5 THC-COOH T (Standard) 3431;2452 HairCurv,

e~ THCCOOR T [Serdry 308 T 2052 FarCary
|Area:2.027e3, Height- 6. 73262 RT- 4.31 min 236e3, Height: 1.002¢3, RT- 4.32 mi 2: 42043, Height: 1813¢3, RT: 431 mi 2. 6.092¢3, Height 2.389¢3, AT: 4 2 1.356e%, Height 5.889€3, RT: 431 min
19000
20000 19000 20000
18000 20000 12000 15000
17000 18000 17000 18000
16000 18000 . 17000
15000 Teoo0 16000
16000 15000
16000
245 = =
14000
1000 14000 13000 12000
12000
11000 12000 12000 o0 12000
Zz z z z 2 1o
@ 10000 2 2 2 10000 2
2 s0 2 10000 2 1000 2 s g o
oo = = = ] 431
8000 eoo 5000
700 £ono 7000 7000
6000 6000
6000 6000 a1 6000
5000 231 5000 5000
4000 431 4000 432 4000 4000 4000
3000 3000 3000
2000 2000 2000 2000 2000
1000 1000 1000
0 0 0 0 0
41 42 43 44 45 41 42 43 44 45 41 42 43 48 45 a1 42 43 42 45 0 42 43 44 45

|Area: 1.675e3, Height=

ight=8 988e2. RT- 4.31 min

min

Time, min

Area: 260623,

ime,
Cal2- THC-COOH 2(Standard) 243.1/ 191.0- HarC... CzI2 - THC-COOH 2 (Standard) 243.1/197.0 - HairCury ..
Height: 9.711e2, RT: 4.31 min

Time, min
Cald - THC-COOH 2 (Standard) 343.1/191.0- HairCurv...
Airea: 4.28%3, Height: 1.784e3, RT: 4.31 min

12000

CaISVTHC CDUHZ(S{andard) 3431;191 0- HairCurv.
= 6.121e3, Height: 2.460e3, RT: 4.30 min

CaIS THC- CDDHZ(S{andard) 3431;191 0- HairCurv.
= 1.266e4, Height: 5.533e3, RT: £.31 min

2 13000 12000 2000
st 12000 11000 11000 o0
T 11000 10000 10000 10000
10000
o 9000 2000 %000
o 9000 8000 8000 8000
8000 - .
. 70 . » 7000 ] » 7000 43

g g 70 g g g
£ s000 g g 6000 g 6000 s 6000

= = 6000 = = =

5000 5000
5000 o0 5000
430
2000 000 4000 . 4000 4000
2000 3000 3000 2000
431 3000 531
2000 2000 2000 2000 2000
1000 1000 1000 1000 1000
0 0 o 0 0
41 42 43 44 45 41 42 43 44 45 41 42 43 44 45 41 42 43 44 45 41 42 43 44 45
Time. min Time, min Time, min Time, min Time. min

0.04 pg/mg 0.1 pg/mg 0.2 pg/mg 0.4 pg/mg

1 pg/mg
SCIEX
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MRMS3 is Necessary

0.2 PG/MG THC-COOH (CUTOFF), 0.4 PG ON-COLUMN

B 5C of RN (3 pais) 543, 100/245.200 Da : THC-COOH 1 fiom Sample 7 (Cal4_NsGH) of HaiCurve_200uL_200L_MRWL wif (Turbs Spray lonDrive), Smooined i 73543 cps.
! THC-COOH spiked in
. =1 1M NaOH and extracted MRM: 343>245
T T e e —
“ THC-COOH spiked e T
.| 1 in hair and extracted 1 MRM: 343>245
WWOP
** THC-COOH spiked 3.
E ”“’ in hair and extracted M RM . 34392999245

‘‘‘‘‘‘‘‘

SCIEX
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Detection of THC-COOH with MRM3

343>299->245+1

CalZTAC-COORStandard) 2442000246200 - CI1- THC COCH [Starcere) 262 2000 - 295 2000 R, Calt - THC CUCK (Stsndard) 282 2000 205 2000 - .. Cale - THC-COUH [Stndard 224 2000 206 2000- F.. Cal - THC-COUM (arcad) 2322000 286 2000 et
|Area: 2. 788eb, Height: 7.005e5 RT-4.31 min Avea: 5.809e6, Height: 1.933e6, RT: 4.29 mi a: 1.097e7, Height: 37666, RT: 4.27 min Area: 1.812e7, Height: 651626, RT: 4.29 min a: 4.286e7, Height: 1.567e7, RT: 4.31mi
176 43 2266 167
i 4066 5566 +5e7
1.0e6 -
2066 5065 147
35e6 -
9.0e5 1.8e6 5.5e6 13e7
1267
= 1626 3.0e6 5.0e6 N
e 117
7.0e5 1466 . 107
! 4.0e6
9.0¢5
2 605 2 12 z z z
2 4 2 2 356 2
£ z £ o2 2 g
= 505 = 10es = = e = e
4065 £.0e5 15e6 2566 6.0<6
5.0¢5
30e5 6.0e5 20e8
1068 1568 40e6
2065 40e5 3.0e6
1065 2065 5065 0 2066
505 106
0.0e0 0.0e0 0.0e0 0.0ed 0.0e0
41 42 43 44 45 41 42 43 44 45 41 42 43 44 45 41 42 43 44 45 41 42 43 44 45
Time, min Time, min
CalZ-THC-C 2000 - 246 2000 - EEB THC-COOH [Standard) 244 2000 - 2462000 - Ha. Ca\ﬂ THC-COOH [Standard) 44 DDD 7262000 - Ha Cal5 - THC-COUH [Standard) 44 DDD 746 2000 - Ha CaIE THC-COOH [Standard] 44 DDD 352000 - Hai
\Area:4.21066. Height- 128506 RT: 4.31 min 2 692168, Height 204266, RT. 428 min 2. 12967, Height 4.064¢6, RT. 426 min Area: 2.385¢7. Height 2,064, RT: 423 min 2 5.890e7, Height 2.042¢7, RT. 430 min
20e6 4.5e6
1865 2466 2.0e7
126 431 8
22e6 4.0e6 1867
17e6
2068 7eb
:ﬁ a5 187
e 1866
Geb -
14e7
1366 1665 306
1266 S
5eb 7
2z 11 z 4 2 256 = s =
g g g g g
5o E 128 z P e E o107
g0 = 2 J0s = E
8.0e5 1.0e6 2.0c6
7065 36
8.0e5 1566
6.0e5 5.0e6
5085 6.05 2
1.0e5 et
4065 40e8
2065 4065
5.0e5 1e6
20e5 2.0e5 206
105
000 0.0e0 0.0e0 0cl 0.0e0
41 42 43 44 45 41 42 43 44 45 41 42 43 44 45 41 42 43 44 45
Time. min Time. min Time. min Time. min

0.04 pg/mg

0.1 pg/mg

0.2 pg/mg

0.4 pg/mg

1 pg/mg
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Ultra-sensitive analytical methodology for the quantification of
11-nor-9-carboxy-THC (THC-COOQOH) in oral fluid

A9-tetrahydrocannabinol (THC) has previously been used as the
marker of choice to monitor cannabis consumption. 11-nor-9-
carboxy-THC (THC-COOH) was proposed as a marker of
cannabis intake since it is not detected in oral fluid collected from

subjects passively exposed to cannabis

~ @ Calibration for THCCOOH 1: y = 2.99840¢-6 x + 2.56140¢-4 (r = 0.99935, r* = 0.99870) (weighting: 1/ x)
@ Catibeation for THCCOOH 2:y = 1.96907e-6 x + 3.95469%-4 (r = 0.99934, r* = 0.93868) (weighting: 1 /x)

Area Rato

0304 THC-COOH (MRM) 1
2. : e
R?=0.99870 (Quantifier) - 50-100000 pg/mL —
%1 R2=0.99868 (Qualifier) — 100-100000 pg/mL /,/
020 /// |
015 /L/ < e =
000 /'/f
1.0e4 20e4 30e4 4.0e4 5.0e4 6.0ed T0e4 80e4 9.0e4

Concentration Ratio

IS = THC-COOH-d3

343.1 —  244.9 (Blue line = Transition 1) P
191.1 (Pink line = Transition 2) SClEX
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Ultra-sensitive analytical methodology for the quantification of
11-nor-9-carboxy-THC (THC-COOQOH) in oral fluid

A9-tetrahydrocannabinol (THC) has previously been used as the
marker of choice to monitor cannabis consumption. 11-nor-9-
carboxy-THC (THC-COOH) was proposed as a marker of

cannabis intake since it is not detected in oral fluid collected from

subjects passively exposed to cannabis

STD 8 - THCCOOH 1 (Standard) 343... - MRM.wiff), (sample Index: 51) STD 8 - THCCOOH 1 (Standard) 244..- MRM3.wiff), (sample Index: 52)
Area: 3.697e3, Height: 1.442e3, RT: 3.27 min Area: 5.116e6, Height: 2.829e6, RT: 3.26 min
8000
7000 MRM MRM? 3265
343.1>244.9 256 1 343.1->299.2->244.9
6000 1 110Q at 50 pg/mL 50 pg/mL
w 2.0e6 50 |
> 5000 { (50 fg on column) g (50 fg on column)
2 4000 3268 2 1.5e6 /
50 pg/mL
A £ 106
2000
1000 5.0e5
0 0.0e0
26 28 30 33T "34 36 38 26 28 30 39%%34 135 38
Time, min Time, min
STD 9 - THCCOOH 1 (Standard) 343... - MRM.wiff), (sample Index: 46) STD 9 - THCCOOH 1 (Standard) 244..- MRM3.wiff), (sample Index: 44)
Area: 9.839%2, Height: 3.331e2, RT: 4.13 min Area: 1.917e6, Height: 1.102e6, RT: 3.26 min
6000 1 MRM MRM? 3263
343.15244.9 12661 343.1->299.2>244.9
50001 10 pg/mL 1.0e6 { LLOQ at 10 pg/mL 10 pg/mL
2 4000 { (10 fg on column) g 8065 (10 fg on column)
£ 3000 Z  60es .
2000 = 40 '
1000 2065
0 0.0e0

! Ag{r_::_;:\:”?éir; \
b ]
26 28 30 32 34 36 38 26 28 30 3. 34 36 38 y. A
Time, min Time, min y \¢
MRM3
M R M 2019 DH Tech. Dev. Pte. Ltd
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Detection of Fentanyl Analogs and Novel Synthetic Opioids in

Halir

The recent outburst of novel synthetic opioids (NSO)
into the recreational drug market has been a major
contributor to the ongoing opioid crisis. These
substances are gaining popularity as substitutes to
controlled opioids and are often used as cutting
agents or adulterants to heroin and other commonly

abused drugs.

Table 1. List of the 15 Target Compounds and 3
Internal Standards Used in This Study.

Fentanyl Analogs

Non-Fentanyl Analogs-Related

Fentanyl
MNorfentanyl

Acetyl Fentanyl
Furanylfetanyl
4-ANPP

Carfentyl
Acrylfentanyl
Ocfentanyl
a-Methylfentanyl
4-Fluoro-Butyrfentanyl
Cyclopropylfentanyl
Butyrfentanyl
Fentanyl D5
Norfentanyl D3

U-47700
MT-45
AH-7921
AH-7921 D6

SCIEX
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Detection of Fentanyl Analogs and Novel Synthetic Opioids in
Hair

XIC TOF-MS MS/MS
E Bl | st et ] "
Analyte ID: Fentanyl
Concentration: 105.1 pg/mg
RT: 3.87 min —
RT Error: 0.133%
MS/MS Fit: 100.0%
Analyte ID: Acetyl Fentanyl - ] _.: - wm‘lnm‘l . =l
Concentration: 0.9688 pg/mg - S i - S 3or 1 | I/ rond ST SRS
RT: 3.52 min = W Z [\ LI
RT Error: 1.388% b - [ *l -
MS/MS Fit: 99.9% _’__'___ — e - _1_
e — T mes ﬁ
— e T T — """'[:_...‘:.u:‘.... v
el | e ) " S
- fj= 2l ~ | [
= i =
Analyte ID: Furanylfentanyl { I\ M £ o o Vel hayeyag o S8
Concentration: 3,792 pg/mg i - ;| i 7 155 he .* i i i ot ol Sy
RT: 3.97 min — n (1 - %
RT Error: 0.423% - [\ L1 i
MS/MS Fit: 99.0% e e e - L

Figure 5: SWATH Acquisition Leads to Accurate Identification and Quantification of NSOs in Real Head Hair Samples. Extracted lon
Chromatograms (XICs), TOF MS and MS/MS spectra showing confident and detailed identification of fentanyl (top), acetyl fentanyl (middie) and
furanylfentanyl (bottom) from a real head hair sample. These three NSOs were accurately detected at 105.1 (fentanyl), 0.9688 (acetyl fentanyl) and

3.792 pg/mg (furanylifentanyl) with excellent MS/MS fit value (>99%) and for all three compounds.
SCIEX)
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Detection of Fentanyl Analogs and Novel Synthetic Opioids in
Hair

Table 2: Validation Study. Average (n=3) Results From the Validation Study Showing Inter-Day and Intra-Day Precision (%CV) and
Accuracy (bias%) as Well as the LOD for the 15 Target Analytes Used in This Study.

Intra-Day Precision Inter-Day Precision Intra-Day Accuracy Intra-Day Accuracy
(CV %) (CV %) (Bias %) (Bias %)

LOD 2 10 100 2 10 100 2 10 100 2 10 100

Analyte (pg/mg) pg/mg pg/mg pg/mg pg/mg pg/mg pg/mg pg/mg pg/mg pg/mg pg/mg pg/mg pg/mg
4-ANPP 0.7 1 11 3 15 17 11 3 -3 12 4 -11 2
4-fluorobutyrfentanyl 0.2 12 9 3 17 16 9 18 -2 5 4 -4 -3
Acetylfentanyl 06 25 7 3 24 14 6 6 -14 8 2 -8 -3
Acrilfentanyl 06 24 9 5 28 19 16 4 -10 7 5 -8 -0.4
AH-7921 06 19 13 6 20 19 20 9 -10 3 3 -8 -2
Butyrfentany! 0.6 18 7 4 24 15 10 4 -3 5 4 -4 -3
Carfentanyl 0.8 24 8 4 24 12 9 7 -9 2 5 -10 -0.6
Cyclopropylfentanyl 0.7 18 7 3 17 17 11 8 -5 5 5 -9 -0.04
Fentanyl 0.6 24 7 4 19 13 6 6 -12 8 4 -10 -2
Furanilfentanyl 0.6 18 8 3 22 12 7 5 -11 8 2 -6 -3
Methylfentanyl 0.5 19 7 3 21 14 10 5 -9 10 4 -6 -0.9
MT-45 0.7 24 11 5 19 17 8 7 -7 2 3 -7 -3
Norfentany! 1.2 22 23 12 19 20 18  -0.1 9 -16 19 15 13
Ocfentanyl 0.4 17 8 4 11 16 10 2 -5 13 1 -7 -3
U-47700 0.4 15 14 3 12 16 7 3 -11 9 3 -10 -0.8
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Al Féﬁtanyl
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Figure 4. Excellent Linearity and High Dynamic Range for Novel
Synthetic Opioids. Calibration curves resulting from the calibration
series for fentanyl (A) and furanyifentanyl (B). Excellent linear response
and sensitivity were observed with R? values of 0.993331 and 0.99844
for fentanyl and furanilfentanil, respectively.
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