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SCi What does a Mass Spectrometer do?

Spec

® |t measures mass better

than any other technique

{06 161.0 [179_0_}{20] w10 m/z »

® |t can give information
about chemical

structures.
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Sci Applications of Mass Spectrometry

Spec

® Pharmaceutical analysis ® Biomolecule

— Bioavailability studies characterization

— Drug metabolism studies, — Proteins and peptides

pharmacokinetics | ,
— QOligonucleotides

— Characterization of potential drugs

| , ® Environmental analysis
— Drug degradation product analysis

— Screening of drug candidates — Pesticides on foods

— Identifying drug targets — Soil and groundwater contamination

® Forensic analysis/clinical
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Fundamental of Liquid

Chromatography

SCI

Spec

https://www.thermofisher.com/order/catalog/product/IQLAAAGABHFAPUMZZZ?SID=srch-srp-IQLAAAGABHFAPUMZZZ
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SC| Introduction — HPLC-System: General Design
Spec I —

® Pump with Degasser
® Autosampler
® Column (installed in a Column Compartment)

® Detector

® Computer with control software E |

Autosampler
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SCi Chromatography Terminology

Spec

Sample

The Original Representative Material Which |Is To Be Analyzed Also
Called The Sample Matrix (Coffee)

Analyte(s)
A Specific Compound(s) Contained In The Sample Which Is(Are) To Be
Separated And Analyzed (Caffeine)

Compound

Pure Chemical Component In A Sample, Also Called An Analyte Or

Solute
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SCi Chromatography Terminology
Spec

Stationary Phase

The Chromatographic Packing Material Which Is Held In A Fixed
Position Usually Packed Into A Column, Or Coated Onto A Surface. It
Performs The Chemical Separation (Also Called The Packing Material, The
Chromatographic Material, Or The Adsorbent)

Mobile Phase

Carrier Of The Sample, Moving It Through The Stationary
Chromatographic Packing Material. The Mobile Phase Can Be A Liquid
(HPLC), Or A Gas (GC)
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Sci

Spec

Remember!

The Stationary Phase and The Mobile Phase
will have OPPOSITE PROPERTIES to Set-Up Competition

For Sample Matrix and Analytes
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Stationary P

® The stationary phase retains analytes due to various interactions.

® When different chemical components pass through the column at

different rates they become separated in single zones.

Your Scientific Specialist




Sci Characteristics of a Chromatogram

Spec
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Sci Theory of Chromatography

Spec

Resolution R of two peaks: Goal of every chromatographic method!

A ¢ Distance between the peak
R=2x e it centers of two peaks divided by

Wp1 + Wpgy

the average base width of the

peaks.

® From theory R > 1.50 indicates

tro

A

baseline separation.

nal

® Inreallife R =22 is usually the

T

goal (requested in regulated

Peak 1 environment).

®  Much more resolution than 2

does not improve separation

> quality but increases analysis
Wy Wo Time, s

time.
Your Sn::ie_ntific Speciai'rst




SCi Van Deemter Plot

Spec
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Sci A Term — Eddy Diffusion

Band broadening due to Eddy

Diffusion (A Term) in columns with

large and small particles — effects on

chromatographic peak shape

(Efficiency (N))

Small Particles

Minimise Eddy Diffusion by:

« Selecting well packed columns
o Using smaller stationary phase particles
« Using particles with a narrow size distribution

Your Scientific Specialist
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SCi B Term — Longitudinal Diffusion
Spec

Longitudinal (Axlal) diffusion
causes hand to hecome less
cancentrated and broader :
FE “F.'.“I}c-'l;.i'v:.".:'l-.?-! et e W B E 0 RN l Wy Il v T

Band broadening due to Longitudinal

Diffusion (B Term) in columns with

low and high mobile phase linear

Low mobile phase linear velocity

velocity — effects on chromatographic

peak shape (Efficiency (N))

R S g
MNarrow band, '

High mobile phase linear velocity

Minimise Longitudinal Diffusion by:

« Using higher mobile phase flow rates

« Keep system tubing short and as a narrow as possible
(careful with back-pressure) (<0.12mm i.d. is ideal)

« Use correct nuts, ferrules and fittings wherever possible
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SCi C Term — Mass Transfer

Spec

Resistance against mass transfer in mobile phase

C"m dp2
Cm= 2

. u
Drn

Mobile phasa‘ T It 1
Stat. phase

C, — term, describing the
contributions to peak

broadening in stationary phase

C_ — term, describing the
contributions to peak

broadening in mobile phase

Resistance Against Mass Transfer in Stationary Phase

H

M_'DEHIE phase
Stat phase Ti t

—_—-

k  dg2
Csﬂc‘ ® |
(1+k)2 Dg

u

https://chem.libretexts.org/Core/Analytical_Chemistry/Chromedia/01Gas_Chromotography (GC)/Gas_Chromotography%3A_Basic_Theory/13The_Van_Deemter_equation




SCi C Term — Mass Transfer

Band broadening due to Mass

Transfer (C Term) in columns with

mobile phase linear velocity and

Stationary phase patrticle size —

effects on chromatographic peak

shape (Efficiency (N))

High mobile phase linear velocity

Minimise Mass Transfer effects by:

« Using smaller (diameter) stationary phase particles

» Using lower mobile phase flow rates

» Heating the column (at higher temperatures the diffusion
processes are speeded up and the differences in elution time
from the particle pore are reduced)
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Sci Particle Size Evolution

Late 1960’s

40um pellicular non-porous coated
100-50p psi (7-40 bar)

5,000 glates/meter

[l

\ Early 1970’s

10um Irregular micro-porous
1000-2500 psi (70-180 bar)
40,000 plates/meter

T R

10 min.

]

rl

10 min.

[t]

1980’s to present day

3.5 - 5uym spherical micro-porous
1500-4000 psi (110-280 bar)
80,000 - 115,000 plates/meter

=

10 min.
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Sci Thermo Analytical LC Systems
Spec

Ultimate™ 3000 Vanquish'"

Max Pressure 1000 bar Max Pressure 1517 bar
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Sci System Contribution — What Do We Want?

Spec
Quantitative Qualitative
4“ * &&&& &&Q}
® Qualitative analysis 4424 o
4 4‘ 4 AAKQ
— Resolved analytes A 5

_ , . 13 Trees Blue, Red, and Yellow Birds
® Quantitative Analyis

— Reproducible peak areas

We want a reliable method working on a reliable system!
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SCi System Contribution — Accuracy and Precision
Spec

® Accuracy is the degree of closeness of a measured quantity to its true value

= relevance for method transfer

® Precision is the degree of further measurements show the same results

(reproducibility) = deviation of repeated measurements

® The target analogy: E ° ; E ; o { ;
accurate, but not precise precise, but not accurate Neither accurate nor precise
@ (random errors) (systematic error) (useless)

accurate and precise
(ideal result)

® A valid method or system is accurate and precise!
Your Scientific Specialist




Sci The UltiMate™ 3000 LC Systems

( Isocratic

Pumps

Spec
( QuaternaryJ (Dual-Gradienj
Tl (4 et ot el
i - AL Sl Lo e

ﬁBasic Automated ( Standard ( Thermostatted (+ Fractionation
AUtosam pler e Euow. fra Eue. i, B0, firs, Eiow.

( VWD ( MWD/DAD (Fluorescence ( Corona ( Coulochem
Detectors =
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SCI Fundamental of Mass Spectrometry
Spec

Your Scientific Specialist
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SCi What is Mass Spectrometry?
Spec I —

“The basis in mass spectrometry (MS) is the production
of ions, that are subsequently separated or filtered
according to their mass-to-charge (m/z) ratio, and
detected. The resulting mass spectrum is a plot of the
(relative) abundance of the produced ions as a function

of the m/z ratio.”

Niessen, W. M. A.; Van der Greef, J., Liquid Chromatography—Mass Spectrometry:
Principles and Applications, 1992, Marcel Dekker, Inc., New York, p. 29.
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Sci Mass spectrometry Characteristics

Spec
® Operate at very low pressure (10™ to 10™ torr)
(Atmosphere = 760 torr)
® Mass spectrometer work with IONS
® Measure gas-phase ions

® Determine the mass are separated according to their mass-to-charge

(m/z) ratio
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Sci

Spec

Mass Spectrometry “Simplified”

lon Production

v

(Generate

v

Move
Select

lon Optics

Analyser (Quadrupole, Orbitrap)

v

Detect - Electron Multiplier

The lifetime of an ion from the point of formation
to detection is approximately 50 to 100 microseconds
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SCI Mass Spectrometry — Block Diagram

Spec

Sample lon Interface Mass 0
. - etector
introduction Source to Vacuum Analyser
High Vacuum
Detector/
Liquid -
> lonization » Mass Analyser—| Data
h t h
Chromatography Collection
Very important! - ESI * Triple Quadrapoles
- Many columns  APCI *lon-Traps
- Many solvent systems - APPI * Orbitrap
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Sci TSQ Quantum Components

Spec
EHmPIE lon Interface Mass
introduction * Source to ;[-.-'acuurn Analyser Detantor Detection
I High Vacuum -\-w 2 System
= 1)
lon Source 01 ﬂf R Q3
Interface
. Q00 QO Hyperquad = Hyperquad
[ e ]
i — i
. — b
[ e
: . % v
lon Transfer Tube Mass Analyzer

Q2
Collision Cell
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~®|ON SOURCE

IONIZATION TECHNIQUES

Sci
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Sci Type of lonization techniques

Spec

® Electron impact (El)

® Chemical lonization (Cl)

® Atmospheric Pressure lonization (API)
®Electrospray lonization (ESI)
® Atmospheric Pressure Chemical lonization (APCI)

® Atmospheric Pressure Photo-lonization (APPI)

® Matrix Assisted Laser Desorption/lonization (MALDI)
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SCi Electrospray lonization (ESI)
Spec

Three Fundamental Processes:

1. Production of charged droplets.
2. Droplet size reduction, and fission.

3. Gas phase ion formation.
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Sci Electrospray lonization (ESI)
Spec

ESI Needle Solvent evaporation and lon Transfer Tube
lon desolvation
+/-3-5 KV \
_________________________________________ .>
,T_ M + F".JFI'IFI -
5 E
B ORS, —
@ .’* = @
Y Vg @ .
s Yy Pump
g = Atmospheric
Pressure
- Droplet Smaller Clusters and lons
Croplet ionic species

Taylor Cone
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Sci

Spec

ESI - lon Max Source

lon Transfer
Capillary

ESI Probe

‘\\ ESI Nozzle
Electrospray Needle
lon Transfer

Capillary
Entrance
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SCi Atmospheric Pressure Chemical lonization (APCI)

Spec
® (Gas phase ionization via corona discharge

® APCIl is a three-step process:

1. High voltage (via corona needle) interacts with both the nitrogen carrier gas and the vaporized

HPLC solvent to produce primary ions:
O,+e — O, +2¢
N, +e — N, +2¢

2. Through a complex series of reactions primary ions react with solvent molecules forming

reagent ions, H,O" and CH,OH,"

3. Reagent ions react with analyte molecules forming (M+H)" in positive ion mode or (M-H) in

negative ion mode:
H,O" + Analyte — (Analyte + H)" + H,0
OH" + Analyte — (Analyte — H) +H,0O

Your Sn::i-:a_ntific Sgeciaﬂst




Sci

Spec

Atmospheric Pressure Chemical lonization (APCI)

Analyte /M) and |
solvent vapour j LTniversity of
Sample intreduction m BR_[STDL
needie op
! / - M A+ HT* To mass
: L ..l.. Ty x (V+H] » analyser

i * 990"
=i nC
) o9 HyO* \ H,0

\ collision

Vapouriser corana discharge  "®9197
He-ﬂte‘ DIQCE f_lJidblll-:I:] reuEUn

il

axpansion of corong
discharge (plasma) reqion

H,0
H£O+ " H3C+

HEO N-‘-’l+ Na+

© 2004 Dr. Paul Gates

University of Bristol

H50*

(H0)H*

N

H,0

Your Scientific Specialist




' &
Sci lon Max Source Design - APCI Probe
Spec

lon Transfer
Capillary

lon Transfer
Capillary Entrance

lon Source
Interface

——
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Sci Which is Best?
Spec

® It depends on the exact application.

® Increasing polarity and molecular weight and thermal instability

favors electrospray.

—  Most drugs of abuse are highly polar and are easily

analyzed using electrospray.

= High molecular weight proteins also require electrospray

® Lower polarity and molecular weight favors APCI or APPI.

¢ Lower background, but compounds must be more

thermally stable.
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SCI Mass Spectrometry — Block Diagram

Spec

Sample lomn Interface Mass 0
2 : etector
introduction Source to Vacuum Analyser
High Vacuum
Detector/
Liquid -
»  lonization ~Mass Analyser—| Dala
Chromatograph
eI Collection

* Triple Quadrapoles

*lon-Traps

*Orbitrap
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o MASS ANALYSER

QUADRUPLE

Sc;

Spec
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pcc

Mass analyzers separate ions

Operate under high vacuum (keeps ions from bumping into gas

molecules)
Actually measure mass-to-charge ratio of ions (m/z)

Key specifications are resolution, mass measurement

accuracy, and sensitivity.

Several kinds exist: for ion traps, quadrupole, time-of-flight and

orbitrap are most used.

Your Scientific Specialist
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SSCI TSQ Quantiva MS—Powered by AIM Technology
pec

Figure 1. TS0 Quantiva lon optica
Active collision cell

HyperQuad quadmupole

' mass filter \

High-capacity
transfer tube (HCTT)

Active lon Management (AlM) R

discrete-dynode
detector

Systematic optimization of all electric fields,
in concert, to produce breakthrough

performance.
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SCI TSQ Quantiva Animation (available on YouTube)
Spec —

1SQ Quantiva Triple-Stage Quadrupole Mass Spectrometer

http://www.youtube.com/watch?v=LFB14D8pkoc
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| o
Sc' Scan Modes

Spec

Scanning Pass Al Pass All MW Info.
Fixed m/z Pass Al Pass All Quantitation
Fixed m/z Pass All (+ CE) Scanning Structural Info.
SRM Fixedmiz  PassAll(+CE)  Fixed miz szggtﬁ;‘i%n
Neutral Loss Scanning Pass All (+ CE) Scanning Analyte Screening
Precursor Scanning Pass All (+ CE) Fixed m/z Analyte Screening

Your Scientific Specialist
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Sci

Full Scan Mode

Spec

Babins Huncane

d

1007

%

23 890 9. X S L. —
One Click
240
Spectrum - _
+
H H Base peak
H NH- tBu at m/z 240 (MH")
H
s, 241
— 1 1 1 ] |.. I N I . TR . [ [ .-||| .I|I. i N i " TR
0 T T T T T T T T T T L LI BLL L B R I A R

Chromatogram

7777777

-he
111111

100

120 140 160 180 200 220 240 260 280
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SCi Full Scan (Q1 or Q3)

Spec I
Full Scan Mode

Purpose: Survey scan of a chromatographic peak

Q1 Scanning RF Only Q3 RF Only

E— | S S——
Full scan Q1: @\ N\ N\ Rae N/ N\ N\
——————————————

*_

Q1 RF Only RF Only Q3 Scanning
" &
Ful Scan @3: 7N\ NS\ Koy’ N\ NN~
———————— — -_—
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SCi Selected lon Monitoring — SIM

Spec

SIM Mode

Purpose: Quantitation on a specific m/z range of ions

Q1 Set

S Y VAV

Q1 RF Only

SIM Q3: AVAVAY,

RF Only + CE

'Fiza

RF Only + CE

Q3 RF Only

/\M

Q3 Set
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SCi Selected lon Monitoring — SIM
Spec

SIM is in essence a full scan acquisition on a relatively narrow mass

window (defined as center mass / scan width)

Fixed m/z Pass All Pass All
& I — O — I —
i 3
L
B | D ——
] Advantages 1 Disadvantages
O Targeted analyte monitoring O Can suffer from interferences
O High duty cycle 0 Not as sensitive or selective as SRM

Your Scientific Specialist




Sci

Spec

Full Scan versus SIM

RT: 0.00-75.04 SM: 7G

5233 NL: 2.91E8
100; Base Peak F: + ¢
3 NSIFullms [
90 400.00-1800.00]
. MS datal4
80—
70
(0] -
(8] -
% -
I 607
g C
S 7
< 504
PR Full Scan
2 400 47.88
[5) —
x
307 31.30 5514
207
: 34.47 50.24
107
71 1887 23 39.42
J100 650809 1151 1722 188 3358 2415 42.17 4424 5603 6365 6528 7026 72,63
108— 31.30 NL: 7.97E7
. Base Peak m/z=
] 1030.90-1031.90 F:
907 + ¢ NSIFullms [
= 400.00-1800.00]
80— MS datal4
704
[} -
Q |
% -
I 607
-
2 507 SIM
-
T 407
q_) —
x
307
204
104
1 323 345 1036 1403 19,66 2190 27,26 30.99 ] 3839 3985 4053 4788 5244 5553 5941 64.64 67.24 73.57
0 rfrrT 1] rrrryrrrr1rrrr1r |11 rrr{orrrrrrrrry1rr1irJi17r e rreeTTTTTTaTT T T T T T ety
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Time (min)

Your Scientific Specia

[ L b

== " N

list




SCI Selected Reaction Monitoring (SRM)

Spec
Fixed m/z Pass All Fixed m/z
eN NN\ S N\ N\
B | | ——
Q1 Q2 Q3
] Advantages 1 Disadvantages
O Targeted analyte monitoring O No structural information

O High duty cycle

O “Simultaneous” monitoring of

multiple transitions
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The Need for True MS/MS

____Analvte Parent
. miz 325

m/z 325 Intact Analyte Parent

miz 175 Analyte CID Product A

ﬁ__,_o
miz 150 Analyte CID Product B

Different compounds having the same parent m/z have
different structures. True MS/MS facilitates Monitoring of a
Single Reaction (SRM) for interference free quantitation of
analytes in matrix.

Matrix {interference) Parent
mfz 325

L i @\. miz 325 Intact Matrix Parent

T .

T @ miz 185 Matrix CID Product A
T

m{fz 140 Matrix CID Product B

LC/MS Cross Roads -- Revision 7.5 - 827798 - Richard Klein
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Sci

Spec

SRM Selectivity in Complex Matrices

RT: 2.28 -5.89 SM: 15G

Relative Abundance

— x300—

RT:5.37 NL: 8.14E7
SN:1093 m/z= 191.50-192.50
100; MS Genesis Full-MS2
80
60—
1  Full MS Scan
40—
20
° RT:5.37 NL: 1.38E8
SN:27528 m/z= 191.50-192.50 F:
100 +Cc EIQ1MS
- [191.945-191.995] MS
803 Genesis
603 SIM-1_111128173605
3 SIM Scan
40—
0 RT:5.37 NL: 3.27E7
SN:201353020 TIC F: + ¢c EISRM ms2
100 191.950
- [126.935-126.985] MS
803 Genesis
60 Full-SRM-Survey-1
3 SRM Scan
40—
203
=

4

Time (min)

.0
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Spec

Comparison of SIM and SRM

25.37 NL: 2.67E4
1007 m/z= 271.50-272.50 F; + ¢ SIM
o = ms [236.50-237.50,
§ 80 271.50-272.50, 306.50-307.50]
7 MS probe20f_si
é 60 23.53 RT: 23.76 probe20f_sim
ZE 40- 22.93
= 20.19 24.55
E, 20— 19.61 22.17 22.41 OV 24.67
0
S I M RT: 23.76 NL: 9.94E3
100 m/z= 306.50-307.50 F: + ¢ SIM
3 = ms [236.50-237.50,
S 807 271.50-272.50, 306.50-307.50]
'g 60—: MS probe20f_sim
2 ]
3 23.13
< o 22,93 2518 2534 26.31 s 4o 27.09
I o167 2189 2252 o
E 20 19.65 20.15 20.57 2115
0
RT: 23.77 NL: 6.10E5
100 m/z=207.50-208.50 F: + ¢ El
ot 7 SRM ms2 237.000
5 803 [207.999-208.001] MS
e . Genesis Probe20F
S 60
Q
< ]
o 40
= ]
‘Es’ -
T 207
N A
fo=
S RM RT: 23.77 NL: 1.06E6
100 m/z=236.50-237.50 F: + ¢ El
9 7 SRM ms2 272.000
g 807 [236.999-237.001] MS
E m Genesis Probe20F
3 603
2 I
€ Superior Selectivit
£ 20 I uperior Selectivity
0=

T
22
Time (min)

w sample matrix
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Applications of Tri
Quadrupole LC-MS/




Sci

Spec

Confident
Quantitation

Any compound, any matrix, any user.

ThermoFisher
SCIENTIFIC

LC-MS/MS Quantitation of ~100 Drugs of Abuse in Urine in Under
Two Minutes on the Thermo Scientific™ TSQ Quantis™ MS

The world leader in serving science

Your Scientific Specialist
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SCI Why High-throughput LC-MS/MS for Drugs of Abuse Analyses?
Spec

» Large number of samples
* Need to reduce analysis times
» Reduce false positives (immunoassays)
* LC-MS/MS has high selectivity
» Reduce costs
* Multi-class drugs of abuse require multiple immunoassays

« Still may require LC-MS/MS confirmation

» Thermo Scientific™ Vanquish™ Horizon UHPLC and
TSQ Quantis™ MS can meet these requirements

Your Scientific Specialist
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SCI Thermo Scientific Vanquish Horizon UHPLC

Spec

Vanquish Horizon UHPLC Platform:

+  Maximize UHPLC separations with 1500 bar (22,000 psi) pump
pressure limit

+ Unmatched retention time performance via parallel dual piston
principle

*  Ultra-low Gradient Dead Volume (35 uL) for faster separations
« Viper-based, tool-free fluidic connections
+ Biocompatible, iron-free flow path

«  Sample pre-compression for better injection reproducibility and
longer column lifetimes

« Standard AS capacity: 4 racks (216 vials); expandable Charger
module for up to 20 well plates)

*  New column thermostatting technology

* Removable doors for easy access

Your Scientific Specialist




‘ P
SC' Experimental Design — Liquid Chromatography

Spec

* Thermo Scientific™ Vanquish™ Horizon UHPLC

+ Column: 2.1 x 50 mm, 1.9 um Hypersil Gold AQ
*+ Column Temp: 40 C

* Mobile Phase: [A] H,O + 0.1% HCOOH; [B]ACN + 0.1% HCOOH
+ Flow Rate: 1.0 mL/min (no split)
+ Gradient: see table

+ Injection Volume: 2 uL

L= T I - L R R

(RN RN T T T BT T T

[y
=

Note: total LC runtime is 2.2 minutes for ~100 drugs of abuse

Your Scientific Specialist
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SC' Experimental Design — Mass Spectrometry
Spec

* Thermo Scientific™ TSQ Quantis™ MS

* |onization Mode: HESI, Positive ion mode
+ MS Acquisition Mode: Selective Reaction Monitoring (SRM) — see # Transitions vs. RT below

*+ Cycle time: 0.15s
* Quad Isolation (Q1,Q3) = Unit (0.7 Da FWHM)

W Trensitions |
Number of Transitions per Cycle '

Buprenorphine
g
o :‘D
50 ) B
a

Number of transitions

°
°
‘,
L ]
]
(=]
-
o
o a °
<.

of?

1.2 14 186 13

02 04 0.5 DA 1
Time [min)}
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SCI Approximate 100 Drugs of Abuse on Thermo Scientific TSQ Quantis MS
Spec

i RT- .62
: 056
«-  Diluted Urine @ 1 mL/min \ |
! ‘ ¥
' b
TO ‘ e
: e Wige 1HC-COOH
[T | Hihm
a% b |
% R“'UE\Q \'.':= ! i iE JI.-.-”:- i3 FTAN
E [l I RT:!]T? n 2 11 u_
= n RT .54 ML 30723
§ ﬁ AT B4E
RT- 063
0 .58 ML 637ES
RT 054 — AT 046
, vl RTﬂaa F{Tﬂrr_ =
- ”Eﬁr RT: 0.81 RT 102
0 || [RT-0.89 ﬁ | ML 385
g RT-OTE T 047
) Rrosaffl || | il || : e
RT{O56 | : i
0 RT. 048 I o l | . | ] T 9.48
; [J Tl RT:_ﬂ_ RT 088 Ry plag | )
RT. 5 [ 'l 7 |
10 ripbr | l | | |rros \ | s gy
a5 E | AT 4%
RT. 0 ] '| . ol |“|!_ . RT{ T 131 h RT 105 _ P
: 023 RT 1 034 n_ 044 _43 _ﬂ A0 5 ﬂ. ‘é I ld{ﬂ ﬁjj‘ ﬁ," *‘1 i 'lh 'I- ATLAEY r .l-"j. iﬁd I'Dg ‘f‘12 115 FIT121 126 1.3 Ft'rl135 1.38 : ::?DE:'
02 03 04 05 0f o7 0& 12 13 14 FI: 250
: : . FT (i) ML GATER
For Research Use Only. Not for use in diagnostic procedures. oram |

SRM chromatograms of ~100 drugs of abuse in under 1.3 minutes [THC-COOH elutes at 1.21 min, inset]
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SCI Approximate 100 Drugs of Abuse on Thermo Scientific TSQ Quantis MS

Spec

Separatlon of opiate isomers @ m/z 286

Relative Inlensity

Show

Peak:: 0 Top

100
bE
B0
ES
B0
]
T
B5
&0
EG
B0
45
40

20 W Seected DA
RT: 0350

|f| Hydromorphone

Morphine I| |
== |

/\'.I I.:.J|
\ ﬂﬁ

-

™
5 R
m

@
)]

“AF 3FIFAF
0= D= & p.0
Bt s

:

Norhydrocodone

RT. Q.63

041 042 043 )j l\&______j}ﬁ—// \5 u;”ii ﬂ'ﬁ! 055 S -
" 42 : 44 "ot '

1}
RT {rmim})

]
052

For Research Use Only. Not for use in diagnostic procedures.

Opiate isomers at m/z 286 are well separated in under 12 s [typical LC peak = 1.2 s wide]
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SC' Approximate 100 Drugs of Abuse on Thermo Scientific TSQ Quantis MS

Spec

RT: 0.53- 0.80 6-MAM, Calibrator @ 10 ng/mL
RT: 0.65 NL: 7.17E4
AA: 33200 miz= 165.02-165.12 F: + ¢ ES| SRM ms2 328.150 [165.069-165.071,
100 Ini. #1 211.079-211.081, 212.069-212.071, 253.109-253.111] MS ICIS
2 J- ' doa_urine_assay 2x_dilution_2021
. BT 065 NL: 8.76E4
AA: 37038 miz= 165.02-165.12 F: + ¢ ES| SRM ms2 328.150 [165.069-165.071,
1007 - 211.079-211.081, 212.069-212.071, 253.109-253.111] MS ICIS
] - - doa_urine_assay 2x_dilution_2022
. “RT-065 NL: 7.08E4
AA: 38141 m/z= 165.02-165.12 F: + ¢ ES| SRM ms2 328.150 [165.069-165.071,
100 Ini. #3 ' 211.079-211.081, 212.069-212.071, 253.109-253.111] MS ICIS
5 J- doa unne_assay 2x dilution 2023
‘ TRT:065 NL: 7.26E4
AA: 33872 miz= 165.02-165.12 F- + ¢ ES| SRM ms2 328.150 [165.069-165.071,
100 Ini #4 211.079-211.081, 212.069-212.071, 263.109-253.111] MS ICIS
5 J- doa_unne_assay 2x_dilution_2024
. RT-0656 NL: 6.26E4
AA: 32501 miz= 165.02-165.12 F: + ¢ ES| SRM ms2 328.150 [165.069-165.071,
100 211.079-211.081, 212.069-212.071, 253.109-253.111] MS ICIS
. 5 doa_unne assay 2x dilution 2025
0 2 =
0.55 0.60 0.65 0.70 0.75 0.80
Time (min) For Research Use Only. Not for use in diagnostic procedures.

= 1:2 dilution of 10 ng/mL 8-MAM in urine, 2 uL injections [%CV = 8.5%];
= Dwell Time = 1.63 ms (50 simultaneous SRM transitions w/ 0.15 s SRM Cycle Time)
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SC' Approximate 100 Drugs of Abuse on Thermo Scientific TSQ Quantis MS

Spec

Buprenorphine, Calibrator @ 5 ng/mL

NL: 1.13E4

miz= 396.16-396.26 F: + c ESI SRM ms2 468.310
[396.209-396.211, 414 259-414.261] MS ICIS
doa_urine_assay 2x_dilution_ 2016

NL: 1.80E4

miz= 396.16-396.26 F: + c ESI SRM ms2 468.310
[396.209-396.211, 414.259-414.261] MS ICIS
doa_urine_assay 2x_dilution_ 2017

NL: 6.86E3

miz= 306.16-396.26 F: + c ESI SRM ms2 468.310
[396.209-396 211, 414 259414 261] MS ICIS
doa_unine_assay 2x dilution 2018

NL: 1.28E4

miz= 396.16-396.26 F: + c ESI SRM ms2 468.310
[396.209-396.211, 414 259-414.261] MS ICIS
doa_urine_assay 2x dilution_2019

ML: 1.23E4

mfz= 396.16-396.26 F: + ¢ ESI SRM ms2 468310
[396.209-396.211, 414 255-414 261] MS ICIS
DoA_Urine_Assay 2x Dilution 2020

RT: 0.80-1.15
RT: 0.98
100— : S-S0
i Inj_ #1
g RT: 0.98
AA: 7795
100 _
n Inj. #2
E i RT:0.98
g AA- 5040
2 100+ :
5 ] Inj. #3
% g RT:0.98
[ AA-Te04
@ 100 : ;
J RT- 0.98
AA: 7409
1007 TS
E}_|||||||||||||||.F‘.."'|||||||||||||||
0.80 0.85 0.90 0.95 1.00 1.05 1.10
Time (min)

For Research Use Only. Not for use in diagnostic procedures.

» 1:2 dilution of 5 ng/mL Buprenorphine in urine, 2 uL injections [%CV = 16.5%];

Dwell Time = 0.82 ms (60 simultaneous SRM transitions w/ 0.15 s SRM Cycle Time)
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HIGH RESOLUTION MASS ANALYSER
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SCI Mass Analyzers Parameters

Spec

® Nominal Mass

The mass of an ion with a given empirical formula calculated using the

integer mass numbers of the most abundant isotope of each element

Ex : M=249 C,H,” or C,HN" or C_HN.O'

® Exact Mass

The mass of an ion with a given empirical formula calculated using the

exact mass of the most abundant isotope of each element

Ex : M=249 C,oHq* 249.0070
C,oH N+ 249.0580
C,5H,oN,0,* 249.1479

Your Sn::i-:a_ntific Sp_eciaiist




o MASS RESOLUTION

Sci

Spec
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SSCI Mass Resolution: What is it?
pGC S ————

® Ability of a mass spectrometer to distinguish between ions of

nearly equal m/z ratios (isobars).

® m -measured mass Am

e Am- peak width measured at
50% peak intensity (Full Width

FWHM

Half Maximum) 5.0.6.0g 10% Valley
. ; \ Doublet
- or the mass difference | singlet method
method

between two adjacent peaks Amat 5%

of equal intensity, in this case é | | yau |
@ 10% lley definition | Ird . NE Singlet

pw o valley definition is -y \_method

Used. 998.5 999 998.5 1000 1000.5 1001 1001.5 1002

Your Sn::i-:a_ntific Sp_eciaiist




SCl Resolution & Peak Width

Spec

Chromatography

Low Resolution

High Resolution

Time

Your Scientific Specialist




Sci Mass Resolution: What is it?
Spec

® At minimum the resolution of the mass analyzer should be
sufficient to separate two ions differing by one mass unit

anywhere in the mass range scanned (unit mass resolution).

® Typical values of resolution for low resolution mass analyzers

(e.g. quadrupoles and ion traps) are below 5000.

® High resolution instruments have a resolution exceeding 15000.

Your Scientific Specialist




SCi Mass Resolution: What is it?
Spec

Mass spectrometer Resolving Power (FWHM)

FT-ICR-MS 1,000,000
Orbitrap 500,000
HR-ToF 60,000
Magnetic Sectors 10,000
Quadrupole / lonTrap in UltraZoom mode 5,000
Quadrupole / lonTrap 1,000

Your Scientific Specialist




Sci

Spec

Mass resolution (FWHM)

Commercial High Resolution MS Technology Race

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

0

New Tribrid Orbitrap

' A
. . . /
4 ®Orbitrap - Tof / QTof Tribrid Orbitrap o
I
- I
]
]
| ORBITRAP’s spectacular climb ,‘ LIT-Orbitrap ETD
in performance in a decade! I
- Q-Orbitrap*, @
I
I
| @ @ New Q-Orbitrap
- "
I
I
I
| Quad Orbitrap @
| on Trap—Orbig;p ‘ Entry Q-Orbitrap
- *¢
Bendix Tof First Q-Tof __,/’
K R Y - - .
1955 1965 1985 1995 2005 2015

Time progression (year)
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o MASS ACCURACY

Sci

Spec
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Sci Mass Accuracy: What is it?

Spec

® Mass accuracy is the precision of which the mass is measured by

the mass spectrometer.

® Typical way of reporting mass error in ppm (relative mass error):

exact mass — measured mass
* 10°

mass error — (

e
ey RRL LY FIRRRLF T

® Absolute mass error can be used (mDa).

® Main advantage: the possibility to determine the elemental
composition of individual molecular or fragment ions, a powerful

tool for the structural elucidation or confirmation.

Your Scientific S_pecia]ist




Sci Mass Accuracy

Spec

® Accurate mass measurements take advantage of the fact that the combination of

elements contained in a molecule have a very specific, non-nominal molecular

weight:
g Element Isotope Relative Average Exact
Nominal |Abundance Mass mass
Mass (%)
H 1 100 1.008 1.0078
— Carbon has a mass of 12.0000 2 6,015 2t
12 100 12.011 12
13 1.08 13.0034
— Hydrogen has a mass of 1.0078 N 14 100 14,007 14.0031
15 0.38 15.0001
— Oxygen has a mass of 15.9949 0 16 100 15.999 | 15.9949
17 0.24 16.9991
. F 19 100 18.998 18.9984
— Nitrogen has a mass of 14.0031 D 31 100 30972 | 30.0738
S 32 100 32.06 31.9721
33 0.78 32.9715
34 4.4 33.9679
Cl 35 100 35.453 34.9689
37 32.5 36.9659
Br 79 100 79.904 78.9183
81 08 80.9163
1 127 100 126.905 126.9045

Mass accuracy depends on resolution

Higher resolution allows for better mass accuragy scientific Specialist




Sci Mass Accuracy

Spec
® Typical mass accuracy capability for various MS types:

Type Mass Accuracy
FT-ICR-MS 0.1-1ppm

Orbitrap 0.5-1ppm

Magnetic Sector 1-2ppm

TOF-MS 3 -9 ppm

Q-TOF 3-5ppm

Triple Quad 3 -5ppm

Linear lonTrap 20-200 ppm

(10 ppm in Ultra-Zoom)

Source: Metabolomics Fiehn’s lab

Your Sn::i-:a_ntific Sp_eciaiist




Sci

Spec

Anal. Chem. 2000, 72, 1156—1162

Electrostatic Axially Harmonic Orbital Trapping:
A High-Performance Technique of Mass Analysis

Alexander Makarov* \
HD Technologies Ltd., Atlas House, Simonsway, Manchester, M22 5PP, U.K. '

1

(O

l]i
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SCl Major accurate-mass analyzers for Life Science

Spec

FTICR Orbitrap MS TOF MS

« Excitation by
injection

* Motion in pre- * lons are trapped * Motion in electro-
dominantly magnetic « Image current detection static fields (m/z-
field * Fourier transform and independent well)

* Low energy injection data processing * High energy

* MS" possibilities « Significant kinetic injection
* Broad-band energy during detection -+ High energy spread
excitation « Very long mean free upon fragmentation
path (many km)

* Detection by
secondary electron
multiplier

» Very high kinetic
energy for detection
(many kV)

» Significant mean
free path (tens of m)

Your Scientific Specialist




SCi Orbitrap Mass Analyzer: Principle of Operation
Spec

Hyper—logarithmic potential distributionl
1deal Kingdon trap”

u(r2)=7 {z —r2/2+R2-In(r /R,)}

= Characteristic frequencies:
’| H \ » Frequency of rotation w,,
/! WHI 'H M ("l « Frequency of radial oscillations o,
h | \Hl ‘ ‘I\ ” » Frequency of axial oscillations w,
I

z

@ @ m/q 12

Makarov A. Anal. Chem. 2000, 72, 1156-1162.

gt - L w,= | w, = W (%)2—1 wr=w2\/[R“)2—2
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SCI Many lons Generate a Complex “Transient”
Spec

Time Domain

057.033 2943222
1€54.001 2751.739
54 2372.262

55187055 490 803

Frequency Domain

514032 : BOZ4724
e IR i 1431565 OT806  yocq 73
[ 4563.64E 5179517 9565030 5985705

4853.726

]
[

Relative Intensity
o

=
™

Amplitude

= =
b =

=
e

Fourier | ‘ ‘| ‘
— | ransform Y L1 |

T T T T 7 T T T T T T T T T T T T [ T T T T [ T T T T T T T T [ T 17T
1} a00 1000 15800 2000 2500 30co 3500 4000 45C0 —

Mass Spectrum

amplitude

| ‘I |“| “

m/z Your Scientific Specialist




ThermoFisher
SCIENTIFIC

Importance of High Mass Resolution & Mass
Accuracy- Unknown Compounds ldentification

The workd keader in serving sciencs




SCi Mass Accuracy: |.D. of unknown compounds

Spec

® Accurate mass measurement is the experimentally determined mass

measured to an appropriate degree of accuracy and precision ( Gross, J.
Am. Soc. Mass Spectrom.,1994 )

® Accurate mass measurements narrow down the list of possible

formulae for a particular molecular weight

® Mass spectrum and analyst complete the picture:

— |sotope distributions indicate/eliminate elements ( e.g. Cl, Br, Cu)
— User-supplied info eliminates others (e.g. no F, Co)

— Suggested formula has to make chemical sense: (CH,,0, is not reasonable nor
is Cl,H,Co, )

Your Scientific Specialist




Sci Mass accuracy for chemical formulae ID
Spec

® The effect of mass accuracy and molecular weight on the

number of potential chemical formulae.

150

N,O)
X]
T

©
T

~+- 300 Da
~#- 600 Da
-4~ 1000 Da

Number of Formulae (C,H,
(o] (=11
T T

U_ . F - ______-h_._.._ugé_uu_-_ - — —— —_— -C"".n:
[ | | | I

Mass Accuracy (ppm)
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Sci

Spec

Generate Formula from Monoisotopic Mass

0.549 ppm Mass Accuracy

Right click on mass
Then select

Generate formula form mass

226 .EIIT-'EEEI

|

226 0g=T=

Generate formula From mass
Label relative to selected mass

22610933
/' 22618008
762 | J " i 22627115 226
I I I I | I I I I | I I I I | I I
Ll b | = | b | =S} e ] =]

RT 594 NL 4 32E5
SN 10015 mfz=
226 08918-
22608008 MS
ICI3
2010_08_17_jsc_2
10 ppb 0 spinach_10ppb
ET.621 RT: 728
SMN.20 SN _j?
RT. 585 ML 4.16E6
SN 44560 miz=
226 08916-
276 09008 M5
ICI5
2010 08 17 jsc 2
4 _spinach_100ppb
100 ppb
EL E.“')r‘ 3 RT. 7.26
il o W g'lwﬂglg N |
KT 542 ML 2. 78E7
SH: 108431 mz=
226 08918
226 09008 MS
ICES
1000 ppb .’-r?n"na_i?__u.: 2
9 spinach_1000pp
b
RT: 551 RT 659
SN 11 SN 12
RT: 494 RT: 735 RT: 785 RT. 846 RT. 8.4
SN 23 SN0 SMN36 SN 38 SN
5 B v 3 9 10
Time {min)
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Sci Elemental Composition Generates by Monoisotopic Mass
Spec

EIEMEntal Composinomn RT- 0.00-1002 =M 7B "W 9
Single mass RT: 540 ML: 7 61E6 297 05573 ML
Mass: - 100 Sh: 85471 miz= C1eH150 NaClz 8.33E6
e 297 05411- 100 2010_08_17 _JSC_67_Oran
T = 297 05709 MS ge_Incurred_Mavel#650
May. results |10 5 | a5 s a0 RT: 535 AV: 1T FTMS
2010_08_17_JSC_ {11} +p ESIFull ms
lix | Formula | RDB | Detta ppm | 0 B7_Orange._incurr 80 [100.00-800,00]
1 CiaH15 O Nz Clz 75 0454 ed_Ravel 299 05258
' g 0 CioHi0sCl
& B0
[\ :
=3
g 50
L]
i
E 40
[ Y]
14
~"rH 30 300 05582
2 o 267 24652 CnHE0 N:C;:;1 -
= ; /296 05902
Eile... I List ‘ ‘ l | CraHaOy
— 10 f
Limits 29544885 | / | | I
Charge: [1 = ! : .
Qe |1 = o 257 05560 HL:
Nitrogen-Rule: |Do not use M i CgHyy Oalls 1.15E4
— Fl CuHuClzMN20 +H:
Mass tolerance |2_ oo ppm & i = CuHiCl zﬂ 201
40 I (ss, s f0d0) Chrg 1
RDB equiv; [1.0-100.0 B - R 25.0 PPM @PAHM
Elements in use 353 200 05284
Isotope | Min | Max | DB eq.| Mass |~ B 0 CrH: OuNs
14N | 0 2 05 | 14003 Bl -
160 | 0 |15 00 | 15995 3
12C 0 | 30 10 | 12000 2 50
1H 0 60 05 1.008 ]
3BC | 0 10 05 | 34969 |y 20 40
154
] 30
oad.. ave 3. A = 1
L 5 |[[ ooy | Heb b 2o 05558
] RT: 563 20 CHizO Ny 30005582 301.05042
&3 ShE 67 CziHsNs CsH1OwNs
. !/ RT:7M RT:782 L
3 L/ SN 109 SN 17 -
0 ill(]rr:l[irr|[||(||r||r||ﬂr||[||r 0|||lr|1lll[||ll LI B B B N I B B N (NN N B B
i 1 2 3 4 5 & 7 8 g9 10 296 2a7 298 269 300 301 302
Time (min) miz
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Spec

No of Formulae

Elemental Composition Statistics

147

160 Chemical element No
C 50
140 H 100
O 10
120
N 10
100 Cl
80
60
40
20
0 _

1.5

2 5
Mass Accuracy (ppm)

10

50
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SCi Compound 1D

Spec

confirmation through Isotopic Pattern

Match

160 -
140 4
120
o
m 100 -
E
I
o 80
(1
e
o
=]
Z e
40 4 30
20 4
0
1 1.5 2 5 10
Mass Accuracy (ppm)
C7H16NsCly Ci2H10NsO3Cl,
-~
314.00340 1400940 ML
CigHip Dy Ny Che Gas Mg Og Mg s 12885
1005 oo 11M anch_0E4S3455- 3467 AT
1 1TIETIT AV-SSB.45
E 207 HE00EL 17389746 AT AT A6 T E 20 500 17351745  1TACITAS T
o C 43 Hag O3 Ng C157CH S p SIFW Dok rm CaxFap 0 5 Mg CIFTE ETME = o SIFul ook s
E ool i 150.00-500.001 B w £50.00-500.00]
ERE 2 Measure:
£ ] Ew spectrum
[ ] - [ ]
E i 318 00345 E 3500345
it ‘3'9:'/'5‘,94""6"% s vz Heg O My 708
o [Pt i | 1
FI01ZE [ 314 009ET [
CagHys ONYTE g93=3 Oz Hag Og My Sy 14554
e 2 Pieg DEETIC R 500 100 S1x Mg 05 M3 Ol
Tt o S Hag Nz Sl S g Og Ny Ol
© Y o igss 50400 Sirg 4 20 1e008e2 Digss.s bodl) G 4
] B D000 Res P @FNH Cr Hea Ne G701 B S0000 Ras Par @ W
] 1400355 &0 .
] THa Nz O 570 Theoretical
0] 0
] spectrum
:0: 1800852 = 31500350
3 CirHag Mg CI9TCI; Cr Hag M3 3T,
i E 1 ] 1| | 1300577
C T T T T T o T T T T T
30 2 314 318 e 310 2 34 38 s 320
mi
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SC' UHPLC with Q Exactive Mass Spectrometer
Spec

ThermoFisher
SCIENTIFIC

http://planetorbitrap.com/
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SCi Thank You for Your Attention
Spec —

Get Connected

WWW.scispec.co.th/

Follow Us

LINE @scispec
n https://www.facebook.com/scispec/ QUESUOHS?
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