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= Céc thanh phan ciia may khoi pho

‘7
A

Inlet system
Solids High Vacuum
Liquids (10¢— 108 torr)
Vapors T
0
0 0 = D 0
Process and record
the data
Mass Spectrum Computer



* Electrospray ionization (ESI)
C4c bién thé cua ESI:

— nESI

— chip ESI

— HESI

— multiplexed ESI

« Atmospheric Pressure Chemical lonization (APCI)
Atmospheric Pressure Photo lonization (APPI)

« Matrix-Assisted Laser Desorption/lonization (MALDI)
Multi-mode Source




ESI vs APCI

A IONIZATION DESORPTION

Potential

eAnalyte
© Mobile phase

B VAPORIZATION IONIZATION
Heat

®
+ I
® o6 ® ©® o0 0 o+ O+ ot

LC X —> MS
00 aOas .0 o+ ot ot
@® & @ () Q: + &
+ ++ +
++ +
eAnalyte &
© Mobile phase Corona needle with potential
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NIEO

Lwa chon nguon ion héa

A
100kD
E,
'%-, 10kD Proteins
<" APPI
£
0
% Peptides
S 1kD
Steroids
»
Low High

Polarity



Bo phan tich khoi (mass analyzer)

« Magnetic Sector (cung tir)

Quadrupole (Q - tir cuc)

— Triple quadrupole (QQQ - ba tir cuc)

lon trap (bay ion)

— Q-Trap

Time of flight (TOF — thoi gian bay)

— Q-TOF

Orbitrap (Thermo)

— Q-Orbitrap

Fourier Transform lon Cyclotron Resonance (FT-ICR)



A
NIEC

Quadrupole

Detector

resonant ion ; I

"/-, m4 . .CE(" mé .. "
Scan

Source |
' dc and ac voltages
@ ® - ——
m4 . .CE(" . . . .
(,E
SIM




A
NIEC

Triple quadrupole (QQQ)

I ‘ l a - {/\' a )\\ + Q J
(dii++++++ a ‘)+‘+"Q-U )'j+00 )++v
‘ ‘ ‘ | o S \j a / 4+ G \‘/\'
/
Q1 Q2 Q3
l | | | I
dc/RF RF only, dc/RF
no dc

Q1 va Q3 dung phan tich kho1

Q2 la buong va cham tao cac
phan manh con (Collision cell)



Céc ché dp trong QQQ

(1) Daughter mode
All Selected
masses mass

—»| SCAN [ XENON| SIM

Q1 Q2 Q3

(2) Parent mode

Selected All
mass fragments

S| sm ‘XENON‘ SCAN
a1 02 Q3

(3) Neutral loss "link" scan

Constant mass

f offset —l

_»| SCAN “XENON‘ SIM

(4) Multiple reaction monitoring

Select
Selected fragment
mass mass

—» | SIM |XENON| SIM

Ao A A



Bay ion (Trap)

Ring
electrode

Inlet
focussing

N
N

N

\
N\

lons

ln""'i"'

\ TRAPPED

\  I0NS

Entrance
endcap —
electrode

Exit endcap

glectrode

© 1997 PAUL GATES
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A
%59 Quad vs Trap

* Quadrupole * lon Trap

— separation in space — separation in time
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Quadrupole lon trap (Paul lon trap = 3D ion trap)

Gating

Skimmer lens Conversion

Endcap End capd node

Tube
Electrospray Iena Octapolel@ctapﬂle hgfl .

=" e e R

Heated
capillary
lectrod
SIEEORE T Muttiplier

| dwngd
2 dwngd
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7 * N\
%5 < Q-TRAP

Két noi tir cure va bay ion

P A R —

Q3 la tr cuc lai dong vai tro nhu bay ion

(LIT = Linear 10n trap)

* Q3 c6 thé hoat ddong nhu tir cue hodc bay ion

13



TOF (Time of flight)

e Phan tich thoi gian bay Linear and reflector TOF MS
Linear time-of-flight mass spectrometer
5
z « mass range up to 350 kDa
' - OO .. « high sensitivity
E * » low resolution

 Linear TOF

» Reflection TOF
— keo dai khoang duong di

Reflector time-of-flight mass spectrometer

e mass range up to 5000 Da
S—————r « low sensitivity
i % m2 v,':v2 / // « high resolution

=> tang d0 phan giai. ' v
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kN

NIEO

\:" 4
* Lai gitta Quadrupole va TOF

Transfer optics

Quadrupole ' Collision
for mass hexapole
selection (Ar)

Reflectron
V or W mode
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7 x \

w Orbitrap

o K thuat phét trién boi Thermo dua
trén nguyeén ly vé Kingdon trap 1920.

 Thiét bi MS dau tién 2005

* lon trap-Orbitrap \
] Orbitrap
* Q-Orbitrap S |
> SN

16



A
NIEC

Q-Orbitrap

Hyperbolic Quadrupole
Mass filter

Orbitrap Mass
Analyzer
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lon accumulation

lonization
0 w—p

b ,'-.
Source®™®  [18NS

Collision cell

Mass spectrum

Intensity

Mass-to-charge ratio

FTSICR MS instrument

— -t

ICR ¢ell

Space-charge effect =

Time-domain signal

Intensity

Superconductive magnet 5o
Frequency spactrum L
Founer
Transfomation
2
2
== 3
= |
Reduced on cyclotron
frequency
Spectral inspection
!
a
|~ e l Measure
——
g Rt~ e (e
¥ 178 T N N
m'd
»
Adjast 1AT or concentration
Minimize Novel strategy based on

the "Ceisotopic pattern

High quality FT-ICR MS spectrum

Output

1. Good peak profile v
2: High mass accuracy v
3: Low intensity deviation v
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Nhirng thong s6 k¥ thuit co ban ciia MS

P§ phan giai (Resolving power): kha niang phan biét hai ion m/z gan nhau
(thuong 6 m/z 200).

P chinh xac khoi (Mass accuracy): sai so tuyét doi so véi m/z that (don vi
ppm).

Toc d§ quét (Scan rate): spectra/gidy — quan trong cho UHPLC.

Do nhay (Sensitivity): limit of detection/quantitation.

Dynamic range: ti 1¢ gitta ion 16n nhat va nho nhat c6 thé do chinh xac.

Kha ning MS/MS / MS* va kha ning phan manh: loai fragmentation ho
tro (CID/HCD/ETD/ECD/UVPD).

19



A A X
NIEO Do phan giai khoi

» Resolving power: Su phan biét cac khoi gan nhau (Am)
« Mass resolution: B¢ phan giai (R = m/Am) IUPAC
 FWHM = Full Width at Half Maximum

20



HRMS (High resolution MS)

Carbofuran C12H15NO3 M+H*T = 2221125
Formetanate C11H158N302 MM+ = 222 1237
R=17.,500 R=35.000 R=70,000
222 1263 2221238 222.1238
100 - | 3 : ,
90 4 | -
80 4 ' A
o - ]
% 70 - -
1 222 1124 1
E B0 - | " -
= y .
g 50 4 l' |
£ a0 ] | ] \
- | ]
- 30 | | 1 222.112¢9
aa - | ] —
2() 1 P -
d | 2221463 . 222.1467 - | 2221465
10" "n - — -4
: | '.'. b S 222.1843 : ||| h 2221854
0 . | - ';I . ' Y Y R
2220 2221 2222 2220 2221 2222 2220 222.1 222.2

m/z m'ez myz
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EU 2021/808

1.2.4.2. Identification

A system of identification points shall be used to select adequate acquisition modes and evaluation criteria. For
confirmation of the identity of substances in a matrix for which an MRL is established (authorised use), a
minimum of 4 identification points is required. For unauthorised or prohibited substances, 5 identification points
are required. One point can originate from the chromatographic separation. Table 3 shows the number of
identification points that each of the techniques yields. To qualify for the identification points required for
confirmation, identification points obtained from different techniques can be added.

Identification points per technique

Technique Identification Points
Separation (mode GC, LC, SFC, CE) 1
LR-MS ion 1
Precursor ion selection at <+0,5 Da mass range 1 (indirect)
LR-MS"® product ion 1.3
HR-MS ion 1,5
HR-MS" product ion 2,5

Both low-resolution mass spectrometry (LRMS, at unit mass resolution) and high-resolution mass spectrometry
(HRMS), including e.g. double focusing sectors, Time of Flight (TOF) and Orbitrap instruments are appropriate.

22



TOF vs Orbitrap vs FTICR

Hoated Skirsmer Gate Yalve Magnot {9.4 Te
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P§ chinh xac khoi

» Do chinh xac khoi (mass accuracy) chénh léch giira khoi dung (true mass) va
khoi do duoc (measured mass)

P chinh xac cao Do chinh xac thap
« i
True iz True Measured miz
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235.18136

] Orbitrap: R = 100,000
90 R =500 [|Error: <2 ppm (0.0005 Da)
5 r
80 / |
] v
70—: \!
: A/ R = 5,000 Mass error (ppm) =
60 [ (egm/m) x 108
5o~f > € 500 ppm (~0.1175 Da)
. > < 50 ppm (~0.0117 Da)
403 ><—— 5 ppm (~0.0012 Da)
30 /
] / f)( R = 50,000
207 236.18927
i /‘A‘\
10° /N
. L 237.19417

0 1 ] 1 1 1] 1 ] 1 T T T ] Il . 1 1 [ 1 1 1 T ] 1 ' 1 : 1 T ] I\T 1 —l‘i_[’dT—IIHl_l ] L 1] 1
234.0 2345 235.0 2355 236.0 236.5 237.0 2375
m/z
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So sanh cac ky thuat mass analyzer

— Quadrupole — TOF, Q-TOF
— Triple-Quadrupole — Orbitrap, Q-Orbitrap
— lon trap — Double Focusing Magnetic Sector
— FT-ICR
Mass Spectrometer Resolving power (FWHM) Mass Accuracy (ppm) Sensitivity (g)
Quadrupole Unit resolution 50 10°%5 (SRM)

Modern instruments can
reach up to 5000

Quadrupole lon Trap 10000 50 10-'5
Time of Flight 20000 3 10-*2 (full scan)
Magnetic Sector 50000 ~1 1012
Orbitrap 100000 2 10°%S (full scan)
FT-ICR 1000000 = 10-*2 (full scan)
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Mass range

24000

18000

12000

6000

So sanh cac ky thuat mass analyzer

Q-TOF Orbitrap FT-ICR
TOF
Triple Quadrupole —_—
Quadrupole O-Trap_ Magnetic Sector
250,000 500,000 750,000 1,000,000

Average price (American dollars §)
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So sanh cac ky thuat mass analyzer

1,000,000
g Magnetic Sector Al
& 100,000
‘g’ O-TOE Orbitrap
P
-
g 10,000
o TOF
% Q-Trap
o el Triple Quadrupole
< Quadrupole e

250,000 500,000 750,000 1,000,000

Average price (American dollars §)
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XU hwong hién nay

* QqQ (MRM/SRM) van la chu dao cho PP dinh lugng.

Hybrid analyzer:
— VD: Q-Orbitrap, LIT-Orbitrap... dé khai thac MS» + HRMS.

lon Mobility (IM): tach ion theo kich thudc/hinh dang.
— Két hop voi TOF/Orbitrap — ting kha ning phan biét dong phan isomer.

— TIMS (trapped on moblllty) + TOF va PASEF da tang s6 MS/MS thu dugc trén mdi
don vi thoi gian ma van gilt do nhay, rat manh cho proteomics.

Ambient / portable MS (DESI, DART, paper-spray, portable MS):
— Phuc vu sang loc nhanh tai hién truwong.

* Phan m,ém thédng minh: AlI/ML, hd trg xir Iy phd 16n, tu dong hoa, thu vién
truc tuyeén...
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XU hwéng irng dung chinh

« Targeted analysis?

e &2% Trueness 3
— C6 chat X ¢ trong mau khong? = \;‘\@g %%2/% 25 @ QQ'?r(:p
4 \ = A % \ .g gé /‘% z 3 3
— Ham luong chat X la bao nhiéu? 2 e s o‘;%?/fé e Q-Orbitrap
. 2 %, & % O® -
 Nontargeted analysis? il
— CO chét gi trong mau? root monmy > AUTENTiCity
— Omics? Nontargeted analysis Q-TOF
' S~ NMRS B emnie .

TN T I — = -

— KNOWN UNKNOWN 1B, 2S 8" Q-Orbitrap
S %, S 87 ;

— UNKNOWN UNKNOWN % g FT-ICR
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