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Sac ky léng khoi pho (LC-MS)

Tran Cao Son

Vién Kiém nghiém ATVSTP Quéc gia

Noi dung

« S4c ky 16ng (Liquid chromatography)
« Khéi phé (Mass spectrometry)
« Phé khéi (Mass spectrum)

* Nhirng lwu y khi st dung LC-MS
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Sac ky léng (LC)

« Ly thuyét chung vé séc ky
« Sac ky 1dng hiéu nang cao (HPLC)
« Thiét bi HPLC

Gi®i thiéu chung vé sac ky

« Sac ky la mdt phwong phap tach cac chat trong mot hén hop dua

vao sw khac nhau vé tinh chat héa hoc, vat ly cia cac chéat trong hén

» Chromatography Chlorophl's
RN s
. [t
Mau Do thi, hinh
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Cac dai lwong dac trwng cua sac ky

* Hé sb dung lvong kK’ K'=t's/t
« Hé s6 chon loc o a=Kgk, (a>1)

Pic sac ky

Tin hiéu ¥
dén detectq

—

tiém mau

w = chiéu rong pic

. i Thmglan phut :




Hé so dung lwong k

+ k mé ta téc dd di chuyén cta chéat qua cot

tr -t
i . )
g I 10
T
l fo Lower k )
value Higher k

o JC

+ Néu k thap: téc do rira giai nhanh

+ Néu k I&n (>20): qué trinh rira giai kéo dai

Hé so6 chon loc o

« P3c trwng cho sw tach 2 chét L ”
“a=1: khdong tach dwoc

“Mubn tach: a # 1 nhiéu : 1

1 I I

* I .

+Néu o qua 16N, thoi gian ! 4/\/—} !
I

phan tich sé kéo dai o=

‘ o=1.02 . ‘ |a=1.16 ‘ . .a=1.20
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Qua trinh tach sac ky

W } Kha niing tach cac chit trong sic ky phu
\ thugc chu yéu:

5 + Pha tinh: Loai, ¢& hat, do xdp, loai xop,

‘ diéu kién ché tao...

. | + Pha dong: Loai, thanh phén, pH, tde do. ..
| ! + Chat phan tich: Tinh chit phan cuc, do
tan, turong tac...

Detektorsignal
o

i I !
— s e e e

Kha nang tach 2 chat

- D9 phan gidi: Ava B o

Re= 14V N x OL(; e
Efficiency  Selectivity  Retention

Tin higu detector
<

Ret on
=tentio Efficiency

Sefactivity

1 wiz\ A w2
e B e |

5 s
Thii gian

Ry = 2(tagtaa) / (W,y +wp) I
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« Khuéch tan xoay

« Khuéch tan doc

* Su chuyén khéi (van
chuyén chat)

Chuydn khéi C

Phwong trinh Van Deemter

H1

H = chiéu cao Bia LT

U = téc dé dong pha déng
A = hé s6 Khuéch Tan xoay
B = hé sé Khuéch Tan doc
C = hé sb chuyén khdi

SK Iéng

U nho ’




Puwéng Van Deemter: c& hat nhoi khac nhau

0.0030
H=A +B/u +Cu

0.0025
E
3 0.0020
o
= 0.0015
w
.

0.0010

0.0005

0.0000

0.0 1.0 20 3.0 4.0 5.0
Volumetric Flow Rate (mL/min) '

gia hiéu lwc cot tach

« Chiéu cao dia ly thuyét H HETP
(Height Equivalent to the Theoretical Plate)
« S dia ly thuyét cua cot N N=L/H
Thwc nghiém: Tinh N
N = 16.(tg/Wg)?
N =5,54.(tg IW,,,)?

« Sb dia ly thuyét ciia 1 m cot n
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« Hé sb khong ddi xirng (Ag)
$»Murc dd khdng can dbi cua pic

Ag =B/A (tinh tai 1/10 chiéu cao)

A A A

Very poor
Excellent Acceptable Unacceptable ryp

Ag=1.0-1.05 __II

HPLC

* High performance liquid chromatography

* High pressure liquid chromatography

 High price liquid chromatography
* High problem liquid chromatography

 High pleasure liquid chromatography
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Qua trinh tach trong HPLC

Hwdng dong chay
q

o—0-0 -0
Pha tinh

Phan loai sac ky léng

« Theo ban chat cua phwong phap
“*Héap phu, Phan bd, Trao dbi ion, SK theo c&, SK ai lwc, SK dién

« Theo ban chat cua cac pha
+SK pha thuan, SK pha dao

« Theo cach tién hanh:
%SK khai trién, SK rtra giai

* Theo phwong tién:

< SK trén cot, SK trén mat phang (gidy, I6p méng)
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Phan loai theo ban chat

« S4c ky hap phu

« Sac ky phan b (pha lién két)
«Pha thwong (thuan) : Normal phase NP-HPLC
«+Pha dao (nguwoc): Reversed phase RP-HPLC
“+Pha dao ghép cap ion : Reversed phase ion pairing

« S4c ky ion : lon exchange (IC)

« Sac ky gel (sac ky loai c&) : SEC (GPC/GFC)

Sac ky pha thwéng - Normal phase HPLC @9

« M. Tswett : La nguwdi dau tién phat trién phwong phap sac ky, st

dung dé tach Chlorophylls

@“m‘m Chromatograph
- Pha tinh (cgt) : phan cue

Chlorophyll's Color - Pha dong: khong phan cuc
CaCO, /
e C

3/24/2026

10



Pha tinh NP-HPLC

» Cac loai cé6t HPLC pha thuan

++Cot Silica gel : dung da muc dich (general use)
- Si—- OH

++C0ot Cyano : dung da muc dich (general use):
-Si-CH,CH,CH,CN

++C0Ot Amino : phan tich dwdng
-Si-CH,CH,CH,NH,

++C6t Diol : phan tich protein
-Si-CH,CH,CH,0CH(OH)-CH,(OH)

Lién két trong NP-HPLC

« Lién két hydro (Hydrogen bonding)

« Néu chét phan tich cé
++COOH : Nhém Carboxyl
“*NH2 : Nhém Amino
++OH : Nhém Hydroxyl

thi lién két Hydrogen s& manh.

« Néu mau c6 cac nhém khéng phan cuc 16n -> Do chwdng ngai Iap thé

a

dan dén lién két Hydrogen sé yéu

3/24/2026
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Pha déng str dung cho NP-HPLC

« Dung méi chii yéu (khéng phan cuc) :
«+Hydrocarbons (Pentane, Hexane, Heptane, Octane)
«+*Hydrocarbons vong (Benzene, Toluene, Xylene)

“*Methylene chloride, Chloroform, Carbon tetrachloride

* Dung méi phu (phan cwc hoac hoi phan cyc) :

“»Methyl-t-butyl ether (MTBE), Diethyl ether, Tetrahydrofuran (THF), Dioxane, Pyridine,

Ethyl acetate, Acetonitrile, Acetone, 2-propaol, ethanol, methanol

« Dung méi chil yéu dwoc s dung chinh 1am pha déng, dung méi phu

thwong dwoc thém vao vai ti 1& nhat dinh dé thay dbi thoi gian lwu.
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Anh hwéng cua dd phan cwc

0 % MeOH 2 % MeOH 5% /MeOH
@
m 5
D ® @
@
o

I
B I;ioct;fl phthalate’ R
2 : Dibutyl phthalate A .
3 : Diethyl phthalate Pha donq = Hexane 2
4 : Dimethyl phthalate

Sac ky pha dao - Reverse phase HPLC

« RP-HPLC + Cac loai pha tinh:

“Pha tinh (C6t) : Mang tinh khéng phén cuc

<+C18 (ODS)
% C8 (octyl)

*+*Pha déng : Mang tinh phan cwc +C4 (buty)

Pha dong trong RP-HPLC 3l
+Cot TMS

* Nwéc, dung dich dém (néng dé, pH)

* Methanol (MeOH)

» Acetonitrile (ACN)

* Tetra hydro furan (THF )
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Anh hwéng cua cac pha tinh

C8

l Trung binh

C18 (ODS)

A

4
Yéu
|

Lién két trong RP-HPLC

Cac lién két xay ra thé nao?

Lién k&t ky nw8cC |  cusenmzo
| Dung méi phan cuc |

Drd

Khéng phan cuc °"T

24
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Tinh ky nwéc

« Néu mau c6 nhiéu
%+ CH3;CH,CH,- : day Carbon
“*Nhom thom (Aromatic)
=> Thi tinh ky nwéc sé manh hon
« Néu mau cé nhiéu :
++COOH : nhém Carboxyl
“*NH, : Nhém Amino

+OH : Nhém Hydroxyl

=> Thi tinh ky nwéc sé yéu hon. | I

The&i gian lwu va tinh ky nwéc

C18 (ODS)

e |

3/24/2026
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Anh hwéng khi ting dé phan cwc

=

@
(]
® @
>
@

Pha dong : MeOH

3 v
- - - - -

20% H,0 30% H,0

BN -=

40% H,0

: p-Hydoxymethylbenzoate
: p-Hydoxyethylbenzoate

: p-Hydoxypropylbenzoate

: p-Hydoxybutylbenzoate 23

Sac ky cap ion pha dao - RP lon-Pair Chromatography

« Cac chéat ghép cap ion
++Ghép cap véi cac Anion
» Tetra-n-butylammonium hydroxide (TBA)
++Ghép cap véi cac Cation
» Butanesulfonic acid sodium salt (C4)
» Pentanesulfonic acid sodium salt (C5)
» Hexanesulfonic acid sodium salt (C6)
» Heptanesulfonic acid sodium salt (C7)
» Octanesulfonic acid sodium salt (C8)

» Decanesulfonic acid sodium salt (C10)

3/24/2026
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Sac ky trao déi ion (Sac ky lon) - lon Exchange HPLC

* Pha tinh:

Nén silica: cac silica loai RP, c6 gan thém cac nhém

> Trao dbi cation:R-SO,-, R-COO- ...
> Trao ddi anion:R4N*, RNH,CI...

%Nén cao phan t& (polymeric)

| ~Si-

~bion
~5i-Si(CH,),-CH,-CH,-__)-SOsNa Mang nén Silica
~$i-oH

2

Si-

& H-CH,-CH,-CH.CH,-CH,-CH.CH,-CH,-CH-C
S 0:Na
R
++=CH-CH,-CH,-

--CH-CH,-CH,-CH-CH,-CH,-

H,-CH,-CH.---
S0;Na

H-CH,-CH,-CH-CH,-CH,-CH-CH,-CH,-CH-

M S0z:Na X-SOzNa S0:Nax
A
H.

-CH,—C}Q-QH-CH;—CH;-(&H-—-

Mang nén polyme hitu co

 pH cua dung dich dém

« Néng d6 ctia dung dich dém

* Phwong phap rira giai
%Péng dong : Isocratic
s*Gradient pH

«*Gradient lwc ion

17



Sac ky gel (sac ky theo loai c&) SEC

C6 2 loai:

« GPC (Gel Permeation Chromatography) : sac ky thdm thau gel,
thwdng st dung trong linh vyrc polymer.
S dung dé xac dinh trong lwong phan t&r cta polymer
« GFC (Gel Filtration Chromatography) :sac ky tinh loc gel, thwéong st
dung trong linh vic sinh hoa.

S dung dé tach cac protein

Nguyén ly cua SEC

» Khéng st dung hiéu (rng twong tac.

« Tach dwa trén sw khac nhau vé thoi gian

di chuyén cuia chét.

— oy

Moleculsr site is smanl/
¥

SEC
Column

3/24/2026
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Cac cach rwa giai trong HPLC

« Isocratic: Thanh phan pha déng khéng thay dbi trong subt qua trinh
rika giai.

« Gradient: Pha ddng véi thanh phan thay déi trong qua trinh phan tich.

Gradient

]

Time

Isocratic

B concentration
B concentration

Time

Cac cach rwa giai trong HPLC

Isocratic

MeOH/ H,O=6/4
Thagi gian phan tich dai

_ / A /\ A /\
\ /_———71*'* Kha nang tach kém
i\/\.“'\v\‘ /{\ f"\ MeOH /H,O =8/ 2
(cotc18) 00

Gradient

—
% MeOH

30%
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May sac ky Iéng hiéu nang cao

HPLC System
Solvent -
HPLC Column

{8 Injector
- 1 AutoSampler

Detector

Bom cao ap

* BO phan quan trong nhét cla may HPLC

* Danh gia bom?
%Khoang ap suat hoat déng
<Khoang téc d6 dong
P06 chinh xac téc dd dong
P06 chinh xac thanh phan pha dong
% Thé tich chét thap

“+Khéng bi an mon béi dung moi

<Bom dang dong hay bom dang ap y l

3/24/2026
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Injector

» C6 2 cach:
“+Bom mau tw dong (autosampler)
<Bom mau bang tay: microxylanh
loop (vong mau)

(a): Vi tri Loed

in
Sampl'é""

S £ = .
oo (b):Vi tei In;jectmb

Cac detector trong HPLC

« UVNVIS

* DAD (Diod aray) = PDA
* RID (Refractive index)

* RF (Fluorescence) = Fl

» ECD (Electrochemical)

» CDD (Conductivity)

* MS (Mass-spectrometry)

3/24/2026
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« Gi&i thiéu chung vé khéi phd

« May khéi phé trong LC-MS
« Co’ ban vé phé khoi

* Nhirng van dé can lwu y cia LC-MS

Thach thirc két noi LC véi MS

Ap suit Ap suat cao (> 400 bar)
Téc do dong Tuwong duong 1 L/phut khi
Nhiét do Gan nhiét d6 phong

Dung moi C6 thé c6 mudi vo co

Chan khong
Tbi da 1 ml/phit
Nhiét do cao

Can dung mbi bay hoi

3/24/2026
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Solids High Vacuum
Liquids (106— 108 torr)
Vapors T

lon

lon Source Analyzer Detector

Forms ions (charged Sort ions by masses Detect ion
molecules) (m/z2)

Process and record
the data

Mass Spectrum Computer

« Nguén ion héa

ssTao ion

Jl' Mass
;c

«| analyser
.] 9

« B6 phan tich khéi

lon
source

ve

Detector

<Phan tach cac ion theo sb khdi

different techniques ‘over charge ratio measurable signal

[
~ ra = A

® Bo phat h Ie n The liguid or solid The lons are separated The mass separated
= = sample Is lonized using based on thelr mass lons are converted Into

«+*Phat hién cac ion

i

3/24/2026
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Nguon ion héa

* Pha hoi: Gas Phase lonization Sources
< Electron impact (El)

«+ Chemical ionization (CI)

» Phaldng: Spray Methods - API
< Electrospray ionization (ESI)
« Atmospheric Pressure Chemical lonization (APCI)

< Atmospheric Pressure Photo lonization (APPI)

+ Pha ran: Desorption Methods
« Matrix-Assisted Laser Desorption lonization (MALDI)

« Fast Atom Bombardment (FAB)

Sample
LN
{Solution of

diffesent
cnenpourdn)

o
“P.| Mass

The liquid or solid
sample Is lonized using
different techniques

source

«| analyser

.
™
e

Detector

The fons are separated
based on thelr mass
over charge ratio

The mass separated
lons are converted Into
measurable signal

Nguon ion héa trong LC-MS

* Electrospray ionization (ESI)

Céc bién thé cta ESI:
% nESI
+ chip ESI
% HESI
«» multiplexed ESI

« Atmospheric Pressure Chemical lonization (APCI)

« Atmospheric Pressure Photo lonization (APPI)

« Matrix-Assisted Laser Desorption/lonization (MALDI)

e Multi-mode Source

3/24/2026
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lon héa phun dién tw (ESI)

lon Formation By ESI

Reduction
Taylor Cone ®

Boe

Oxidation

Adapted from Kebarle and Tang; Aral. Chem., 65, 2, 972A-985A (1993)

ESI

« ESI capillary dwoc ap dién thé cao
« Dau ESI phun dung dich mau dang hat swong tich dién.

« Hat bj v& chia thanh nhirng giot swong méi nhd hon. Lap lai cho dén khi tao ra
nhirng hat swong rat nhd.
« Tao ra nhirng ion pt chuyén vao thé khi bang lwc day tinh dién

]
/ 4
@00

« lon vao b6 phan tich khéi va dwoc phan tich

25



lon héa trong ESI

« Dwong (pos) hodc am (neg) « Nhitng chét nao ion hoa duoc bang ESI
#Chét cé d6 phan cwc trung binh dén cao

* lon dwong ) . .
“+Co thé ion hda cac chat cé m dén 100.000 Da

Hay gap: [M+H]
+C6 thé gap: [M+nH]™ va [M+Na*]*

“[M-e]*

% Chét khi ion héa trong dung dich co thé tao da tich dién

* lon am
<Phu hop véi cac chét acid
& [M-HT
@ [M-nHJ™, [M+e]

Cac chat phu hop dé phan tich bang ESI

« Céac chét co6 chiva nguyén t di hop (hetero-atoms)
« Nhirng chat nay c6 kha ndng ghép cap véi H (do du e)

« Vi du cac chéat chlor héa, brom héa
Gl

Cl

1,2 di-chloro benzene

3/24/2026
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Cac chat phu hop dé phan tich bang ESI

« Céac chét thé tich dién théng qua hiéu trng cdm (rng (inductive effect):

« VD cac hop chat azo, phthalates, opiates ...

Ol

azobenzene

Cac chat phu hop dé phan tich bang ESI

« Cac hop chét co thé ion hoa duoc.
* VD: Cac acid, base

« Diéu chinh pH c6 thé thav doi khoél nana ion hoa

)\ OH

Orotic acid

3/24/2026
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Cac chat phu hop dé phan tich bang ESI

« Cac hop chét co chira nhiéu nhém tich dién.
* VD: Cac peptide, protein

« Cac vung chira nhém amino acid cé thé ion hda & pH thich hop
R1 H O R3 H (0]

| |
N N
NH3+/J\WT/ N/J\\”/ \T/JL\OH
0]

Polipeptide

ESI — wu nhwoc diém

Uu diém Han ché

Ion me it phan manh
C06 thé ap dung cho HC c6 phan Can mau phan cuc
tir luong 16m (>100,000 Da)

C6 thé AD cac HC khéng bén  Céan hoa tan trong dm phén cuc

nhiét (<0° C) (MeOH, ACN, H20, Aceton)
Dé thao tac Nhay véi mubi
Két ndi véi HPLC Anh huéng nén thuong cao

8

3/24/2026
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ESI - mot so lwu y

+ Céac acid hivu co (formic, acetic) tao ion tét cho chéat base (chira N).
+ San pham trung tinh c6 chira O, N c6 thé cation héa véi kim loai kiém (Na) hodc amoni.

+ C6 thé str dung amoni format hoac acetat (2-10 mM), ndng dd trén 20 mM: &nh hudng

nén.
+ Cac mubi co thé anh huwdng dén qua trinh ion héa.
+ Cac amin bac 4 hodc chat base manh anh huéng dén ché do ion dwong.

+ Cac acid sulfonic anh hwéng dén ché do ion am.

» Khéng dwoc str dung dém kho bay hoi: phosphate.

APCI source

- Skimmer

Nebulizer gas

Pumping
Corona discharge

http://www.rzuser.uni-heidelberg.de/~bl5/ency/ency.html i

3/24/2026
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» Cac ion duwoc sinh ra va dwgc phan tich nhw sau:

%Pau APCI phun dung dich m4u thanh nhirng giot swong.

<Nhirng giot swong dwoc hoa hoi trong 6ng thép nhiét d6 cao.

% Thé dwoc ap vao kim dat gan 16i ra ctia dng thép. Thé cao tao ra sy phéng
dién vong tron hinh thanh nhivng ion phan (rng qua chudi nhitng phan rng
hdéa hoc v&i nhirng phan t&r dung méi va khi Nito bao quanh.

%Nhirng ion phan (ng lai phan t& mau dé hinh thanh nhirng ion mau.

“*lon vao bd phan tich khdi va dwoc phan tich

APCI — ché dé ion hoa

« lon dwong * lonéam
M+[S+H]' - [M+H] +5 M+[S-H] —» [M-H] +§
M+[S+H]" - [M+S+H] M+A —[M+A]
M+S™ >M™"+S M+e — M

[M+X]+e X +M"

« Nhirng hop chét phu hop véi APCI
<Khdi lwong phan t&r < 1000 Da
B9 phan cwc trung binh dén kém phan cuc

<»*Phan t&r co6 kha nang héa hoi va khéng bi phan hdy béi nhiét ~’

3/24/2026
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APCI — cac chat phu hop

* Polycyclic Aromatic Hydrocarbons (PAHSs).

Anthracene

o/o\[\/\
L

Di(2-ethylhexyl) phthalate (DEHP)

* Phthalates

APCI — cac chat phu hop

* Hop chét chira nguyén ttr di hop

* Acid béo e
.

Acid 9-hydroxi-10,12-octadecadiene

3/24/2026
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APCI — cac chat phu hop

Oleic acid

* Triglycerides e

_____________________________________

* Pesticides
cl N\\\\/\N/&

F
Pyroglutamylhistidilprolinamide (a tripeptide) A

3/24/2026
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APCI - wu nhwoc diém

Ion me Can mau bay hoi
Khong nhay véi mubi Cén bén nhiét
Két ndi véi HPLC Ung dung hep hon ESI

C6 thé dung dung méi pha thuong
(NP-HPLC)

Thuc hién duoc & téc d6 dong cao

APCl-caclwuy

« Khéng can dém hoéc chéat bd chinh nén dé tao ion
« Pém bay hoi c6 thé str dung dén 50 mM.

« Céac chét bb chinh nén rat phan cwc lam gidm dd nhay clia chat phan

tich phan cuc.

3/24/2026
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ESI vs APCI

A IONIZATION

Potential

+

+, +

+ +

+ +

h +
+ +

eAnalyte
© Mobile phase

B VAPORIZATION
Heat

+14y

£y + o+
I.t + o+ _—> MS

DESORPTION

Lot

IONIZATION

o+ o+ o+ |

@
LC ..c ®_© 0 0., — MS
00 4040 :0 o ot o
oTe eTe .: + @ I
+++ +
++ g
eAnalyte 3
@ Mobile phase Corona needle with potential

Ché&t tao ion da dién tich trong DD:
proteins, peptides,
oligonucleotides

Chat dang ion trong DD:
catecholamines, sulfate conjugates,
quaternary amines

Chat chira hetero-atoms nhw
carbamates , benzodiazepines

Chat khéng phan cuc nhu PAHSs,
PCBs

Ma3u can
tranh

APCI

Phan tlr nhd, phan cuc dén khong
phan cuc: PAHs, PCBs, fatty acids,
phthalates, steroids

Chat chira hetero-atoms nhw
carbamates, benzodiazepines

Céc chat khong bay hoi

Chéat tao ion da dién tich trong DD
Chat khéng 6n dinh bdi nhiét

el

3/24/2026
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ng dung: APCI vs ESI

I O

Anh huéng Nhay vé&i nén mau va dung méi hon it bj anh hwéng hon
nén APCI

Yéu ciu néng dd dém bay hoithdp Nong dd dém cé thé cao

C6 thé tao cdc ion vdi cation (Na+)  Dung méi hitu co anh hudng dén
hoac cation (COO-) sy ion hoa

Toc dd dong Phu hop vai cac téc d6 dongthdp  Khéng phu hop vdi cac téc d6
(<100 pL/min) dong thap (<100 pL/min)

Khong phu hop véi toc d6 dong cao  Dap trng tot hon ESI véi toc do

(>750 pL/min) dong cao (>750 pL/min) { I

Dual mode source (ESI + APCI)

Wi Nebulizer

ESI zone

Thermal
container

ﬂ‘_!

7 % Capillary
Corona L
needle \\_ Drying
gas

35
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« lon héa quang héa & ap suéat khi quyén

+ Hoa hoi mau bang tia UV ¢6 nang lwong
khoang 10 eV twong &ng v&i cac photon
tr 83-153 nm.

« Khéi phé dat dwoc twong tw nhw El.

« Do nang lwong nhé hon nén phd nay
cht yéu cho cac ion phan tr va mot sbé

manh co sb khdi lon.

APPI — Qua trinh ion hoéa

« Nhwoc diém
% Co thé tao ra ion nén tr dung moi.
+Doi héi nhiét do cao (350-500°C)

cho qua trinh héa hoi => phan hay

Analyte containing
aerosol

APPI Process

e 0
% 0 o

Evaporation
nhiét. 00%°
i A o.‘oa
pour o
e _@o 00 (0]
0. 20 i X
©c 80 0 P e ®
e®, 0 ® ® g
@ ) Dopant

Dopant is photoionized and
acts as reagent gas -
Indirect

\ -
Photon Ianlzcs
7 analyte - Direct f e @ @
@@
o @

Analyte ions

2
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APPI - cac chat phu hop

« APPI sir dung cho cac chat khéng phan cuc dén phan cuc thap

« APPI bd sung cho APCI dé phan tich cac chat khéng phan cuc

Naftalene
« APPI c6 thé dung cho céac FrorEERER ja quang héa dé tranh anh
. F S
hwdng nen cta ESI LL) LI I L LT

Perfluorooctane sulfonate. _ I

APCI/APPI dual mode

LC Eluent Flow
Nebulising Gas| I

[ ]~

Auxiliary Gas {with dopant)
Wapouriser (Heater)

long [M+H]*

Transfer
Capillary

Dual APPI/APCI ion source '
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Lwa chon nguon ion hoa

A
100kD
5
9 10kD Proteins
=
©
3
.g Peptides
< 1kD
Sterolds
'
Low High

Polarity ‘

Quadrupole (Q - t& cye)

« Triple quadrupole (QQQ - ba t& cwc)

N\

x . i
* lon trap (bay ion) : N
1
i
% Q-Trap Sample i I o \
eaose on .. = iAS5 ]
. . L el L selal® 31| Detector
» Time of flight (TOF — th&i gian bay) Eren : source | ®s Y 4| analyser =
Eoepound ) :
< Q-TOF i
1
| I i
* Orbitrap (Thermo) |
The lguid or solid The lons are separated The mass separated
o Q_Orbitrap sample Is lonized using | based on thelr mass fons are converted Into
ditferent techniques aver charge ratio measurable signal

Double Focusing Magnetic Sector

Fourier Transform lon Cyclotron Resonance (FT-ICR)

3/24/2026
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Quadrupole

Source

[ i dc and ac voltages

T cwe - Nguyén ly hoat dong

« G6m 4 thanh hinh tron hodc ly twéng 1a hinh hyperbol, xép song song

nhau.

« Céc ion di chuyén qua khoang tréng cla bdn thanh dién cwc va dao
déng vé hai hwéng (cuc (-) va (+)) vudng goc voi dudng di.

* 4 thanh dién cwc tao thanh mét dién tir tredng cho cac manh ion cé
ty 1& m/z xac dinh va dac trwng di theo mét quy dao xac dinh trong

khodng tréng cla 4 thanh dién cwc dén Detector

_nl
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Ché do phan tich - quadrupole

o

s @ EEE 000 0
===

SIM

Triple quadrupole (QQQ)

N P ————
ﬁ}11++++++ a 4+ | I 5 | O =+ +
3

A=V )i 2)
AN | y
Q1 Q2 Q3
| | | |
de/RF RF only, dc/RF
nodc

Q! va Q3 dung phan tich khoi

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

8
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Cac ché dé trong QQQ

A, Normal Scan Mode

lon source ﬁ I Detector

Q1 Q2 Q3
Ion transmission lon transmission Mass analysis
B. MS/MS scan mode

lTon source

I Detector

Q1 Q2 Q3

Parent ion Collision Mass analysis

transmisson Chamber l

Cac ché dé trong QQQ

(1) Daughter mode (2) Parent mode
All Selected Selected All
masses mass mass fragments
—» | SCAN [ XENON| SIM —»| SIM | XENON| SCAN

o1 Q2 03 Q1 Q2 Q3

(3) Neutral loss "link" scan (4) Multiple reaction monitoring
Select
Constant mass Selected fragment
offset ‘l mass mass
_»| SCAN [XENON| SIM —| SIM | XENON| SIM

~a ~e o~ i

3/24/2026
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Product lon Scan Mode

3/24/2026

lons
in
Source

Q1 Mass selection

Q2 collision cell

Q3 Full Scan

e
lon C +Ar— Products | Products
Q1 only Fragment Q3 Scans for
transmits lon C products
lon C

Precursor lon Scan Mode

lons
A-F

Q1 Mass selection

Q2 collision cell

Q3 pass only 79

— lon A-PO,
—— lonB ”

I I\

lon C L ’.'_ _s\ PO, <]+ 79
— lonD i ’
— lonE
lon F
Scans across Fragment Transmits only 79
mass range ions one at a
time

Ll
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Neutral Loss Scan Mode

Q1 Pass A-H,0 Q2 collision cell Q3 Pass A
— lon A-H,0

lons | __, 0B

A-F

—lonC

— lonD

L+ [<AH,0—=A*+H,0" |+ A

——  lonE

lon F
Scans across Fragment Scans across
mass range ionsone ata mass range at

time 18 amu lower

than Q1 A

Multiple Reaction Monitoring (MRM)

Q1 Mass selection Q2 collision cell Q3 Mass Selection
A
0

B — lonC B FAr —+C1+C2«C3 | — lonC2

D
lons Q1 only Fragment Q3 only transmits

In transmits lon C lon C2

Source lon C
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Bay ion (Trap)

Ring Spacer
electrode rings
N\
; T ;
Exit
Inlet //1ens
focussing 4
lons —1 |\ TRAPPED lons
in > . 1ONS out
\
Entrance
endcap —1—— | Exit endcap
electrode electrode
© 1997 PAUL GATES

Nguyén ly hoat dong

* Quadrupole lon trap (Paul lon trap = 3D ion trap)

cac khéi khac nhau.

bén pha ctia cac ion con).

< Cac ion dwoc dwa vao budng ion (goi 1a bay) sau dé dung truéng dién tir RF

dé dwa cac ion vao quy dao. Dong RF cé thé 1an lwot tao quy dao 6n dinh cho

% Trong ki thuat nay ta cé thé gitr mét khéi trong quy dao trong mét thdi gian
nhat dinh, va cé thé ion hoéa 1an th hai bang Cl hoac tao thém cac manh ion

con nho sy ban pha tai bay. (manh khéi cé thé 1a cla ion phan tlr ho&c do sw

3/24/2026
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Két ndi tlr cwe va bay ion

- W

=2 Applied Y
L2 B85 Sems | #ps sciex

* Q3 la twr cuc lai dong vai tro nhu bay ion
(LIT = Linear 10n trap)

* Q3c¢co thé hoat ddng nhu tr cuc hodc bay ion

s

A better ion trap—with all the functionality of a high-performance triple gquadrupole

ION TRAP Q TRAP™ SYSTEM

FULL SCAN SENSITIVITY v )

NO LOW MASS CUT-DFF v .

MS* — STRUCTURAL ELUCIDATION v L]
NEUTRAL LOSS/PRECURSOR 10N v ]
QUANTITATION — MRM v ®
RESOLUTION v °

MASS ACCURACY ®
EASE-DF-USE v =

SMALL FDOTPRINT v v L]
AFFORDABLE v v .

3/24/2026
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Quad vs Trap

* Quadrupole

“*separation in space

é

* lon Trap

s*separation in time

Quad vs Trap: 6 nhay

* Quadrupole
D0 nhay & Fullscan kém
hon
<Nhay & ché dé SRM,
SIM

* Ton Trap

— Nhay & ché do Fullscan, phé tao ra
phong phu img dung t6t trong phan

tich dinh tinh, dac biét trong xac dinh

cac hop chét chua biét.
— Do nhay ché do SRM kém hon

— Mot s6 truong hop dac biét do nhay

ché SIM con tot hon & ché 36 SRM

8
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Quad vs Trap: P6 phan giai

* Quadrupole = Jon Trap
= C6 thé dat dén do phan gii cao

* D) phan giai FWHM (m/z
Do phan giai FWHM (m/z 1000): 4000

1000): 2000

+Pd phan giai thdp hon

= Pic bi¢t dd phan gidi cao gép 2
khi la LIT (Linear Ion trap)

Quad vs Trap: Do lap lai

« Quadrupole = Ion Trap
D0 Iap lai két qua & lugng vét 11an cheé hon ve do Iap lai

.y . = Thang tuyén tinh hep hon

rat tot, thang tuyén tinh cao.

<Fng dung tét hon trong dinh

lweng.

3/24/2026
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Quad vs Trap: U'ng dung

* Quadrupole * Trap
+Ung dung va duoc chap nhén trong = Biy ion tit trong Gmg dung dinh tinh.
da sb trwong hop dé khang dinh C6 kha nang Gng dung trong dinh
(confirmation) sy cé mat cla cac lugng.
hop chat cadm. = C6 kha nang tao khéi pho nhiéu lan, c6
%Chi co kha nang tao khdi phd 2 Ian thé tmg dung dé x4c dinh cau tric.
MS/MS = Biy ion c6 su han ché vé dung luong

+Téc dd cao, cho phép phan tich da va thoi gian ion ton tai trong bay.

chu t&¢ & mot 1an chay mau (nhiéu
may khdi phd c6 kha néng phan tich
500 thuéc trr sau & mot lan bom

mau) I

TOF (Time of flight)

* Phan tich thoi gian bay.
< Cac ion ¢ m khac nhau nhan mét nang lveng nhw nhau => dén detector &
nhirng thoi diém khac nhau.
%Nhirng ion nhe sé& dén trwdc vi van tée ciia chang Ién hon.
<Nhirng ion nang dén sau do van téc ctia ching thap hon.

Linear TOF Mass Spectrometer

lon Source

P
|

|
S o

3/24/2026
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Linear and reflector TOF MS

Linear time-of-flight mass spectlometer
[ }
. = + mass range up to 350 kDa
b Llnear TOF = ® ® =« high sensitivity
= @ [ ] o * low resolution
§ |

Reflector time-of-flight mass spectrometer

T ! 'I ’1
« mass range up to 5000 Da
2-'—'—' ' // low sensitivity
a m,=m, v‘ <y, « high resolution

* Reflection TOF

-

“kéo dai khoang duwdng di => '

tang dé phan giai.

* Lai gitba Quadrupole va TOF

Transfer optics

Quadrupole ' callision
for mass  hexapole
selection (Ar)

Reflectron
V or W mode

3/24/2026
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Uu nhwoc diém cta Q-TOF

« Vu diém
<Khoang khdi réng, co thé dén vai chuc nghin Da
B0 phan giai cao, dén 40.000 FWHM
<Po chinh xac khéi cao: < 2 ppm
< Q-TOF c6 thé phan tich dinh tinh va dinh lwong

« Nhwoc diém
< Thiét bi khé s dung, k¥ thuat cao
++Gia thanh cao, chi phi bdo tri I&n
Do 6n dinh khong tét
“Chuwa thyc sy la HRMS

Orbitrap

« Ky thuat phat trién b&i Thermo duwa
trén nguyén ly vé Kingdon trap
1920.

analyzer

* lon trap-Orbitrap
» Q-Orbitrap

- Thiét bi MS dAu tién 2005 ortrap N

Amplifier

Voltage ramp
$

Detected
signal

3/24/2026
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Q-Orbitrap

Hyperbolic Quadrupole
Mass filter

Orbitrap Mass

Analyzer : '

Carbofuran C12H15NO3 M+H*T = 222.1125
Formetanate C11H15N202 MM+ = 222 1237
R=17,500 R=35.000 R=:70_,OOO
222 1268 2221288 2221238
Ll | ] | ] |
ol | :
& 1
2 704 4 4
_é BGI: 12221124 :
5 ‘ ] [ :
50 4 I ]
< | | ]
= - |
30 4 - e
E ] | ] 17221128
21 2221463 i 2221467 1 l 309 1465
104 ‘,\' ,, ] f ) ] |
. |1\ :._alzg.msa 1 220 1843 ! |il‘ |{ 222 1854
2220 2221 2222 2020 2221 2222 2220 2221 2222 g '
méz nvz mez
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HRMS (High resolution

+ LC—lon Mobility—
HRMS

» FT-ICR MS + Q-TOF - DIA/SWATH
* TOF MS * Orbitrap workﬁqws
* Q-Orbitrap = Al & Big Data
+ FTICR cai tién Integration

So sanh cac ky thuat khoi pho

 LRMS: « HRMS:

— TOF, Q-TOF, IT-TOF

— Orbitrap, IT-Orbitrap, Q-Orbitrap
— Magnetic Sector

“+Quadrupole
“Triple-Quadrupole

“lon trap — FT-ICR
Mass Spectrometer Resolving power (FWHM) Mass Accuracy (ppm) Sensitivity (g)
Quadrupole Unit resolution 50 105 (SRM)

Modemn instruments can
reach up to 5000

Quadrupole lon Trap 10000 50 108
Time of Flight 20000 3 102 (full scan)
Magnetic Sector 50000 ~1 1012
Orbitrap 100000 2 105 (full scan)

FT-ICR 1000000 -1 1072 (full scan) ‘
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So sanh cac ky thuat khoi pho

24000
Q-TOF Orbitrap FT-ICR
18000
1]
-3
&
o 12000 ]
£ TOF
6000 Triple Quadrupole —
Quadrupole O-Trap—- Magnetic Sector
250,000 500,000 750,000 1,000,000
Average price (American dollars $)
1,000,000

% Magnetic Sect R

& 100,000

== Orbitrap

é Q-TOF

=

2 10000 ——

] TOF

o

= — Q-

5 1000 '

2 Triple Quadrupol

b Quadrupole —

250,000 500,000 750,000 1,000,000
Average price (American dollars $) I

Bo6 phan phat hién (detection)

» Faraday cup

N\

* Array detector N

El Itipli s ] 1 LA
ectron multiplier P e o I 740 B L I

* Photomultiplier \ /

The mass separated
Iomns are converted Into
measurable signal

sample ks lonized using based on thelr mass
different technigques over charge ratio

[ ) Charge Detector The liguid or solid | The Innsnrle separated

i
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« Céac ion va cham bé mat ban dan => electron. tang tbc, va cham tiép

=> nhiéu electron => phat hién.

Ion entering
electron
multiplier

Secondary Electrons

Nhan quang

« Céc ion va cham v&imdt bé mat phat quang => photon => khuéch dai
=> phat hién.

photomultplier

AUTY

‘anode

3/24/2026
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Bo6 tao chan khéng

« Thuwérng gém 2 bd bom: rotary va turbo pump

From Mass Analyser

Foreline f
Roughing Pump

Hé thong khi

« Khi mang m4u (nebulization gas)

» Khi lam khé (desolvation gas, drying gas)

+ Khi mang (curtain gas)

» Khi phan manh (CAD gas)

» Khi hay dung:
0:0N2

S Ar

*He

3/24/2026
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NIEO

\

VIEN KIEM NGHIEM AN TOAN VE SINH THU'C PHAM QUOC GIA

NATIONAL INSTITUTE FOR FOOD CONTROL

>

Co ban vé pho khoi

Phé khoi

* Mas spectrum

Rel. Abund.

[M+H]* -
127.0733

100
80
60

40 NH2

20 7

| T— y L TR B S— A P

L. — L
T T

0 +
122 124 126 128 130 132 134 136 138

m/z

]
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 Dalton(Da)
% 1Da = khdi lwong 1p hodc 1n
“1Da = 1/12m('2C = 12,00000)

* Mass
“+Carbon: 98,892% '2C va 1,108% '3C (13,00335)
m(C) =0,98892 x (12 Da) + 0,01108 x (13,00335 Da)
=~ 12,01 Da

* Mass to charge ratio

«*m/z (Dale)

Cac manh khéi

* Molecular ion 100
CH,CH,CH,CH,CH,CH, :
; molecular weight = 86 molecular ion
* Parent ion . miz = 86
e base peak
. ' miz =57
« Daughter ion 5 T
- = miz =87
* Fragmentation peaks £
5}
- Base peak L
0 || i || 1l

0 10 20 30 40 50 60 70 80 90 100

miz
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lon phan tw

« Hinh thanh do phan t& méat mét dién t& hay cong hop mét dién tir dé

tao thanh cation hay anion.

e Parent ion?

relative

abundance
the M+ peak

¥

the M+1 peak
other lines due
to fragmentation /

miz

difference of 1 miz
unit between

these two peaks l

Pic manh (Fragmentation peaks)

« Tao thanh do sw phan manh cta hop chét.
simplified mass spectrum of pentane - CH3CH2CH2CH2CH3
‘/43

relative
abundance

! -
S| !
"

L
10 20 30 40 S0 60 70
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Pic cor ban (base peak)

« Pic c6 cwdng d6 Ion nhét trong phd db.

« C6 thé la pic me hoac khéng phai pic me.

Base peak —»

Thuat ngir vé khoi

* Nominal mass
* Monoisotopic mass
* Most abundant mass

* Average mass

3/24/2026
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Nominal mass & average mass

« Nominal mass: Khéi lwgng (lam tron vé sé nguyén) tinh tir khéi lwong

ctia ddng vi nguyén tb c6 cwong do 1&n nhat (khéi luong danh nghia)

« Average mass: Tinh t& khdi lwong trung binh clia cac nguyén té, tinh

tat ca cac dong vi (khéi luong tb)

« Monoisotopic mass: Khéi tinh tr cac ddng vi nhe nhat

Nominal mass & average mass

* VD: Butyric acid (C,Hz0,)
“*Nominal mass:
4x12+8x1.00783+2x15.9949 = 88.05244 Da
“*Average mass:
4x12.0107+8x1.00794+2x15.9994 = 88.10512 Da

A i3 Khéi lrong trung | Khdi lwgng dong vi
binh (Da) chinh (Da)

H 1.00794 1.00783
C 15.9994 15.9949

(0] 12.0107 12 i

3/24/2026
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y

Thuat ngir vé khoi

100.00 - £ ]
3 l
3 3 l
c Formula | C. M N, OLS
M 700 Caffeine . B Normnal Mass. 3480
2 Formula : CgHyoN,0, 2 l | ‘ Monosologe: Mass M81 500
> Nominal Mass: 194 | Most Abundant Mass 34 u
g 5000 Monoisotopic Mass: 194.0804 -

Average Mass: 194.1932 ‘
] -]
2 2 | |
% 2500 % i
A
4 4 l
J ) \

1910 1920 1930 1940 1950 1960

Mass Mass

Nguyén tac Nito’

« Néu hop chét cé chira mdt sé chan N (hodc khéng coé N), ion phan to

ctia no co khéi lwong la sb chan.

« Néu mot hop chét co chira mot sé 18 N, ion phan t&r ctia né sé cé gia

tri khoi lwong le ] o* -
+ VD: Néu biét mot chat khong c6 N va cho ion %,
m/z = 121 ® ol ”
=> lon nay khong phai la ion phan tw il ol “y\ oAl 1
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« Resolving power: Sy phan biét cac khdi gan nhau (Am)

» Mass resolution: D6 phan giai (R = m/Am) IUPAC

1.0

100

0.8

0.6

Detactor signal

0.4

Relative abundance
g

|
]
|
]
|
|
|
|
|

SHn N B N EN N B |

255

152, 83 gz 111 1m 171

99 500 s01 - 502 "a0 BD 100 120 140 16D 1RO 200 220 240 260
mrz

Actual detector signal (Gaussian) Computer generated bar graphs

Hiéu rng dong vi

H 1,00783 99,98
°H (D) 2,01410 0,02
12C 12,0000 98,89
13C 13,0034 1,11
14N 14,0031 99,64
1SN 15,0001 0,36
160 15,9949 99,76
170 16,9991 0,04
150 17,9992 0,20
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Cl va Br

¥ M M (a2 M#2]* IM#2]*
[M42]* . M
IM42 W e M
(M)
Al 1l
one C1 two Cl one Br two Br one Cl II:Id one Br

Hiéu niang thiét bi

« P6 chinh xac khdi — Mass accuracy
- D6 phan giai khéi — Mass resolution

* D& nhay — Sensitivity

3/24/2026
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D6 chinh xac khoi

« P& chinh xac khdi (mass accuracy) chénh I&ch gitra khéi dung (true

mass) va khéi do duwoc (measured mass)

Do chinh xac cao Do chinh xac thap
: B - >
True iz True Measured miz

« Resolving power: Sy phan biét cac khdi gan nhau (Am)

» Mass resolution: D6 phan giai (R = m/Am) IUPAC

100 157
MH*
& 227
=
5 8
0
5 2 s
[x}
@z
£ H
a g 185
213
- 207
"y i) T Doy e 4o atenl g%
199 500 &0 502 60 BO 100 120 140 160 180 200 220 240 260
mez
vz
Actual detector signal (Gaussian) Computer generated bar graphs
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* m=501,96431 Da
* Am =0.21734Da

* R,, = m/Am = 2309 |

* FWHM = Full Width at Half Maximum

%Int
100

50 1

Am =0.21734Da

T
501 502

503
m/z

*VD:

R,, = 394

Ar 39,96239
C,H, 40,06386

%l

100

&l

* D6 phan giai don vi (unit mass resolution)

» D6 phan giai cao (high mass resolution)

Int

0

Ry =180 ‘

0+

38 3 a0

%int
100

Rm =520

a0

ot

4

mz

38 29 40

41
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Intensity

Intensity

Normal
Resolution
| Data

l m/z

Isotopic Distribution

/

High Resolution Data

Monoisotopic so

mass

Most abundant mass

3LEDGEWRQVLNVWG KVEADIAG BGOEVLIRLF TGHPETLEKF DKFKHLKTEAEMK...
- 189509918
3 F—— Average Mass
[TE {ee51.9957
16948 9842
BDE =
555
3 18952 9997
804
75?
703
3 16954.0042
853 16048 9777
2 oo \
5
S
25 16955.0050
2
g%
& 40
a5 180560078
IS 16057 0119
20 )
15 1
10 1
&
| 16060.0453 166740648
T LRSS aane nans Aaas nass many
16950 16870

O ch

r

inh xac khoi

« P& phan giai cao dan dén do chinh xac khéi cao

Carbofuran C12H15NO3 M+H*+ = 2221125
Formetanate C11H15N302 M+H* = 2221237
R=17,500 R=35,000 R=70,000
0o, 272178 2221238 _ GeaEp
0 ]
80 -
® ]
g ™ ’
_g m: 222.1124‘ :
S 1
Q 50 | 3
%’ a0 ]
T ® Jz2128
< 2221463 ' 222.1467 ] 2221465
10 L
| 2221838 [1|2z21803 ] , { 222.1854

o v T
2220 2221 2222
mz

2200 2221 2222
vz

2220

T
2221 2222
mz
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Khoang khoi (mass range)

« Khoang lam viéc tir khéi thAp nhat dén khdi cao nhét
« Phu thudc vao ky thuat phan tich khi
« ATTP: m/z 50-1000

So sanh moét so ky thuat MS

K thuat MS Do phan giai Khoang khoi Do chinh xac khoi

T cue 500 —-2.000 2—-2000 Da 0.1 Da

Biy ion 500 -2.000 100 — 2000 Da 0.1 Da
Thoi gian bay 500 —12.000 50 — 1x10%Da 0.0001 Da

Cung tir 800 —50.000 2—15.000 Da 0.0001 Da
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‘-l) VIEN KIEM NGHIEM AN TOAN VE SINH THYC PHAM QUOC GIA
% NATIONAL INSTITUTE FOR FOOD CONTROL

Lwu y khi str dung LC-MS/MS

Mot so lwu y khi str dung LC-MS/MS

* Phan LC
< Can tbi wu hoa dé tach chat phan tich tét nhat (pha déng, pha tinh, nhiét d6 16
c6t). Dam bao k’>1.
“Hién twong kéo dudi, ché déi phan 16n la do cot ban
< Tranh bom thé tich I&n dan dén qua tai cot
< Can sr dung va bao quan cot tach tét dé tang tg st dung

%Nén st dung tién cot
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Mot so lwu y khi str dung LC-MS/MS

- Phan MS
% Tuyét déi khéng sir dung dém kho bay hoi vaoMS
< Can dadm bao chan khéng hé théng. Nén dé bom chan khéng hoat dong lién
tuc. Thwdng xuyén thay diu theo dinh ky cho bom. Thay dau dung loai.
<Khi str dung nhiéu, nguén ion cé thé bj bAn dan dén gidm tin hiéu va tang
anh hwéng nén => rira nguodn

S dung chirc nang divert dé gidam lwong mau vaoMS

<Khéng nén s dung khi trei cé sdm sét

L

Twong thich gitra HPLC va ESI/APCI

Reversed Phase High Moderate
Normal Phase Low High
Size Exclusion/Gel filtration High Low
Size Exclusion/Gel permeation Low High
lon Exchange Low Low
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éu biét vé chat phan tich

nhau

0

Lysine (142.18da) CsHi14N202
pl=(10.79+9.18)i2=9.8
pkaq=1079

pkap;=9.18

pkaz=2.2

OH

NHz2

MNHz

* VD: Lysine c6 3 nhém chirc nang (1 nhém acid va 2 nhém NH,); dwéi

cac diéu kién pH khac nhau c6 thé tao ra cac trang thai tich dién khac

pH anh hwéng dén sw ion hoa

%lInt
100 [M+2Hp2+

75-
50-

25-

(M +H]*

(M]°

(M-H] -

Lysine acid base equilibrium

12

Eluent pH
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Pha dong trong ESI?

(VD: Na, K)

* Dung mdi phu hgp: methanol, isopropanol, acetonitril
» Khéng st dung phosphates, sulphates, borates, va citrates

- Thay thé bang ammonium acetate, ammonium formate, ammonium

hydroxide, formic acid, acetic acid, trifluoroacetic acid (TFA)

« Loai trir cac mudi va chét tao cdp c6 thé gay hinh thanh cac adduct

IM+H]" Protonation. M + 1
[i\/|+H+N|—|4]+ Mainly seen when using CHsNH, M+ 18
[M+H+nH,0]" M + H,O adduct M+ 1+ 18xn
[M+H+H,0]" M + H,O adduct M+ 19
[M+H+Na]” M + Na adduct M + 24
IM+H+K] M + K adduct. M + 40
[IVI+H+CH;;CN]+ Mainly when using acetonitrile M + 42
[2M+H] Analyte dimerisation. 2xM + 1
[M+H+CH,CN]" In presence of CH;CN M + 42
[I‘\J'1+H+CH3CN+anO]+ Adduct of CH;CN and H,O M+ 42 + 18xn

’
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Mot s ion c6 thé tao ra ESI(-)

[M-H] Deprotonation. M -1
[M-H-nH,0J Deprotonation and dehydration M—-1-18xn
[M+CI] / (M+35.5) lon attachment. M+ 35.5
[M-2H+Na] M + Na adduct M + 21
[M-H-CO,] Carbon dioxide looses. M - 45

Van dé I&n nhat caa ESI-MS

It is still a pain!

ol
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> N a 7\
Anh hwéng néen?

« Tang ion
**lon enhancement, coelution
« Khtr ion

“*lon suppression

* Nguyén nhéan

<Nén mau qua phtrc tap, qua trinh chuan bi mau chwa dap &ng

+Diéu kién phan tich chwa téi wu

Panh gia anh hwéng nén

« Cach 1: So sanh tin hiéu trung binh cta céc pic sac ky ctia dung dich
chuan pha trén nén mau v&i pha trén nén dung mai.
« Cach 2: Lap cac dwdng chudn trén nén dung méi va nén mau; dya

vao hé sb goc dé xac dinh anh hwéng nén.
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Tinh Matrix Effects

GC-TOF/MS of Atrazine in Rice GC-TOF/MS of Atrazine in Rice
2.0E+06 12
18406 | ¢ Reagent Stds ¥ 4?‘ AN ANERY - + Reagent Stds
— R?=0.9986 ] S 104
162406 4 ® Matrix Stds (n= ; : ¥
* / a = Matrix Stds (n=20)

14E+06 -~ W b
- e g y = 0.00264x +0.00132
5 A < R?=1.000
= 1OE0S g s = 0.00258x + 0.00124
S L oees _ " y=41a2x+ 4558 > /V' s
S u = o R’=1.0000

6.0E+05 I// g%

4 DE+05 //V =

= g 02

2.0E+05 - o

& bisiio %ME = (4612-4142)/4142 = 11% - %ME = (264-258)/258 = 2%

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Conc. (ng/g) Conc. (ng/g)

Pé khac phuc anh hwéng nén

« Cai thién qua trinh x&r ly mau: 1am sach, pha loang...
« Cai thién hiéu qua tach sac ky
« Cai thién diéu kién khdi phd: pos & neg, APCI & ESI(-) & ESI(+)

« Ky thuat hiéu chuan
Dung ndi chuan, dac biét 14 ndi chuin déng vi

< Xay dwng dwéng chuan trén nén mau...
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Pieu quan trong can nh&

Khéng kiém soat dwoc anh hwéng nén,
dd nhay tét dén dau ciing thanh vé nghia!

* Mobile phase polarity and pH

* Flow rate

« Column polarity, length,
diameter, particle size and

« Solid phase extraction
« Protein precipitation
* Turbulent flow chromatography

* Liquid-liquid extraction ] P

« Microdialysis A | Liquid temperature
ample extraction \ chromatography
and clean-up conditions i

How to

overcome |
matrix ]
effects

Mass Conditions

* Matrix matched calibration
« Standard addition

« Background subtraction

* Surrogate matrix calibration
« Isotope labeled internal standard

* Ionization mechanism (positive
and negative polarity)
+ lonization source (ESI, APCI

and APPI). I

VEEN KIEM NGHIEM,

in chan thanh cam on!
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