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LWUUYUDVLHAOUsSvaUdv

(High performance liquid chromatography)

o woravith

WA.QS.2S3N8 YUNSTFISSTU | @@ woravith
Asst.Prof Woravith Chansuvarn, woravith.cermutp.ac.th
Ph.D. @ http://sci.rmutp.ac.th/woravith
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Sample bands separate with flow _

DEtEC‘tiDQ

Injection

o
o
1

toluene

L o

t,IIII%IIII£IIII§IIll}llllgllll&llll}lllls

Time

<o
o

Detection e

L
o
1

Voltage Response

o
|
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Mobile phase : Liquid (UudvlHad) Flow controller
/ \_.'='::/; b ;\ "-, Sample
u ﬂDéUlj{ﬂSU—]InﬂSWWﬁZG MP l_fJu Solvent reservoir - '/Ple columnd 1 injection port
UE)\)[_Ha:) A&B “ {gu?l column]“
—_ < rd
= yuraounIAYDY SP Juunatan ‘ — snalytial
U‘]ﬂ C‘] | | column
o msIHauao MP maowusoouao — L "'——“Remlder
UJ&JLwamtﬁmomsmaaunuao — - L M |
Vacuum Pum [ I )
aisuazcs: wazNnsnIsLenLia [ . ] - W
+r & 5 o — ' - mixer etector
atsouu vulsgnd 1AsUNTnAsTwW == 5 +
LLUUUDVLHacusvaugv (High AN
pressure liquid R /
chromatography; HPLC) —
collection
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HPLC Principle

1, Sample is introduced into column with mobile phase

Separation is accomplished by different moving speed of each compound

[
Injector \
Solvent \

Delivery Pump _L_

Ly

Column

\ 3, Detector connected to the outlet

of column monitors each eluting
compound from the column
(Chromatogram)

|

Detector

E—
¥ U
Signal from the detector /\ ‘

Mobile
Phase

Time

ST2092312 AMISILAS1RAIULAZDVDD



Sighal response/Chromatogram

A
i H
2 peak width
S /" at half height S patapoints = 111111, ‘\
N k heightt
3 | I peaK helg spectrum
| A peak area
- .\ baseline N ¥ A
peak width : S
t, te Retention time

ST2092312 ASILASI=RAYLASDVID
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Sighal response/Chromatogram

tr,

t2
120 1 »
Retention Time

Y 1404 ¢t p
Peak ° ta ﬁ

A
~
>
o

-

120 - L
| hold up time | reduced retention time

\ 4

peak helght

Detector signal intensity
Ny
S

— ©
A : JIUIN A\

Baseline

time (min)

Time

Ir :Retention Time
fp, :DeadTime
A :Peak Area
h o Peak Hight

—1 Injection of the sample into the column — Start of analysis

ST2092312 AMISILAS1RAIULAZDVDD 7



HPLC Diagram

[

HPLC solvent

ST2092312 AMISILAS1RAIULAZDVDD

Sample

- — I»L._J_.

Waste

Data acquisition
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Introduce standard solution
or real sample to the HPLC

To deliver the mobile column (c)
phase at constant flow (a)

To separate each compound

To remove contained in the sample

dissolved air from + ]

the mobile phase(b) S C— Detector

T{] Injector Column
® ! —rg—=, m ) Drain
Phase Degassing ' gl Sample Vial Column Oven ®
Unit Solvent _
: Workstation

Mobile A ;:; , H—— g

Delivery Pump —I
To keep the temperature \
To store staqdard solution or constast (d) el

sample solution |

l

To detect the eluted compound(s)
from the column (e)

Organic/aqueous solvents
—{ are used depending on
analysis

The signal from the detector is processed
and the chromatogram is displayed (f)

https://www.shimadzu.com/an/service-support/technical-support/analysis-basics/basic/what is hplc.html

ST2092312 AMISILAS1RAIULAZDVDD 9


https://www.shimadzu.com/an/service-support/technical-support/analysis-basics/basic/what_is_hplc.html

sample
carousel

injector
needle

ST2092312 AMISILAS1RAIULAZDVDD
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mixing chamber

injection valve

' guard column
and analytical column

UV/NVis
Diode Array Detector

10



douus:=nouudv HPLC

» Mobile phase darihazaigntdiunmiss: WuudvHasKAL
aschogvnazma:aigndnodaud IWalKIAQNS:UdOUMS
IR RI[(S[a B8]

= Degasser MKUNAAIdaWDVDINIATUAIAIa:ae TUIRD
Wovo1MALUNg column ua: detector

» Pump MKAGuMa:a19ngs:uu HPLC

* Injector MKUNAUNISTQaTSMDEIVLTNS:UU HPLC

= Column DanueuztUuvovudvrgooa Wu SP MKOAIELIAQ
AS:UDUNISLENUDVEISAGUTD

= Detector MKUNAIUNISAOSIDIOITURYIEUUDVAISAAUTINTA
DINANS=UIUMISILEN

Baudnamuanssade
1 ANTI-AGING TECHNOLOGY
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OLAuaNa:ang (solvent reservoirs)

[

N1SLaonN8 MP tu HPLC mDWmSﬂnmﬂﬂmauumoodatuﬁ

»  JAunuitkuIzau WatkawisaidviuldogoAuA

= TUluduashadouiuaviutaz:aunsad

»  WOUAASEIAUaIsIDEIVLA: SP LW TUIRIAQNISSUNIUNA
ANSOLASIEK

= g1sthogvdovaluisna:arslddiu MP (WalRNISILND
Us:ansniwgvdaa

= FhasddIalindsaouaudvts MP KEanmisilaguulavuoy
ovAUS=:NOU MP laglaw:=tus:uu Gradient Elution



s=uuONMazay

" |socratic elution ovAUs:NouU
uDY MP AVANADAS:8:10an

* [ inear gradient elution
2vAUS:NDUUDY MP WUaguuuav
SEAMNURIIRS

" Stepwise gradient elution
2vAUS:NDUUDY MP WWaguulav
Wudulula (stepwise)

ST2092312 ASILASI=RAIYLASDVD

28
24
20

2 16

Isocratic g -

% Strong

Linear

% Strong

Step

13
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adnwauna (degassing)

" Refluxing
* Helium sparging

3 I
= Vacuum degassing é‘;:5 g}
1
Py &
4 ! \

= Sonication

Ultra-sonic baths is not a viable standalone degassing
method, since they can only remove about 30% of the
dissolved gas present and at least 50% is required.

ST2092312 ASILASI=RAIYLASDVD

Restricior tube for leaking . . .
Relief valve ﬂelmm degassing unit
Pressure gauge '\ /
‘ L— Flow restrictor
From helium : Helium OUT
gas cylinder ube
= To dedivery |
To draft pump

el Gas in contact with
Biquid is helium —

Solvent gas frap e
Helium OUT fiter || - J|
e

Size promote dis| %
of dissoived air U

nnlLilagaumu wdandranuazniss:aodo
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* The separating function of the mixture samples.

» Sample passing through the stationary phase with
the mobile phase, resulting in the separation of
the sample components.

ST2092312 ASILASI=RAIYLASDVD 15



Us=nouuov HPLC

dou

HPLC Column Types

" Reverse-phase column (RPC)
* Normal-phase column (NPC)
" Jon-exchange column (IEC)

= Size-exclusion column (SEC)
= Affinity column (ACQ)

ST2092312 AMSILAS1RAIULAZDVDD

. Column pa

HPLC Column

Stainless steel tube

Outlet frit

II
* !
1 1

N, ——Nut

{0.25in. o.d.}

Ferrule ———M8

Endfitting

o=~

ey

Stainless Steel

16
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Bonded phase

Traditional HPLC columns are packed with porous silica particles

ST2092312 AMISILAS1RAIULAZDVDD 17
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The Chemistry of Bonded Phases (.~
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Normal phase (X\m

iguma
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pyl
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L3
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Pentafluorophenyl propyl
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Reverse phase (X\m

qu
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//////

IIIII
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P

c

)

L
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Alkyl amide



b ——

Type of Pore Particle Length Inner
surface Size size diameter
Chemical properties Physical properties
Chemical lifetime/Sensitivity Efficiency
Retention Factor Speed

ST2092312 AMISILAS1RAIULAZDVDD 22
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{ Sample Solubility } :g:: rb/:;iCtly >(L Organic Solvents ]

Water or Polar )/ High AQ
Organic Solvents J\ Solubility

\V
[ Normal Phase ]

[ Reversed Phase } \L

\

\ . )\
{ lonic Polar J Neutral J [ Mixed ]
\ ? \; \1/:’
ebcllaclie Acidic Basic Hydrophobic Hydrophyllic
Suppression J YRR YRR
V \ \
6 N Y N\ N N\ N\ N\ )
o C18 gj
Erhinas c8 High AQ Amino s High AQ Gano Silica
C4 Cyano C18 Cyano
SCX C18 C18 PFP .
c2 PEE Cyano Amino
SAX Phenvl Phenyl!
1y Biphenyl
. A A 78 A 7\ A 7 & _
https://www.ssi.shimadzu.com/service-support/fag/liquid-chromatography/knowledge-base/hplc-basics/index.html
23
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Column Types Stationary Phase Mobile Phase

Reverse-Phase

Normal-Phase

lon-Exchange

Size-Exclusion

Affinity

Non-polar

Polar

Stationary Phase I1s Non-Polar (C,s)

Mobile Phase
—is Polar

\ & T WA  (Aqueous)
WHY Do They Separate?
Sample
Polar Non-polar
Stationary Phase Is Polar (Silica)
e Mobile Phase
8 B  —isNon-Polar
f“ N e  (Hexane)
WHY Do They Separate?
Sample
Charged lons

functional groups
Porous

Ligand-specific
interaction

ST2092312 ASILASI=RAYLASDVID

ATy CTO
solvent

patible

Any compatible
solvent

Application

Versatile, applicable to a wide
range of compounds

Polar compounds, natural
products

Charged biomolecules

Separation based on size or
molecular weight

Purification and analysis of
biomolecules

nnlLilagaumu wdandranuazniss:aodo
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Normal phase column 0Ny

= SP JanmwaAduudduinnil MP
. HE—Tﬂﬂ']SllEJﬂE)']FTEJFD']UU(TDUE)EHS
= FISATUI: Lﬂanﬂsmloor\u SP (¥ou SP, YvpnKuUdvbuIu)

—I—II—

= gsNTUIUDEHEDTIUTTID: mannsmIoonu MP (lusou SP, WAKUDIVIDUU)

—I—II—

" d1SNUUIVNU: DE)ﬂD']ﬂF]E)aUUU']ﬂZ)']EﬂSnIUUUZ)

@ Polar analyte

Mobile phase ‘
Flow Direction { Non-polar analyte
—~3 @ Analyte of medium polar

. https://learnaboutpharma.com/hplc-columns-definition-
ST2092312 MS3LASIERAdYLASDVLD principle-types-and-maintenance 25



Normal phase column

= SP LUumoouuauunss LBU silica,
alumina KEaansADTIUUAAIVLLAQ
wus: (bonded phases) AuDQaBuUZaM
LBu ammopropyl mtrophenyl diol

= NNSHUDV (retention) = quuuwaamwua
Uovaisgv a_QﬂqozjubIouwuuuwuwa

= NPC t3tunisigniulanavuiqalan nsa
oUNSy N

* NPC (Hu=dHSuLenaisna:aietuciom
a:angdunsgua:ztlasvasvntdublsluos
AU

- I

J

Q QO Q



HPLC - Normal Phase vs Reverse Phase

B A R S
B N S S S S S
R R e e e
B e e I = e e
e e
R R R R R e
B e e e e 0:.‘:.0' e e e e e
B e e e e e
B R
B A B A A B B A A A A A A A I S S R S S S S S S S e e
R R R R R R R R R R R o o S S S O S S S
i I A A A B B e B O e B B B B B B B B B O U B O i B o



https://www.youtube.com/watch?v=MLoitPJQH3g

Advantages & Disadvantages

wnnlifiadaunu wdandnamuasnss:acdo
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Advantages: Disadvantages:

* Very versatile; can be used = Can be difficult to use; requires careful
to separate a wide range of control of the MP composition and pH
compounds " Susceptible to column fouling

= High resolution = Not as compatible with aqueous MP as

" Good selectivity reverse phase columns

* The polarity of the compounds to be separated
NPC * The desired resolution and selectivity
* The compatibility of the column with the
mobile phase to be used
* The cost of the column

picked-up

ST2092312 ASILASI=RAYLASDVID 28



Reverse phase column

The stationary phase is usually an inert
hydrocarbon that is interacting just with

hydrophobic solute

‘ Decreasing _

~
Phase

Temperature
o transition

O
O

Elution from
hydrophilic surface

Adsorption via
hydrophobic
interaction

ST2092312 AMISILAS1RAIULAZDVDD

hydrophobic

\1

bioactive molecules @

Packed silica beads
modified with
lemperature-responsive
polymer

I

mixture of .' "
components .’.
most hydrophobic

components interact
with the column best

( ::'1 elute first

elutes

most hydrophobic
components elute last

column
(stationary phase)
O @®
@2®
O
@ ®@g
%) 8 ®
@ Be
®) ©
(3]
D

N

nnlLilagaumu wdandranuazniss:aodo
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flow of mobile phase

>

https://biologynotesonline.com/reversed-phase-chromatography

29
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Non-polar Stationary phase
e.g. C18 column

[e)
o i
(o} (o] o o
dispersion hydrophobic interaction
@Q‘ :9
%

ion-ion interaction ion-dipole interaction

>< -4

hydrogen bond

dipole-dipole interaction

hydrogen bond

-7 mteractlon

0Ny
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:”“:‘;'12::"-'" Malecular structure® bm:ﬂ
—\:EiMW
a _ Hydrophobic
—Aron and moder-
ately polar
J‘BIW compounds,
Alkyl-bonded a urinary ster-
(C18,C8,C4) | —si-on oids, polar
and nod-
polar lipids,
—WTSI,..--*M.._.--“ sulfonic ac-
a ids
—5i-0H
F
. Phenolic
_:-sl\/\/\/_Q compaunds,
Phenyl-hexyl o hydrocar-
_.."'SI_DH bons, drug
malecules
S I ]
. » K Aromatics,
Biphenyl-silica —-?:SJ-GH mvyeoloking
F
\ Halogenated
FluoroSep-RP -dSI £ aromarics,
Phenyl —si-OM PAHs, vaml-
lin analogues
Cholesterol hy- . M
dride Fe o
i Pharmaceuti-
/ cally related
compounds,
K tetracyclines,
d sleroids,
—:SI catecholoam-
Bidentate 18 | % e
hydride o]

ST2092312 MISJLASIZRADYLASDVUD

(/‘\

Stationary Separation
phase Maolecular structure targets \ s
0 P A ibrre
N-acylamide \&%muw%w Estradiol dia-
| EEi—'DH stersols0mers
£
hycropiobic linkages Hydrophilic
—\:*5 5 - and hydropho-
e bic analytes,
_-'H_HH peplides,
i chlorpynfos
Mixed mode metabolifes,
mirkers in
—\xslmﬂ\_,ﬂ-\_wnf"}’gb urine samples,
_3‘ -OH fungal metaho-
lites
i 1 H Dﬂ.-lgsr pﬁtl'
:};Il'kt‘«':ipﬁ chi- _E“m”" cides, aleohols,
b aminge acids
—EI OH NO,
ili -adrenolytic
Timmiohilized .-“ﬂ.-"'u.-"a.-'*x-‘“w_--m.-jﬂ-,:, o I]
artificial mem- —“'pw‘*uuu'v“*fwwwf ka dmestﬂig-
rane, [AM [ interactions
NH  _[OH)y
i Mucleosides,
Click [t !
cvelodextrin '{llﬂﬂﬁﬂﬂﬂhﬁ-
e rides
b
CH}q4
Maleimide- N S—Profein  Chiral solutes
maodified human \Sa SIlﬂ?ht Mh?:—. L-
serum albumin Si,_~ _-NH o iryptophan,
(HSA) phase a R/S-warfarin,
B —si-OH R/S-ibuprofen
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column: 10 cm x 3 mm |.D.
mobile phase A: water
mobile phase B: acetonitrile

ST2092312 AMISILAS1RAIULAZDVDD

mobile phase ratios: A:B=50:50 1. Uracil
flow rate: 1.2 mL/min 2. Acetophenone
pressure: 5525 psi 3. Benzene
temp.: 35°C 4. Toluene
det: UV, 250 nm 5. Naphthalene
injection: 2 ul
4
1 3 5
£ N = 19,200
= JL J L
| ENE SV SN\ A SR AT T T 4 T T T v v v 1§
1.0 20
Min G004832

N

nnlLilagaumu wdandranuazniss:aodo
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800 - Column Zorbax Eclipse
Mobile phase water/methanol
: Injection volume 5 microliter
600 — Detector UV254 nm

|
~N

MEP
2PX
ETP

i
_ 2
. 6 3
200 1 - 4 PRP
h l 5 IBP
: 6 BTP
07 L
00 25 50 75 100 125 150 175 200 225 250 275 300
Minutes

HPLC chromatogram for analysis of parabens.

32



Advantages & Disadvantages
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Advantages:

= Easy to use; do not require
careful control of the mobile
phase composition and pH

= Compatible with aqueous
mobile phases

= Robust and durable

Disadvantages:

= Not as versatile as normal phase columns;
cannot be used to separate all types of
compounds

= [ower resolution and selectivity than
normal phase columns

ST2092312 AMISILAS1RAIULAZDVDD
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lon-Exchange Columns

To separation of molecules due to attractive

ionic forces molecules in the analyte and the
charged stationary phase.

Negatively Charged
Analyte [Anion]

Attracted to
Positive Surface

Positively Charged
Analyte [Cation]

Atiracted to
Negative Surface

(/’\

wnAluadaunw wda Dd'\a'mn&M neeﬁu
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Weak ACID Weaok BASE
Analyie Type ki Strong ACID R
No [ = — + No
Charge State vs. pH* "“"9" [°";°“] {onion) feation] C":‘S"
pH<3 pH>7 Always Charged ot oM > 12
pH<8
Stationary Strong Anion Vg’eo’l:OAnion Strong Cation
Phase Particle Exchanger : p&:‘gfo' Exchanger
+ + No TH
Charge State vs. pH* | AlwaysChorged | o Ch':g" Always Chaeged
pH<B pH> 12
Mobile Phase
pH Range
to Retain anclyte [capture] pH > 7 pH<8 pH <8
to Release analyte [elute] pH <3 pH> 12 pH> 12

https://www.waters.com/nextgen/us/en/education/primers/

beginner-s-guide-to-liquid-chromatography/hplc-
separation-modes.html

34
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Mix of Aminoacids

e
+ &

Mobile phase
Flow Direction

after 5 mins

=

R
[eaaada:

/

Immobilized
cation surface

ST2092312 AMISILAS1RAIULAZDVDD
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Highly negatively char

mo']':gﬁ';’ﬁl,’;j}{?gggon molecules eluted after adcghon of
éidcice higher concentration of elution

buffer

\Q

after 10 mins

-

9999%

e e

++4++4+ 6*
+ P
TR

® @

!

Negatively charged
molecules eluted after
addition of elution buffer

| &

Positively charged
molecules elution
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Sample: 10 pL

1. Li* (2 mg/L)

2. Na* (10 mg/L)
3. NHg* (10 mg/L)
4 K* (20 mg/L)
5. MgZ* (10 mg/L)
6. Ca?* (20 mg/L)

Column : Shodex IC SI-90 4E (4.0 mm I.D. x 250 mm)
Eluent : 1.8 mM Na,CO5 + 1.7 mM NaHCO; aq.
Flow rate 1 1.5 mL/min
Detector : Suppressed conductivity
Column tamp. :30°C
5
6
' ' ' '
0 5 10 15
min

ST2092312 AMISILAS1RAIULAZDVDD

Column
Eluent

: Shodex IC SI-90 4E (4.0 mm I.D. x 250 mm)
: 1.8 mM Na,CO; + 1.7 mM NaHCO5; aq.

N

wnniiadaunu idandrerouasnsosando
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Sample : Mineral water, 20 u L

Flow rate : 1.0 mL/min
Detector : Suppressed conductivity
Column temp. : 25 °C
2 1. F
2. CI”
3. NOy-
4. HCO4"
5. 50,2
3
1 4
v ) {\f_____~/\h_nf“~
5 10
min

15
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Si1ze-Exclusion Columns

= The combination of polymers like
polysaccharides and silica

= Do not reply on interaction with the
analyte components but rather utilize
sieving effect based on molecular
weight of the analyte components.

= The molecules diffusing into the
pores and retain.

= Too large molecules to enter the pores
pass through the column rapidly,
eluting as a single peak.

ST2092312 ASILASI=RAYLASDVID
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Large molecules
unable to enter
pores

° .’f,—:—* Sample
e o

- O <©: o ©
o : o
0 o - 00

O %-

Small molecules
able to enter
pores

O

O O
o° '69 g

O ©

e O C?O
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‘ ‘ Large particles can not enter the A) 0'“" _ Pore size B) Size exclusion chromatogram
‘ ' - ‘ pores of stationary phase (elute faster) ) ;_, A T . o
- 3 / ® ® 4
® ° o) Small particles may enter the pores of
". ° ,; ® stationary phase (elute slower) . / °
&
*\e() : —\®
5 e
( '.‘ chromatogram E Particle Y ® 2
- size b
o 52 E > o
o /2~ 3 &
\ o) \
\ I".I v .
OO | .
v > Elution volume
flow time Inner

diameter
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Us=ansmwaisilen

= (HFdamsns=oecUDVLAUaISAaUTD Utu:N
LA3DUAWIUADAULUDUNS:AVAVS:UUASIDIAU
1A%Dv HPLC

= upaund) walasullinnstWAIsTanuru=L0uU
LlduuIvAUAANYLFUQUED

= (UuADIWLTJUDSY) WaDINAISASEDIYMD
(dispersion effects) NMtHWAIISUSIVIAVUU
La:urndvoonnatgldususivluu Gaussian

ST2092312 ASILASI=RAYLASDVID

r1 'na

.;. -;. - .

W, ,‘h-l'/ Wo sia ' \ 0.5h

w, | | W, |

i -

fxiv Ino : Retention time for each peak ( Ipy < Igs)

" Shiv W 5h2 & Full wadth at half maximum (FWHM) of each peak
W, W,

. Width of each peak
Fig. 1 Two Adiacent Peaks
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lAsulNSUASU

= Wn (peaks) wnunuaisuca:stoangn
LENDDNDINAU ADIFVUA-WUALIAWA
dUWusAUUSUIEUansiucnpev

" (DaINISKHUDV (retention time, tg)
naDmntumoummsaoawsmamo
VuUnS: noawsuma C‘DﬂﬂC‘lSDDDOﬂC‘D
€1S292Q

* Dead time HSD hold-up time (t,)
Ao s:g:1Da1n MP 3unistAdoun
nWiuARAUUTaglUdNISANLAUaISia a
(uADAUU

Detector signal intensity

— fy ———#

n Peak

ly

A

f(l

Baseline

Time

Injection of the sample into the column — Start of analysis

: Retention Time
: Dead Time

: Peak Area

: Peak Hight



N

lAsuIlnsunsy
t, = the time interval between sample
, : injection point and the apex of
r ® g the peak
¢ G } t, = dead time
’ ' h = (peak height) vertical distance
3 between a peak’'s apex and the
2 baseline
5 L A = (peak area) (A) the area enclosed
3 by the peak and baseline
to
0 1 2 3 4

min
Chromatographic illustration of efficiency, retention factor and resolution
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Us-ansawanisilgn : Parameters

1) theoretical plate (N) WuAAUVE
Us:ansniwuovAoauld A1 N unuLaav
AuUds=ansSniwiunisuenad

2) capacity factor (k') WuAAuaavans
DARUDVLIKTEIDEUADAUITAGIWE VO

3) tailing factor (T) WuAAUDNGvANUTU:
WNUDVAISIIUANUAUUIASUINUDE
LWETQ

4) resolution (R.) WuAINULaQVIWNUDY
awsaaovvﬂﬁasjc’loﬁu LYNDDNIINAUUIN
UDgLWEaVLQ

Parameter

Baudnamuanssade
1 ANTI-AGING TECHNOLOGY

US FDA guideline

>2000
>2

<2

>2



Us-ansawanisilgn : Parameters

oudutwaan (N)
2:UDNNV
Us=ansniwuov
ADAUU

e o)
Re =| 174\ N
Efficiency
\_ /)
Retention *H
Selectivity

U

nnlLilagaumu wdandranouazniss:a
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Lﬁa retention
factor (k) l(wu

resolution No:

AUASDUDVARAUULA:
IWalndouNNDWacioNISLENA
UDVWA Fvud:uonivnIsusu
resolution D=dUWuUSAUNIS

¢ 1+Kk
Selectivity Retention
\ / \ /
l
IWUQADE
|
Efficiency
l [
Us‘paoﬁUs:nauuamWa
— LAaDUN

ST2092312 AMSILAS1RAIULAZDVDD
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Us:ansnwnisuegn : Resolution (R, RJ)
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" R is calculated using the separation of two L ¢ .
peaks in terms of their average peak width A
at the base (tg, > ty). — H —
t, -t 2(t, - t,)
R R R R 5|
R — 2 1 2 1 S le
W, W, Wi+ W, ;
22 :
WDty Ua: ty, = t, UDOWAN 1 ua: 2 = 1
w; La: w, = ADIUADIVUDVYIUWAN 1 ua: 2 min

Chromatographic illustration of efficiency, retention factor and resolution

S RSUWANaULIAsSLa:gA1 R = 1 9:0WURWANGDURULWEY 2% BOLWEIOWD

JdIKSUVIUDLASI:KLIBVUSUITU aNISLendAILNIAU 1.5 WRdawisaugnoondn

Aulaauysay

ST2092312 ASILASI=RAIYLASDVD
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Us=ansaniwnisuen : Resolution (R)
A resolution value of 15 or greater |
between two peaks will ensure that

the sample components are well i /\

(baseline) separated to a degree at
which the area or height of each
peak may be accurately measured. AN

Detecron

/s

= of

JU\ -

Resolution: 0.8 Resolution: 1.5
Number of theoretical piates: 10,000 Number of theoretical plates. 36,000
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Us:=ansmwmisuen : Theoretical plate

[Half width method]

i
Sample injection

tr : Retention time

W, : Peak width at half-height
h : Peak height

0.5h : Half-height of peak

ST2092312 ASILASI=RAIYLASDVD

[Tangent method]

t. )2
R
e8]

ta

i
Sample injection

tr : Retention time
W : Peak width
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Us:=ansmwnisugn : Capacity factor

AOUUSNISKUDY (retention factor, k')
L‘CJuFhﬁ'tﬁtumsaéuwwaﬁﬂssuuaoaws
ma&nomswautoma Zmaawaatu SP
uutita (ty) Walfgunuaisndosilu
QAKUDVIU SP Lag (t,)

o 1 k=0 HUIgDY arscpgIviELaEYU
SP WuAudimuavdaNagiu MP Buifo
lUnAKUDVlUADAUULAY

o 1 k=1 HU1gDY aisalpgvtELaDEU SP
UINN31TU SP Wu 2 tMudvdainagiu
ADAUU UUAD t, uduWnNooNUID:ELIAN
WuaoulnHSouInNNIEUNU

ti |
ts - t,
k =
t

¢, A_
1k /\
o ; : :

minutes
k=0 1 2 3 4



AIsNIUSUIaUdLASI:KULa:NMsudana

JSLINYUAUAISUIASTIU
JSAMUDUTQETEUTITIATOSEIVA
= 353S10NSIWUIASTIU (calibration curve)
S
S

Do

LAUaIsulasyu (standard addition method)
internal standard
Standard sample /\
(component A: 100 ppm)

Peak area: counts

Component A

Unknown sample ‘

Peak area: 700 counts

ST2092312 ASILASI=RAYLASDVID

Concentration
(ppm)

Peak area
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Qualitative analysis

N
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= IUSgULNgUAT ty KSDV, UDualsdog1vunuaisuiasgiu

UNMMNOWN ALCOMOL

A 1
- 3 Sample: Unknown alcohol mixture
4
. 8 o
ts | Standard sample 2
‘I\ A Injesacr L
| | t J =
B . | 1 | |
I I |I © _— - . A s =- - 26 rmirstes
l | | l [ |
k] I I | STANDARD Standard
. ]
B e ' f ! , a Methyl! alcohol
! ! I b Ethyi alcohol
Unknown sample B | < n-propyt micohol
' d n-butyl alcohol
l e namyl alcohol
S
|
N
II II
ey
Mmi-_JUL -
.PI. B O.--__ - i t o =- =0 36 minutes |

ST2092312 AMSILAS1RAIULAZDVDD
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Quantitation

" 30AIADIUFVUDVWN (peak height) JQ
Ao nAIsalnLlauyu (base line) uov
WA Ladaintauasvoindiugaau
LUDQVDUAVLFUTIU S8:NTVUDY
LAUQSVYINTIUDVIIUIDQUDVWNA

= Sawunlawn (peak area) USuitu
aiscogv lagwuntawnuul
ADUJUuwWUslagasvnuudsuiauais

Peak height at maximum h

Abundance

. Peak height

Time

Abundance

Peak area

Time



Quantitation : Calibration

N
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curve

/ 3000

\\
Detector Response (pA)

2500 -

2000 -

1500 -

1000 -

/ 500 -

Linear Calibration Model (pA vs ppm)

|y =19.782x + 40.3
° R? = 0.9996

g i (Detector Response) - (Cal Model y-Int.)
[Analyte] = = gjope of the Calibration Model)

50 100 150 200
3;;,& Standard Concentration (ppm)

T T ' o :
1.375 14 1.425 1.45

Retention Time (min)

o

ST2092312 AMSILAS1RAIULAZDVDD
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Quantitation : Calibration curve

1: Benzene Area Ratio
2: Toluene-d;
3: Toluene 30 Y2= 0.03533X + 0.23039
4: Ethylbezene 75 R*=0.9997022
5: m,p-Xylene o R=0.9995
5 6: Styrene 20
7: o-Xyrene 15
8: Benzene, 1,4-dichloro-
57 9: Tetradecane 10
23 s 3
1 L e e e e M S e s s b e e s e e
n A 0 250 500 750 Conc. Ratio
"""‘"‘!‘“ e rrrrryrfTer Ty T ey r ot r ey LN |

Toluene Calibration Curve Analyzed with
Nitrogen as the Carrier Gas
TIC Chromatogram for the 1000 ng Standard Sample using Nitrogen as a Carrier Gas (10 ng, 40 ng, 100 ng, 400 ng, 1000 ng)

' L)
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
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Quantitation : Standard addition method

4.5
4.0
3.5

3.0

0.5

(.0

S12092312

BV (x10,000)

2.3-|%BPA
1

|
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Instrument Response (S)

b = y-intercept

11.00

11.25

11.50 11.75 12.00

A1S3LASI-KAIYLASDVDD

min

11 = d}ffﬂ'x
f’(f
f’f’
J"
P—.
(VSIO 1 Votume Standard (Vs)
53



Quantitation : Internal addition method
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10
aaaaaaa ® 10+
dard 1 /\ standard 2 /\ tandard 3 /\ <
%
H P
/\ 5‘
ard4} \ aaaaaaaa sJ) v J \ sample /\ 0 T T T 1
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nisus:egna (Applications) >
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ey Bioscience
- Chemical S\ A proteins
i ‘ ¢ peptides
. 7 polystyrenes nucleotides
) dves
v phthalates 0/ ‘
LR
_— ..
tetracyclines

Pharmaceuticals corticosteroids

antidepressants

e Consumer Products
arbxtma es

fid

antioxidants

: sugars
Environmental
polyaromatic hydrocarbons Clinical
Inorganic ions  amino acids
herbicides it
homocysteine
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HPLC Applications

Applications

Matural sources

S

Microorganisms

Metabolomics
significant phenotype
differences
Marine organisms
[}
iy * *
Crude Refined
extract putract
Plants
Bioassays
d g Bioguided isolation
Animals
]ﬁ
Insects

Metabolite profiling

=l s §

UHPLC-HRMS,/MS praofile
Analytical scale

FL "
-: 1= |
|

T i

— Preparative scabe Gradient
' transfort
- " | Targeted isalation
...... I [ i
; L“} I"'.—“' 1'.-'\.-' '\-"‘\\.r\-\.l'\-\_ _mpniht s "‘l""ﬂ- Fe_ |

Advanced high-resolution chromatographic

strategies for efficient NP isolation

II Gradient transfer
— Dryload
= RP-HPFLC
R
HILIC
LS skc

N

nnliladaunmuw wida :a0d0
mmmmm&mn RGN TECNOL Y

: | f

| I
1" I O P —
B (=1 = aa iz o o ) ;'

W)

— . W ”,If\,l?&
" E &f} F‘u“

Pure l::i-\.-'
¢ chemical m L
[ entiy " QH
- ' ! Structural elucidation

aalh
Bloassays

i

L

8 =2

Queiroz, EF., Guillarme, D. & Wolfender, J.L. (2024). Advanced high-resolution
chromatographic strategies for efficient isolation of natural products from complex
biological matrices: from metabolite profiling to pure chemical entities. Phytochem

ST2092312 AMSILAS1RAIULAZDVDD
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HPLC Applications
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Applications : Cosmetic Preservatives

3. 1-Phenoxy-2-propanol
1. 2-Phenaxyethanol 4. Methylparaben 5. Ethylparaben

HC» 0
O~ "~ G\\/I\ g-"CHs
OH
J @f @/l =
2, Contaminant
HO

6. Propylparaben 7. Butylparaben

4 8. Benzylparaben
1 G",ﬁv CHy
0 T~ CH,
3
5 Ho

Min

Column : Ascentis Express RP-Amide, 10 cm x 3 mm |D, 2.7 pum particles (53918-U)
Mobile phase : [A] water; [B] methanol; (60:40, A:B)

Flow rate : 0.6 mL/min

Column temp. : 50 °C

Detector : UV, 250 nm

Injection : 1 pL
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