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CHROMATOGRAPHY

Classification of Chromatography

On the basis of
interaction of solute to
the stationary phase

Partition
Chromatography

lon exchange
Chromatography

Size Exclusion
Chromatography

On the basis of the physical
state of the mobile phase

Liguid
Chromatography

Gas
Chromatography

Supercritical fluid
Chromatography
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On the basis of
Chromatographic bed shape

Three
dimensional

Column
Chromatography

Two
dimensional

Paper
Chromatography

Thin layer
Chromatography
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Paper chromatography

Rr =ratio of the mobility (distance traveled)

of the compound to the mobility of the
front of liquid.

Least polar e

Most polar ==

P
n
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Mixture of polar {e.g., water)
and non-polar (e.g., Isopropanol)

polar solvent

PAPER (cellulose)

Iin the mixtuire:

m  more pofar molecule

(spends most of its time in the polar solvent)
i more non-polar molecule

(spends most of its time in non-polar solvent)

N
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i (arotene

solution of liquid plant pigments



Retention factor (R;)

Ry =

~ distance traveled by solvent

distance traveled by sample

The R; value can be used to identify compounds due to their uniqueness
to each compound. When comparing two different compounds under the
same conditions, the compound with the larger Rf value is less polar
because it does not stick to the stationary phase as long as the polar
compound, which would have a lower R; value.

If it is desired to express positions relative to the position of another
substance, x, the R, (relative retention value)

distance of compound from origin

T — s . .
distance of compound x from origin
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Chromataography
Faper Strip
eegreeeeememneem - Solvent Front
Crye EDHE—‘ a (top edge)
............... —
d
b (bottom edge)
Foint of
Application
e LY Y.X pplication baze
l, .‘ [Drigin]
RF top = RF{a)= (a)/d
RF hottom = HFih) = (h)/d
RF center = RFic) [(a+h)/f2] F d
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Solvent
front
(10 cm)

> Carotene

(9 cm)

> Xanthophyll

(5.6 cm)

> Chlorophyll a
(3.7 cm)

Yivy

> Chlorophyll b
(2 cm)

nAluladauaiw ndevdomuassaade
HEALTH, COSMETIC & ANTI-AGING TECHNOLDGY

1. Light green spot indicates chlorophyll-b pigment.

e Rf value= Distance chlorophyll-b travelled / Distance solvent travelled =
2/10=0.2

2. Dark green spot represents chlorophyll-a pigment.

e Rf value= Distance chlorophyll-a travelled / Distance solvent travelled =
3.7/10 =0.37

3. The yellow band represents xanthophyll pigment.

e Rf value= Distance xanthophyll travelled / Distance solvent travelled =
5.6/10 = 0.56

4. The yellow-orange band indicates carotene pigment.

e Rf value= Distance carotene travelled / Distance solvent travelled =
9/10=0.9

1



Factors affecting the R;

= Stationary phase

* The concentration of the stationary phase
* Mobile phase

* The concentration of the mobile phase

= Temperature

The R; value of compounds in the mixture differs by any changes in

the concentration of stationary and mobile phases.

* Temperature affects the solvent capillary movement and the
analyte’s solubility in the solvent.

= Rf value is independent of the sample concentration.

* R; value is always positive.

12
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solvent front *, pencil mark

showing
pencil line solvent front
. ——— . 4
!“ ‘"‘-}
1“ .
! )
. “ f
solution of TLC plate TLC tank + solvent start of TLC running TLC :.‘ end
sample  stationary =~ mobile phase "
analyte phase sample pencil mark

showing sample
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Stationary Phase

Silica Gel

Silica Gel RP

Cellulose, kieselguhr

Aluminum oxide

PEI cellulose

Magnesium silicate

Chromatographic
Mechanism

adsorption

reversed phase

partition

adsorption

ijon exchange

adsorption

Typical Application

steroids, amino acids, alcohols, hydrocarbons,
lipids, aflaxtoxin, bile, acids, vitamins, alkaloids

fatty acids, vitamins, steroids, hormones,
carotenoids

carbohydrates, sugars, alcohols, amino acids,
carboxylic acids, fatty acids

amines, alcohols, steroids, lipids, aflatoxins, bile
acids, vitamins, alkaloids

nucleic acids, nucleotides, nucelosides, purines,
pyrimidines

steroids, pesticides, lipids, alkaloids
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Neu reagent in Neu
the visihle

Tano, M., Kabran, G., Roger, M., et al. (2018). Thin layer chromatographic profiles and antioxidants
capacity of leaf extracts of Nelumbo Nucifera Gaertn. (NELUMBONACEAE) from Cote D’ivoire.
European Journal of Biomedical and Pharmaceutical Sciences.
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TLC Plate of methanolic extract of leaves of Gymnema sylvestre developed using (X\

WNLEEVAN
(Gymenema
Sylvestre)

Tolune Chloroform  Ethylacetate FEthylacetate Methanol
+ methanol (12:3)

Kumar, P. V. & Ahamed, A. ]. (2017). Identification of bioactive compounds from the methanolic leaf extract of Gymenema
Sylvestre. Journal of Advanced Applied Scientific Research. 1. 10.46947/joaasr18201763. 17
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Mobile phase

Glass woo

«<— Stopcock

Fig 1. Column Chromatography Set-Up. The
mobile phase flows downwards through the solid
stationary phase.
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Column chromatography types bl

Types of column Mobile Stationary phase Sample
chromatography phase phase
1

Adsorption Liquid Solid adsorption Solution
chromatography

2 Partition Liquid Immiscible solvent Solution
chromatography on solid matrix

3 lon-exchange Liquid lon exchange Solution
chromatography resin

4  Gel chromatography Liquid Solvent held in Solution

the interstices of
polymetric solvent

19
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How Chromatography Works: The Fundamental Principle st

o ©%
000

@ )
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v ¢
. €

Hydrophobic
Interaction Normal-phase lon-exchange Affinity Size-exclusion
(hydrophobicity) (polarity) (net charge) (specific binding) (molecular size)
To separate To separate To separate To separate molecules To separate
molecules based on molecules by molecules based  based on their ability =~ molecules by
their hydrophobicity their polarity on their ionic to bind specific small their size
interactions molecules or
biomolecules

Ref. https://bitesizebio.com/30007/how-chromatography-works 20
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Sample Loading

s
o

3
A

>

(
¥
~

AR RAERA A

Size Based

Charge Based Affinity Based

S

X/

=

‘ Support Material

¥

tj Porous plug

Size Exclusion lon Exchange Affinity Exchange
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https://www.youtube.com/watch?v=-4S6L_szMU8
https://www.youtube.com/watch?v=-4S6L_szMU8

ADAUU

: Packed Column

>QaduAMKINALYNaSV:ANUSSIDEUADAUL
Gas Liquid  Gas Solid

e or
P G i e
2 glass colurmnn / i ¢

3 eluent

4 zand {ca. 1 cm)
5 adsorbent (alumina) Stationary phase Support
& glass wool (not showt)
7 collection flask

Absorbent

Diatomaceous earth Tube (stainless steel or glass)

(support material)

Solid phase Packing

Demonstration - Wet Packing a Chromatography Column
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https://www.youtube.com/watch?v=ItTtnVKcqDw
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0=auul (Alumina)
27U (Charcoal) >
ganioa (Silica gel)

uunULse (Magnesia)
uunNULgguASUDLUa (Magnesium
carbonate) ~  dhqaduliunany
unaldguwoalwa (Calcium phosphate)
uAALBgUAIsSUoLUQ (Calcium carbonate)
oyau (Inulin)
wdv (Starch)
slAsd (Sucrose) "
lsaglad (Cellulose)

—

DQQBUDELYIVUSY

[
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\

J
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J

—

DQQBUDEY VDU
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https://www.youtube.com/watch?v=ItTtnVKcqDw

ADAUU : Capillary Column

YQaduuuusuWalilAdoUDguUURIAUIUUDVADAUU

Polyimide Coating

Fused Silica

Polyimide Coating

Stationary Phase

Fused Silica Tubing

Stationary Phase Film Thickness _ _ _ _ _;_

I . I
., Inner Diameter .

. <€—Outer Diameter —> |

26



IDs 100, 250,
320, and 530 pm

gl

Capillary column
Liquid stationary phase

Porous layer wetted with liquid stationary phase
Porous layer ar adsorbent solid

Fused Silica

Liquid Phase

| P —

Column Specifications.
Sl mowepae  MGCSH |
thank you for choosing o1 ALTMANN ANAUYTIK (M Teooess:  180pm |
S5 LT 032mm ‘

jLEmt f3om
ihe G oo ot a0 g o 5 fasaon =

N
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Separation by packed column L

SOV THV. OV oy N~ " /TN N\
?QO @/% 0%’@ DEQO Q/OQQ ______ ;o Packed column : |
QOOOOQQ SISTOH 60 S - '

Capillary column /\ /\

T o o e o o o e T T -

- -

Complete separation in a shorter analysis time

28



Iasunlnsastwuuuung : GC
Mobile phase : Gas
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GC
Sample injection unit Column
Heat and vaporize
Liguid sample each component separatg components
o

O A O C (8 /f' (,;"(."!"

o© e © |

Carrier gas
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Detector

Convert the amount of
each component into
an electrical signal

To the data processing unit

What does it contain
and in what amount?

https://www.ssi.shimadzu.com/service-support/faq/gas-chromatography/what-is-gas-chromatography/index.hfml



GC diagram

Carrier gas flow

Cylinder

controller

Sample injection

_{L

-

Detector

" 4
; | | \
—— e

Data
processing unit

31
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(Gas Chromatograph Working Principle

Process Line Sample System Chromatograph Oven GC Controller

InstrumentationTools.com Carrier Gas Reference Vent
DetectorVent ~ GCController

www:instrumentation ools’com
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douus:=nouUUDY GC

= Carrier gases HSDUNaW UHuwnumﬂamjamomﬂooao (1n]ect1on port)
WIULUNdADauULa:TUgv detector LAaNGBoIUAULASDY GC WuuAadouniu
muQﬂSEHﬂuIULaﬂauaomsmamo lBU He, H,, N,

* Injector port LLJua:)untzﬁumsaoawsmamotmmaauu (inlet) TagnUIND:
umtmmusaumomoaaoaa LwamZHawsmam\mawuJuIa

» Column Wuduntduenansogno Ioan:)IUuaa 2 Us:zlnn Ao packed ua:
capillary nistaontsnoauducia: Uuouuaaﬂumuauumuaomswau

» Detector HSDAIUQOSIVIA lLJUDUﬂSfLInfUa'lHSUOSDDDOH'\SLUOLOEJDnﬂﬂllEJﬂ
DDNUIDINADAUU uaaaoammwmIWWﬂUaos vuds:=udana

= Data system HSE)S uuUs:udawa LJudiunus:udanalas Joyaav a9 Q¢
St uumauwamasuoa AUDfUILa=s1gvIUWaltdulda1NISKUdY (Retention
time) AoldainNaisuda: UuotumuﬂaauumﬂooLsumumooaoaouaouaowm
Al INTASUNTNUASL (chromatogram)



Column '
_— "Sjﬁ Stationary phase
ample 695 ¢ g 7 ,
injection qﬁt Mobile phase Carrier gas
OO ok o n
Transported A c:%:,’
while repeatedly 00D o0 %F
being partitioned T %'%g,o;’
; b b 85
A A A
Finally eluted o009,
from the column R

Peak

Analysis results are obtained as a chromatogram
34



lasullnunsuy
A
& - peak width
S /" at half height | S Datapoints = | | L‘ ‘|
8 N peak heightt t
Y - spectrum
- A peak area
|
- .\ baseline U X
peak width | R
ty th Retention time
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3. frpeniane 12 ndecansg
4. 2-methylpentane 13, butvibenzene
3. mhexane 14. rdodecane
6. 2 8-dimethylpentane 15 rebradecanc
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3. Lpdpene 17. mpentadecanc

11 13 3. moctane 15 nhevadecans

17 15 L’
IA" 16 18
0 L0 0 3.0 4.0 2.0 &0 7.0 20 Min,
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Compounds Suitable for GC Analysis

Components that can be analyzed with GC have the following
three main features.
* Compounds with a boiling point up to 400°C

* Compounds that are not decomposed at their vaporization
temperature

* Compounds that decompose at their vaporization
temperature, but always by the same amount. This is
called pyrolysis GC.

37



Compounds unsuitable analyzed with GC

Cannot be analyzed

= Compounds that do not vaporize (inorganic metals, ions, and salts)

= Highly reactive compounds and chemically unstable compounds
(hydrofluoric acid and other strong acids, ozone, NOx and other highly
reactive compounds)

Difficult to analyze

* Highly adsorptive compounds (compounds containing a carboxyl
group, hydroxyl group, amino group, or sulfur)

* Compounds for which standard samples are difficult to obtain
(Qualitative and quantitative analyses are difficult)

38
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lASUNINSASTWILUUUDVLHAD : LC

Mobile phase : Liquid (UovlKad) Ao ool _
- r—

= ADAUUTASUNTNASIWAIEINAIA Solvent reservoir | Pre-columnd | ectionport
Lndountduvovikad - “{g"immmi

" UNORYMAUDYINMADEAUND = —
uunaLanuIn a MsliauoviInnia ‘ ‘ ‘ column _“‘ \
Lnaaunaomaotuusoouaouaatwa = == T eeonder
mZHLﬂomsmaaunuaoawsua D P M |
¥: ua:nRMsuenAalaiSdu 3o ( e ] e W
o371 TASUNINASTWILUUUDVLHAD = e +
usvaugv (High pressure liquid \

High pressure

chromatography; HPLC)

pump o

Fraction
collection
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douus:=nouuov HPLC

= Mobile phase (Drivazanentdtuniss: WusnMAAGDUN (UdVLHAD)
MKEUAUaisaogivta:aoma:aigdndnodud IWDIHLAQNS:UdUNIS
LgnMetundauu

= Degasser NMKEUNNMYQWDDINIATUCDIMA:aNe IWIROWDDINIALUNG
column ua: detector

* Pump mMKUNNAVDMa:agdngs:uu HPLC

* Injector NMKUNAtUNISIQAISIDEIVLTIS:UU HPLC |

= Column Januru:W0uydvLdvH3DDa WuInMAEAUN NMKUINIRLAQ
NS:UDUNISLENUDVAISNAUTD

* Detector rKUNATUNISASIDIOTEUTIEUUDVAISNFUTINTADN
NSzUDUNISLEN
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Introduce standard solution
or real sample to the HPLC

phase at constant flow (a)

To deliver the mobile column (c)

To remove
dissolved air from

the mobile phase(b)

Mobile
Phase

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

To separate each compound
contained in the sample

‘lr‘ . Detector
T ] Injector Column
® = —rg—=, m ) Drain
Degassing ' w1 Sample Vial
Unit Solvent PET—

Delivery Pump

sample solution

. e — -
Column Oven qg

To keep the temperature \
To store standard solution or constast (d) el

l

Organic/aqueous solvents
are used depending on

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

analysis

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

41


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

N

Column

\ 3, Detector connected to the outlet

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

I

Detector

==
¥ U
Signal from the detector /\ ‘

Mobile
Phase

Time
42



Sighal response/Chromatogram

Detector signal intensity

| ﬁ Peak

L3 > tR

,

)
I, \—- X 1/ \
[
Baseline
-I Time
? 1 Injection of the sample into the column — Start of analysis

: Retention Time
: Dead Time

: Peak Area

: Peak Hight

nAluladauaiw ndevdomuassaade
EALTH, METIC & ANTI- TECH 06Y

43



b

Type of Pore
surface Size

Chemical properties
Chemical lifetime/Sensitivity
Retention Factor

l

Particle
size

l

Length

Physical properties
Efficiency
Speed

l

Inner
diameter
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HPLC Column Types

HPLC Column
"= Reverse-phase column (RPC) Inlet frit Outlet frit

* Normal-phase column (NPC)

= lon-exchange column (IEC) . A, -celumn packing /- stainless steel tube] /=
- - ‘ p— Nut F | —fr
= Size-exclusion column (SEC) endfittine eI
= Affinity column (AC)
Glass
N P
PEEK®2

Stainless Steel j E =

45



Column Types

Reverse-Phase

Normal-Phase

lon-Exchange

Size-Exclusion

Affinity

Stationary Phase

Mobile Phase

Non-polar Polar

Stationary Phase Is Non-Polar (C,;)

e Mobile' Phase|
P
-t B
WHY Do They Separate?

Sample

Polar Non-polar

Stationary Phase Is Polar (Silica)

Sample

_ 8 B  —isNon-Polar
T e (Hexane)
WHY Do They Separate?

Mobile Phase

Charged
functional groups

Porous

Ligand-specific
interaction

lons

Any compatible
solvent

Any compatible
solvent

wnrlulagguw wdovdor0ua:nSs:aa3Y
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Application

Versatile, applicable to a wide
range of compounds

Analysis of polar compounds,
natural products

Analysis of charged
biomolecules

Separation based on size or
molecular weight

Purification and analysis of

biomolecules
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Normal phase column A

= NPC are more polar than the mobile phase, enhancing analyte retention
with higher stationary phase polarity and lower mobile phase polarity.

" To separate compounds based on their polarity.

= Polar compounds interact more strongly with the stationary phase, while
non-polar compounds interact more strongly with the mobile phase.

* The polar compounds to elute from the column more slowly than the

non-polar compounds. @ Polar analyte

Mobile phase ,
Flow Direction { Non-polar analyte
—~3 @ Analyte of medium polar
/\Z .
on ~3 E
OH OH
i—OH

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



» Stationary phases like inorganic adsorbents (silica, alumina) or
moderately polar chemically bonded phases (e.g., aminopropyl,
nitrophenyl, diol on silica gel).

* Retention increases with higher polarity and more adsorption
sites on the column, favoring adsorbents with larger surface
areas.

» NPC are used for small molecules, organic acids, drugs, and
biomolecules like glycosylated proteins.

* NPC are ideal for compounds soluble in organic solvents and
those with structural/stereo isomeric differences.



HPLC - Normal Phase vs Reverse Phase
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https://www.youtube.com/watch?v=MLoitPJQH3g

Advantages & Disadvantages

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
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Reverse phase column

The stationary phase is usually an inert hydrocarbon

that is interacting just with hydrophobic solute or  mixweor == column flow of mobile phase
. . .. . . components - (stationary phase) N
molecule, in which selectivity is dominated by ®e
solvent effects. oo
®%®
— °® L
©
hydrophobic most hydrophobic @ @ @
‘ bioactive molecules @ components interact >
O = with the column best ® @ @
e okt fist y o -
Phase | elute firs e) o ®
transition
Q g Packed silica beads
temp;?:gj::gev:;:';nswe Produ ‘ ®
O polymer elutes 6 @Q
O
Elution from Adsorption via o &
hydrophilic surface hydrophobic most hydrophobic
interaction components elute last @&

https://biologynotesonline.com/reversed-phase-chromatography
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(/‘\

Non-polar Stationary phase

e.g. C18 column

o 0o ©

hydrophobic interaction hydrogen bond hydrogen bond

dispersion

Q)
>
bt e e—
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dipole-dipole interaction

ion-dipole interaction

ion-ion interaction



Stationary Separation
phase Malecular siructure? taraets
—M:EiMW
0 .
(. Hydrophobic
T'SI_QH and moder-
ately polar
J‘m compounds,
S .
Alkyl-bonded a urinary ster-
(C18,C8, C4) | —Si-OH oids, polar
4 and nomn-
polar lipids,
—HN sulfonic ac-
g ids
—5i=0H
£
, Phenolic
_:-sl\/\/_\/_Q compounds,
Phenyl-hexyl o hydrocar-
—fEi-DH bons, drug
molecules
- .
. . 3 Aromatics,
18]
Biphenyl-silica —I‘:SJ-I:]H mycotoxing
F
5 Halogenated
FluoroSep-RP -D-s' = aromatics,
Phenyl —si-OM PAHs, wanil-
lin analogues
Chelesterol hy- 5 M
dride Fe o .
= 5j=H Phormaceuti-
4 cally related
compounds,
- tetracyclines,
o sleroids,
—Ei catecholoam-
Bidentate C18 E'SiH s
hrvdride )

Oy

Stationary Separation
I Maolecular structure? o
D mnMasxTM'\u m§m1wm mnﬁu
N-acylamide T&%WMW Estradiol dia-
phase EEi—'DH sterenisomers
£
\ hycrapetis linkages Hydrophilic
—5 - - and hyvdropho-
o bic analytes,
Falh peptides,
Mixed mode ;:l;rgﬂﬂzs
mirkers in
—\xslmﬁ\mw"/";% urine samples,
—‘s. -0H fungal metabo-
lites
. . Dirugs, =
Pirkle-type chi- —Elﬁ‘“""'hhlﬂ H n:idnff npl-:::mls
ral phase EI oH aminge acids
— MO,
. -adrenolytic
Immabilized "““#"‘v"‘h-“v"‘“v’“’"-:- Q B
HI."-l'i EiDIIH.I. - %‘ WAHHLH“’JW\‘/\J‘FD D—“"-u.-‘h'\-\. dmgsl;r{::lig‘
brane, 1AM [ om interactions
MH (OH),
. Mucleosides,
E_’g]':ﬁtd[:ltrin f— ﬂgﬁfﬂﬂha-
L
OH} g
S—Protein .
Maleimide- N Il oS
modified human | \ " b
serum albamin Si_ NH o tryptop :
(HSA) phase a ReS-warfarin,
P —Si-OH RiS-ibuprofen

53



nAluladauaiw ndevdomuassaade
HEALTH, COSMETIC & ANTI-AGING TECHNOLDGY

column: 10 cm x 3 mm |.D.
mobile phase A: water
mobile phase B: acetonitrile

mobile phase ratios: A:B=50:50 1. Uracil 800 - Column Zorbax Eclipse
flow rate: 1.2 mUmin 2. Acetophenone e Mobile phase  water/methanol
pressure; 5525 psi 3. Benzene : 2 Injection volume 5 microliter
temp.: 35°C 4. Toluene 600 - Detector UV254 nm
~ det: UV, 250 nm 5. Naphthalens -_ A
injection: 2 uL 2 w0
1 4 5 T 1 MEP
3 ] 2 2PX
200 - 4 } okl
: 4 PRP
2 N = 19,200 R l ik 5 |BP
] 6 BTP
5 L
Ty ' T™ T [ | S A R A I TTTTTYIIrrr1Ir™y TTJ]oIrT ™M ] TITIlIIrMTT r m™M
00 25 50 75 100 125 150 175 200 225 250 275 30.0
Minutes
JL J .
T T e HPLC chromatogram for analysis of parabens.
1.0 20
Min 004832
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Advantages & Disadvantages

Advantages: Disadvantages:

= Easy to use; do not require = Not as versatile as normal phase columns;
careful control of the mobile cannot be used to separate all types of
phase composition and pH compounds

= Compatible with aqueous " Lower resolution and selectivity than
mobile phases normal phase columns

= Robust and durable
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NPC&RPC comparison

Property Normal Phase Columns
Polarity of stationary phase Polar
Polarity of mobile phase Non-polar
Separation mechanism Polarity

Versatile, high resolution,

Advantages good selectivity

Difficult to use, susceptible
to column fouling, not as
compatible with aqueous
mobile phases

Disadvantages

Separation of non-polar
Common applications compounds, enantiomers,
preparative HPLC

Reverse Phase Columns
Non-polar
Polar
Non-polarity

Easy to use, compatible with
aqueous mobile phases,
robust and durable

Not as versatile, lower
resolution and selectivity

Separation of polar
compounds, proteins and
peptides, analytical HPLC

Examples of columns Silica gel, cyano, amino, diol C18, C8, C4, phenyl



N
lon-Exchange Columns C
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= To separation of molecules due to attractive

. . . Weak ACID Weak BASE
ionic forces molecules in the analyte and the Analyis Type winaes | SMOBACD GG 0
charged stationary phase. No | = = + |

Charge State vs, pH* | <heree | fenion] {anion] feoton] | CPoro°
pH<d | pH>7 Always Charged 9“028 pH > 12
Stationary Strong Anion \/g’eo'l:oAnion Strong Calion
Phase Particle Exchanger .’;C p&o"?;' Exchanger
Negatively Charged Positively Charged —
i?n;lytey[Aniong] An:)lyf;, {Ccriogn] 25 + c&
Aftracted to Atiracted fo Chﬂfge State vs. pH' Always Chorged o 490 Always Chaeged
Positive Surface Negative Surface pH < B oH > 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
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Column : Shodex IC SI-90 4E (4.0 mm [.D. x 250 mm)
Eluent : 1.8 mM Na,CO5 + 1.7 mM NaHCO; aq.
Flow rate : 1.5 mL/min
Detector : Suppressed conductivity
Column tamp. :30°C
2
3
4
5
6
] ] |
5 10 15
min

Sample: 10 pL

1. Li* (2 mg/L)

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

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.

nAluladauaiw ndevdomuassaade
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Flow rate : 1.0 mL/min
Detector : Suppressed conductivity
Column temp. : 25 °C
Sample : Mineral water, 20 u L
2 1.F
2. CI
3. NOy-
4. HCO4"
5. 50,2
O
3
1 4
v ) {\f_____~/\h_nf“~
5 10 15
min
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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.
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Lt:\rc?l;: :::eecnlileers ;:E%:” Sampl
pores ‘ 1 ‘
(o) O L O O
v 0.0 O (s 0.0
—0% | 1085 | 0% 0%
¥ go) 5o g0 (5o
Small molecules O O ? Q
able to enter °

pores
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flow

Large particles can not enter the
pores of stationary phase (elute faster)

Small particles may enter the pores of
stationary phase (elute slower)

chromatogram

time

A)

Column length

Column

Inner
diameter

Pore size

Particle
size

B)

=

\

Signal intensity

N
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Size exclusion chromatogram

4

® - .

Elution volume
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