Chromatography

DR.S. ANAND GIRI

ANANLYTICAL CHEMISTRY

Ph.D. Jadavpur University
Kolkata, India



Method

Basis of Method

Mechanical phase separation
precipitation and filtration

distillation

extraction

ion exchange

Chromatography

Electrophoresis

Filed-flow fractionation

Difference in solubility of compound formed

Difference in volatility of compound formed

Difference in solubility two immiscible liquids
Difference in interaction of reactant with ion exchange
resin

Difference in rate of movement of solute through a
stationary phase

Difference in migration rate of charged species in an
electric filed

Difference in interaction with a field or gradient applied
perpendicular to transport direction




Introduction to Chromatography
Chromatography

Chromatography is a technique which the components of a mixture are separated
based on differences in the rate at which they carried though a stationary phase by
mobile phase

There are two type of chromatography

[Preparative] Analytical




Introduction to Chromatography

Chromatography is a physical method of separation in which the
components to be separated are distributed between 2 phases;
mobile phase and stationary phase.

e Analyze
>
e Purify

eQuantify
Mixture Components
The two phase of chromatography are:
: : The phases are chosen such that
[ Mobile ] [ Stationary ] components of the sample have
Phase Phase different solubilities in each phase
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D Detection
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«ide Methane
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Difference in the behavior of analyte towards mobile phase and
stationary phase Component interact with the stationary phase based on

‘ 1. Charge: ion-ion interaction or ion-dipole interaction




The rate of migration of solute through a stationary phase

K.=— C, = Total solute concentrationin stationary phase

C,, = Total solute concentration in mobile phase

Large K. means slow solute migration
Small K. value shows rapid solute migration

Usually retention time and retention factor are
measured instead of distribution constant
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A measure of speed with which a substance moves though
chromatographic system

Continuous

development eg. HPLC, GC - |
system R-, Or t;, the time between injection and detection

Interrupted eq. TLC, PC

development R; = Distance moved by the compound / Distance
system moved by the solvent

 Variation of the eluent
e The stationary Phase

e Temperature

e Sample Matrix

= Thg set up




Classification of Chromatographic Techniques

Classification of chromatographic techniques

Based on
[

v v
Chromatographic Physical state of Separation mechanism
Bed sha|I3e the molbile phase |

\/ L4 \] v v t_l
Planer Column LC GC SFC i ‘
. c
l \ / O S o
HPLC S o B =
Paper C. | = o
TLC J 1 E 26

NPLC RPLC
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Classification of Chromatographic Techniques Based on Bed Shape

Planer Chromatography &

Drop of
mixture

Solvent

{The stationary phase is present as or on plane ]

Thin Layer
Chromatography
(TLC)

Paper
Chromatography

Turn paper 90° clockwise

and use a different solvent

Involves a
stationary phase of
a thin layer of
adsorbent like silica
gel, alumina, or
cellulose on a flat,
Inert substrate

A form of
chromatography
In which a sheet

of special paper Is
used for
adsorption

TLC advantage over the paper chromatography

. choice between
EESCIEL EENE different adsorbents




Retention Factor (R;) for TLC

R= distance migrated by the component (a)
distance migrated by the solvent (d)

D1 = distance that band traveled, measured from center of the
band of color to the point where the spot color was applied

D2 = total distance that solvent traveled

R: value should be between 0.0 and 1.0 and is unit less.

Example

A mixture of two component 83 cmocencbonnn.
were separated using TLC , and

the following result fond .Find

out retention factor for both

componentl, 2

End line
(solvent front)

IIr

L

|
i
l

Start line



Retention Factor (R;) for TLC:
Cont. Example

Solvent Front
2 ¢cm

Bicma----nt--
Adsorbent Layer
(51 Coated Side)

Origin

L

F.r= Distance Traveled by Spot / Distance Traveled by Solvent
Ril)=29%c¢m/12 cm=0.24

Rd2)=83cm/12 em=0.69

Note: By Values Are Always Less Than |



Classification of L s

Chromatographic \l —_
Technigues Based S <.
on Bed Shape =

— Chromatography
cccccc

Column Chromatography

4. Each component is
collected as it reaches L.
the bottom of the column. ""-f—\,t J

r Probably the most common form of Chromatography

Consists of a tightly packed bead matrix in a tube |

Mobile phase enters the column and flows out at a constant rate

Usually coupled to a detection device

Column can be used manually or in instruments




1. liquid chromatography (LC)
2. gas chromatography (GC)

mobile phase is liquid
mobile phase is gas

3.supercritical chromatography (SFC). ..... mobile phase is supercritical fluid

General Classification Specific Method

Stationary Phase

Type of Equilibrium

Gas chromatography (GC) a. Gas-liquid

chromatography (GLC)

b. Gas-solid

Liquid adsorbed or
bonded to a solid
surface

solid

Partition between
gas and liquid

Adsorption

Liquid Chromatography (LC) a. Liquid-liquid or

partition

b. Liquid-solid or
adsorption
c. lon exchange

d. Size exclusion

e. Affinity

Liquid adsorbed or
bonded to a solid
surface

Solid
lon exchange resin

Liquid in interstices of a
polymeric solid

Group specific liquid
bonded to a solid
surface

Partition between
immiscible liquid
Adsorption

lon exchange
Partition

Partition between

supercritical fluid
and bonded surface

Supercritical fluid
chromatography(SFC)

Organic species bonded
to a solid surface

Partition between
supercritical fluid
and bonded surface
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Mechanisms of separation in chromatography

(Adsorption Chromatography

Partition Chromatography

\. J

( lon-exchange Chromatography (IEC)

molecular Exclusion Chromatography

 Affinity Chromatography




Adsorption Chromatography

Analyte species are adsorbed onto the surface of a polar stationary phase

r

The components of mixture interacts with the stationary phase due to
| dipole-dipole interaction

iolid stationary
phase with

polar groups~ 5~ (FH Application
; o Solute adsorbad f S '-.:".,I g |
S Y — " onsuriane of . .-_- '1':_"":,' | polar moleculss
S ] s Sumationary phasze e

Separation of

75 | i o are held by

o . Noft o &/ dinole-dipols relatively non-
' cgim 2 _l_:" W ._,_'|. interaction pOlar, water-
o I <=— non-polar molacules | - .
1 e Y S Y e ey W insoluble organic
I through
. \ e compound
e pkoh chrommbigrapy flowd of mobile phase ihg:calimn p
Mobile phase Stationary phase
e Liquid or gas  Solid
e Organic solvent or  Finely divided polar solid that
mixture of organic solvent contains sites for retention of
analyte
« Silica & alumina are the only
used




Partition Chromatography

rComponents partition(dissolve) themselves to different degree between liquid
 stationary Phase & mobile phase

\

(The components of mixture interacts with the stationary phase due to dipole-
dipole interaction

Mobile phase

Solute dissolved

in liquid phase
——— coated on surfaceg

of solid support
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Mobile phase Stationary phase

e Liquid or hiquia

Application )
non-ionic compounds, polar compounds and in certain cases

loni¢’c6Mmpounds

I\




Partition Chromatography
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Molecular Exclusion Chromatography

“Gel Filtration™

mitial mixture
<—— of large and small
molecules

« gel filtration
resin
An organic An aqueous
mobile phase B mobile phase

small molecules Is used and is used and
are “included” the stationary the packing

/ phase is material is
and elute last hydrophobic hydrophilic

large molecules
are “‘excluded”
and elute first

—




Gel Permeation

Principle

Separation
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Size Exclusion Chromatography (SEC)

= Carbohydrate " o ol

polymer bead U ¢ o !
Small molecules | ' H
enter the = g
aqueous SP&#ES"’#
within beads o K‘ '

Protein ' 8%

sample ~_ } Large 3

molecules
Molecular cannot enter —

exclusion
gel

“"!-- ] beads

» —

0000 66000 6A8000 (=il

ﬂiacﬁ!nﬂﬂr‘_v, Sixth Edition
o PONH)fréeman and Company




lon-exchange Chromatography (IEC)

The stationary phase is small solid polymer resin beads that have
lonic bonding sites on their surfaces.

The resin contains electrically charged sites at which one ion replace
another

lon exchange resin

Negatively Charged Positively Charged
f'*.nmy:{,:- [af\r‘l::;-n] Analyte ['r.:_f.::lfl-::-l‘.:_
Attracted to Aftracted to

Positive Surface e MNegative Surface e

oL Anion
3/2%/2011 . .
exchange resin exchange resin




ION EXCHANGE

INSIDE A PORE IN THE STATIONARY PHASE

Sample ions enter

Mobile
phase
additives -
competition

1. INJECTION Sample lons -

1§ I,:/ - il

2. ADSORPTION: ) =
DISPLACEMENT OF '

COUNTER IONS . ELUTION




Affinity Chromatography

specific interactions between one kind of solute molecule and a
second molecule that is covalently attached (immobilized) to the
stationary phase.

canditicning sampie addition rinsing

il !




Affinity Chromatography

g I; ‘ Affinity medium is equilibrated with binding buffer
o —

Sample is applied under optimum conditions that favor

specific binding of the target molecule(s) to complementary
binding molecules (the ligand). Desired molecules bind
specifically, but reversibly, to the ligand and unbound
material is washed through the column.

Target protein is recovered by changing conditions to favor
elution of the bound molecules. Elution is performed
specifically using a competitive ligand, or non-specifically, by
changing the pH, ionic strength or polarity. Target protein is

collected in a purified, concentrated form.

Affinity medium is re-equilibrated with binding buffer
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ta) Gel fillration chramalography

£ e Largo protein
*+ T~ Small protain

Add buffer
o waszh
prolelns
through
column

Polymer gel bead

thh lan-exchange chromatograghy

Megatively charged
e profein
; i— Positively charged
: protain
Collect

positively
charged

it Antibody-alfinity chromalography

»® " : a
Lead in héa:
pH 7 butfer QT;E
& Protein F * 2
recagnized |

by antibody ;;@j_
Protei ;
& Froftesn nol |

recognized  {ud %"
by antibody ||'...'f"i‘

Anlibody

Elute negatively
charged protein
with zalt solution
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