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Introduction to Chromatography

Definition .
p Labion .
Chromatography is atechnique based on the different
interactions of compounds with two phases, a mobile phase and a
Stationary phase, as the compounds travel through a supporting
medium.

Components:
Mobile phase: a|solvent that flows through the supporting medium

Stationary phase: a|layer or coatingonthe supporting medium that
interactswith the@nalytes>~, 151 (5 ) s

Supporting-medium: a_solid surface on_which_the_stationary _phase is
bound.or.coated




Uses for Chromatography

Real-life examples of uses for chromatography:

» Pharmaceutical Company — determine amount of
- po P VICyt Gosl Ca?

—

each chemical found in new product o . rayace & ested)
ong Piacetama| =

» Hospital — detect blood or alcohal levels in a patient’s catlien
blood stream

» Law Enforcement — to compare a sample found at . Qs
a crime scene to samples from suspects Gl

»_Environmental Agency — determine the level of
pollutants in the water supply E ot

» Manufacturing Plant — to purify a chemical needed to
make a product St inse
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The analytes interacting most
strongly with the stationary
phase (B) will take longer to
pass through the system than
those (A) with weaker
interactions.

These interactions are usually
chemical in nature, but in some
cases physical interactions can
also be used.
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Types of Chromatography

1) The primary division of chromatographic techniques is based on the type of
mobile phase used in the system:

Type of Chromatography Type of Mobile Phase
uw\@h romatography (GC) gas
b—‘jl @d)chromatograph (LC) liquid
O 1
=



Types of Chromatography
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2) Further divisions can be made based on the type of

system: afabi sl
Pw’? Gas Chromatography (GC)
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stationary phase u é3‘J1i'r°1 the
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Liquid Chromatography (LC)
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Name of LC Method Type of Stationary Phase
4 ( Adsorption chromatography solid, underivatized support
& | Partition chromatography liquid-coated or derivatized support

lon-exchange chromatography

support containing fixed charges

)

Size exclusion chromatography

porous support

Affinity chromatography support with immobilized ligand
Injection
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Solute are separated based on their partition
between a liquid mobile phase and a liquid
stationary phase coated on a solid support.

— Normal — analyte is nonpolar organic; Phase 2 | %G o Phase 2
,.J/ J'.J)'.J .:J':J/.J},’J'. - -';8-’:;3:::9 Y.

stationary phase MORE polar than the Phase 1 |9/ 8% $2 4| Phase 1
"Q"‘"’"’”"O"“O"

mobile phase

‘%%:»é‘\‘ | Cirnglar Paper
— Ex :(TLC, Paper Chromatography | s
odsobtion l/ Q\_J J«/ ‘ Wick
4o artition Stationaty S
(SN Non Folet”

— Reverse — analyte is polar organic;
stationary phase LESS polar than the
mobile phase

— Ex:HPLC
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. lon Exchange Chromatography

Use ionic stationary phase

— ions separated on the basis of their tendency to displace

counter ions adsorbed on stationary phase (Depends on

charge, hydration, “solubility” " — >
—_—— AMNION EXCHANGER

— Used for analysis of aminoacids and its base pair.

—

+
Anionic stationary phases|. used for cation separation =) = l
= :
Cationic stationary phases|: for anion separation for ionic = = =
compounds 7
- Ex : HPLC# CATION EXCHAMNGER
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» Separation is a result of “trapping”

of molecules in the pores of the

packing material
—

« Very large molecules can'’t get into
the pores — unretained

« Very small molecules get hung up
in to pores for a long time - most
retained — longest retention time

« stationary phase
matrix
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3) Chromatographic techniques may also be classified based on the type of support
material used in the system:

Packed bed (column) chromatography
Open tubular (capillary) chromatography
Open bed (planar) chromatography

Open

Packed (TubularICapiIary)
Porous Layer Wall Coated
Open Tube Open Tube

~(weom)



Some chromatography terms

Analyte

Substance that is to be separated during

chromatography

Immobilized phase injesko

aStationarnysplvase which is immobilized on

the support particles or on the inner wall of T

the column tubing T = L Colum ]
mov famp
"

Mobile phase
-Phase which moves in a definite direction.

| |- debecke”

(liquid/gas/fluid). ekl P23 o ol &
-Consists of the sample being separated/ Cﬁf[ \ >
analyzed and the solvent that moves the “Uent
sample through the column. : s

g N 2o 15 Sl o 30
Effluent \ . v

- St a2

-Mobile phase leaving the column. [ s A

Elution: is the _process of removing analyte@
stationary phasmobile phase




1) Typical response obtained by chromatography (i.e., a chromatogram):

Detector signal g

chromatogram - concentration versus elution time 8 hajpe Peake 1 isfs Lo &
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Time =3

tz = retention time t5 = solute retention time

t,y = void time

W,, = baseline width of the peak in time units
W,, = half-height width of the peak in time units



* HPLC is an extension of conventional

High performance liquid chromatography

liguid chromatography.

* Powerful tool in analytical techniques

* Allows to use a very smaller particle size

for the column packing material which
gives a much greater surface area for

interactions between the stationary phase

and the molecules flowing through it.

* Columns are tightly packed, and the

eluent is forced through the column under
high pressure(up to 5,000 psi) by a pump.

* Allows a much 'better separation of the
components of the mixture.
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Liquid Chromatography: Adsorption chromatography

Isocratic
mobile phase solvent composition
remains constant with time 70
e
« Best for simple separations 5 o 60 —
+ Often used in quality control applications that ¢ E 30 /
support and afe in close proximity to a Sa 40 /
manufacturing process o2 30
2 16 20 //
° : - -~ »> - -
Gradient ¢ ' i
mobile phase solvent (“B") composition 0 ' X Y ’ !
increases with time P & ¥ ¥ A 3
+ Best for the analysis of complex samples Time, minutes
+ Oftenusedi thod de tf
*% Linear gradients are most popular

(for example, the “gradient” shown at right)



HPLC can be classified based on separation mode to

weLC , TLC

1- Normal Phasej when the stationary phasé.s more polacthan the
mobile phase

2- Reverse Phase; when the mobile phase.s more polarthan the
stationary phase

Reverse phase chromatography; The silica gel is polar and to be
used for the reverse phase separation, its polar surface has to be
changed. This can be done by attaching different functional groups
such as hydrocarbons mostly C-8 and C18 (none polar).

As a result we create a none polar phase. This type is used more than
the Normal Phase, and the reason why it is more popular is that its
weak mobile phase is the high polar water, therefore, the samples are
applied in this weak mobile phase i.e applied in aqueous status such
as biological compounds.

This makes it especially attractive in clinical chemistry for drug
confirmation, amino acid analysis and hormone separations.
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Common Reverse Phase (RP) Packings

OCtadecyl - ":Si‘o'Si\/\/\/\/\/\/\/\/\/CHti

Octyl - ‘;Si“O'Si\/\/\/\/C“a
. \ CH
Dimethyl - -;su-o-51<CH:
NORMAL PHASE:

Cyanopropyl - —si-0-si._~_CN

Aminopropyl - —Bsi—o—Si\/\,NH,
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| HPLC Technique
th Per"dqofman[}c L;;;w'a C,,\,\l‘omw['o@{b‘lohj

* Utilizes liquid mobile phase to separate . The total separation time is often 5 or 10

the mixture minutes rather than hours or even days
required for some separations by gravity
* Analytes are first dissolved in a solvent flow with the larger systems.

then through the column under high
pressure of up to 400 atm By the Pump = (Yo T G
& D G\l &K
* Mixture is resolved into its components in -
the column



instru ment
Mot ool

Components of HPLC

* Pump
* Injector
* Column

Detector
Recorder or data system

A Flow Scheme for HPLC

solvent
reservoir
pumpto /7
produce high
pressure
sample
injection

HPLC Setup

processing unit
and display

| A |

signal to procsssorT

 —

detector

HPLC tube

v

waste

Storage for mobsle phose

(elueny)
o
e Sy 4 N
\ \

Filtreion ond degassing
Preparation of
eluent modyres

Autosampler IY\)"CWI

Column box

Operation modes 7

- -
- isocratic: constont eluent composifion
- grodient: continuous variation of

eluent mixture during analysis Detector unit with UV-VIS famp




Separations

Chromatogram

T Start Injection time

Solvents

High Performance Liquid Chromatograph
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T Start Injection time

Detector

Solvents
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Separations

Chromatogram

T Start Injection time




Separations

Injector

Solvents

Chromatogram
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T Start Injection time

Detector



Separations

Chromatogram
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T Start Injection time




Separations

Chromatogram
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T Start Injection time




Separations

Chromatogram

__{&,_._.

T Start Injection time




2 Separations

Chromatogram
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T Start Injection time




Separations

Chromatogram
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T Start Injection time




Separations

Chromatogram
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T Start Injection time




1 Separations

Chromatogram
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T Start Injection time




P Separations

Chromatogram

L

T Start Injection time




3 Separations

Chromatogram

Y

T Start Injection time




4 Separations

Chromatogram

Y

T Start Injection time




5 Separations
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The Chromatogram' -~ -
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t, - elution time of unretained peak

tg- retention time - determines sample identity

tr .
tr .
mAU| Area or height is proportional
to the quantity of analyte.
t
9
N—
A
Injection time
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Applications le@ Ccandl umit

* Monitoring materials that may jeopardize
occupational safety or health

* Monitoring ¢ pesticide levels® in the
environment.

* To survey food and drug products,
* To identify ‘confiscated narcotics

* To determine the @amount of such chemical
compounds found in new drugs in
pharmaceutics

Summary

* The modern day technique is greatly
enhanced in terms (of selectivity,
resolution, through miniaturization and the
use of very elaborate stationary phases.

* Therefore HPLC is widely used for
separation of molecules in (biological,
thrmgceg;i,cal,- food, environmental and
‘industrial process

advantages of HPLC

* Small diameter, reusable stainless steel
columns

* Column packing with very small particles

* Control flow of mobile phase

* Precise sample introduction

* Good pumping system

* Special continuous flow detectors- can

handle small flow rates and detect very
small amounts

* Rapid analysis
* High resolution

disadvantages of HPLC
/s Cost
« Complexity cp® =ds 5 &=
* Low sensitivity for some compounds
\
* Irreversibly adsorbed compounds not

detected o N> o o

* Co-elution difficult to detect
mcuit to aetect




