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Original Chromatography Experiment

Start: A glass
column 1s filled
with powdered

limestone
(CaCOy).

An EtOH extract
of leaf pigments
1s applied to the
top of the column.

EtOH 1s used to
flush the pigments
down the column.

S 1NN

End: A series of
colored bands i1s
seen to form,
corresponding to
the different
pigments 1n the
original plant
extract. These
bands were later
determined to be
chlorophylls,
xanthophylls and
carotenoids.
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Paper Chromatography

Paper chromatography is a liquid partition chromatography.

In paper chromatography, the end of the paper
is dipped in solvent mixture consisting of agueous
and organic components.

The solvent soaks in paper by capillary action
because of fibrous nature of paper.

The aqueous component of the solvent binds to
the cellulose paper and thereby forms stationary
phase with it .

The organic component of the solvent binds continues
migrating, thus forming the mobile phase.







Nature of the Paper

A Thepapercommonlyusedconsistf highly purified cellulose

A Cellulose,a homopolysaccharidef glucose Many of the hydroxyl groupsof glucose,however,become
partially Oxidized during manufacture The oxidation productsusually are aldehyde,ketoneor carboxyl
functionalgroups

A Impurities may be removedby washingthe paperwith 0.1 N HCI anddrying it beforechromatographys
carriedout

A Thecelluloseitself takesa negativecharge

Apparatus and Paper Development

A The apparatugequiredfor paperchromatographyconsistsof a supportfor paper,solventtrough and an
airtightchambein which the chromatogranms developed

There are two main techniques which may be employedfor the developmentof paperchromatograms
ascendingr descendingechniques
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Two-dimensional chromatography

Paper or
platc

Mixture of
compounds

Solvent

Turn plate Y07 clockwise and
use a different solvent




Choice of Solvent System

In paperchromatographythe stationaryphaseis water since it is very well adsorbedby
cellulose The mobile phasewhich is lesspolar flows over the polar stationaryphase The
mobile phasemay not be necessarilymmiscible with water if wateris being usedas the
stationaryphase

|deally, the solventsystemshouldbe so choserthatthetwo phasesareimmiscible Moreover,
the samplecomponentshouldhavediffering solubilitiesin thetwo phases

The solventshould be stable It should not becomeoxidized when spreadover the paper
Some solvents,for example phenolic solvents(particularly in ammoniacalenvironment),
reactwith small quantitiesof copperpresentn the paperandgetoxidizedto producebrown
or blacktarry material



Detection

The spotsdue to amino acids can now be detectedon accountof the blue color that they develop If not
sprayedthereagentsnay be appliedto the paperby eitherimmersingthe paperin the reagentor by treating

the papero thereagentvapors

Purple-colgred ion



Paper Chromatography of Amino Acids
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Applications

The control of purity of pharmaceuticalsthe detectionof adulterantsand contaminantsan
foodsanddrinks, the study of ripeningandfermentationthe detectionof drugsanddopesin
animalsand humansthe analysesof cosmeticsandto top it all, the analysesf the reaction
mixtures in biochemical labs are all performed routinely with paper chromatography
technique

THIN LAYER CHROMATOGRAPHY

A thin layer of a finely divided substances depositedon to a flat glassplate The sampleto
be separateds spottedat oneend The plateis dippedinto the solventin a glassjar andthe
developmentarriedout by theascendindechnique









Preparation of the Layer

The material of which the thin layer is to be made(silica gel, Kieselguhr,etc) is usually
mixed with waterin sucha proportionthat a thick suspensionknown asslurry results This

slurry is appliedto a plate surfaceas a uniform thin layer by meansof a plate" spreader’
startingat oneendof the plateandmovingto the otherin anunbrokenuniform motion

Thin layer chromatographynay be either carriedout by the adsorptionprinciple (if the thin
layeris preparedyy anadsorbensuchasKieselguhr,or alumina)or by the partition principle
(if thelayeris preparedy a substancsuchassilicagel which holdswaterlike the paper)



While preparingstationaryphasefor adsorptionchromatographya binder such as calcium
sulphatas mixedwith theslurry. The binderhelpsin betteradhesiorof the stationaryphaseo
theglassor foil plate

If adsorptionchromatographys to be performed the thin layer is activatedby heatingat || 0A
C for severahours

Sample application

Plate Development

The choice of solvents and the methods of elution are much the same as for paper
chromatography

One of the greatestadvantagef TLC Is the speedat which the separationis achieved
Generally10-30 minutesare sufficient However with certaincompoundsabout90 minutes
may berequired



Detection
Ultraviolet absorption fluorescenceautoradiographyif the componentsareradio-labeled or

productionof colorsby chemicaltreatment)

specificfor TLC are (i) sprayingthe platewith 25-50% sulphuricacidin ethanolandheating
This resultsin charringof mostof the compoundswhich show up as brown spots and (i)

lodine vaporis usedextensivelyasa universalreagenfor organiccompoundslodine vaporis
seen concentratedn the form of a cloud over the region where the componentshave
separatedlhesespotscanthenbe scrapedut elutedandanalyzedquantitatively




COLUMN CHROMATOGRAPHY

Choiceof a columnof a particulardimensionis dictatedprimarily by the amountof sample
largerthe samplevolume largerthe columnchosen The ratio of the columndiameterto its
length alsovaries Most workerschoosea ratio of diameterto length betweenl: 10 and 1.
100

The commonlyusedglasscolumnshavea sinteredglassdisc at the bottomto supportthe
stationaryphase

The columnsare providedwith an inlet and an outlet The inlet. which may be simple or
fitted with a groundglassadaptomprovidesfor the eluting solventto enterthe column Onthe
otherhand the effluentfrom the columnis led by a capillary tubing to a continuousmonitor
andthenceto the collectingsystem



Column Chromatography
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Packing the Column

The columnis fitted in the upright positionandits bottomis sealedwith glasswool or such
othersupports The columnis now filled to aboutonethird its heightwith the mobile phase
A thick suspensiortalledslurry of the degassedtationaryphase(gel adsorbenbr resin)is
gently pouredinto the columnwith its outletclosed The upperpart of the columnis all the
while stirredto ensureevenpackingandto avoidair bubbles Theslurry is usuallyaddedill
3/4th of the columnis full. The outletis now openedandthe columnis stabilizedby washing
it with mobile phase A filter paperdisc or nylon gauzeis thenplacedon the surfaceof the
columnto preventdisturbanceduring mobile phase/sampladdition To preventthe column
from drying a layerof solventis alwaysmaintainecabovethe columnsurface



Introduction of Sample

The sampleis allowedto just run into the column Solventis thenaddedto the columnto a
heightof 5-10cm.

Thecolumnis thenconnectedo a suitablereservoirwhich containsmoresolvent sothatthe
heightof the solventin the columncanbe maintainedo a heightof 5-10cm.

An alternative and better method iIs to mix the sample with sucroseor ficoll to a
concentratiorof about1% to increasesampledensity The samplenow sinks below the top
layer of the solventto the surfaceof the column

It iIs necessaryo applythe samplein aslessavolumeaspossible This givesaninitial tight
bandof materialwhenthe separatiorbeginsandresultsin a sharpeifinal separation



Techniques of Elution

Continuougpassagef a suitableeluant(mobile phasehroughthe packedcolumnseparatethe component®f the
sampleappliedto thecolumn This processs knownascolumndevelopment

(1) isocraticelution and

(i) gradientelution

When a single solventis usedas an eluantduring developmentthe processis known as isocratic separation
However elutionwith singlesolventis manytimesnot sufficientanda satisfactoryesolutionmay not be obtained

In suchcaseghe pH. ionic strengthor polarity of the eluantis changedwvith respecto time. This processvherethe

compositionof the mobile phases changedjiving rise to a gradientis known asgradientelution This technique
leadsto a betterresolutionof the samplecomponents

To producea suitablegradient,two solventsof differing compositionshaveto be mixed in correctproportions
beforeenteringthe column

Flow-Rate

Flow rate Fe'is expresseds the volume of mobile phaseper unit time. This is a very importantcriterion for
suitablecolumndevelopmentFor a satisfactoryesolutionit is absolutelynecessaryhatthe eluantflow shouldbe
maintainecdat a stablerate



An increasdan the flow rate of the mobile phasethroughthe columnleadsto shorteningof the
time necessaryfor separation It may thereforebe preferableto work with the maximum
possibleflow rate

Analysis and Collecting of Effluent

The effluent asit emergedrom the columnoutletis analyzed The propertiesof a particular
compound viz . Altraviolet absorption color or fluorescenceare exploitedin its analysis
Alternatively the compoundmay be labeledbeforeapplicationof the sampleto the columnand

its radioactivityexploitedfor its analysis

Themodemapproachs to continuouslymonitorthe effluentcomingout of thecolumn
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ION-EXCHANGE CHROMATOGRAPHY

lon exchangamay be definedasthe reversibleexchangeof ionsin solutionwith ions electrostaticallypoundto
Inert supportmedium The governingfactor in ion exchangereactionsis the electrostaticforce of attraction,
whichin turndependsnainly ontherelativecharge

Theradiusof the hydratedons andthe degreeof non-bondinginteractionslon exchangeeparationsrecarried
out usually in columnspackedwith anion exchangerlon exchangersan be divided into two groups anion
exchangerandcationexchangers

This mediummay be covalentlyboundto positive (anionexchangerpr negative(cation exchangerfunctional
groups lons bound electrostaticallyto the exchangerare referredto as the counterions This techniqueis
extremelyusefulin the separatiorof chargeccompounds

Macromoleculesuchasproteinsandnucleicacids,which are capableof possessingpoth positive andnegative
charges Theselarge molecules,then, can bind to both, anion and cation exchangersincethey possesdoth
typesof charges The macromoleculegsan, however,be madeto bearmore negativechargesy increasingthe
pH (resultingin a strongemindingto anionexchangerpr morepositivechargedy reducingthe pH (resultingin
a strongetbindingto cationexchanger)
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Anion Exchange Cation Exchange



Mix of amino acids
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Preparation of the Exchange Medium

Conversionof the exchangefrom the form in which it is suppliedto the form in which it is to be usedis

known as the preparationof the exchangemedium and is essentialfor satisfactoryperformanceof ion

exchangehromatographyApart from removingthe impuritiestherearethreeotherstepsthat are of absolute
importancan exchangepreparation

(1) Swellingthemedium Thisis alsoknownasprecycling This is necessargincethedry exchanger
containsdenselypackedpolymers which resultsin the burial of many chargedfunctional groupswhich are
thenunavailabldor exchangeSwellingmakesthesefunctionalchargedyroupsto becomeexposed

i)the exchangemhasto be equilibratedwith the suitablecounterions This is accomplishedoy washingthe
exchangewith differentreagentslependingiponthe desiredcounteriono beintroduced

Choice of Buffers

Thechoiceof buffers which maintainthe pH of the column is dictatedby the compoundgo be separatednd
the type of ion exchangedeing carriedout (anionicor cationic) Anion exchangechromatographyghouldbe
carriedout with cationic buffers Reverses true for cation exchangechromatographylf anionexchangeor
cationexchangas carriedout with anionicor cationicbuffersrespectivelythe bufferionswill indulgein ion
exchangeandhampersamplecomponenexchange



858 Prol‘ossional Sample Process® .










