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CHROMATOGRAPHY

Introduction :

Chromatography is a nondestructive analytical technique used for resolving ,
multicomponent mixture of true, minor or major constituents into individual fractions,
It is distinguished from other physical and chemical methods of analysis by the method
of separation. The components are separated by means of bringing into contact with
two immiscible phases, one is stationary and the other is mobile phase.

A sample is introduced into a mobile phase and is carried along a column containing
distributed stationary phase. The components in the sample undergo repeated reactions
between the mobile phase and stationary phase. By proper choice of both phases, the
components of the sample are gradually separated into bands in the column. The separated
components emerge in order of increasing interaction with the stationary phase.
The component with least affinity for stationary phase emerges first and the most
strongly affinity component elutes last.

The separation column is the heart of the chromatography. It provides wide choice
of materials for stationary and mobile phases and makes it possible for separation of
molecules that differ slightly in their physical and chemical properties. After separation
of compounds, the final identification of components requires confirmation by some
other analytical methods, such as, spectroscopic methods. Quantitative analysis can be
carried out by measuring the area of chromatographic peak. Hence, chromatography can
be used for both qualitative and quantitative analysis. 7

Classification :

In chromatography, the mobile phase can be a gas or liquid and the stationary phase
may be a solid or liquid. Chromatography can be classified based on nature of phases,
principle and modes of separation.

(a) Based on the Nature of Stationary and Mobile Phase : The different types of
chromatography based on the type of stationary and mobile phase used are :

(i) Gas-solid chromatography in which liquid is the stationary phase and gas s
- the mobile phase. ‘

(ii) Gas-liquid chromatography in which liquid is the stationary phase and g5 8
the mobile phase. :

(i) Solid-liquid chromatography in which solid is the stationary phase and 1iquid ‘
is the mobile phase. :

R,

Example : Column chromatography, HPLC, thin layer chromatography-
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oy Phy in which liquid is pogh stationary and mobile

Example :  Column partition chromatg

E . -sol; ;
i e chromatography, thin layer chromatography, column

chromatography,_

(i) .Partiti.op Chromatography : The principle involved in this type of chromatography
15. partmop of thfe components into stationary phase when sample solution is
dissolved in mobile phase is passed through a column of stationary phase.

Example :  Gas-liquid chromatography, paper partition chromatography.

- (c) Based on modes of Chromatography : There are two modes based on the polarity
of the stationary and mobile phase used.

(i) Normal Phase Chromatography : In this mode, the stationary phase is polar ‘
and the mobile phase is non-polar.

(ii) Reverse Phase Chromatography : In this mode, the stationary phase is
non-polar and the mobile phase is polar. This is most widely used in
pharmaceutical analysis. :

Other types of chromatography used for separation of components are :
in which the components are separated by exchange
d charged ions. :

sion chromatography in which
ding to their molecular sizes by

(i) lon exchange chromatography in
of ions between ion-exchange resin an

(i) Gel permeation chromatography or size exclu
the components of a sam
using different gels.

(i) Chiral Chromatography in which optic

ple are separated accor

al isomers are separated by using chiral

: BT ni e in which a column of stationary phase
- sep:;a ?r:)rclxt:shmﬁllq:hromatography may be a solic.l or lq}xid.
hase used column chromatography may be divided into

Column chromatography
IS used. The stationary phase us
Based on the type of stationary p

WO types. _
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In adsorption column chromatography, the solid stationary phase is packed in g
glass column and the liquid mobile phase is allowed to run down the column,

The principle involved in the adsorption column chromatography is adsorption a
solid-liquid interface.

When a mixture of components dissolved in the mobile phase is introduced into fhe
column, the stationary phase competes for the solute. The components of mixtys
must show different degrees of affinity towards the solid stationary phase ang
interaction between the adsorbent and components must be reversible.

As the components in the solute show different affinities towards the solid phase,
the components with least affinity move down the column in a faster rate than that

of components with strong affinity and are arranged in order of their affinty for the
adsorbent.

When the mixture of components is dissolved in a mobile phase and is introduced
into the column, the components get adsorbed onto the stationary phase. The
technique used to recover the components is called elution. The components ar
called as elute and the solvent is called as eluent. The process of removing the
components from the column is called-as elution. The individual components ar
separated out from the column by means of development techniques. There are mainly

three types of Development Techniques. They are :

1.  Frontal Analysis

2. Displacement Analysis
3

Elution Analysis

1.  Frontal Analysis : This technique was developed by Tisellius. In this method, whet'
a sample solution which is a mixture of components and mobile phase ™
passed continuously through the column, the less strongly adsorbed compor
are adsorbed down the column or collect in the solvent front. The solvent

. %& emerges out from the column which is followed by least adsorbed co
~ Other components emerge one after another depending upon thei-r"é
- ‘i:’@ - adsorptivity. | : b L
Rl . ~ When the column is filled with a known amount of adsorbent an,d;;tb

Shiupt Wi

el - mMixture is continuously added to the column, after certain time, th

- gets saturated with the components. Then, if any mixture is
~adsorbed component leaves the column in a pure form. Hence, t
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Displacement Analysis : In this method, the sample mixtue is introduced first
into the column. Then, the components in the mixture are separated by rufming
a solution which is consisting of a substance which is more strongly adsorbed
than any of the components of the sample mixture. The substance which¥is
employed to separate components is called as displacing agent. -

The displacing agent is adsorbed by the column strongly and is adsorbed at the '

top of the column and spreads downwards forcing out the components of the
sample mixture from adsorption sites. The least adsorbed component leaves the

column first followed by others depending upon the degree of the adsorptivities.

In this process, the components are separated basing on their differe-nces in
properties of a’dsorption. The separation is not sharp and may contain some
fractions of mixtures which can be collected and treated further.

P

Concentration in eluate




The components can be separated by means of elution analysis by employmgm
different ypes of methods.

(a)

(b)

% Figure :
Elution

analysis : The

separate

elution of three
substances A,

B&C

Adsorbents of different degrees of activities are avanlable and can be chosen &
to our requirement.

Adsorbents used in column chromatography should meet the following.:ct.'i;tﬁeﬁa :

| *'!. ‘Elution Analysis : In this method, the individual components

mixture are separated by means of eluting the column with fresh solvent,

A small quantity of sample mixture is introduced into the column. ‘
solvent is allowed to run down towards the column. The fresh solvent or ef...
should have lesser affinity for the stationary phase than the sample com
If the partition coefficients of the components in the sample are different
the mixture, they separate out into bands and migrate down towards the Coh.
at different rates and are separated.

Step-wise Elution : In this method, a set of eluants with increasing eluting powers
are used to separate components which are having greater affinity to the sta’uomq
phase.

Gradient Elution : In this method, the components are separated by means of
varying the composition of the eluant. The ratio of the eluting components are
altered to obtain a range of eluting powers and are introduced into the column.

Concentration in Eluate
ve)

Volume of Eluate
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hould be chemically inert

Should allow suitable flow of mobile ph
; ases,

Should have uniform size distribution ang preferably spherical in sh
’ ical in shape.

A Should be insoluble in the solvents or mobile phases used
used.

5. Should have reproducible properties from batch to batch

6. Should be active, but, not so active that no movement of components occurs

7. Should be colourless to facilitate observation of zones and recovery of components.

8. Should b.e useful for separating wide variety of compounds and freely available,
inexpensive, etc,.

Solvents also play an important role in chromatography. They act as mobile phase,

developer and as eluant. The solvents
of non-volatile matter like grease etc.
or as mixture of solvents of varying compositions.

should be redistilled before use to remove traces
Different solvents can be used in their pure form
Adsorption is usually most powerful

from non-polar solvents such as petroleum-ether or benzene.

Adsorbents and Solvents
Adsorbent Solvent ?
(S e Petroleum ether
Sr:rrcohs Carbon tetrachloride
Cyclohexane
W j
eak ﬁ Inulin 5 Carbon disulphide
\ ggclicium Carbonate E. Ether (ethanol-free)
Acetone
¢ Calcium Carbonate _%” i
: Caleium Phosphate % | Toluene
Medium < Magnesium Carbonate 2 | Esters
Magnesium Oxide 2 | Chioroform
 Calcium Hydroxide 5 | Acetonitril
- Activated Magnesium Gilicate £ ¥ Akohols
- Activated Alumina Water -
Strong Activated ChaI'COEI_1 pyridine
Activated Magnesia Or.ga:mc ACdS. :
Activated Silica Mixtures of acids or bases with

ethanol or pyridine
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Reservoir of
mobile phase

—~+— Mobile phase

Sand or Filter
Paper Disk

— Adsorbent

J

Sand if cotton wool is
-}~ used in place of sinter

Sinter disc

Receiver (test-tube,
— flask, Buchner flask as

appropriate)

Columns are mostly made of good quality neutral glass. They should not be affected
by solvents, acids or alkalies. The dimensions of the column are important for
effective separation. The length : diameter ratio ranges from 10 : 1 to 30 : 1.

The bottom portion of the column is packed with glass wool or cotton plug which ac§
as a support for the column. Then, the adsorbent is introduced into the column and I8
packed uniformly. After the adsorbent has settled, a filter paper disc or sand is kep! @
the top of adsorbent, so that the adsorbent layer is not disturbed when a fresh mobil
phase or sample is introduced into the column. In the column, the level of solvent mus
not be telow the level of adsorbent, as cracks may develop between particles © t
adsorbent. : \

The adsorbent may be introduced into the column by means of two techniques. They &% |

- . - p n‘ ‘.
1. Dry Packing Technique : In this technique, the required amount of 3dsorboto :

v 2 is introduced into the column in dry powder form and the solvent is allow (65
flow directly into the tube by tapping frequently stirring as it removes air WO
- and helps in even packing. : .

LICATIONS : =



5. Wet Packing Techni ‘ \ ;
pe? : : que : In thi Jnit = V] 5.9
with mobile phase and s ?n:hls technique, the adsorisent | [Unit -V] 5.9

ef]trapement of air bubbles, T roduced into colum GIent I8 AT slurry

air bubbles. - Ihe adsorbent settles dgwwnh ?“‘ring to prevent
- n uniformly without an

ny

roduction of Sample :

Int

mobile phase and 1s int
ro ;
separated by mea SUCTH Y A indi
ns of development technique i

S : ‘

petection of Components :

The separated com
pOI’lentS can b
coloured bands are ob in be detected visually if
B ey served in the column moving );low;h:g/p:rr:tecio]ou;ed. The
: y and can be

To detect the com
one ;
B e like absoli : nts wh].ch.are colourless, several techniques d i |
ption of radiations, refractive index, fluoresc : ependmg ou s
3 ence etc.

Recovery of Components :

The component :
s from the colum
e n can be recoverd by means of eluti :
a 5 ; elution t
Iso be conveniently isolated by means of cutting the columsci]}n;l)?aﬁisé

columns are used instead of glass tubes.

1.6 Column Efficiency

The s . i ‘
uccess of column chromatography 1S measured by means of its ability and

effici
fficiency to separate the components from a mixture.

eing made up of theoritical plates which are parallel

| ,
ayers placed one above the other along the length of the tube. When a sample mixture
ponents distribute in the column between the

lSt Ir.ltroduced into the column, the com

Z?trlnooll'cgy phase and-mobile phase according to their partition coefficients. The rate
e ment of mobile phase 1S assumed to be in dynamic equilibrium with stationary
e and the components move down the column at a rate depending on rate of movement

of mobile phase which is given as

The column is considered as b

o Rate of Movement of Component
Rate of Movement of Mobile Phase

Distance Moved by Component
Distance Moved by Mobile Phase

n coefficients K and

G R’ is given
€ relationship between partitio R’ is given as

e

A, + KA,
© PULSE PUBLICATIONS.
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A4 — Average area of cross-section of mobile phase.
m

4 - Average area of cross-section of stationary phase.
§ .

Concentration of Component in Stationary Phase
K = " Concentration of Component in Mobile Phase

The thickness of the theoritical plate is called the height equivalent to a theoritigy
plate (HETP). »

Length of Column
Number of Theoritical Plates

The smaller that the HETP, the greater is the number of theoritical plates and greater -
is the efficiency of the column. Thus, the efficiency of a column is measured by means

of its number of theoritical plates.

HETP

Column Characteristics :

Adsorbent/adsorbate Weight Ratio 30:1
Length/diameter Ratio 10-15:1 ;
Column Length : "}
(a) Multi-component system : Long column
(b) Components with similar affinities for adsorbent Long column ;

(c) Components with different affinities for adsorbent | Short column

Factors affecting Column Efficienty : }
Various factors that are affecting column efficiency are : ;

(a) Nature of Solvents : As the rate of flow of a solvent is inversely proportional
to its viscosity, the solvents used must have less viscosity for effective separation
at faster rate and also for proper elution strength. '

(b) Dimensions of Column : The efficiency of the column can be increased by means
of increasing the length/width ratio. The range is observed to be 20 : 1 to 100 |
depending upon the efficiency required. :

(c) Particle size of adsorbent : The adsorbent activity is proportional to the surfacé
area of adsorbent. The efficiency of the column can be increased by decreasing
the particle size. The particle size ranges from 100 to 200 mesh.

(d) Temperature of Column : The rate of elution can be increased by increasing
the temperature of column, but, it decreases the adsorbent power of the col
Hence, difficult soluble samples are generally separated at high temperat
while others are separated normally at room temperatures.

(e) Pressure : By applying high pressure above the column and lower pressure pelo¥
the column, the efficiency of the column can be increased 1
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Column chromatography has limiteq :
 techniques. They are : °¢ applications when compared to other analytical

1. It can be used for separation of a mixture of compound
[ unds.
9. Itcanbe used for removal of impurities from a compund
und.

3. It can be used for isolation of active ¢

animals etc,. Qnstituents from crude extracts of plants,

4. It can be used for isolation : $5 00, :
SRy of metabolites from biological fluids like blood, serum

St ltXtcrz:ll;t:)e used in the estimation of drugs preseht in the formulations of crude
€ :

6. Ft can be used in separation of geometrical isomers, diastereomers, Tautomeric
isomers or racemates. " Sy

1 Chromatograph ST

Introduction :

ration technique which is based on the differences
ividual components of a mixture between a liquid
d mobile phase. In column partition chromatography,

Partition chromatography is a sepa
in partition coefficients of the ind
stationary phase and a gaseous or liqui
liquid is used as mobile phase.

Principle ;

mixture of two immiscible liquids distribute
ds such that the concentration-in each liquid
this principle, the solvents which
be employed to separate

:‘ Some substances, when shaken with al
themselves between the immiscible liqui :
E is proportional to the partition coefﬁcieqt: By using
I are having large differences in their partition coefficients can

d the required component from a mixture:

se is supported in the column by
haracter. Silica gel and cellulose
mobile phase should be

In partition chromatography, the liquid stationary pha

Means of a solid material which is usually polar ';‘t;wc liquid
Powder are frequently used as solid qup‘.o B

chosen such that it is immiscible with the liquid statior
ption chromatograp hy
water is usually Use

except the stationary
The technique is similar to column adsor d as stationary phase
. Phase used. In partition chromatography: Sl o
i and organic solvent as mobile phase. - <o
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1. It is used for separation of wide rémge of biological compounds.

2. It is used for separation of closely related substances such as amino acids foﬁne&
in the hydrolysis of proteins. '

3. It is also used in separation of closely related aliphatic alcohols, sugar derivatiye
and carboxylic acids.

The problems associated with partition chromatography such as loss of stationary
phase from support material can be overcome by using bonded phase supports. In this
technique, the stationary phase may be bonded with the support material. This form of
partition chromatography in which both monomeric as well as polymeric phases have

been bonded to a large number of support materials is caled as bonded phase
chromatography. ' '

The bonded stationary phases can be prepared by using silylation reactions, where
silanol groups (Si — OH) at the surface of silica gel are allowed to react with substituent
chlorosilanes.
| - (|3H3 €H.
—8i— OH+Cl—Si—R > — Si— 0Q—Si— R + HEI
| 21" S e CH,
Silica Dimethyl i
chlorosilane

Polymeric bonded stationary phases can be produced by using di— or tri— chrlorosilanes

in the presence of moisture as a result of which a polymeric layer is formed at silica
surface.

The: main advantage of these bonded stationary phase is to prevent tﬁe loss of
.statnor.lary‘phase from the separation column. The bonded phase liquid chromatography
is mainly useful for the separation of bioactive molecules. By careful choice of ionic

or ionisable phase, the bonded phases can be used for separation of a wide range ©
components. 2 ) : ;
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he technique of thin-layer chromatography was first introduce by Izmailév‘ énd

T
et Rl using 2 mm thick and firm layer of alumina

set on glass plate. Kirch.ner identified temperes on impregnated filter paper and
glass-fiber paper coated with alumina or silica. Stahl developed standard equipment for

thin layer chromatography.
The underlying principle of thin-layer chromatography i
containing one or more components are spotted on a thin-layer of adsorbent coated
on a chromatographic plate, and introduced into a development tank containing
mobile phase, the mobile phase flows by capillary action. The components move across
the layer according to their affinities. The component with more affinity travels slower
and that of lesser affinity travels faster. Thus, the components are separated on the thin

layer based on their affinities towards the stationary phase.

The components of a mixture are separated by u
selecting a suitable adsorbent and mobile phase,

finally, the components are detected and recovered.

(a) Stationary Phases : A large qumber of adsorbents can be used as ‘statiom.ary
phases. These adsorbents do not adhere directly to the glass plates satisfactorily.
So, binders like gypsum Of starch are added to the adsorbent. In some Cases,
fluorescent indicators like zinc silicate are added to the adsorbent to facilitate.

easy detection of components. In selecting, onary phase, various

the adsorbent as a stati
properties of the adsorbent such as solubility, acidic, basic or amphoteric nature is to
be identified. A chemical reaction should not occu

" T
7 o .

B Tty

S g |

e £

mixture

AN

4 N
W R

i

sing thin-layer chromatography by
developing the chromatogram and

r between the adsorbents or binders.

Coating Materials Used in TLC : ‘
: S Separatory Components to be
Ao bant ACIdl(': or | Activity Mechanism separated
Basic | o ption | Acidic and neutral
Silica gel Acidic Active w substances
’——./ Adfiof‘PﬁOn Basic and neutral
Alumina Basic Active, partition - i
e e Strongly hydrophilic
| i Partition substances
Kiesleguhr | Neutral Inactive | 0L 70 e
BRRets Lo ¥ Water soluble
Cellulose | \ (o pral | None ¢ | partiion | compounds =
E e e PULSE PUBLICATIONS




-V

(b) Preparation of thin Layer Chromatographic.l’.lates : In preparation of
" plates, glass plates with specific dimensions like 20cm x 20cm (full plagey

. Thin Layer Chron

amsmas iaresaargas g K

20cm x 10cm (half plate), 20cm x Scm (quarter plate) are normally used, 'The’

glass plates should be of good quality and should withstand high temperatures,

The glass plates are coated with the adsorbent by various methods by using the
coating material in the form of slurry suspension or in some liquid.

The various methods of coating the plates are :

; 8

2.

3.

4.
% Figure :

TLC Spreader

Knob for
adjusting layer
thickness

Pouring : In this method, the adsorbent is made into an slurry and is poured ontg
a glass plate which is kept on a level surface. The slurry is spread uniformly over
the surface and is dried in on oven. This method does not ensure uniformity in
thickness and so it is not used to great extent though it is very simple.

Dipping : In this method, two plates are dipped back to back in to the slurry and
are separated and dried.This method requires a large quantity of slurry even for
few plates and is also not of much use.

Spraying : In this method, the adsorbent is made into a suspension and is sprayed
on a glass plate using a sprayer. In this method, there is possibility of variations
in uniformity of thickness from plate to plate or all over the plate.

Spreading : In this method, the adsorbent is made in to slurry and is placed in
an applicator and is spreaded on a plate by means of moving the applicator or
plates. By this method, plates of uniform layers can be obtained. The thickness
of the layer can be adjusted from 0.0 to 2.0mm.

Fill Position

Spread Position

Direction of

movement
—

Knob for adjusting
layer thickness~a_

Silica gel —2= ...
Sl layer R e R R
Base plate ¢ Base plate

i

5. Precoated plates : TLC plates are also available, which are-alréady precoated "

glass or plastic sheets. These ase expensive, but we can save time ,The thickn®®
of precoated plates varies from 0.1 to 0.2 mm. ‘ ' :
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Line to which
solvent is run

Adsorbent
/" removed
from edge

Sample spots
< I|)0 S
(o} (@] OXD

Activaton of Plates :

After coating the TLC plates, the moisture or any liquid present with th.e adso.rbeqt
should be removed. This can be done by drying the plates for about 3(? minutes in air
and then in an over at a temperature of about 110°C for 30 minutes. This drymdg .me\;ei
the stationary phase active. To obtain very active layers, these plates can be dried 1o

about 4 hours.

Application of Sample :

The sample mixture is dissolved in a solvent which is yolatil.e or as.lr;on-%(:lls; zi
possible pThe solution is applied as spots on the plate.lbg_ r:;gfscz;pl:t atLye g
: t equal dis . But,
i i ots are placed at random or at & e
‘ ;m(;rcs)i)(;rtil?ig:oj ]g]:t ?r[;mersed ?n the mobile phase in development tank. Usually, 2 - S 1
re
of a 10 mg/ml solution is app

lied as each spot on the plate. The size of the spot
applied should be uniform t0 obtain consistent results.

Development of Chromatogram :
ped in a specially designed equipment ca_lrl;d tdzvkelgplr?::;

hold TLC plates. 1he (a b

.« made of chambers to ROC 27 : nt inside

Fan.k' i qevelopment ta§~k lZdn;n the solvent, to maintain a S“,f“rafi:hellgﬁ?? Svhen the
JiElde with ﬁlter-p’flpef lpf?lter paper prevents tedps SRR tral port of the plate.
g lmmg < flTLC plate moves faster than that of central p _
solvent front in the edge O

t in the sample solution
TLC plate, the solven

i spoltst: I;sﬂ:fansferr};d to the development tank. The TLC
d the pla

0 The mobile phase is taken
nk at an angle Of 8- I T L vered with lid
In the development tank_uptg o of the developmeSOlvents i
to prevent disturbances in the |vents or mixture of solvents.luene el
: . used in the TLC can lbe -Egrec;?;lohei(a“e’ ether, benzene to ¥
‘ ether, carbon tetrachloride ‘ :

and organic acids are used in T ¥E.

The chromatogram is develo

After the application of sa
is allowed to evaporate an
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Solvent

Chromatoplate

The mobile phase is allowed to rise about a distance of one-half to two-thirds, the length
of the plate and the plate is removed from the development tank and dried and is
observed for the components.

Detection of Components :

: The detection of coloured components can be done visually on a TLC plate. However,
the colourless components can be detected by several methods :

(a) Destructive Technique : In this method, the TLC plates are treated with visualising
agents by spraying them on a plate where the components are destructed for detection.

Examples :

(i) By spraying 70 - 80% of sulphuric acid, black spots are seen due to changing
of components. ‘

(if) Ferric chloride is used for detection of phenolic compounds and tannins.
(iii) Ninhydrin reagent is used for detection of amino acids.

(b) Non-Destructive Technique : In this method, the components are identified by
examining the plate containing fluorescent indicator under ultraviolet light. The
components are observed as dark zone on a yellow-green back ground.

Recovery of Components :

To vacuum

& Figure::
Craig tube for

~ removal of
~powder from ; ,

- thin-layer | ) Bulbforsolvent
plates | - extraction of powder

 Apply this end
il Dforplate.
53 1eie

L4
> DAK
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The movement. of components depends on the amount and nature of both stationary
phase and mobile phase and also on the partition coefficient. Different parameters such
as Ry, Ry and RM values which is a function of partition coefficient is used to
identify the components both qualitatively and quantitatively. These values are constant
for a substance provided that the conditions such as temperature,. stationary phase
and mobile phase are used in the chromatographic method are kept constant.

The R; value (Retardation factor) is defined as the ratio of distance travelled by
component from centre to distance travelled by solvent front.

Distance Travelled by Centre of Component -
® Distance Travelled by Solvent Front

The value of R, ranges from 0 to 1. The ideal values of R, are 0.3 to 0:8. The R,
values are constant for every component in specific combination of stationary and
mobile phases. By comparing the R, values of sample and reference substances,

the component can be identified by its standard.

The R, vlaue is given as

Distance Travelled by the Component from Origin Line

o Distance Travelled by Reference Substance from Origin Line
R, — Valuesare always closer to 1.
i ns off at the end of the
R, — Values are determined when the solvent front ru
plate.

qualitative analysis. The R values are calculated by

R — Values are used in

1
F

Values are u
homologus series-
constant.

2 ; hether the compounds belong to a
sed to identify ¥ logus series, the AR, values are

if they belong to a:homo
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Thin layer chromatography is extensively used for both quantitative and qual
analysis. The various applications of TLC are :

—

It is used for separation of mixtures of drugs of both chemical or biological m

2 1tis used for identifiction of substances by using R or Ry values.
3. Itis used for identifying the impurities present in a sample.
4. Itis used for identifying the related compounds in drugs.

5. 1t is used for detection of the decomposition products in drugs.

6. Itis also used in the examination of a chemical reaction and purification processes.

HPTLC is a sophisticated form of TLC. The HPTLC plates are prepared from
optimized absorbent layers and even surfaces. The adsorbent used consists of extremely
small particles size and very uniform in size. These plates offer high separation
~ efficiency and reproducibility. The development time is much shorter and the
detection limits can be attained for upto a nanogram range. The components can be
detected by ultraviolet light adsorption in nanogram range and fluorimetric detection in

picogram range. The substances can be accurately and precisely assayed using high
performance grades of silica.




Slection

|

}
|

The underlying principle of paper chromato
adsorption. The cellulose layers which are pr

acts as stationary phsase. By suitable modificat
used as stationary phases.

graphy is mainly partition rather than
esent in paper contains moisture which
on of paper organic solvents can also be

Paper Chormatography usually refers to paper partition chromatography. This technique
is used mainly for separations based on partition only. To separate the compfment; 'b});
applying principle of adsorption, the paper is impregnated with silica or alumina whic
acts as adsorbent.

of Stationary and Mobile Phases :

rtant role in the success of paper chromatography.

The choice of filter paper plays an impo f whether the paper is used for

The paper is to be selected on the basis 0
(@) Qualitative or Quantitative Analysis.

: hy.
() Analyti rative Chromatograp | :
nalytical or Prepa Contihlar charged species.

0 are used. Cellulose
- 31, Whatmann 2. .

like V\./hatmannina silica etc. Various modified p:dpers
bents like aluT? n ;xchange papers are also used in

(¢) substances like hydrophilic, lipophilic,

Various types of Whatmann papers

Paper is used for support for adsor ers and 10
€ carboxyl papers, Acetylated pap ile: phase
Paper chromatography. olutions can be sionis m(‘:st:p:ofianol‘: |

Pure solvents. mixture of solvents Of bUfferh; e chloroform, benzeﬂe- 5 o
rious solvents used in paper chiomsit

Monia, cyclohexane, etc.. PULSE Pumm 5




Stationary Phase Mobile Phase * ©

Solvent Water Isopropanol-ammonia-water (9 : 1 : 2)
g);:)tee:n e Water | n-butanol-acetic acid-water (4 : 1 : 5)
Chromato- Water | Phenol saturated with water
graphy

Formamide Chloroform

Formamide Benzene

Formamide Benzene-cyclohexane ‘(frorh 1:9109: 1)

Dimethyl Formamide | Cyclohexane

Phenoxy Ethanol Heptane
Kerosene | 70% iso-propanol
Liquid Paraffin Dimethyl formamide-methanol-water (10 : 10 : I)

Application of Sample : ‘ " 7 ;
The sample mxture is dissolved in a suitable solvent and is applied as a spot on the filter

paper by using capillary tube or microsyringe. The spot should be applied with low
concentrations of sample solution to avoid larger zones on the paper. 7

i
{
Development of Chromatogram : '
4

The development of Chromatogram can be done by using different techniques, such as:

(a) Ascending Chromatography : In this technique, the solvent (mobile phase) is
allowed to travel in the upward direction in the paper. The mobile phase is placed
in bottom of the container and the filter paper is dipped in the mobile phase.
The solvent travels against gravity and the chromatogram is developed in upward

direction. s
5 . Arrangement for raising
% Figure : : and lowering paper
~ Apparatus for =
Ascending $ &2
Facir Air-tight = '
Chromatography cover
B
s el
[
5 Paper
cylinder -
s ; 5 Sample | _ : ~ Mobile
= spos. bl o il o0 phase




~ pescending Chr(_)matography : In this technique, the dévelobfnent of chromatogt
is done by allownng the solvent to travel down the paper. This is done by p ac
a solvent holder at the top of the developing tank.and the paper is msertedwnth
the spotted sample at the upper end in the trough containing mobile phase. As the

movement of solvent is as.sisted by gravity, the development takes at faster rate
~ and also continuously even if the solvent runs at the other end of the paper.

-

b - Hole for 7
| 2Fgure: introduc ing solvent

apparalys 1P ' Heavy rod to hold paper
pescending s o

paper
chromatography : Z l

Support rod — o/ 'Tfough supported at both
/—_‘ék/\—-/ : ends and containing
Sample spot/ - mobile phase

Paper —— sl
| —_ Air-tight chamber

| . Mobile phase (or
| stationary phase in a
_ |+ two-phase system) -

FEE) p 5 10 NOUSIE _

(c) Ascending-Descending Chromatography : In this iecbﬂiquer,‘ t.heu:hmm;a‘{?g‘vtj‘}am
is developZd by ascending technique followed by descending tec m'c:;‘ ey

gFigul’e :
Ascenging.
DesCending
hmmatOgraphy

. is also called as circular paper

(@) Radial aphy : i 2 : the centre of a circular
dial Paper Chromatograp ole is app! ed at the ce :
chromatography. In this technique, ¢ ' ent flows through a wick at

ontally and b : S _

t;he centre of the paper. The solvenft ;PYC 1 concentric I
chromatogram appears in the form O paral 8 :




Slots in
paper

Cover
P
Paper

\( : 4 I

\\ o) N ﬁl- Solvent
Sample Capillary to
oL Centre of Paper

Plan Side View

Figure : Apparatus for Circular Paper Chromatography

(e) Two-dimensional Chromatography : In this technique, a rectangular or square
paper is employed. The sample is spotted at one corner of the paper and
chromatogram is developed. Then, the second development is done by placing
the paper at right angle to the direction of first development. This technique can
be carried out by using a single solvent system or different solvent systems.

% Figure :
Separation of a
Mixture by Two-

- d

dimensional Solvent 1 10
' o

D

X

Paper
Chromatography

ApPIy Sample Result

Solvent 2

bOOQ_X

I
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{he Chromatogram . - Un=V] 533

wet chromatogram a . _
The gram after development js dried in speci ,

emperatures. pecial cabinates under controlled
of Components :

After developing the chromatogram, the col

P Mecﬁon

‘ . ou . P
employed in thin layer chroomatography. rless components are similar to that of

The anitbiotics can be identified by layin

_ : the ch e :
is inoculated with appropriate strain of mg T

. : : icro-organism. The inhibition zones indicate
the regions of active {naterlal. Radio active materials can be identified by means of
auto radiography or Geiger-Muller counters.

Qualitative Analysis : .

The components in the sample can be analysed qualitatively by means of examining
the parameters such as R, Ry and R}, values for the sample and standard.

Quantitative Analysis :

The quantitative analysis of components can be done by extraction of components from
paper or by in-situ methods.

(a) Estimation after Extraction of Components : The components are extracted
from paper by means of occuring and separating different zones and extracting
with suitble solvent. The quantity present in the extract can be determined by
different techniques such as Gravimetry, UV-Spectrometery, Colorimetry,

" Flame Photometry, etc.

(b) In Situ Methods : The components can be quantitatively measured by means
of comparing the areas of zones developed from a spot. The linear relationship
between area of spot and area of zone developed is esfabhshed. The components
can also be quantitatively estimated by means of Densitometry and Pptentlometry.
By using Densitometer, the intensity of a coloured substanced is measured

directly from the chromatogram and by using potentiometer, the changes in the
potential of metal electro

de when kept in contact with filter paper is used to

Pa mainily used for the separation of Amino acids. The various

| other applications of paper chroomatography are : :

i \al origin.
l. 1t can be used for separation of mixtures of plant, animal Orig

It can be used for identification of drugs. et
It can be used for identification and separation ©

in a substance. Sl tibiotics, etc.
ins, antl s
: Itis used for analysis of mixture of sugars, vitamiris, |

v A~ W
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stances are usually weakly or strongly acidic or
ble groups, they can be separated by means of
atography. In this technique, a mixture
using an ion exchange resin which

Mainly, drugs and pharmaceutical sub
basic in nature. As they contain ionisa
employing a technique called ion exchange chrom
of similarly charged ions can be separated by
exchanges ions according to their relative affinities.

lon exchange can be defined as a reversible reaction in which the exchange of ions

takes place between different ions of similar charge.

The principle involved in this technique is the reversible exchan
ions present in sample and ion-exchange resin.

ge of ions between

Theory = =
Jon-exchange separations are usually carried out in columns consisting of ion-exchange
resin. There are mainly two types of ion-exchangers. They are :

1. Cation Exchangers : These exchangers consits of negatively charged groups
~and attract positive charged groups. These are also called as acidic ion-exchangers

as the negative charge is result of protolysis of acidic groups.

2.  Anion Exchangers : These exchangers consists of positively charged groups
and attract negatively charged groups. These are also called as basic-ion exchangers -

as the positive charge is the result of association of protons with basic groups.
in) o

HEeMaterialsili. i

Ton exchange materials are available naturally and they also can be synthesised.

(a) Natural Ion-Exchangers : The naturally obtained ion-exbhangers are of different'

forms. They are :
1. Cationic exchangers like zeolyte, etc.

2. Anionic exchangers like dolomite, etc.

based 0'; 1

(b) Synthetic Ton-Exchangers : The synthetic ion exchange resins ére y
d Di\(lﬂ

Cross linkeq ;_)olystyrene prepared by copolymerisation of styrene an
benzene. Divinyl benzene acts as cross linking agent and provides struct®
rigidity and mechanical stability to the resin. :




or synthetic fon-exchange resing used gre .
(a) Copolymers of acrylic acid derivatiyes and divinyl benzen

_ i e. |
P (b) Cross linked dextran (sephadex) ‘ ‘ : L nra@

(© B introduced charged gr'o‘ups

B CH = CH ’
%" e e . 2 =
.2 gwng CationiC CH CH2
Exchange
Resin
Styrene ;
CH:= CEF
Divinyl benzene

Properties of Ion-exchangers :

The common properties of all ion exchangers are as follows :

I. They are insoluble in water and organic solvents like benzene, ether, carbontetrachloride

etc,.

»

2. They are complex in nature. Usually they are polymeric in nature.

active or counter ions. that are easily exchangeable reversibly with

S e Th
Cy pOssess ut any change in the material.

other ions in surrounding solution witho

C?ﬁﬂn Exchangers :

gh molecular weight cross-linked polymers hefvin'g
ps etc. with equal amount of cations. In cationic

Cation exchangers are usually hi
and are exchangeable with other cations and the

sulphonic, carboxylic, phenolic grou
- exchangers hydrogen ions are mobile :
anions (-COO", SO,*") remain attracted to resin. ' b
: ions enter the
When a salt solution is passed through cation exchanger, e Ayatod & ;
resin.
Bi Solution and the cations of the salt get at_tached to the
.1 T‘l' ) 3 e -+
B Resin_ /I* + M+ —>Resin—M L
§ Solution - y

° : - and weak cation exchange
8 Stm“g cation‘ «change resins consists of S_O 3H g'rgup BUC IR
exchang i otE S ,APOSHZ ;

11 consists of groups like COOH PULSE PUBLICATIONS




' CH = CH,— CH — CH,— CH—

SO,H ' SO,H

— CH — CH,— CH — CH,— CH—

SO,H SO,H

Anion Exchangers :

Anionic exchangers are usually resins consisting of amine or quarternary ammonium

groups as integral part and equal amount of Ce, So42‘, OH™ ions which are mobile and
exchangeable. '

Resin—-OH + A —>Resin-A4 + OH"

Solution Solution

- Strong anion exchange resins consists of groups such as N+R3, NR, etc. and weak.anion
exchange resins consists of NHR, NH, groups etc. :

—CH,— CH—CH,— °

. CH,N* - (CH,) Ct

The mechanism of ion-exchange takes place in the following process :
ails

The ion diffuses to the exchanger surface. This occurs very quickly in homogeno®*.
solutions. :

‘The ion diffuses from the matrix structure to the exchange site which is based

on the degree of cross-linkage of resin and the concentraton of solution. This'
is considered to be the rate determining step of whole ion-exchange process-

The exchaﬁge of ions takes place at the
till equilibrium is attained.

exchang_e» site which occurs i



al Analysis ‘ : ~ SR
The exchanged ion diffugseq though the [Unit - V] 5,27 ,

5. The molecules are Separate

affinity elusion in which the i or fonic concentrati
fon wt centrations or b
bound molecule is employed. N with greater affinity for the exchanger their thz

exchanger to the surface.
d by altering the pH

The various factors affecting ion-exchange are :

1. Nature of Exchange Resins :

The cross-linki : :
exchange pla : X Ing and swelling properties of
€ Plays an important role in exchange of ions. When mo%epcrois-linkin
agent Is present, the resins beco : g

S . me rigid and swell less and when less cross-
g?l?cﬂi aogferclitifl;efretse"m the resin sw.ell more. When the swelling is less, separation
Ly 11'en sizes become difficult as they cannot pass through the pores

© swelling 1s more, the separation is not effective as the pores are wide.

Hence,. an optimum amount of cross-‘linking agent should be used for effective
separation.

2. Nature of Exchanging Ions :

(@) The exchange increases with increase in valency at low concentrations and
ordinary temperatures.

Na*ZCa* ZAP*ZTh*

(b) For similar charged ions, exchange increases with decrease in the size of
hydrated ion.

Li*ZH*/Na*ZNH;
3. The greater polarizable ion has great exchange capacity.
[ /BreACli Zia :
4. Polyvalent anions are generally absorbed preferentially in dilute solutions.

5. If the resin has higher positive charge and solution has lower positive charge,
oncentration and vice versa.

exchange is favoured at higher ¢

The requiré—d» componénts can be separated generally by two types of techniques. jhey

are ;

method in which the resin and the solution
s mixed till equilibrium is attained. Then,
usually used for softening of water. The
ge of calcium and magnesium ions present

1.  Batch Method : This is 2 single step !
are taken into a single container and 1
the solution is filtered. This method is
hardness of water is removed b)" exchan
in water with sodium ions of resin.

Pt < (RSO;)Z o +2Na*
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. lon o
mmswdmm is treated with 15% solution of sodium-éilpfm
it mhmge capacity. :

st v = Deionised or demineralised water can also be prepared by this method as follows -

1. Cations of electrolyte are replaced by hydrogen ions.
RSO; +H'+M" = RSO;_M+ +H?

5 Water is then treated with anion exchangers.
[ GH SO S 1 CI 'O
Finally, H* +OH — H,0

Demineralised water is prepared as above which is widely used in conductance
experiments and also in biological studies.

2.  Column Method : In this method, the resin is. made into a slurry by using
distilled water and is placed in column as in column Chromatography. The resin in
dry form should not be used to pack the column. Care should be taken to prevent
the entrapment of air bubbles. The fine particles are removed from the column by
back washing in which water is runned into the column both from top and

» bottom also. This back washing is also useful in removal of air bubbles. The -
particle size of resin used should be small to provide large surface area for

efficient exchange. The level of water should be maintained above the level of resin,
to prevent drying of resin. ' ‘

The components are separated in the column according to their selectivity from

the resin by techniques like frontal analysis, elution analysis and displacement
development etc,. ) »

)

Regeneration of the lon-exchange Resin :

~ After separation of components by using Ion-exchange resins, the resin is not useful
for another separation, as it loses its exchangeable functional groups. The resin should

be regenerated to its original form for effective separation. The regeneration is doné by
replacing the exchangeable functional groups. ' |

Regeneration c3f anion-exchange resin is usually done by using strong alkalis iilfe
sodium hydroxide and potassium hydroxide and cation-exchange resin by strong acl

like hydrochloric acid. :
Ton-exchange Capacity :

. The efficiency of a ion-exchange resin is measured by.means of its ion-ex¢ "'
:  capacity. It is expressed in terms of milli equivalents per gram of lon-exchange resi




Then,

VxN
w

Ton-exchange Capacity =

Similarly, the exchange capacity of an anion exchanger is determirned by passing
sodium nitrate solution of known concentration through column and the hydroxide

ions eluted from the column is titrated with standard solution of silvernitrate or acid
respectively. : 5

pplications

lon-exchange chromatography has a wide range of applications. Strong' ion-exchange
resins are more frequently used as they have wide range of applications because they
give better resolution of substances. Various applications of ion-exchange chromatography
are : :

. It.can be used for softening of water. o

2. Itis used for demineralisation of water.-
3. lItis used for separation of similar ions from one another in a sample.

4. It is used for separation of alkaloids and other nitrogenous substances from

complex samples such as crude extracts.

3. It can be used for separation of metals from mixture. :

6. It can be used for separation of organic of inorganic ions.

+1. It can be used for separation of amino acids and in preparation of pure reagents.




Gas chromatography is an analytical technique used for separation of thermally staple
and volatile substances. In gas chromatography, the mobile phase used is gas and the
stationary phase used may be a solid or liquid. It is most widely used technige
now-a-days, because of its speed resolving power and sensitivity.

‘The principle involved in gas chromatography is adsorption or partition which is
dependent on the stationary phase used.

If the stationary phase used is liquid, it is called as Gas Liquid Chromatography (GLC)
and the separation takes place by partition. When solid is used as stationary plate, it is
called as Gas Solid Chromatography (GSC) and the components are separated by
adsorption. The component which is having lesser affinity towards stationary phase
travels faster and of greater affinity travels slowly. Hence, the components are separated
based on ther affinities towards stationary phase. -

In this technique, the sample is to be vapourised and is carried along a prepared column
of suitable temperature by means.of a carrier gas which acts as mobile phase. When
the vapour of the sample is passed throuh the column, the components are separated
by adsorption or partition basing on the stationary phase used.

The sample to be analysed by gas chromatography should be stable when vapouriﬁed
and when passed through prepored or packed column in order to avoid decomposition
of components and complex chromatograms. If unstable or non-volatile components
are to be separated by means of gas chromatography by preparing their derivatives..

Example :  Trimethyl silyl derivatives of carbohydrates.

Due to limited availability of solid adsorbents available gas solid chromatography )
not widely used. In gas-liquid chromatography, the stationary liquid-phase is ?Oate
on a solid support (diatomaceous earth) or the wall of capillary tube. The statio”
phase used in GLC should have low vapour presure at the column temperaturé
almost non-volatile. After developiri,g the chromatogram, the sample compoﬂ"ms
eluted and detected by means of a suitable detector. ' |




‘Uﬂ“ 5 vl 58‘31

regulator

1=%-==-=--/-  Flow meter

Electrical Amplifier|

signal

Recorder

Column in thermostatically
controlled oven

-

Carrier gas
supply
arried out in a column made of glass or metal. The

of fine size graded powder and the liqud
Im on the column or coated over the solid

The separation of components is ¢
solid adsorbents are packed in the form
stationary phase may be coated as fine fi
support and is packed in the column. | i
The carrier gas is heated to the temperature of column a{ld is passed. through.the
injection point of a suitable pressure. When, t.he sample is injected, it t;apom;nses
instantaneously and is carried along with the mobile phase apd passes ctl}f;)wn d.et :;c:) 1‘::;:)“[;
Various components of sample are separated out dependmgl upon ec;rce;selecmcal
e e w1 T o T
output proportional to amount of comp ' ] :

responseppr:duced by the detector is amplified and. reco;ded to g:‘)(::l::: 31 :h;‘?:?;toogfrig; :

he flow of gas should be controlled by measuring the gas |

detector,

Various components used in gas chromatography are
G_as : :

described below :

: t widel
Carrier gas is nothing but mobile phase in the gas chromatography. The most widely

carri - . d air. -
Carrier gases are hydrogen, helium, pitorgen and air
| : PULSE PUBLICATIONS
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, Mm : Helium is best carrier gas but it is expensive. It is thenmw
inert and has low density and allows greater flow rates.

(¢) Nitrogen : It is inexpensive but has reduced sensitivity.
(d)‘ Air : It is used only if oxygen presen‘t' in it is useful for detection or separat

“The requirements for selecting a carrier gas are :

l. It should be inert and should not react with sample, stationary phase of equipment.

It should be readily available in high purity.
It should be cheap.

2
3 >
4. It should give best column performance consistent with required speed of tiic analyte.
e should be less risk of fire hazards or explosions.

6

It should be suxtable to the detector used and the sample analysed

Columns :

Columns are usually made of glass or metals such as stainless steel. Stainless steel
columns have long life and can be handled easily, but they react wzth some compounds
and steroids. Glass columns are used widely as they are inert, but they are highly.
fragile. The columns can be used both for preparative and analytical purposes.

: Three types of analytlcal columns are used in gas chromatography They are :

(a) Packed Columns These are prepared by packing the column w1th granulaf ,
stationary phase. The GSC columns are packed with graded adsorbent or porous.
polymers, whereas GLC columns. are packed with hquld phase coated graded

“inert solid support.
inert solid suppo | e
32 The advantages of packed columns Bpet T v lauconsinslent
: qeied auoisy

(i) There is no bleed of column and the polymers~ane stable upto:ﬂ"ﬁﬂ?ﬁ and 03“5&
no base lme drlﬁ and therefore allows the use of highly sengtﬁveqdetector-
101a9ish st vd h;,.zmoxq 2200qe2]

. ﬂ(u) ’I‘he adsarptxon of polar compgumlﬁ such as water, al 49@
b -'. take place, as they are eluted rapldly as sharp s‘ymmetﬁlgcglgpemsf




stationary Phases :

inner walls of the capillary
phase. These columns have
the flow of carrier gas. SCOT

mor ipaci :
o e samp]e capacity and offer least resistance to
olumns are preferred for trace analysis.

In gas-liquid ;
oh zigses. gmnec:;ot?eagfiraphyi a number of non-volatile liquids are used as stationary
e b - € po yethy.lene glycols, high molecular weight esters, amides,

e oo, polysiloxanes, apiezon, carbo wax, etc. The support for GLC is
generally diatomaceous earth or glass beads of suitable mesh size. Diatomaceous earth
is mostly used because of its porosity and liquid phases may be incroporated to a extent

" of 0.5% to 25%.

Tatle Solvent for | Temperature
g{:f.e"ed Stationary phase stationary maximum el e Uses
R onary phase. ST
hases for : ; : :
Gas-liquig Apiezon L ¥2% Light 245 | Hydrocarbons,
hmmafography petroleum steroids and esters
Carbowax 1000 Chloroform 150 Alcohols, chioroform,
20% S e s camphor, essential oils
Carbowax 20M Methanol 225 Volatile bz}ses, e.g.,
10% with KOH 5% : amphetamines
/ -
Diethylene glycol | Chloroform 190 Mgectihyl e;:;:;: of fatty
g ‘ acids, nitriles,
?(l)?;mate (DEGS) sty it ‘ essential oils
0 5 m Tlg(d Hydrocarbons, methyl
SE-30 2.5% Lo , derivatives of
: | | barbiturates, general
i ’ | purpose
: o eesamn e s o Glenelpipise -
OV-17 3% Ch]OI‘OfOI'm : 3 375 . ) :

In gas-solid chromatography, the columns are packed with interactive solids such as
molecular sieves or porous polymers. Molecular sieves are naturally occuring or

synthetic zeolites. They are frame works of aluminium and silicon with oxygen :
with interconnected cavities and uniform openings. Other &dsorbents usd in GSC are
sodium and calcium analogues of potassium aluminosilicate. Polymers made from
acrylic esters, copolymers of aromatic hydrocarbons are also used as adsorbents.
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5.34 [Unit - V] S
Sample Injection System : .

Liquid samples are injected by a hypqdérmic syringe through a Self'sealing‘_silicoﬂ;
rubber septum into a chamber, where it 1s heatefl at fixed temperature sufficiently
convert into a plug of vapour and is introducec.l in to th'e follovw./mg carrier gas Strean,
by means of a valve. Solid samples must be dissolved in volatl!e solver.nts OT May pe
introduced directly, if they can be liquified. Gas samples require special valyeg for
introduction into carrier gas stream.

Head-space sampling is a very effective technique for analysis of complex volatile
components or viscous mixtures containing high proportion of non-volatile material,

In this technique, the sample is heated in a closed container such as glass vial wit
aluminium cap and PTFE coated silicone rubber septum. The temperature and heating
time are selected to produce an equilibrium of the volatile components between the
sample and vapour space above the sample. The head space vapour is then injected into
column. It not only prevents contamination of the injection port and column with
non-volatile components, but also increases sensitivity of the analysis at lower
concentrations.

Detectors :

The detector located at the exit of the separation column, senses the presence of
components as they leave the column. When a carrier gas alone is passed through
the column, no sigred=ts produced. When a component is eluted, it is detected and a
signal proportional to its concentration is produced. The detector volume must be small
to prevent the remixing of components eluted from the column.

The electrical signal produced in the detector is amplified and recorded on a strip chart
or conversed to a digital signal and sent to a microcomputer system.

Different types of detectors available for gas chromatography are :

1. Flame lonisation Detector : In flame ionisation detector, the effluent from .the
column is mixed with hydrogen and is passed through a jet where it is burried
in presence of external air. Twin electrodes are positioned 0.5 to 1.0 cm above thé ’
tip of the flame. A potential of about 400 V is applied across the two electrodes,
which lowers the resistance between electrodes and allows the flow of current
The ions and free electrons generated in a pure hydrogen flame Pfoquces
current. When an ionisable material enters the flame, the current iﬂcrﬁ:se:
markedly. The produced current flows through an external resister, sens® £
)voltage drop, amplified and finally sent to an output device or recorder. The b
line is to be adjusted by passing pure carrier gas. '

s - | | nd
- The detector is insensitive to water vapour of air in carrier gas and the backgr® ¢
current is low, so that small quantities can be measured ‘with amplification-
main draw back of the detector is that, the sample is destroyed. :
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Collector

5 electrode
» ‘5'}
L Outlet for
- gases
Cathode
@—
Hydrogen —=
C oo ool It T e ARCE
— = AIr
Carrier gas g
from column

In electron capture detector, the effluent from the
odes. One of the electrode consists of

lectrons (beta particles) as it decays.

Electron Capture Detector :
column is passed between two electr

radio isotope that emits high energy €
These electrons bombard with the carrier gas resulting in formaton of positive

ions, radicals and thermal electrons by a series of collisions. This process is very
rapid. The applicaton of a potential difference to the electron capture cell allows
the collection of electrons that constitute detector current, or base line signal

when only carrier gas is passed.

The electron absorbing components in the carrier gas strea hern

electrons to produce negati of large mass. The rate of recombination

between negative and positi many times faster than between thermal
o

electrons and positive jons. etector current due 10 removal of

SN u
thermal electrons by recombinatio g compot nds

is the basis for quantitative estimation.
on of carrier gas and method of

The linearity II design, compositi : ,
e linearity depends on ¢€ n, lectrons. The carrier gas used in

. - 2 o llect thermal €
applying potential difference to €0 ffinity of the compounds. For compounds

m react with thermal

ve ions
ve ions is

The decrease in d
n in presence of electron capturin

thig detector depends upon electron . :
with high electron affinity argon is. as carrier gas and for those of lower
affinity, nitrogen, hydrogen of helium 15

: / it is highly sensitive and can be useful

The advantage of this detector isa[ﬂ:;t,’ But, the drawback is that, it can only be -

for detecting nanogram quantiies “
used for compounds with electron affinity. ' , =




Radioactive
foil

Electron
collector

.
Z
7
7
7
é
7
.

X Gas flow

3. Thermal Conductivity Detector : The Thermal Conductivity Detector or
Katharometer used a heated filament placed in the emerging gas stream. The amount
of heat lost from the filament by conducton to the detector walls depends on
the thermal conductivity of the effluent gas stream. The filament is heated to 2
constant temperature regulated by DC current supply. The heat lost from filament t0
walls of detector is constant when the carrier gas flows.

The standard detector consists of four identical filaments making the arms of 2
wheat stone bridge. The effluent is passed through one pair of filament and the
second pair is placed in gas stream ahead of injection point. Any imbalance produc
between the filament pairs is recorded. The base line is drawn by passing carrief
gas through both pair of filaments.

Hydrogen and helium have high thermal conductivities and can be used as éan'ia |
gas. It is applicable to many compounds and the linearity is also good, but it 1S fess
sensitive and is affected by fluctuations in temeprature and flow rate.

8 Figure : Carrier 7///////////////////////////////4
. Thermal gas <— Outlet
Conductivity :
Detector Platinum Platinum wires
Katharometer - W€ connected in wheatsto®
: bridge circuit
To injection ' // et 'gas
point and -— A, AT
: column % from column
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ponent. They are :

of a com
4 Retention Time (Tn) :. It is the time

5. Retention Volume (V) : It is the volu '
me :
of the compound from the column. of carrier gas required to elute one half

" T, *F

where, F is flow rate of the carrier gas.
 mmetry in Chromatogram :

The chromatographic peak should be symmetric.
. al. In some ¢
be symmetrical due to fronting or tailing. ’ ases, the peak may not

Front?ng is due to saturation of stationary phase and can be avoided by using less
quantity of sample. Tailing is due to more active adsorption sites and can be eliminiated

by pretreatment.

\
; Point of Point of
4 ot of injection injection
mgection L \ .
a b 5% or 10% oo
— - of height : :
Tailing Fronting

Some classes of drugs such as barbiturates, phenols and basic nitrogen compfn.mds
xhibit non-linearity and tailing of peaks even when examined under different conditions.
is problem can be solved by derivatisaion technique. This technique IS used to

L Improve the thermal stability of compounds, particularly comppunds containing

Polar functional groups.
2' Change the separation properties of compounds by adjusting their volatility, and
3, : |
Introgy.e a tag to detect molecule easily.
etamide or frifluoro analogue. -

\la is (trimethyl silyl) a¢

ng agents such as NO, O - bi$ (mmet.h_y siyl) ¢ - Rangi BN

* O-bis (trimethy! silyl) trifluoro acetamide convert the active hydrvs.e& "" p?cl:; A

SoUPS such as . COOH, <Ny andsSHse ~O-Si(CH,) group. A typics

B aloebil ] : W o e

> eact i as below : | T
. ion with alcohol 1 ; B QPWFWW‘FW“S ,
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ey | | . - ..
H, -CC|[Si(CH3)]2 +—9—— OH — —(|I— O -Si(CH,), +CH_3 CNHS:((:HS)3

Aminoacids are estimated both qualitatively and quantitatively by esterification, 5.

acids are converted to butylester hydrochlorides by treatment with l-butano““d |

hydrogen chloride.

RCHCOOH + C,H,0H +HCI - RCHCOOC H, +H,0

NH, NH; CF
The butyl esters are then converted to volatile N-trifluoro acetyl butyl esters.

(CF,C0),0 + RCHCOOC,H, » RCHCOOC,H, + HCl+ CF,COOH
| |

NH: Ct NHCOCEF,

Programmed Temperature Gas Chromatography

In this technique, best results can be obtained by runnning the column at different
temperatures. The sample is injected to the column at a temperature below that of
the lowest-boiling component of the sample. Then, the temperature of the column is
raised at selective rate. The low-boiling components emerge earlier and as e
temperature increases, the high-boiling components are forced through the column &

a steady rate. The final temperature should be near to the boiling point of final
component. > :

This technique has extended the use of gas chromatography to the analysis of mixturés
‘containing components with a wide range of molecular weights. When, the col t
temperature is increased linearly, the members of homologous series are eluved 8
equally spaced intervals. The column should be leaved uniformly during the analy

. n
otherwise, the sample components will be diffused and the efficienty of the colu™
is decreased.

ad - - quids
Gas chromatorgraphy can be used for qualitative and quantitative analysis of 14U
gases and vapours and particularly organic compounds. = - :

In qualitative analysis, the individual components can be identified by cqmpa:i‘n
retention times or retention volumes of unknown with standard or by collect
individual components after separation and identifying them by other methods-

}

<

sisy

B

. ﬂ’
ng >
g e




v of the detected compone nt.l'l

nse Factor : Since no detecto
r e
of different components, a response farc::ﬁ’ﬂl the s
ander a set of conditions and is used for s determined for ea
mixture under same set of conditions, quantitative eval

Cmphs and Calibration : Instead of caclul i o o

is plotted by concentraton against peak hei
, t :
pure components and the concentraton of thegh unknom?vrn:::‘b:‘ .

3. Internal Standard : In this method, a known weight of an m—lmu is
added to a series of samples of known weights. The internal w be
similar structure to the simple component and the letenﬁon‘uﬂné‘fmﬁ be close
to each other. A linear calibration graph is prepared by plottmgﬂumm areas '
of samples to aea of the unknown against wieght ratio of the added internal
standards. The weight of the unknown can be determined from graph. Horih:

FO%T Baw
Gas chromatography can also be used : : ; ;
7 1 9

I." Toisolate and identify metabolites in body fluids. 4 ’ ' T

2. In multicomponent analysis of initird of drgs?ie? M ;

3. To determine purity of the compounds. pes iy
interfaced with Mass Spectrosco;prandi [nfrared
ponents in less time. ,

Gas chromatography can be
e ults of analysis of com

Spectroscopy for getting best res ,
: T 10adt”

ol R RV o




HPLC was developed in early 1970’s from a knowledge of already establisheg
chromatographic techqniques and the advances made in the chromatrographic
_equipment and packing materials. Originally, HPLC was referred to as High Pressure
‘Liquid Chromatography because, high pressres were used to increase the efficiency of
separation, but, now-a-days, the term High Performance Liquid Chromatographyis
preferred as it describes the characteristics of the chromatography. :

Earlier, the separation of components by liquid chromatography was dependent on
gravity and it took a lot of time to separate components. This probelm was overcome
by HPLC in which the separation is assisted by means of increasing the force of
mobile phase at higher rate. HPLC is not limited to sample volatility or thermal stabilit
It s able to separate, macromolecules and ionic species, labile natural products, polymeric
materials and a. wide variety of other high melecular weight polyfunctional group.
The separated components in HPLC can be easily collected and can be estimated
both qualitatively and quantitatively. | el ot

The advantages of HPLC over other chromatographic techniques are imPf‘?Vf’d
resolution, faster separation times and increased accuracy, precision and sensitivit
with which the separated substances may be estimated. v :

As the resolving power of a column increases with increase in column length s “f"“bf ‘
of theoritical plates per unit length increases, it may sometimes lead to broadeni®®
peak due to increase in length of column. The number of theoritical plates ,callsi.-
increased by decreasing the particle size of stationary phase. As the Pamdeco ¢4
decreases, the resistance to flow of mobile phase increases. This can be °Ye-r_
by increasing the flow rates by means of employing pressure pumping systems:

s i en
Hence, by decreasing the particle size and employing pressure pumping S .s.trhjsii 4
increase the flow rates of mobile phase increases the efficiency of the columm™ .
the basic principle involved in HPLC. = >
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The general instrumentaion employed in HpyC is illl;strated betow :

The mobile phase from the reservoir is

system without any pulses. The sample is injected into the column at injection port.
The separatlon' Qf components takes place in the column and as the effluent flows out
of the column it is detected and recorded. 4 :
gﬁguﬂe: Pressure Guage
igh
; If."egrfﬁmlance @
Liquid
chromatography »
(sc;hematiC) Filter Filter
Injection Port
| High Eluant
gl Pressure Reservorr
=il Pulse Pump _
Dampener
Column
Recorder

To

Mobile-

Detector

Two Wa
) SRR 4

Eluant
Collector :

Phase Delivery System : :
y System : : o
The mobile phase must be delivered to the col:mn a;’ ?Sghvﬁrrfzf;ri :erm ap;vlicri‘z X t}gw
of fl delivery systems for a _ : :
comlfovrvleza;tses.f T}? us;est::}:: must be:y made of materials which are chemically resistant
j of the

0 mobile phase.

SN i st be specially purified and §h0uld
All the solvents used as mobile phase in HPI;‘tc‘écr?ltlhe column and interfere with the_

"€atment Systems :

Solvents of purified form are commercially
“olvents, 1-5 pm microfilter is introduced 1nto
Must pe degassed before introduction into Pumil’ 4
at-ld.interfere with the monitoring of the €0 '{h?e:

"S0lved gases in solvent) is done in many Ways ==

. for HPLC. But even with these
ly avmla:tfm prior to the pump. All solvents
> it can alter the resolution of column
. ffluent. Degassing (removal of
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o - ot | it
- 1. Warming the solvents.

2. By stirring vigorously with a magnetic stirror.

e

4

5

By subjectin.g to vacuum filtration.
. -~ By ultrasonication.
By bubbling helium gas through the solvent reservoir.
The solvents are delivered at high pressures into the column by means of pumps,

Pumps : ‘ %

The pumping system is most important feature in HPLC.The high resistance ¢,
solvents flow offered by columns packed with small particles can be overcome by tpe
pumping systems. The pumps should be resistant to the solvents and can operate
constant pressure or constant displacement. Various types of pumps used in HPLC are :

1. Reciprocating Pump : Reciprocating piston type pumps are relatively inexpensive
and permit a wide range of flow rates. In this pump, a small motor-driven
piston moves rapidly back and forth in a hydraulic chamber. By means of check
valves, on the backward stroke, the piston sucks the solvents from reservoir.
At this time, the outlet to the column is closed. On the forward stroke, the
pump pushes the solvent to the column inlet and inlet from reservoir is closed. A -

wide range of flow rates can be obtained by altering the stroke volume or stroke
frequency during each cycle.

The solvent delivery is continuous with reciprocating pumps. There is no
restriction on the reservoir size or operating time. These pumps may produce

pulsating flow of mobile phase. This can be overcome by using dual piston
reciprocating pumps. :

Oil reserve

r -
% Figure : \ R
“ Reciprocating i ‘otore
Pump ) 20, piston
| Seal
0
Diaphragm — %//
%
Z
/
— Seal
Spring loaded
Non—retum_ ‘adjustable
Valve piStOl‘l
; Solvent 3
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gFigure B
5yn'nge-tYPe
pump

Lead Screw

Motor

Pulse Pumpers :

The detectors used in HPLC are sensitive 10 variati
used to dampen the pulses and achieve a consta
compressible fluid separated from mobile phase by 2
the compressed fluid expands when the pump pist

o Pressure and constant solvent flow.
lection of Sample : '
Sample is injected Into the pressurized column as 2 narrow plug. The injection system

Should not 1 . void volume.
S e mostly used sampling devices. The calibrated

Microsampling ini - values are the M . :

pling injectors values ar : ¢ 3 5 A rotation
g injector; cans of an ordinary Syringe.

sample loop is filled with sample soluton by ‘le-phase stream-without

of valve rotor places the sample filled loop into

| &bpped INterruption of flow.
“Flow Injection :

In stopped-flow injection, the

t:,.wp s turned on o allow the flow ©
g ved3 e

ons in flow rates. Pulse dampers are
nt flow rate. Pulse dampers use a
flexible inert diaphram. In this type,
on retracts and maintain system

. sopped and the sample s injected
ﬂowofmobﬂefmm % -




Column Packing :

PULSE PUBLICATIONS. Chapter -

ted of gass-lined metal tubing or high quality stainjegg
raight columns are preferred and are o,
in vertical position. Standard columns are 4-5 mm i diameter anc.l 10 - 30 mm iy %

and provide good compromise between efficacy, sample capacity and the amoupg of

~ packing and solvent required. Different types of columns used are :

(a) Radial Compression Columns : Although, the response is decreased whep the
column diameter is increased, the wider-diameter radial compressjon colump
have some benefits. A decrease in operating pressure allows to decrease analysis
time by increasing solvent flow. The radial compression mod'ule. applies hydrayjj,
pressure to compress a flexible wall cartridge radially held within a plastic hojge,
Separation is performed when the catridge is under compression. Compressjo,
diminishes the voids and channels between packing particles and cartridge wajj;
and increase the column efficiency. After separation, the cartridge can pe
decompressed, removed from the module and can be reused without losing
efficiency. The consumption of costly solvents for column purging can be reuseq
without losing efficiency. The consumption of costly solvents for column purging
can be eliminated by these columns. :

Columns are construc :
polished internally to a mirror finish. St

(b) Narrow-Bore Columns : By decreasing the internal diameter of the column, the
signal of sample component is increased without change in column velocity of
mobile phase and time taken for analysis. In narrow-bore columns, there is
better homogenity in packing density of the column and small temperature
gradient across the column as the frictional heat produced is dissipated better.

(c) Short, Fast Columns : A short column packed with 3-pum particles can save
solvent costs, increase sample output and deliver higher sensitivity rates than
conventional length columns. These columns are used when the analysis is to be
done in a short time as in quality control work.

(d) Guard Columns and In-line Filters : The life of analytical columns can be
increased by insertion of guard columns a head of analytical column. These act &
both chemical and physical filters. These columns are relatively short and contain
stationary phase similar to analytical column. They protect the analytical column
from particular contamination that comes from mobile phase or from degrading
sample injection valves. These extend the life time of expensive columns by
preventing the contamination of upper layers of analytical column. These 2"

be repacked, replaced or reconditioned.

"Three forms of packing material are generally used for HPLC basing on their rigid solid
structure. They are :

1.  Microporous supports where microporus ramify through the particles of about
5 - 10um in diameter. ,

I
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Reference

Lens

2o Doy [T Recorder
power supply

Optical
Zero

Zero
adjust

(b) In reflection-type refractometer, the change in percentage of reflected light at a glass

liquid interface is measured as the refractive index of the liquid changes. In the optical
path, two collimated beams from the projector illuminate the reference and sample
cells. The cells are made with a teflon gasket, which is clamped between the cell prism
and a stainless steel reflecting backplate. As the light beam is transmitted through the
cell interfaces, it passes through the flowing liquid and impinges on the surface of
reflecting back plate. This diffuse, reflected light appears as two spots of light that are

imaged by lenses onto dual photodetectors. As the ratio of reflected light to transmitted

light is function of refractive index of two liquids, the iHumination of the cell back plate
is direct measure of the refractive index of the liquid in each chamber. This has a
limited range. Two different prisms must be used to cover the useful refractive index.

% Figure - Sample
Optical Diagram r
of Reflection- S -
ample cell
B Frcane) - Cell prism
Refractometer. ‘ A P : ;
. 4 E AL RN Projector moveme.it
- (coarse adjustment)

iustment ; ) 3
Photodetector (fine adus ) %

Although, the sensitivity
Property detectors, they @

D
X
&

Lighf source

;® Glass plate (1 mm)

ess when compared to solute

the detectors is much 1 . ute
B bstances which do not exhibit

re useful for detection of su

+ other properties. _ ;
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(@)

(b)

(c)

The various applications of HPLC are :

1.

PULSE PUBLICATIONS

It is most widely used technique in pharmaceutical analysis due to several reasons, such a;;

It offers wide variety of packing materials and allows separation of most »of
chemical species. , ‘ .
Different types of detectors are available for sensitive detection with accuracy
and precision.

Can be combint;d with other techniques for identification of components.

It can be used both for qualitative and quantitative analysis of components in 3
sample.

It can be used for checking purity of components and presence of impurities.

It can be used for isolation and identification of mixture of components of both
natural and synthetic origin. -

It can be used in Biopharmaceutical, Pharmacokinetic and stability studies.
It can be used for analysis of drugs and metabolites present in body fluids.

It can be used to separate closely related compounds efficiently.




Electrophoresis is a separation technique in which i

a medium by application of a potential differen
content with the medium.

pdciple of Sep

.A leU}Te of RO o, 10n1§able substances is applied on the centre of the medium which
is previously immersed in a buffer of known ionic strength. The medium is placed
across two trays filled with buffer into which electrodes are immersed. When voltage
is applied across the two electrodes, the ions or ionisable substances migrate towards
the electrode based on their charge .and other facrtors. Neutral or non-ionisable
substances do not migrate. Anionic and Cationic substances move towards anode and
cathode respectively. Finally anionic, cationic, non-ionic or zwitter ionic substances
are separated. The spots/bands formed by migration can be detected by using visualising
agents or by other methods. This technique can be used for both qualitative and

quantitative analysis.

(a) Medium : In paper electrophoresis, paper is used as the supporting medium and
in gel electrophoresis agar gels, polyacrylamide gels (PAGE), starch blocks or

cellulose acetate strips are used as medium for separation.

(b) Electrodes and Voltage Applied : The electrodes are in the form of thin wi_re and -
are made up of carbon or platinum. A DC voltage of about 8 - 15 V/em length

of medium is normally applied.

ons of different charges are separated on
The med; erence between two electrodes which are in
: medium used in electrophoresis is paper or gel strips.

VYA

[ is about 100-300 V
- horesis, the voltage across two electrodes 1s a ) 0
31“1}?"; Z(L)l-lrt?f:t e;?%rzpmAmp per cm. In high voltage electrophoresis, a potential

of about 50 - 215 V/cm is applied across the electrodes. -
| . Buffers of different pH and ionic strength are generally

‘be used depends on the type of the

(c) El Buffers
ectrolytes or Bu pH of the buffer to

used for separation. The

compounds to be separated. ' ; i
The jonic strenigth of the puffer used affects the migration velocity of compounds.

' i ionic s . A low ionic,
strength, migration is faster, put thie bands BPPERIEA e
of 0.05 - 0.5 is used in most separations. |
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' 5.50 [Unit - V]

Free Solution Electrophoresis :

Moving Boundary Electrophoresis :

PULSE PUBLICATIONS

g ]

Some of the buffers used in electrophoresis are : Yo
(i) Barbitone buffer (veronal buffer) (0.07 mol/litre, PH 8.6, Ionic strength 0.05),

(i) Tris-acetate buffer (0.07 mol Jlitre, PH - 7.6).
(i) Citrate buffer (0.07 mol/litre, PH 3.0 or 6.8).
R TR c?“’”éf" di)

DR T e O

The following are the factors affecting migration of ions in electrophoresis.
(a) Charge of Ions : The mobility of ions is directly proportional to charge of the jopg,
(b) Size of Ions : The mobility of ions is inversely proportional to the size of the ions,

(c) Viscosity of Medium : The mobility of ions is inversely proportional to the
viscosity of the medium. As the viscosity depends on temperature, the mobility of
ions also depends.on temperature of the medium.

(d) Voltage Applied : The separation is faster when higher voltages are applied and
sharp bands can also be obtained. But, steps should be taken to prevent evaporation
of solvent/buffer due to heat generated by high voltage.

(e) PY of buffer and Ionic Strength : Migration of ions is inversely proportional to
tonic strength.

e ?:;'ﬁ

e S
Electrophoretic methods are mainly divided basing on whether the separation is carried
out in the absence or presence of a supporting or stabilizing medium. The separation
carried out in the absence of a supporting medium is called as free solution medium
and in the presence of a stabilizing medium such as paper is called as Electrochromato-
graphy or zone electrophoresis. The technique based on electrophoresis in a stabilizing
medium is also known as electromigration or ionophoresis.

In free solution electrophoresis, the samples are usually injected into the bottom of the
U tube filled with unstabilized buffer solution by means of a capillary tube. The electric
field is applied at the electrodes present at the ends of the tube. The components ar€
separated accerding to the difference in mobilities. The mobility of particle is
approximately proportional to its charge to mass ratio.

e

In free solution electrophoresis, the volume of the sample can be large, so long 5 the
boundary, or leading edge, between the sample and the buffer is kept sharply defined-
When such a sample is subjected to electrophoresis, the boundary of each compone

retains its identity as the components move at rates proportional to their mobilities
This results in the overlap of components to make sharply defined step like contributio”
to the total solute concentration. The components in the tube are visualized as 2
‘cylinder of solute migrating in an independent manner. As electrophoresis proceed®
the cylinders move at different rates. Each fraction of the component remains g
well defined cylinder and sharp changes in concentration occur at the points




P ive fractfon overlap. The boundaries oe v
e e e i
p orgona B h oncentration change in the refr:c:; s ‘.’ ﬁ
electrophoreS:iS S " L cal'led. as moving boundar ;/e o ﬂ.“’ type of
gsurements depend upon mainiaining sharply defined b whle th Sacions
- i

migrate.

C radien‘ Electropho_resis :

method, the fractionation is carri i : : ;
electrolyte contain.ing Ak elec“ophomicall;ciln::ltt slonluievsetﬁl:i;]s ii);l::r?;: pusiohey
dextran. The density of t.he solution is graded such that the specific g,aviéys:fc?zs:
iowards the tOP ?f the cy 1lr_lder. The sample is layered on the solution and the components
are forced to migrate against density gradient. This results in reduction of convention
currents and complete separation of sample components. :

In this

k. Emrophoresis or Electrochromatography :

In this method,
of a sample wit
The separations dep
primarily from the ¢
and adsorption, ion exchange or ot

is used to separate components
patterns by convention currents.
f the medium and may result
bination of electrophoresis

a stabilizing medium such as paper
hout distortion of the electrophoric
end mainly upon the properties 0
lectrophoretic effect or from a com
her distribution equilibria.

ypgatag

e

FElectrophoresi

SRR

s
RS

ey

trophoresis based

oresis can be divided into low voltage and high voltage elec
een electrodes.
d on design of instrument are :

Electroph
on the voltage applied betw

The other'types of electrophoresis base
(a) Horizontal Electrophoresis.

y (b) Vertical Electrophoresis.

: (¢) Continuous Electrophoresis:
|

Figqure -
| 8 'ure : Paper Electrophoresis (Horizontal Type)

le application g
Samp PPV paper TP

e

Transparent
Insulating Lid




~ Paper
- Electrophoresis
~ (Vertical Type)

Sample application

% Figure :
Continuous
Electrophoresis
(Preparative
scale)

— Electrodes

Buffer solution
=

Transparent insulating Lid
~— (for safety)

—~

.

DE >
o

Supply

Pl

DC Supply

- ===
= ————————
- -

Sample solution

|_—¥ for separation

Buffer
Solution

Compound(s)
of Band -
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— Paper
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Supporting rod or Strlng




B |
5 £ us L § Rt e

ti d horizontal types filte \ o
[ vertical an types filter paper of suitab RS ED. e
le grade and dimensions is

na puffer Sf)llltiOIl and the sample is applie _ nsions is imm
position. A suitable potential is applied acrol:s);’ltlli:1 e?:c:lr‘:d::ntre of paper and is fixed

> el

1 verti ode, iorati faifily : g
In vertical m the migration of 1ons is assisted by gravity and separation -takés

| Jace in about 6 - 8 hours, whereas. i i :
| 1o _ 14 hours. ; m horizontal mode, the time taken is about

- contr}r;luous ell.eCttrOPhOfresis, the sample is applied continuously on the centre of 2
paper. The lz]xpé) 1c§1 on of voltage causes migration of samples and they separate as
bands. Each band 1s allowed to fall down and pure components are collected in
separate containers. ‘ :

o

Electrophoresis is mainly used for the separation of ionizable substances by using buffers
of different P and ionic strength. RULA,

Some of the applications of electrophoresis are :

1. Separation of amino acids. o

Separation of proteins and lipoproteins in serum.

Separation of enzymes in blood. !

n of alkaloids and antibiotics in different samples..'

Separatio
)

nic substances.

T SR

Separation of inorga

et




MSRSSNNNNN FREQUENTLY ASKED QUESTIONS

Q1.

Answer :

Q2.

Answer :

Q3.

Answer :

Q4.

Answer :

Q5.

Answer :

Q6.

Answer :

 PULSE PUBLICATIONS

Give a detailed account of Principle, Classification and chemm;
involved with application of ion-exchange process in pharrmu:mm“l

analysis.
[2004, (5 M)

[November, 2003, G M)]
[2001, (5 M)

Refer Unit — V, Page No. 5.24, Section Nos. 5.4.2 and 5.4.4.
Explain with a diagram, any two detectors used in gas chroma@?aﬁ;
z [October, 2005, (5 My
[2003, (5 M)
[2001, (5 M)

Refer Unit — V, Page Nos. 5.31 and 5.34, Section No. 5.5.4.
Explain with a neat diagram, any three detectors used in Gas Chroma-
tography.

[April, 2005, (10 M)]
[2004, (10 M)]
[November, 2003, (2 M)]
[2001, (10 M)]

Refer Unit — V, Page Nos. 5.31 and 5.34, Section No. 5.5.4?

Discuss the stationary phases used in gas chromatography.
[April, 2005]
[2004, (5 M)]
[Novembet, 2003]
2001, (5 M)
: !
Refer Unit — V, Page Nos. 5. i ‘ i
: ge- 05 5.33, Section No. 5.5.4. ; o
What are “step wise” and “gradient” elutions ? : |
(2001, 2 M)
Refer Unit — V, Page No. 5.6, Section No. 5.1.3. e R .

What is “retention time” ? Mention its significance.
: [2001, (2 Ml

Refer Unit — V, Page No. 5.37, Section No. 555



Answer :

Q10.

Answer :

Q1.

Answer ;

Q12,

A”SWEr :

‘paper chromatography

3 mare “Bonded Phase

. What are “bonded phase supports

Q13,

A A

compare the principje, t‘echnlﬁua limitatio ol
'y ns S
!th pPaper electrophorul:;m y

(2003, (10 M)]

Refer Unit — V, Page No, 5.19; Section No. 5.3

Supports’

'? List their
atography? advantages and

applications in liquid chrom

[2003, (5 M)]
Refer Unit — V, Page No. 5.12, Section No. 5.1.9.

o gk ”? List thei
applications in liquid chromatography? r advantages and

[2003, (5 M)]

Refer Unit — V, Page No. 5.12, Section No. 5.1.9.

Explain the concept of “programmed temperature gas chromatography”
with relevant examples?

[2003, (5 M)]

Refer Unit — V, Page No. 5.38, Section No. 5.5.7.
Define and classify “Chromatography”?

[2003, (2 M)]

Refer Unit — V, Page No. 5.2, Section No. 3

i i e of a “Guard Column” in HPLC ?
What is the importanc o S0

(2004, 2 M)]
(2003, 2 M)]

5.44, Section No. 5.6.4.

Refer Unit — V, Page No.

(Eax)plai:Et:: s (b) Theoretical plate
' ( tion Time
() Retention Volume (d) Retgn ‘

- [April, 2006]
- [October, 2005]

[2004]
[2001]

i Nos. 5.5.5and 5.1.6.
Refer Uni 5.37 and 5-%» Section | |
er Unit — V, Page Nos- | .



.m,fﬂt

Q16.

Answer :

Q17.

Answer :

Q18.

Answer :

Q19.

AnSwer 2

Q20.

~Q15. Define chromatography and R,?

‘Refer Unit - V, Page No, 5. 17, Section No. 5.2.4.

MUnit V, Page No. 5.45, Section No. 5.6.4.

Refer Unit - V, Page Nos. 5.17 and 5.23, Section No. 5.2.4.
What are the merits of TLC? _ '3_
' [April, 2005, (2 M) 4

Refer Unit — V, Page No. 5.18, Section No. 5.2.5.
Classify adsorbents used in column chromatography with example;—;
[April, 2006, 2 M)]
| [2004, 5 M)

Refer Unit — V, Page No. 5.6, Section No. 5.1.4.
Describe the mstrumentatlon and appllcatlons of H.P.L.C." ;
[October, 2005, (10 M) k
[November, 2003, (5 M)]
[2001, (10 M)]

Refer Unit - V, Page No. 5.41 and 5.48, Section Nos. 5.6.4 and 5.6.5.

What is meant by “reverse phase chromatography” ? Give an example
of stationary and mobile phase ? : '

(2001, 2 M

Refer Unit — V,Page No. 5.3, Sectlon No
What |s R, value?

Write a note on paper electrophoresis?



» Advaﬂtagés of radial chrbmatoérap’h‘:c' .
y< ¢ y l a

s sl
Refer Unit — V, Page No. 5.21, Section No, 5.3 bet, 20‘03,;,'(2‘

scribe the constr ‘ _
o uction and working of a ‘Gas Ch ' _
romatograph’?

Emphasize on the ideal ch

; ! aracteristij

mobile phases used in gas liquid chm:\g:o;:as:ilat;onary phases and
phy :

[April, 2006, (10 M)]

g :
e Refer Unit — V, Page No. 5.31, Section No. 5.5.4
24. write a note on detectors present in H.P.LC?

 [November, 2003, (5 M)]

et
Refer Unit — V, No. 5.45, Section No. 5.6.4.

Q25. Discuss the principle and development techniqueé used in column
chrom_atography? Add a note on the adsorbents, mobile phases and
detection systems used in column chromatography? |

[2004, 10 M)]
[Novembet, 2002, (10 M)]

Answer :

e No. 5.3, Section Nos. 5.1.1t05.1.4
their types. -

Refer Unit — V, Pag
026. What is Electrophoresis? Mention
(2004, 2 M)]

Answer :
n Nos. 5.7.2 and 5.7.5.
plates in TLC?

2004, @ M)

Q27. Mention the various

‘A"Wer;
Q28,
.
Q Refer Unit — V, Page No- 325
P ! i ied out i .
ow development IS carr
Paper chromatography. o .
15, 520 Section NOs 13 and 523,533
5 » 4 - | :
PULSE PUBUCATIONS

Refer Unit — V, Page Nos54 >




A ‘ Refer Unit — V, Page No. 5.13, Section No. 5.2.3. . |
Q31. Describe the principle and applications of electrophoresis? ]

(2002, (10 py

~ Answer : _
Refer Unit — V, Page Nos. 5.49 and 5.53, Section No. 5.7.2 and 5.7.7.

Q32. Classify the chromatographic methods. Describe the types of COIUmn,

stationary phase and detectors employed in gas chromatograph,
: [November, 2002, (10 M)] ‘

Answer :
Refer Unit — V, Page No. 5.31, Section No. 5.5.4.

Q33. Explain ‘two dimensional’ and ‘reverse phase’ paper chromatography? |
' [November, 2002, (5 M)]

‘C'hap

Answer :

Refer Unit — V, Page No. 5.22, Section No. 5.3.3.
Q34. What are the various development techniques used in paper chroma- ‘

tography?

[October, 2007, (5 M)}

Answer :
Refer Unit - V, Page No. 5.19, Section No. S:3.3. . 4___ 1

Q35. Describe the Preparation of plates and adsorbents used in TLC?
| [October, 2007, (5 M)

Answer :
Refer Unit — V, Page No. 5. 13, Section No. 5.2.3.



