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INTRODUCTION

he technique is calleq
hase is used, t

When a column of stationary p tion hase.

as column chromatography. Based on the :mEnoQMM _.Mm_o: OWH..M %mﬁomﬂmm%.
whether it is solid or liquid, it is called as column m. D ons in this ohe Hw
or column partition chromatography. Most of the discu e Umcdm er
will be devoted to column adsorption chromatography, si on
chromatography is not being used widely.

PRINCIPLE

A solid stationary phase and a liquid mobile phase is used and the
principle of separation is adsorption. When a mixture of components
dissolved in the mobile phase is introduced into the column, the individual
components move with different rates depending upon their relative affinities,
The compound with lesser affinity towards the stationary phase (adsorbent)
moves faster and hence it is eluted out of the column first. The one with
greater affinity towards the stationary phase (adsorbent) moves slower down
the column and hence it is eluted later. Thus the compounds are separated.
The type of interaction between the stationary phase (adsorbent) and the

solute is reversible in nature. The rate of movement of a component (R)
is given as follows:

Rate of movement of a com onent

R =
Rate of movement of mobile phase

This equation can be simplified as follows:

R - U.Mmﬁmbom moved by the solute
Distance moved by the solvent

When a liquid mobile Phase is used, the equation is written as

where o is the partition co-efficieny ~ €O

—2¢-In stationary phase

conc. in mobijle phase

PRACTICAL REQUIREMENTS
1. Stationary phase 3%030::
2. Mobile phase
3. Column characteristjcg
4. Preparation of column
5. Introduction of sample
6. Development technique (elution)
7. Detection of components

8. Recovery of components

1. STATIONARY PHASE (ADSORBENTS)

An adsorbent used in column chromatography should meet the following
criteria:

a. Particle size and geometry: The particles should have uniform size
distribution and have spherical shape. Particle size: 60-200p.

b. Should have high mechanical stability.

Cc. Should be Inert and should not react with the solute or other
components.

d. Insoluble in the solvents or mobile phases used.

e. It should be colourless to facilitate observation of zones and recovery
of .components.

f. It should allow free flow of mobile phase.

€ It should be useful for separating for wide variety of compounds.
. u

. ; i tc.
h. ap all it should be freely available, inexpensive, etc
. ove
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Types of adsorbents

Based upon their adsorbent ac
medium, and strong adsorbents. They are

tivity, they can be classified as weak

‘\\1\\\\ -
——— strong |

Activated Mg Silicate (Silica gel)

Sucrose ,, CaCOs3

Activated Alumina

g Starch _, Cas3(PO4)2

nulin | MgCOs | Acuvated Charcoal

| Talc | MgO | Activated Magnesia
{ B —

| Na2CO3 | Ca(OH)2 , Fuller's earth

The most commonly used adsorbent is Silica gel of 80-100 mesh or
100-200 mesh size which has a particle size of 60-200p.

Selection of stationary phase

The success of chromatography depends upon the proper selection of
stationary phase. The selection of stationary phase in column chromatography
depends on the following:

i. Removal of impurities: When a small quantity of impurity is present
and there is difference in affinity when compared to the major
component, a weak adsorbent is sufficient.

ii. No. of components to be separated: When few components are to
be separated, weak adsorbent is used. When more components are
to be separated, a strong adsorbent is selected.

iii. Affinity differences between components: When components have
similar affinities, a strong adsorbent will be effective. When there is
more difference in affinities, a weak adsorbent is selected.

iv. Length of the column used: When a
adsorbent can be used.
v. Quantity of adsorbent used: 20 . 30 times the weight of the

adsorbent is used for effective separation

Adsorbate : Adsorbent ratio = 1:20 of 1:30
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2. MOBILE PHASE

To introduce the mixtyre into the colump As solvent
- olven

To develop the zones for S€paration - Ag developing agent

To remove pure component gyt of the column - As eluent

Different mobile phases used: (in increasing order of polarity or

elution strength)

Petroleum ether, Carbon tetrachloride, Cyclohexane, Carbondisulphide
Ether, Acetone, Benzene, Toluene, Esters (Ethyl acetate), Chloroform, Zooro_m.
(Methanol, Ethanol, etc), Water, Pyridine, Organic acids (Acetic acid, etc),
Mixture of acids or bases with ethanol or pyridine etc.

These solvents can be used in either pure form or as mixture of
solvents of varying compositions.

3. COLUMN CHARACTERISTICS

The material of the column is mostly
good quality neutral glass since it should not 222)  Reservoir of mobile phaac
be affected by solvents, acids or alkalies. An
ordinary burette can also be used as column
for separation. The column dimensions are || Mobile phase
important for effective column separations. The
length : diameter ratio ranges from 10:1 to
30:1. For more efficiency, the length : diameter

o0 O C 00|
o 0% %00 a0 (|
o2 %0
O "% qo” 9

ratio can be 100:1. The length of the column Mwo.| Adsorbent
depends upon:
= Affinity of compounds towards the 525
adsorbent used. c
o be mnbmﬁmﬁma. oooooo | Filter paper disc

= Number of compounds !

= Type of adsorbent used.

> Quantity of the sample 13-8



4. PREPARATION OF THE COLUMN )
packed with cotton wool or glagg

The bottom portion of the column is it of afisor
ot bestos pad, above which the colu . orbeng
wool or may contain a as used. After packing

. o be
is packed. A Whatman filter paper aa.o can m_.m disc is kept on the tq
the column with the adsorbent, a similar paper the introduction P,
so that the adsorbent layer is not disturbed during of

i of adsorbent will |
sample or mobile phase. Disturbance in the layer ead

to irregular bands in separation.

There are two types of preparing the column, which are called ag
packing techniques. They are

i. Dry packing technmique: In this technique, the required quantity of
adsorbent is packed in the column in dry form and the solvent
allowed to flow through the column till equilibrium is reached. The
demerit with this technique is that air bubbles are entrapped between
the solvent and the stationary phase and the column may not be
uniformly packed. Cracks appear in the adsorbent present in the
column. Hence uniformity in flow characteristics and clear band of
the separated component may not be obtained.

ii. Wet packing technique: This is the ideal technique. The required
quantity of the adsorbent is mixed with the mobile phase solvent
in a beaker and poured into the column. The stationary phase settles
uniformly in the column and there is no entrapment of air bubbles.
There will not be any crack in the column of adsorbent. The bands
eluted from the column will be uniform and ideal for separation.

5. INTRODUCTION OF SAMPLE

The sample which is usually a mixture of

. o : components is dissolved
In minimum  quantity of the mobile phase yg

ed for preparing the column

6. DEVELOPMENT TECHNIQUE (ELUTION)

. .M% :M - 55%:80: of the sample, by elution techniques, the
individual components are separated gt from the ¢o] ques,
ate ¢olumn. The two techniques
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process of Separati

. on.
€r . Benzene - I:1 only, etc.

hnique: (Gradient -

of gradually increasj
used during the pro

ii. Gradient elution tec
technique, solvents
elution strength are

gradually) In this elution
Ng polarity or increasing

cess of se i iti
sed paration. Initiall
to &, more olar sdiver MM:NMM%&@ Mamacm:% increasing the UQE._.GM
Ethyl acetate, then tq Methano] mumo €nzene, then Chloroform, then

7. DETECTION OF COMPONENTS

The detection of coloured components can be done visually. Different
coloured bands are seen moving down the column which can be collected
separately. But for colourless compounds, the technique depends upon the
properties of the components. Different properties which can be used are

i. Absoption of light (UV/Vis) - using UV/Vis detector

li. Flourescence or light emission characteristics - using flourescence
detector

lii. By using flame ionisation detector

iv. Refractive index detector - based on the refractive index difference
between the mobile phase and mobile phase+component

V. Evaporation of the solvent and weighing the residue
vi. By monitoring the fractions by thin layer chromatography
e used for detection of compounds

. m.—‘u U
Any one of the above techniques ¢ s and for isolation of compounds.

S0 that jt can be used for qualitative analyst

8. RECOVERY OF COMPONENTS

OOBUODGDHM
extrusio
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were done by cutting the column

mmw:mh recovery of the n of the column into zones were

‘nto Several distinct zones. Later,



{s to recover the Componenyg

e
pest techniqu are called as eluate, &
by using plunger. The onents : .
Mo:M ﬁWooomm wom%_na as elution. The MMMHm of removing the Componeny
y N.DQ the p Q:.ﬁm—.m_‘: elution ~®O:~\:QCGW :—nm

solvent called as eluent :on. The i
from the column is called as «EM.MQ.EE elution technique are Emo:wwma

isocratic elution technique and as different fractions of mobjq
is done by collecting ual volume. They ¢

already. Recovery ke 10ml, 20ml, etc or uneq an

phase of equal volume like 10 or 20 minutes et

. every
also be collected time wise. 1.€. thﬂmmwo”mwsm the techniques Qmocmmma
The recovered fractions are ngmoa so that the bulk of the compound of

carlier. Similar fractions are ™ form. If a fraction, still contains severg]

i . i re
each type is obtained in a pu . column.
noEnodm—:m.:om:cm:wmo?na by using another

FACTORS AFFECTING COLUMN EFFICIENCY

efficiency of the column is important. Unless the

For any separation,
O P known, efficiency cannot be

factors affecting the column efficiency are
improved. They are:

{ Dimensions of the column: A length:diameter ratio of 20:1 or 30:1
are ideal. But for improving the efficiency, 100:1 may be more
satisfactory.

ii. Particle size of the adsorbent: Adsorbent activity depends on the
surface area of adsorbent. For increasing the surface area, particle
size can be reduced and hence the adsorbent activity increases.

iii. Nature of solvent: The flow rate of solvent is affected by its viscosity.
The flow rate is inversely proportional to viscosity. Hence less viscous
solvents are better efficient than more viscous solvents.

iv. Temperature of the column: Speed of elution is increased at higher
MEUmHEEm. But mamo._.dma power is decreased at higher temperatures.
ence a compromise is made between speed of elution and adsorbent

power.Normally room temperature is used for all samples. Difficult

samples are separated at higher temperatures

v. Pressure: High pressure abov

€ the column and low pressure below

above the column is achieyeq M_m:@ of separation. High pressure

using vacuum pump.

APPLICATIONS

1.

like alkaloids, glycosides, am

ino acids
formulations, etc. lds, plant extracts, drugs and

Removal of impurities or purification process:

in a compound can be removed by using appropri
mobile phase.

Impurities present
ate stationary and

Isolation of active constituents: From plant extracts, from

formulations or other crude extracts, active constituents or required
constituents can be isolated

Isolation of metabolites from biological fluids: eg. 17-ketosteroids
from urine, cortisol, other drugs etc from biological fluids like blood,
plasma or serum, etc.

Estimation of drugs in formulations or crude extracts

i. Determination of % w/w of stychnine in syrup of ferrous phosphate
with quinine and strychnine.

ii. Determination of primary and secondary glycoside in digitalis leaf.
iii. Determination of phytomenadione in injection and tablets.

iv. Determination of Flucinolone actonide or Betamethasone 17-
valerate in formulated products.

v. Separation of maoamiomm isomers: Cis and trans forms of bixin

and crocetin dimethyl ether using alumina.

=

Separation of diastereomers.

vii. Separation of inorganic ions like copper, cobalt , Nickel, etc.

viii. Separation of tautomers and racemates.
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ADVANTAGES OF COLUMN OEOEHOOEE

1. Any type of mixture can be separated by column: chromatography,

2. Any quantity of the mixture can be separated (ug 0 Mg of substance)

3. Wider choice of mobile phase.

4. In preparative type, the sample can be separated and reused.

5. Automation is possible.

DISADVANTAGES OF COLUMN CHROMATOGRAPHY

1. Time consuming method.
2. More amount of solvents are required which are expensive.

3. Automation makes the technique more complicated and expensive,

PARTITION COLUMN CHROMATOGRAPHY

The technique is similar to column adsorption chromatography except
that, the stationary phase is liquid. A solid support like silica gel or
cellulose is used to hold the liquid stationary phases like water, aqueous
buffer solutions, etc. as thin film on the surface. Mobile phase is similar
to that of column chromatography, but gradient elution technique is not
used, since the equilibrium will be disturbed. All the other requirements
and the technique is similar to column adsorption chromatography. Column
partition chromatography is not being used widely.
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INTRODUCTION

The history of Thin Layer Chromatography Qmammﬁaﬂx mwownwwm Whep
Izmailov and Shraiber separated plant extracts :mﬂm Gorden mbmba firm
layer of alumina set on glass plate. In 1944, Cons %Mo Kirchner 14 Martjy,
used filter papers for separating amino acids. In 1 ' e identifieq
terpenes on filter paper and later glass fibre paper coate ) alumin,
Only in 1958, Stahl developed standard equipment for analysing by Thy,
layer chromatography.

PRINCIPLE

The principle of separation is adsorption. One or more compoungds
are spotted on a thin layer of adsorbent coated on a chromatographic
plate. The mobile phase solvent flows through because of capillary action
(against gravitational force). The components move according to their affinities
towards the adsorbent. The component with more affinity towards the
stationary phase travels slower. The component with lesser affinity
towards the stationary phase travels faster. Thus the components are

separated on a thin layer chromatographic plate based on the affinity of
the components towards the stationary phase.

ADVANTAGES OF TLC

1. Simple method and cost of the equipment is low.

2. Rapid technique and not time consuming like column chromatography.

Separation of pg of the substances can be achieved.
Any type of compound can be analysed.

5. Efficiency of separation: Very small Particle size can be used which

! Separation. Flow rate is not altered because
of the particle .m§m since it is not a clogeq column. It is a plana
type having thin layer of adsorbent, .

6. Detection is easy and not tedious,

7. Capacity of the thin layer can p

e
preparative separations can be made eltered. Hence Saalyics o0
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HNPQ:O? REQUIREMENTS
1. Stationary phases

2. Glass plates

3. Preparation and activation of TLC plates

Application of sample

SR

Development tank

6. Mobile Phase

7. Development technique

8. Detecting or visualising agents

1. STATIONARY PHASES

There are several adsorbents which can be used as stationary U:mm.mm.
Some of the stationary phases, their composition and the ratio in EEM:
they have to be mixed with water or other mo_<.2:m .8 moﬂmszm Ew“hqw\mum
preparing thin layer chromatographic plates are given in the following :

]

Name Composition .E!:&nu” “ﬂm»on —.nFL,

Silicagel H Silicagel without binder | i1 |
Silicagel + CaS0s 12

Silicagel + Binder + flourescent indicator 1: I_

Neutral Alp03 without binder

Al2O3 + binder
Cellulose without binder

with binder
Cellulose el ¢ Dmder

Diatomac




2. GLASS PLATES
pecific dimensions like 20cm X 20cm (Ful

20 cm x 5cm (Quarter plate) can be
ce the width of the commercialyy

Glass plates which are S
plate), 20cm x 10cm (Half plate).
used. These dimensions are used sin
available TLC spreader is 20cm.

e used for some applications like monitoring

Microscopic slides can also b , :
The development time 1S much shorter

the progress of a chemical reaction.
like 5 minutes.

Glass plates of different dimensions can also be used when the TLC
plates are prepared without the use of TLC spreader. In general, the glass
plates should be of good quality and should withstand temperatures used
for drying the plates.

3. PREPARATION AND ACTIVATION OF TLC PLATES

The slurry, which is a mixture of stationary phase and water is
prepared by using the ratio mentioned earlier. After preparing the slurry,
the TLC plates can be prepared by using any one of the following techniques:
pouring, dipping, spraying and spreading.

In va.::.n.ﬁ technique, the slurry is prepared and poured on to a
m_wwm plate which is maintained on a levelled surface. The slurry is spread
uniformly on the surface of the glass plate. After setting, the plates are

dried in an oven. The disadvantage is that ,
unif ;
be ensured. niformity in thickness cannot

. In .u,-mﬁ:a.-m technique, two plates (either of standard dimensions or
microscopic slides) are dipped in to the slurry and are separated after

removing from slurry and later dried Th
- . . e disad
quantity of slurry is required even for preparing M.M%c“mw_wwm that a faree
S.

is used for analytical purpose and 2mm thickne
Then the  spreader is rolled only once on the plates. The plates are
allowed for setting (air drying). This is done to avoid cracks on the surface

of adsorbent. After setting, the plates are activated
at 100°C to 120°C for 1 hour, Py keeping in an oven

‘15 postiion Spread position

Glass plate Silicagel — — — RgF Al 11111
v layer ~s, . ...... ... LR=d:--o00c

Base plate , " Base plate
Fig 14.1. TLC Spreader

Activation of TLC plates is nothing but removing water / moisture
and other adsorbed substances from the surface of any adsorbent, by
heating at high temperature so that adsorbent activity is retained. The
activated plates can be stored in thermostatically controlled oven or in
desiccator and can be used whenever required.

4. APPLICATION OF SAMPLE

Usually to get good spots, the concentration of the sample or standard
solution has to be minimum. 2-5ul of a 1% solution of either standard
or test sample is spotted using a capillary tube or micropipette. The .mvoﬁm
can be placed at random or equidistant from each other by using a
template, with markings. The spots should be kept mnmmm.ﬁ 2cm muowo the
base of the plate and the spotting area should not be immersed in the
mobile phase in the development tank. Atleast 4 spots can be spotted

conveniently on a quarter plate (20cm x 5cm).

5. DEVELOPMENT TANK
developing tank (Fig 14.2) or
For the purpose of de a
chamber of Q.%m_.%: sizes to hold TLC plates of WS:M“.%BM“M%.MMEHWS mMM
used. Th ire more solvents for developing the : . w
al :m<< -mea_.o% C#M developed, it is better to develop in glass beakers,
etho ,

velopment,
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to avoid Bo:,w wastage of solvents. When developg, d
° { is better to use development tank

.3) have hump in the middle, whic,

specimen jars, etc,
method or standard method is used, i

New type of development tanks (Fig 14
require less solvent. The development chamber OT tank should be lineg

inside with filter paper moistened with the mobile phase so as Lo saturate
the atmosphere. If this kind of saturation of the atmosphere is not dong,
"edge effect" occurs where the solvent front in the middle of TLC plate
moves faster than that of the edge. Therefore the spots are distorted ang
not regular (Fig 14.4).

Old type New type
- J
> Glass €
11 \ \ TLC plates plates €
Mobile phase
sotvent b || |} thomp

Fig 14.2. Developing tank

6. Mobile Phase effect
—Smmmomeo_ao& Normal wc?ﬂ—w front
The solvent or the mobile phase Curved salvent
used depends upon various factors \nlﬁ/ Solvet trot
as mentioned in column
chromatography. Some of the factors
are:
i. Nature of the substances to
be separated
ii. Nature of the stationary phase of smimpiee e i of Atmoaphere with mobllc

used phase {s not dane) phase is done)
Fig 14.4. Edge effect and Normal TLC

til. Mode of chromatography (Normal phase or reverse phase)

iv. Separation to be achieved - Analytical or preparati
arative
Pure solvents or mixture of sol
vent
list of solvents (of increasing polarity) S are used. The following gives a

Petroleum ether, Carbon tetrach]
) orid exan
Ether, Acetone, Benzene, Toluene, mc..ﬁo. by . Carbondisullid®

acetate, Chloroform, Alcohols
14-6

HZ@EDDO_. Ethanol), Water,
phases with Pyridine or Alco
trial and error method only
considerations like solubility
of the samples, etc. Some
the applications of TLC.

TNV_MEMM. .W_H.mmao acids, mixture of acids or
but WSE. € solvent composition is done by
of the mwvﬂ.msmé of literature and other logical
o stance, polar or non polar character

mples of solvent compositions are given in

7. DEVELOPMENT TECHNIQUE

Different development techniques are used for efficient separations.
They are

i. One dimensional development (Vertical)
ii. Two dimensional development

iii. Horizontal development

jv. Multiple development

i. One dimensional development (Vertical): In this technique, the
plates are kept vertical and the solvent flows against gravity, because
of capillary action. Most separations done practically are of this type
only.

ii., Two dimensional technique: Although one dimensional technique
is sufficient for most samples, for complex mixtures two dimensional
technique is used. First, the plates are developed in one axis and
the plates after drying are developed in the other axis. When large
number of compounds cannot be separated by using one dimensional
technique, this technique is followed. Fig 14.5. explains the two
dimensional development of separation of mixture of several amino

acids.
1st Development 2nd Develo :
B c c 5
0 o -
© 00 O
E . mm © r0©® O
m,m (]
Mo ° mm ® o0 @ 0
.rm o | © 0O ©
A
b. Spot D FH‘
Fig 14.5. Two dimensional development
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8. DETECTING OR VISUALISING AGENTS .

After the development of TLC Em:.wm.
Detecting coloured spots can be done 4Sm:m:
spots, any one of the following techniques €

the spots should be visualiseq
y. But for detecting colourlegg
.m: be used.

a. Non specific methods: Where the number of spots can be detecteq,
but not the exact nature or type of compound.

Examples

i

ii.

iii.

b. Specific methods: Specific spray reag
visualising agents are used to find oyt th
or for identification purposes. Examples are

i.
ii.
iii.
iv.
V.

Iodine chamber method: where brown or amber spots are
observed when the TLC plates are kept in a tank with few iodine
crystals at the bottom.

Sulphuric acid spray reagent: 70 - 80% v/v of sulphuric acid
with few mg of either potassium dichromate or potassium
permanganate or few ml of nitric acid as oxidising agent is used.
This reagent after spraying on TLC plates is heated in an oven.
Black spots are seen due to charring of compounds.

UV chamber for flourescent compounds: When compounds are
viewed under UV chamber, at 254nm (short A) or at 365nm (long

A), flourescent compounds can be detected. Bright spots are seen
under a dark background.

Using flourescent stationary phase: When the compounds are
not flourescent, a flourescent stationary phase is used. When the
plates are viewed under UV chamber, dark spots are seen on a

flourescent background. Example of such stationary phase is
Silica gel GF

ents or detecting agents or
e nature of compounds

Ferric chloride - for Phenolic compounds and tannins
Ninhydrin in acetone - for aming acids

Dragendroff's reagent - for alkaloids
3,5 - Dinitro benzoic acid - for card
— iac glycosi
2,4 - Dinitrophenyl hydrazine - fo mEm:MMmmmMMM ketones
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The detecting techniques cqp, al
S0 be categorised
as

i. Destructive techniqye: eg. Specifi
spray reagent, etc where AIC spray reagents, Sulphuric acid
the samples are destroyed for detection.
ii. Non-Destructive technique; |
+ Like UV chamber m i
) : ethod, lodine chamb
M“\M”gowﬁ%ﬁn:%_”oaﬁzn method, etc where the sample is not aomﬂamwm
etection. Thegse detecting techniques are used in TLC
method development and in preparative TLC
In densitometric method, Densitometer
quantitatively the density of the spots. When

spots for the standard and test solution are measured, the quantity of the
substance can be calculated. The plates are neither destroyed nor eluted

with solvents to get the compounds. This method is also called a in-situ
method.

is used which measures
the optical density of the

QUALITATIVE ANALYSIS

The Ry value (Retardation factor) is calculated for identifying the spots
i.e. in Qualitative analysis. Rf value is the ratio of distance travelled
by the solute to the distance travelled by the solvent front.

Distance travelled by solute
Distance travelled by solvent front

Rf =

The Rf value ranges from 0 to 1. But ideal values are from 0.3 to
0.8. Rf value is specific and constant for every compound in a particular
combination of stationary and mobile phase. When the Rr <m_:m.om a sample
and reference compound is same, the compound is identified by m..,m standard.
When the Rf value differs, the compound may be different from its reference
standard.

Rx value
o of distance travelled by the sample

; ; ti
Ry value is nothing bul ¢ "0 dard. Ry value is always closer to 1.

and the distance travelled by the stan

Rm valu
es
alitative analysis 10 find out whether the
quatite :

Rm value is used in eries. If they belong to a homologous

Compounds belong to a homologous $
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r a pair of adjaceny

alues [0
constant. The ARm V g the formula:

series, the ARm values are determin ed by usin

member of a homologous series i
1 L
H.N—.: = —ON hm—\ \

hods

QUANTITATIVE ANALYSIS (Direct and Indirect met )
Direct method: (Using densitometer) The n:m::ww mm ;mesﬁw_sa:ﬂ
spots can be determined by using densitometric method. ometric

technique is called a in-situ method and is described earlier in detecting

techniques.

Indirect method: Quantitative analysis can be done after eluting the

individual spots with solvent and filtering off the stationary phase. The
solution can be concentrated and the exact quantity of the compound
determined by conventional methods like colorimetry, UV spectrophotometry,
flourescence method, flame photometric method, electrochemical methods

of analysis, etc.

APPLICATIONS OF TLC

The applications are wider and there is no limitation to the compounds
that can be analysed by TLC. Anyhow different types of applications are
listed below.

1. Separation of mixtures of drugs of chemical or biological origin, plant
extracts, etc.

2. Separation of carbohydrates, vitamins, antibiotics, proteins, alkaloids,
glycosides, etc.

3. Identification of drugs

Stationary
D
rug phase Mobile phase Detecting agent
Aminocaproic Silica Gel G |Alcohol:H20:NH3 (25:3:4) Ninhydrin in alcohol
acid T
; - ———————  |and pynidine |
%@M%MME N__M_Mwmmn_ Buffer pH 6 - acetone (4 : 1) NaOH+Starch+glacial
' acetic acid + lodine in
Ampicillin for |Cellulose Citric acid : Butyl alcohg] Ppotassium jodide
oral- suspension|M.N-300 (5:1) Starch iodide reagent
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P

Stationary | .
Drug
- __phase | ] Mobile phase Detecting agent
romazine |Silica Gel N S
M_W__oa el G |Ether : Ethyl acetate - NH3 T/\ 254nm
. N [
tidine Silica Gel G T ! |
n_iw« S Eomﬁw::‘ OTMWO:O‘_\. Ammonia (10: 1) to&:a vapour
jgitox r . B " —
Digl i IMH_NM - Ethylmethyl ketone :|Trichloro acetic acid +
Moo obu (50:4:49  |Chloramine T
Levodopa Cro n-Butanol : Gla ] -
; , “Glacial acetic  |Potassi ferri
crystalline  |acid : water (50 : 25 : 25) , sium ferricyanide
cellulose L
Methyldopa Micro n-Butanol : Glacial mnozouvoﬁmmmmmﬁ’?_iowwban
crystalline acid : water (50 : 25 : 25) b
r\\ cellulose h
S
4, Identification of related compounds in drugs
Name of the | .. , IR o
Drug related Bwu”.—i Mobile phase | Detecting
compound P , , agent
— T :
Allopurinol |3-amino pyrazole-|Cellulose  |n-butanol : 7C< 254nm
4-carbonamide powder with|ammonia ,
hemisulphate flourescent h
additive f
Bethanidine |[Methylamine Silica Gel G|ethyl acetate :|1. Ninhydrin in
sulphate Benzylamine glacial acetic acid isopropanol
Trimethyl guanidine : water : alcohol |2. Potassium
sulphate (25:12:8:5) iodobismuthate |
5. To detect the presence of foreign substances in drugs
Detec
D Name of the |Stationary . ... phase nﬂnn
foreign substance phase agen
Amodiaquin |4(7-chloro-4- Silica Gel G|Chloroform : FeClsz + Potassium
HCl quinolylamino) m_,.z%:dwrsﬁﬁr_ ferricyanide
phenol HCI ketone : diethy
_ — :
B “t- 1-4- |Silica Gel G|Chloroform Phospho molybdic
I:JLN»@Q 2 & 3-t-Butyl-1-4 acid + NH3 vapour
ydroxy methoxy phenol
anisole L
—
i Gel |Chloroform : Potassium
Carbimazole |Methimazole Stfea acetone (4:1) iodobismuthate
jaceton€ (% . 2J |
- 1 —-
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6. To detect decomposition Pr

-

Drug

Name of the
decomposition
product

Chlordiazepoxide

7-chloro-1,3-dihydro
-5-phenyl-1,4-benzo
diazepine-2-one-4-oxide

Diazepam

Stationary
phase

W\\\\\A

Silica Gel

l\
Silica Gel
G.F-254

-

HIGH PERFORMANCE THIN

oducts in drugs
B, o

Mobile phase

Alcohol : Ethyl
acetate (1:24)

Hexane : Ethyl
acetate (1:1)

e [ —

Uonooz.—n
agent

T
N-1-(NED)

UV 254nm

LAYER CHROMATOGRAPHY (HPTLC)

HPTLC is a sophisticated and automated form of TLC. The following

are features of

HPTLC:

1. The use of precoated plates with stationary phase particle size of
less than 10p in diameter.

2. Wide choice of stationary phases like Silica gel, for Normal phase
and C18, C8, etc., for Reverse phase mode.

3. Auto sampler instead of manual spotting and streaking for preparative

purposes.

4. New type of development chambers which requires less amount of
solvents for developing.

5. More efficiency because smaller and uniform size of adsorbents.

6. The use of UV/Vis/Fluorescence Scanner which scans the entire

chromatogram qualitatively and quantitatively. The scanner is an
advanced type of densitometer.

7. Improved Data processing capabilities by the use of computers.

Preparative TLC

The apparatus, principle, procedure and other re
to that of analytical TLC. The thickness of adsorb
and a non-destructive detecting technique like UV of
is used. The spots are eluted with solvent aft

spots. The solvent is evaporated leaving behing

14-12

quirements

are similar

ent layer used is 2mm
iodine chamber method
er scrapping the distinct

pure component.

15. PAPER OE%OE&OQEE (PC)

15 Int i
roduction - Paper Partition Chromatography
- Paper Adsorption Chromatography

¥ Principle of Separation
I Practical Requirements

“ Stationary Phase & Papers used

Application of sample

Mobile phase

Development Technique
Ascending development
Descending development
Ascending-Descending development
Circular / Radial development
Two dimensional development

Detecting or visualising agents
Non-specific & specific methods
Destructive & Non-destructive technique

¥ Quantitative analysis

X Direct and Indirect technique
1 Qualitative analysis - R, Rx, RM

¥ Applications
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INTRODUCTION

fined as the techniqueé in which the analysjg
i ainly by the flow of solvents

ypes of paper owqoamﬁomqmvg.

Paper chromatography is de
of unknown substances is carried out m
specially designed filter paper. There are two t
They are

Paper adsorption chromatography: in which paper impregnated with
silica or alumina acts as adsorbent (stationary phase) and solvent as mobile

phase.

Paper partition chromatography: in which moisture/water present
in the pores of cellulose fibres present in filter paper acts as stationary
phase and another mobile phase is used as solvent.

In general, Paper -chromatography refers to paper partition
chromatography only since most separations are based on partition type
only.

PRINCIPLE OF SEPARATION

The principle of separation is mainly partition rather than adsorption.
Cellulose layers in filter paper contains moisture which acts as stationary
phase. Organic solvents or buffers are used as mobile phases. Instead of

water as stationary phase, other organic solvents can be used by suitable
modification.

PRACTICAL REQUIREMENTS
1. Stationary nr.mmm and Papers used
2. Application of sample
3. Mobile Phase
4. Development technique
5. Detecting or visualising agents
1. STATIONARY PHASE AND PAPERS USED

Paper of chromatographic grade consist
B-cellulose 0.3-1%, pentosans - 0.4-0.8%

15-2

$ of a-cellulose - 98-99%.
ether soluble matter - 0.015 -

0.02%, ash - 0.01 - 0.07%, Wh
No.1, No.2, No.3, No.3MM, No.4,
differ in sizes, shapes, porositjes

atman filter papers of different grade like

No.17, No.20 etc are used. These papers
and thickness.

pends upon thickness, flow rate,

IS Modified papers -

Acid or base washed filter paper, glass
fibre type paper.

5" Hydrophilic papers - Papers
formamide, glycol, glycerol etc.

modified with methanol,

¥ Hydrophobic papers - Acetylation of OH groups leads to
hydrophobic nature, hence can be used for reverse phase
chromatography. Silicone pretreatment and organic non-polar
polymers can also can be impregnated to give reverse phase
chromatographic mode.

I¥ Impregnation of silica, alumina or ion exchange resins can
also be made.

=" Size of the paper used: Paper of any size can be used.
Paper should be kept in a chamber of suitable size.

2. APPLICATION OF SAMPLE

The sample to be applied is dissolved in the mobile phase m.Ea .mvv:ma
using capillary tube or using micropipette. Very low concentration is used
to avoid larger zone.

3. MOBILE PHASE

Pure solvents, buffer solutions, or mixture of solvents are used. Some

of the examples of Hydrophilic mobile phases:

- 9:1:2
Isopropanol : Ammonia : émﬁm water - 4155
n-Butanol : glacial acetic acic: - 3:1 or 4:1

Methanol : water y
t-Butanol : water : Formic ac
15-3
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Examples of Hydrophobic Bc_.:lo ph

ases

Kerosene : 70% Isopropanol
Dimethyl ether : cyclohexane

re also u
Single/two phase or three phase solvent systems a sed.

4. DEVELOPMENT TECHNIQUE

several types of development are possible which

Since paper is flexible when compared to glass plate used in Tic,

increases the ease ang

efficiency of operation. They are

1ii.

Ascending development: Like conventional type, the m.o?ma flows
against gravity. The spots are kept at the bottom portion of paper
and kept in a chamber with mobile phase solvent at the bottom,
(same as Fig 14.2 & 14.3 in TLC chapter)

Descending development: This is carried out in a special chamber
where the solvent holder is at the top. The spot is kept at the top
and the solvent flows down the paper. The advantage is that the
flow of solvent is assisted by gravity and hence the development is
faster.

S

Solvent

trough

Solvent
qocg ] ]@

— \ ¥

Development chamber
(lateral & posterior view)

Ascending-Descending
development: This g a
combination of ascending and
descending type. Only the
length  of  separation i
increased by using a
combination of techniques.
First ascending takes place
followed by descending
development.

jv. Circular/ radial development

(Horizontal): Here, the spot
is kept at the centre of a
circular paper. The solvent
flows through a wick at the
centre and spreads in all
directions uniformly. Hence
the individual spots after
development look like
concentric circles. By making
perforations radially, number
of quadrants can be created
allowing more number of
samples to be spotted.

Paper
Wick

Solvent

Radial development
(top view and side view)

Two dimensional development: This technique is similar to 2-
Dimensional TLC. The paper is developed in one direction and after
development, the paper is developed in the second direction allowing
more compounds or complex mixtures to be separated into individual
spots. In the second direction, either the same solvent system or
different solvent system can be used for development. (same as Fig
14.5 in TLC chapter)

5. DETECTING OR VISUALISING AGENTS

After the development of chromatogram, the spots should be visualised.
Detecting coloured spots can be done visually. But for detecting
colourless spots, any one of the following techniques can be used.

Non specific methods: Where the number of spots can be detected,
but not the exact nature or type of compound.

Examples

i. Iodine chamber method: where brown or amber spots are
observed when the TLC plates are kept in a tank with few iodine
crystals at the bottom.

ii. UV chamber for flourescent compounds: When compounds are
viewed under UV chamber, at 254nm (short A) or at 365nm (long
A), flourescent compounds can be detected. Bright spots are seen
against a dark background.
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nts or detecting agentg o

spray reage
ific spray he nature of compoundg or

b. Specific methods: Spec
5 d to find out t

visualising agents are us€
for identification purposes.

Examples
i. Ferric chloride - for Phenolic compounds and tannins

ii. Ninhydrin in acetone - for amino acids

iii. Dragendroffs reagent - for alkaloids

iv. 3.5 - Dinitro benzoic acid - for cardiac glycosides

v. 2.4 - Dinitrophenyl hydrazine - for aldehydes and ketones

The detecting techniques can also be categorised as

i, Destructive technique: eg. Specific spray reagents, etc where the
samples are destroyed before detection. eg. Ninhydrin reagent.

Non-Destructive technique: Like UV chamber method, lodine chamber
method, densitometric method, etc where the sample is not destroyed

even after detection.

ii.

For radioactive materials, detection is by using autoradiography or
Geiger muller counter.

For antibiotics, the chromatogram is layed on nutrient agar inoculated
with appropriate strain and the zone of inhibition is compared.

QUANTITATIVE ANALYSIS: (Direct and Indirect techniques)

Direct technique: Densitometer is an instrument which measures
quantitatively the density of the spots. When the optical density of the
spots for the standard and test solution are determined, the quantity of
the substance can be calculated. The papers are neither destroyed Nof

eluted with solvents to get the compounds. This method is also called 35

in-situ method.

Indirect technique: In this technique, the spots are cut into ﬁo&o:m
and eluted with solvents. This solution can be analysed by any no:<@:co:m_
techniques of analysis like spectrophotometry, electrochemical methods, etc.
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Rf VALUE

The Rf value (Retardatio
. n factor) is
.e. in ali calculated for id .
e 1 ~©_~_ tative analysis. Ry value is the ratio of Em_ﬁ e tracale
py the solute to the distance travelled by the solvent front Atce travelied

Distancetravelled b solute
Distance travelledby solvent front

The Rf value ranges from 0 to 1. But ideal values are from 0.3 to
0.8. Rf value is constant for every compound in a particular combination
of stationary and mobile phase. When the Ry value of a sample and
reference compound is same, the compound is identified by its standard.
When the Rf value differs, the compound may be different from its reference

standard.

Rx value

Rx value is nothing but the ratio of distance travelled by the sample
and the distance travelled by standard. Rx value is always closer to I.

Rm values

Rm value is used in qualtitative analysis to find out whether the

ong to a homologous series. If they belong to a homologous
values for a pair of adjacent

ing the formula:

compounds bel
series, the ARm values are constant. The ARm
member of a homologous series is determined by us

wan~om TW 1 Hu

APPLICATIONS

The applications are wider
that can be analysed by paper
more useful for the analysis of polar compound
natural products, etc. The different types of ap

drugs of chemical or

and there is no limitation to the compounds
chromatography. Paper chromatography is
s like amino acids, sugars,
plications are listed below.

biological origin, plant
1. Separation of mixtures of
extracts, etc
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2. Separation of carbohydrates (sugar s), vitamins.

alkaloids, glycosides, aminoacids, elc

3.

. Drug

Identification of drugs

—

Mobile phase

|

Erythromycin estolate Isobutyl methyl ketone

1

antibiotics, protejpg

‘ Detecting agent ‘
. I J‘Ji

Nutrient agar oosﬁm_:ﬂ:m
Bacillus pumilus

| _
Gentamycin 'Chloroform : Methanol : Ninhydrin .E pyridine -
'Ammonia : Water (10:5:3:2) |acetone mixture
Vancomycin ”TEE\_ alcohol : Acetone : Nutrient agar containing
(Water (2:1:2) Bacillus subtilis
4. Identification of impurities
| Drug | Mobile phase Detecting agent
A_:quxoooc&m::.: T-wcg alcohol : acetic acid : |[Elution and measurement of
| ‘Potassium cyanide absorbance at 361nm
5. Identification of related compounds
[ |
g Drug | Mobile phase Detecting agent

'Phenformin HCI

Ethyl acetate : ethanol : water
(6:3:1)

Potassium ferricyanide,
Sodium nitroprusside & NaOH

Ergotamine injection

Chloroform : methanol

p-dimethyl amino
benzaldehyde reagent

Vitamin A

Dioxan : methanol : water
with BHA (70:15:5)

UV 366nm

6. Identification of foreign substances in drugs

7. ldentification

of decomposition products

8. Analysis of metabolites of drugs in blood, urine etc.
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