
1
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C

O
L

U
M

N
 

C
H

R
O

M
A

T
O

G
R

A
P

H
Y

 

P
rin

c
ip

le
 

Practical 
R

equirem
ents 

Stationary 
Phase 

M
obile 

Phase 

C
olum

n 
characteristics 

P
re

p
a
ra

tio
n

 of 
C

olum
n 

In
tro

d
u

c
tio

n
 
o

f sa
m

p
le

 

D
evelopm

ent 
technique 

D
e
te

c
tio

n
 o

f c
o

m
p

o
n

e
n

ts 

R
e
c
o

v
e
ry

 o
f com

ponents 

F
a
c
to

r
s
 affectin

g
 co

lu
m

n
 

efficiency 

A
p

p
licatio

n
s 

E
A

dvantages of C
olum

n C
hrom

atography 

D
isad

v
an

tag
es of C

olum
n C

hrom
atography 

a
P

a
rtitio

n
 C

o
lu

m
n

 C
hrom

atography 

1
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I
N

T
R

O
D

U
C

T
I
O

N
 

PRACTICAL REQUIREM
ENTS 

1. 
S

tationary 
phase (Adsorbent) 

W
h

e
n

 
a 

c
o

lu
m

n
 

o
f sta

tio
n

a
ry

 
p

h
ase 

is
 

u
se

d
, 

th
e
 

te
c
h

n
iq

u
e
 

is 
called

 

a
s
 

c
o

lu
m

n
 

ch
ro

m
ato

g
rap

h
y

. 
B

a
se

d
 

o
n

 
th

e
 

n
a
tu

re
 

o
f 

s
ta

tio
n

a
ry

 
p

h
a
se

,
i.e. 

w
h

e
th

e
r it is

 so
lid

 
o

r
 liquid, 

it is called
 
a
s
 c

o
lu

m
n

 a
d

s
o

rp
io

n
 chrom

atography 
o

r
 
c
o

lu
m

n
 
p

a
rtitio

n
 ch

ro
m

ato
g

rap
h

y
. 

M
o

st 
o

f th
e
 
d

is
c
u

s
s
io

n
s
 
in

 
th

is
 chapter 

w
ill b

e
 d

e
v

o
te

d
 
to

 
c
o

lu
m

n
 a

d
s
o

rp
tio

n
 c

h
ro

m
a
to

g
ra

p
h

y
, 

s
in

c
e
 c

o
lu

m
n

 
p

a
rtitio

n
 

ch
ro

m
ato

g
rap

h
y

 
is 

n
o

t b
ein

g
 

u
sed

 w
idely. 

2. 
M

o
b

ile 
p

h
a
se

 

3. 
C

o
lu

m
n

 
ch

aracteristics 

4. 
P

re
p

a
ra

tio
n

 
o

f co
lu

m
n

 

5
. 

Introduction 
o

f sam
ple 

P
R

IN
C

IP
L

E
 

6
. 

D
evelopm

ent 
technique 

(elution) 
A

 
so

lid
 stationary phase 

a
n

d
 

a 
liquid 

m
obile phase 

is 
u

s
e
d

 
a
n

d
 

th
e 

p
rin

c
ip

le
 

o
f 

se
p

a
ra

tio
n

 
is 

a
d

so
rp

tio
n

. 
W

h
e
n

 
a 

m
ix

tu
re

 
o

f 
c
o

m
p

o
n

e
n

ts
 

dissolved 
in

 
th

e
 m

o
b

ile
 phase is in

tro
d

u
c
e
d

 in
to

 th
e
 colum

n, 
th

e
 individual 

c
o

m
p

o
n

e
n

ts m
o

v
e
 w

ith
 d

iffe
re

n
t ra

te
s d

e
p

e
n

d
in

g
 u

p
o

n
 th

e
ir re

la
tiv

e
 a

ffin
itie

s. 
T

h
e
 com

pound 
w

ith
 
le

sse
r affinity 

tow
ards 

th
e
 stationary phase (adsorbent) 

m
o

v
e
s
 

fa
ste

r 
a
n

d
 

h
e
n

c
e
 

it 
is

 
e
lu

te
d

 
o

u
t 

o
f th

e
 

c
o

lu
m

n
 first. 

T
h

e
 

o
n

e
 

w
ith

 
greater affinity 

to
w

a
rd

s 
th

e
 stationary phase (adsorbent) 

m
o

v
e
s
 slo

w
er dow

m
 

th
e
 c

o
lu

m
n

 a
n

d
 h

e
n

c
e
 

it 
is 

e
lu

te
d

 later. T
h

u
s th

e com
pounds 

a
r
e
 separated. 

T
h

e
 

ty
p

e 
o

f 
in

te
ra

c
tio

n
 

b
e
tw

e
e
n

 
th

e
 stationary 

phase 
(adsorbent) 

a
n

d
 

th
e 

so
lu

te
 

is
 

reversible 
in

 
n

a
tu

re
. 

T
h

e
 

ra
te

 
o

f 
m

o
v

e
m

e
n

t 
o

f 
a 

com
ponent 

(R) 
is

 
g

iv
e
n

 
a
s
 

fo
llo

w
s: 

7
. 

D
etectio

n
 

o
f com

ponents 

8
. 

R
ecovery 

o
f com

ponents 

1
. 

S
T

A
T

IO
N

A
R

Y
 

P
H

A
S

E
 (A

D
SO

RBEN
TS) 

A
n

 a
d

so
rb

e
n

t u
sed

 in
 c

o
lu

m
n

 chrom
atography sh

o
u

ld
 m

e
e
t th

e
 follow

ing 
c
rite

ria
: 

a
. 

P
a
rtic

le
 
s
iz

e
 
a
n

d
 g

e
o

m
e
try

: T
h

e
 p

articles 
sh

o
u

ld
 

h
a
v

e
 

u
n

ifo
rm

 
siz

e
 

d
istrib

u
tio

n
 

a
n

d
 

h
a
v

e
 spherical 

shape. 
P

article 
size: 60-200 . 

R
ate of m

ovem
ent of a com

ponent 
R

ate o
f m

ovem
ent o

f m
obile phase 

R
 

b
. 

S
h

o
u

ld
 

h
av

e high 
m

echanical stability. 

T
h

is equation 
c
a
n

 
b

e
 sim

plified 
a
s
 

follow
s: 

C
. 

S
h

o
u

ld
 

b
e
 

In
e
rt 

a
n

d
 

sh
o

u
ld

 
n

o
t 

re
a
c
t 

w
ith

 
th

e
 

so
lu

te
 

o
r 

o
th

e
r 

C
om

ponents. 
Distance moved by the solute 
D

istance m
oved by th

e solvent 
R

 
a
. 

I
n

s
o

lu
b

le
 

in
 

th
e
 

s
o

lv
e
n

ts
 

o
r 

m
o

b
ile

 
p

h
a
s
e
s
 

u
s
e
d

. 

W
hen 

a 
liquid 

m
obile 

phase 
is 

used, 
the equation 

is 
w

ritten 
a
s
 

e
. 

It 
s
h

o
u

ld
 
b

e
 
c
o

lo
u

rle
s
s
 

to
 

fa
c
ilita

te
 
o

b
s
e
rv

a
tio

n
 

o
f z

o
n

e
s
 
a
n

d
 

re
c
o

v
e
ry

 

of.com
ponents. 

Am 
R

 

A
m

 
a A

s 
.
I
t
 
s
h

o
u

ld
 

a
llo

w
 

free 
flow

 of m
obile p

h
ase. 

w
h

ere 
a 

is 
th

e
 

partition co-efficient 
=

 CO
nc, in stationary phase 

8 
It 

s
h

o
u

ld
 

b
e
 

u
se

fu
l 

fo
r 

se
p

a
ra

tin
g

 
fo

r 
w

id
e
 

v
ariety

 
o

f 
c
o

m
p

o
u

n
d

s
. 

co
n

c. in
 m

obile phase 
A

m
 

is 
the average 

cro
ss section 

of 
m

obile phase 

A
b

o
v

e
 

a
ll 

it 
sh

o
u

ld
 

b
e
 freely available, 

in
e
x

p
e
n

s
iv

e
, 

e
tc

. 

A
s 

is 
the average 

cross section 
of stationary phase 

13-5 
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2
. 

M
O

B
IL

E
 

P
H

A
S

E
 

T
y

p
e
s
 

o
f 

a
d

s
o

rb
e
n

ts
 

B
a
s
e
d

 
u

p
o

n
 

th
e
ir 

a
d

s
o

r
b

e
n

t 
activ

ity
, 

th
ey

 
c
a
n

 
b

e
 

c
la

s
s
if

ie
d

 
a
s
 

w
e
a
l. 

m
e
d

iu
m

, 
a
n

d
 

stro
n

g
 

a
d

s
o

rb
e
n

ts
. 

T
hey 

a
r
e
 

M
obile phase 

is very im
portant 

and they 
serve several functions. 

T
he 

They 
a
S

 solvent, 
developer 

and 
a
s eluent. 

T
he functions of a m

obile 
phase 

eak, 

a
re

 

S
trong 

T
o

 introduce 
th

e 
m

ixture 
into 

the colum
n 

-

A
s 

solvent 
W

e
a
k

 
M

e
d

iu
m

 

C
aC

O
3 

A
ctivated M

g
 S

ilicate (S
ilica gel) 

S
u

c
ro

s
e
 

T
o develop 

th
e 

z
o

n
e
s 

for separation 
A

s
 developing 

agent 
S

ta
rc

h
 

C
as(P

O
4)2 

A
c
tiv

a
te

d
 

A
lu

m
in

a
 

A
c
tiv

a
te

d
 

C
h

a
rc

o
a
l 

T
o 

rem
o

v
e 

p
u

re com
ponent 

o
u

t of the colum
n 

A
s
 

eluent 
In

u
lin

 
M

gC
O

3 

Talc 
M

gO 
A

ctivated 
M

ag
n

esia 
D

ifferent 
m

obile 
phases 

used: 
(in increasing 

order 
of polarity 

o
r 

N
a2CO

3 
C

a(O
H

)2 
F

u
lle

r's
 

e
a
rth

 
elution 

strength) 
T

h
e
 

m
o

st 
c
o

m
m

o
n

ly
 

u
se

d
 

a
d

so
rb

e
n

t 
is 

S
ilic

a
 

g
el 

o
f 

8
0

-1
0

0
 

m
e
s
h

 
o

r 

1
0

0
-2

0
0

 
m

esh
 

size w
h

ich
 

h
as 

a 
particle size 

o
f 6

0
-2

0
0

u
. 

Petroleum
 

ether, 
C

arbon tetrachloride, Cyclohexane, Carbondisulphide. 
E

ther, A
cetone, B

enzene, T
oluene, E

sters (Ethyl acetate), C
hloroform

, A
lcohols 

(M
ethanol, 

E
thanol, 

etc), 
W

ater, 
Pyridine, 

O
rganic 

acid
s 

(A
cetic 

acid, 
etc). 

M
ix

tu
re 

o
f 

acid
s 

o
r
 

b
ases 

w
ith 

ethanol 
o

r pyridine 
e
tc

. 
S

e
le

c
tio

n
 

o
f statio

n
ary

 phase 
T

h
e su

ccess o
f ch

ro
m

ato
g

rap
h

y
 d

ep
en

d
s 

u
p

o
n

 
th

e p
ro

p
er selectio

n
 of 

statio
n

ary
 p

h
ase. T

h
e selection o

f statio
n

ary
 p

h
ase in

 co
lu

m
n

 ch
ro

m
ato

g
rap

h
y

 
d

ep
en

d
s 

o
n

 
th

e 
follow

ing: 

T
h

ese 
so

lv
en

ts 
c
a
n

 
be 

used 
in

 
either 

p
u

re 
form

 
o

r
 

a
s
 

m
ix

tu
re 

o
f 

so
lv

en
ts 

o
f varying com

positions. 

3
. 

C
O

L
U

M
N

 
C

H
A

R
A

C
T

E
R

IS
T

IC
S

 
i. 

R
em

o
v

al
o

f im
purities: W

h
en

 
a 

sm
all quantity of im

purity 
is present 

an
d

 
th

ere 
is 

difference 
in

 
affinity 

w
h

en
 

com
pared 

to
 

th
e
 

m
ajor 

c
o

m
p

o
n

e
n

t, 
a 

w
e
a
k

 
a
d

so
rb

e
n

t 
is 

su
fficien

t. 
T

h
e
 

m
aterial 

o
f 

th
e 

colum
n 

is 
m

ostly 
g

o
o

d
 

q
u

a
lity

 
n

e
u

tra
l 

g
la

ss sin
ce it sh

o
u

ld
 n

o
t 

b
e 

affected
 

b
y

 
so

lv
en

ts, 
acids or alkalies. 

A
n 

ordinary 
b

u
re

tte
 
c
a
n

 also be used 
a
s
 colum

n 
for 

separation. 
T

h
e 

co
lu

m
n

 
dim

ensions are 
im

p
o

rtan
t for effectiv

e c
o

lu
m

n
 separations. T

h
e 

ength: d
ia

m
e
te

r 
ra

tio
 

ranges 
fro

m
 

10:1 
to

 

O
U

. 
F

o
r 

m
o

r
e
 efficiency, 

the length 
: d

ia
m

e
te

r 

rato 
c
a
n

 
b

e
 

1
0

0
:1

. 
T

h
e
 length 

of th
e 

c
o

lu
m

n
 

depends 
upon: 

R
eservoir o

f m
obile p

h
ase 

ii. 
N

o
. 

o
f com

ponents 
to

 
b

e separated: 
W

h
en

 
few

 com
ponents 

a
re

 
to

 
b

e
 separated, 

w
eak

 
ad

so
rb

en
t 

is 
used. 

W
h

en
 

m
o

re
 com

ponents 
a
re

 
to

 
b

e
 separated, 

a 
strong 

adsorbent 
is 

selected. 
M

obile p
h

ase 

iii. 
A

ffinity 
differences betw

een com
ponents: 

W
hen com

ponents 
h

av
e 

sim
ilar affinities, 

a 
strong adsorbent 

w
ill 

be effective. 
W

h
en

 
th

ere 
1s 

m
o

re
 difference 

in
 affinities, 

a 
w

eak adsorbent 
is 

selected. 
A

d
so

rb
e
n

t 

iv. 
Length 

o
f th

e
 

co
lu

m
n

 u
sed

: W
hen 

a 
shorter colum

n 
is used, 

stro
n

g
 

adsorbent 
h

as 
to

 
b

e 
used. 

W
hen 

a 
longer 

colum
n 

is 
used, 

a 
w

eak
 

A
ffin

ity
 of com

pounds 
to

w
ard

s 
th

e

ad
so

rb
en

t 
used. 

ad
so

rb
en

t 
can

 
be 

used. 

v
. 

Q
uantity 

o
f 

adsorbent 
used: 

2
0

 
o

r
 

30 
tim

es 
th

e 
w

eight 
o

f 
tn

e
adsorbent 

is 
u

sed
 

for 
effective 

separation. 

F
ilte

r p
ap

er d
isc 

u
m

b
e
r
 

o
f c

o
m

p
o

u
n

d
s 

to
 

b
e
 

s
e
p

a
ra

te
d

. 
S

in
te

r d
isc

 

A
dsorbate A

dsorbent 
ratio 

=
 

1:20 
o

r 
1:30 

T
y

p
e

o
f 

a
d

so
rb

e
n

t 
u

sed
. 

Q
u

an
tity

 
o

f 
th

e
 

sam
ple. 
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i. 
Isocratic 

elution 
nique: 

(Iso 
m

ea 
4

. 
P

R
E

P
A

R
A

T
IO

N
 

O
F

 
T

H
E

 
cO

L
U

M
N

 

T
h

e
 
b

o
tto

m
 

p
o

rtio
n

 
o

f th
e
 
c
o

lu
m

n
 

is
 packed 

w
ith

 
c
o

t
t
o

n
 

w
o

o
l 

o
r
 g

laso
 

W
O

o
l 

o
r
 
m

a
y

 
c
o

n
t
a
i
n

 
a 

a
s
b

e
s
to

s
 p

ad
, 

a
b

o
v

e
 
w

h
ic

h
 

th
e
 
c
o

l
u

m
n

 
o

l adsorbent 

1s 
p

a
c
k

e
d

. 
A

 
W

h
a
tm

a
n

 
filter 

p
a
p

e
r 

d
isc

 
c
a
n

 
a
lso

 
b

e
 

u
s
e
d

. 
A

lte
r
 

p
ack

in
g

 

t
h

e
c
o

lu
m

n
 

w
ith

 
th

e
 

a
d

s
o

rb
e
n

t, 
a 

sim
ila

r 
p

a
p

e
r 

d
is

c
 

is
 

k
e
p

t 
o

n
 

th
e
 ton 

S
o

 
th

a
t 

th
e
 

a
d

s
o

r
b

e
n

t 
layer 

is
 

n
o

t 
d

istu
rb

e
d

 
d

u
rin

g
 

th
e
 

in
tro

d
u

c
tio

n
 of 

sa
m

p
le

 
o

r
 

m
o

b
ile

 
p

h
ase. 

D
is

tu
rb

a
n

c
e
 

in
 

th
e 

layer 
o

t 
a
d

s
o

r
b

e
n

t 
w

ill 
lead 

to
 

irreg
u

lar 
b

a
n

d
s 

in
 

sep
aratio

n
. 

elution 
technique, 

the 
sam

e 
nolarity 

is 
used hroughout 

the 
proces 

eg. Chloroform 
only, Pet.ether 

B
enzene 

=
 

1:1 
only, 

etc. 

S
am

e 
o

r
 sim

ilar) 
In

 
th

is 
ss 

solvent com
position 

o
r solvent 

of 
sam

e 
process 

of separation. 

G
radient 

elution technique: 
(Gradient 

technique, 
solvents 

of 
gradually 

increasing 
polarity 

o
r
 

increasing 
elution 

strength 
a
re

 
used during 

the 
process 

of separation. 
Initially 

low
 polar 

solvent 
is used followed by gradually increasing 

th
e polarity 

to 
a 

m
o

re
 polar 

solvent. 
eg. Initially B

enzene, 
then Chloroform

, 
then 

Ethyl 
acetate, 

th
en

 
to

 M
ethanol,

etc. 

gradually) 
In 

this 
elution 

T
h

e
re

 
a
r
e
 

tw
o

 
ty

p
es 

o
f 

preparing 
th

e
 

c
o

lu
m

n
, 

w
h

ic
h

 
a
r
e
 

called
 

a
s
 

packing 
techniques. T

hey 
a
re

 

o
th

er 
techniques 

like 
Frontal analysis 

and Displacem
ent 

analysis 
w

here 
a 

graph 
o

f concentration 
of 

eluate 
V

s volum
e 

of eluate 
w

ill 
give 

a
n

 
id

e
a
 

of 
how

 com
pounds 

a
re

 eluted 
o

u
t 

from
 

the 
colum

n. 

i. 
D

ry
 
p

a
c
k

in
g

 
te

c
h

n
iq

u
e
: 

In
 

th
is 

te
c
h

n
iq

u
e
, 

th
e
 

re
q

u
ire

d
 

q
u

a
n

tity
 

o
f 

a
d

so
rb

e
n

t 
is 

p
ack

ed
 

in
 

th
e 

colum
rn 

in
 

d
ry

 
fo

rm
 

a
n

d
 

th
e
 

so
lv

en
t 

allo
w

ed
 

to
 

flow
 

th
ro

u
g

h
 

th
e 

co
lu

m
n

 
till 

eq
u

ilib
riu

m
 

is 
re

a
c
h

e
d

. 
T

h
e 

d
em

erit w
ith

 th
is tech

n
iq

u
e is th

a
t air b

u
b

b
les a

re
 e

n
tra

p
p

e
d

 b
etw

een
 

th
e
 

so
lv

en
t 

a
n

d
 

th
e
 

statio
n

ary
 

p
h

ase 
a
n

d
 

th
e
 

c
o

lu
m

n
 

m
a
y

 
n

o
t 

b
e 

u
n

ifo
rm

ly
 

p
ack

ed
. 

C
rack

s 
ap

p
ear 

in
 

th
e 

a
d

so
rb

e
n

t 
p

re
se

n
t 

in
 

th
e 

c
o

lu
m

n
. 

H
e
n

c
e
 

u
n

ifo
rm

ity
 

in
 

flo
w

 
c
h

a
ra

c
te

ristic
s 

a
n

d
 

c
le

a
r 

b
a
n

d
 

o
f 

th
e
 

s
e
p

a
ra

te
d

 
co

m
n

p
o

n
en

t 
m

a
y

 
n

o
t 

b
e
 

o
b

ta
in

e
d

. 

7
. 

D
E

T
E

C
T

IO
N

 
O

F
 

CO
M

PO
N

EN
TS 

T
h

e 
d

etectio
n

 
o

f coloured com
ponents 

c
a
n

 
be 

done visually. 
D

ifferent 
coloured 

b
a
n

d
s 

a
r
e
 

s
e
e
n

 m
oving 

dow
n 

the 
colum

n 
w

hich 
c
a
n

 
b

e 
collected 

separately. 
B

u
t 

for colourless com
pounds,

the technique depends 
u

p
o

n
 th

e 
properties 

o
f 

th
e
 

com
ponents. 

D
ifferent 

properties 
w

hich 
c
a
n

 
b

e 
u

se
d

 
a
r
e
 

i
. 

W
e
t packing 

technique: 
T

h
is 

is 
th

e 
id

eal technique. 
T

h
e
 required 

quantity o
f the 

ad
so

rb
en

t 
is 

m
ix

e
d

 
w

ith
 

th
e
 

m
o

b
ile 

phase 
so

lv
en

t 
in

 
a 

b
eak

er a
n

d
 poured 

in
to

 
th

e
 co

lu
m

n
. T

h
e stationary phase settles 

uniform
ly 

in
 

th
e
 

co
lu

m
n

 an
d

 th
ere 

is 
n

o
 entrapm

ent 
o

f a
ir bubbles. 

T
h

ere 
w

ill 
n

o
t 

b
e
 

an
y

 crack
 

in
 

th
e 

co
lu

m
n

 
of a

d
so

rb
e
n

t. 
T

h
e
 

b
a
n

d
s 

elu
ted

 
from

 
th

e 
co

lu
m

n
 

w
ill 

b
e
 

u
n

ifo
rm

 
an

d
 

id
eal 

for 
separation. 

i. 
A

bsoption 
o

f light 
(U

V
/V

is) 
-

using 
U

V
/V

is 
d

e
te

c
to

r 

i1, 
P

lo
u

rescen
ce 

o
r
 light em

ission characteristics 
u

s
in

g
 

flourescence 
detector 

i
.
 

B
y

 
u

s
in

g
 

fla
m

e
 

io
n

isa
tio

n
 

d
etecto

r 

5
. 

IN
T

R
o

D
U

C
T

IO
N

 
O

F
 

S
A

M
P

L
E

 
V

. 
R

efractive 
in

d
e
x

 
d

e
te

c
to

r 
b

ased
 

o
n

 
th

e 
refractiv

e index difference 
b

e
tw

e
e
n

 
th

e
 

m
o

b
ile

 
p

h
a
se

 
a
n

d
 

m
o

b
ile 

p
h

a
se

+
c
o

m
p

o
n

e
n

t 
T

h
e 

sam
ple 

w
h

ich
 

is 
usually 

a 
m

ix
tu

re 
o

f com
ponents 

is 
dissolved 

in
 

m
in

im
u

m
 quantity 

of 
th

e
 

m
obile phase 

u
sed

 
for 

preparing 
th

e
 

colum
n 

o
r
 

a 
so

lv
en

t 
o

f 
m

in
im

u
m

 
polarity. 

T
h

e
 

en
tire sam

ple
is 

introduced 
in

to
 

th
e 

co
lu

m
n

 
a
t 

o
n

c
e
 
a
n

d
 gets 

ad
so

rb
ed

 
o

n
 

to
 th

e top portion 
of th

e colum
n 

F
ro

m
 

th
is 

z
o

n
e
, 

th
e
 

in
d

iv
id

u
al sam

ples 
c
a
n

 
be separated 

by 
a 

process 
o 

V
E

v
ap

o
ratio

n
 of the so

lv
en

t 
a
n

d
 w

eighing 
th

e
 

re
sid

u
e
 

6
y

 m
onitoring 

th
e
 

fra
c
tio

n
s 

by 
th

in
 layer 

ch
ro

m
ato

g
rap

h
y

 

elu
tio

n
. 

y 
o

n
e
 o

f th
e
 a

b
o

v
e
 te

c
h

n
iq

u
e
s c

a
n

 b
e
 u

s
e
d

 fo
r d

e
te

c
tio

n
 o

f c
o

m
p

o
u

n
d

s
 

S
o

 
6

. D
EV

ELO
PM

EN
T 

TECH
N

IgU
E (ELUTION) 

l
t
 c

a
n

 b
e
 u

s
e
d

 for qualitative analysis a
n

d
 fo

r 
is

o
la

tio
n

 of co
m

p
o

u
n

d
s. 

A
fter 

th
e 

introduction 
ol 

th
e
 

sam
ple, 

by 
elution

techniques, 
individual com

pornents 
a
re

 Separated o
u

t from
 the colum

n. T
h

e tw
o

 technique 

8. 
R

E
C

O
v

E
R

Y
 

O
F

 
C

O
M

P
O

N
E

N
T

S
 

V
e
r
a
l 

d
is

tin
c
t 

z
o

n
e
s
.
 

L
a
te

r, 
e
x

t
r
u

s
l
o

n
 

o 
u

n
e
E

 
c
o

l
u

m
n

 
in

to
 
z
o

n
e
s
 

w
e
r
e
 

1
3

-1
0

 

a
r
e
 

in
to

a
r
lie

r
, 

r
e
c
o

v
e
r
y

 of th
e c

o
m

p
o

n
e
n

ts 
w

e
r
e
 
d

o
n

e
 

b
y

 c
u

ttin
g

 
th

e
 

c
o

lu
m

n
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com
pone 

(pum
ps). P

ressure below the colum
n is decreased, by applying v

acu
u

m
, 

u
s
in

g
 

v
a
c
u

u
m

 
p

u
m

p
. 

d
o

n
e 

b
y

 
u

sin
g

 
plt 

by 

the 
om

ponents 
iques like 

p
lu

n
g

e
r. 

T
h

e
 
b

e
s
t
 

te
c
h

n
iq

u
e
 
is

 
to

 
r
e
c
o

v
e
r
 
th

e
 

S
O

v
en

t 
c
a
lle

d
 

a
s
 

e
l
u

e
n

t
 

a
n

d
 

th
e
 
p

r
o

c
e
s
s
 
o

f 
r
e
m

o
v

i
n

g
 

th
e
 

c
o

n
 

i
r
o

m
 

th
e
 
c
o

lu
m

n
 

is
 

c
a
lle

d
 

a
s
 
e
lu

tio
n

. 
T

h
e
 
d

if
f
e
r
e
n

t 
e
l
u

t
i
o

n
 

tech
n

iq
1

 
y

a
 
p

r
o

c
e
s
s
 

c
a
lle

d
 
a
s
 
e
l
u

t
i
o

n
. 

T
h

e
 
c
o

m
p

o
n

e
n

t
s
 
a
r
e
 

called
 
a
s
 
e
lu

a
te

 

A
P

P
L

IC
A

T
IO

N
S

 

is
o

c
ra

tic
 

e
lu

tio
n

 
te

c
h

n
iq

u
e
 

a
n

d
 

g
ra

d
ie

n
t 

e
lu

tio
n

 
t
e
c
h

n
i
q

u
e
 

a
r
e
 

d
iscu

o
. 

a
lre

a
d

y
. 

R
e
c
o

v
e
ry

 
is

 
d

o
n

e
 

b
y

 
c
o

lle
c
tin

g
 

a
s
 

d
i
f
f
e
r
e
n

t
 

I
r
a
c
t
i
o

n
s
 

o
f 

m
o

h
 

can 
p

h
a
s
e
 
o

f e
q

u
a
l 

v
o

lu
m

e
 

lik
e
 

1
0

m
l, 

2
0

m
l, 

e
tc

 
o

r
 
u

n
e
q

u
a
l 

v
o

l
u

m
e
. 

T
h

ey
 

etc. 

1
. 

Separation 
o

f m
ix

tu
re 

o
f com

pounds: 
C

olum
n chrom

atography 
c
a
n

 
b

e u
sed

 for 
th

e separation of several classes of drugs 
an

d
 constituents 

ik
e
 

alkaloids, 
glycosides, 

am
in

o
 

acids, 
plant 

extracts, 
drugs 

a
n

d
 

obile 

a
ls

o
 

b
e
 

c
o

lle
c
te

d
 

tim
e
 

w
ise

. 
i.e

. 
a 

fra
c
tio

n
 

e
v

e
ry

 
1

0
 

o
r
 

2
0

 
m

in
u

te
s
 te

 bf 

fo
rm

u
latio

n
s, 

etc. 

T
h

e
 

r
e
c
o

v
e
r
e
d

 
fra

c
tio

n
s
 

a
r
e
 

d
e
te

c
te

d
 

by 
u

sin
g

 
t
h

e
 

te
c
h

n
iq

u
e
s
 

discussed 

e
a
rlie

r. 
S

im
ila

r 
fra

c
tio

n
s
 

a
r
e
 

m
ix

e
d

 
s
o

 
th

a
t 

th
e
 

b
u

l
k

 
o

I
 

t
h

e
 

c
o

m
p

o
u

n
d

 af 

e
a
c
h

 
ty

p
e 

is
 

o
b

ta
in

e
d

 
in

 
a 

p
u

re
 

fo
rm

. 
If 

a 
f
r
a
c
tio

n
, 

s
u

i
l
 

c
o

n
ta

in
s
 

s
e
v

e
ra

l 
2

. 
R

em
oval 

o
f im

purities 
o

r purlication 
process: 

Im
purities 

present 
in

 
a 

com
pound 

c
a
n

 
b

e
 

rem
oved by 

using appropriate stationary 
a
n

d
 

m
obile 

p
h

ase. 
c
o

m
p

o
n

e
n

ts
, 

it 
c
a
n

 
b

e
 

r
e
s
o

lv
e
d

 by 
u

sin
g

 
a
n

o
th

e
r
 

c
o

l
u

m
n

. 

3
. 

Iso
la

tio
n

 
o

f 
a
c
tiv

e
 

form
ulations 

o
r 

o
th

er cru
d

e 
ex

tracts, 
a
c
tiv

e
 

co
n

stitu
en

ts 
o

r
 required 

constituents: 
From

 
plant 

extracts, 
from

 
F

A
C

T
O

R
S

 
A

F
F

E
C

T
I
N

G
 

C
O

L
U

M
N

 
E

F
F

I
C

I
E

N
C

Y
 

F
o

r 
a
n

y
 

se
p

a
ra

tio
n

, efficiency 
o

f th
e
 

c
o

lu
m

n
 

is
 

im
p

o
rta

n
t. 

U
n

le
s
s
 

th
e 

fa
c
to

rs 
affecting 

th
e
 

c
o

lu
m

n
 

efficiency 
a
r
e
 

k
n

o
w

n
, 

efficiency 
c
a
n

n
o

t 
b

e 

im
p

ro
v

e
d

. 
T

h
e
y

 
a
re

: 

c
o

n
s
titu

e
n

ts
 

c
a
n

 
b

e
 

iso
la

te
d

 

4
. 

Iso
latio

n
 

o
f m

e
ta

b
o

lite
s 

fro
m

 biologlcal 
fu

id
s: 

eg. 
1

7
-k

eto
stero

id
s 

fro
m

 
u

rin
e
, 

cortisol, 
o

th
er drugs 

e
tc

 from
 biological 

flu
id

s lik
e b

lo
o

d
. 

p
la

sm
a
 

o
r 

se
ru

m
, 

etc. 
i. 

D
im

e
n

s
io

n
s
 
o

f th
e
 

c
o

lu
m

n
: A

 length:diam
eter 

r
a
tio

 
o

f 2
0

:1
 

o
r
 30:1 

a
r
e
 

id
eal. 

B
u

t 
fo

r 
im

proving 
th

e
 

efficiency, 
1

0
0

:1
 

m
a
y

 
b

e
 

m
o

r
e
 

satisfactory. 
5. 

E
s
tim

a
tio

n
 

o
f d

ru
g

s 
in

 
fo

rm
u

latio
n

s 
o

r 
c
ru

d
e
 

e
x

tra
c
ts 

ii. 
P

article 
size 

o
f th

e
 

ad
so

rb
en

t: A
d

so
rb

en
t 

activ
ity

 
d

e
p

e
n

d
s 

o
n

 
th

e 
su

rface 
a
r
e
a
 

o
f a

d
so

rb
e
n

t. 
F

o
r increasing 

th
e 

su
rfa

c
e
 

a
re

a
, particle 

siz
e
 

c
a
n

 
b

e
 

re
d

u
c
e
d

 
a
n

d
 

h
e
n

c
e
 

th
e
 

a
d

so
rb

e
n

t 
a
c
tiv

ity
 

in
c
re

a
s
e
s
. 

i. 
D

e
te

rm
in

a
tio

n
 o

f %
 w

/w
 o

f sty
ch

n
in

e in
 sy

ru
p

 o
f ferro

u
s p

h
o

sp
h

ate 
w

ith
 

q
u

in
in

e
 

a
n

d
 

stry
ch

n
in

e. 

i. 
D

e
te

rm
in

a
tio

n
 o

f p
rim

a
ry

a
n

d
 se

c
o

n
d

a
ry

 g
ly

c
o

sid
e
 in

 d
ig

ita
lis le

a
f 

ii. 
N

a
tu

re
 
o

f so
lv

e
n

t: T
h

e
 flow

 
ra

te
 of solvent is affected

 by 
its

 viscosity. 
T

h
e
 flow

 
ra

te
 

is inversely proportional 
to

 viscosity. 
H

e
n

c
e
 le

ss 
v

isc
o

u
s 

so
lv

en
ts 

a
r
e
 

b
etter 

efficient 
th

an
 

m
o

re
 

v
isco

u
s 

solvents. 

ii. 
D

e
te

rm
in

a
tio

n
 

o
f 

p
h

y
to

m
e
n

a
d

io
n

e
 

in
 

in
je

c
tio

n
 

a
n

d
 

ta
b

le
ts.

iv
. 

D
e
te

rm
in

a
tio

n
 

o
f 

F
lu

c
in

o
lo

n
e

a
c
to

n
id

e
 

o
r
 

B
e
ta

m
e
th

a
s
o

n
e
 

1
7

- 
iv

. 
T

em
perature 

o
f th

e
 co

lu
m

n
: Speed 

of elution
is in

creased
 
a
t higner 

tem
perature. 

B
u

t adsorbent pow
er is decreased a

t higher tem
peratures 

H
e
n

c
e
 

a 
com

prom
ise 

is m
ade betw

een
speed 

of elution an
d

 adsorbe 
power.Normally 

ro
o

m
 tem

perature 
is 

u
sed

 
for 

all sam
ples. D

iflic 
sam

ples 
a
re

 separated 
a
t higher tem

peratures. 

v
a
le

ra
te

 
in

 
fo

rm
u

lated
 

p
ro

d
u

cts. 

V
. 

S
ep

aratio
n

 
o

f geom
etrical 

is
o

m
e
r
s
: 

C
is

 
a
n

d
 

tr
a
n

s
 

fo
rm

s 
o

f 
b

ix
in

 

a
n

d
 

c
ro

c
e
tin

 
dim

ethyl 
e
th

e
r 

u
sin

g
 

a
lu

m
in

a
. 

v
i. 

S
e
p

a
ra

tio
n

 
o

f 
d

ia
s
te

r
e
o

m
e
r
s
. 

v
. 

P
ressu

re: 
H

igh 
pressure 

above 
the 

colum
n 

an
d

 
low

 pressure belo 
th

e 
colum

n 
in

creases 
th

e 
efficiency 

o
f separation. 

H
igh 

press 
above 

th
e colum

n 
is achieved by m

aintaining 
a 

colum
n 

of liqua 
th

e 
top 

o
f 

th
e
 

colum
n 

(reservoir) 
o

r 
by 

using 
pressure 

dev 

v
i. 

S
e
p

a
ra

tio
n

 of inorganic 
io

n
s
 

lik
e
 

c
o

p
p

e
r,

c
o

b
a
lt,

N
ick

el, 
e
tc

. 

e 

o
n

 

V
ifi. 

S
e
p

a
ra

tio
n

 
o

f 
t
a
u

t
o

m
e
r
s
 

a
n

d
 

r
a
c
e
m

a
t
e
s
.
 

ic
e
s
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A
D

V
A

N
T

A
G

E
S

 
O

F
 

c
o

L
U

M
N

 
C

H
R

O
M

A
T

ro
G

R
A

P
H

Y
 

14. 
T

H
IN

 
LA

Y
ER

 
OMATOGRAPHY 

TLC) 
.A

n
y

 
ty

p
e of m

ixture 
c
a
n

 
b

e
 separated 

by 
c
o

lu
m

n
 

chrom
atographu 

In
tro

d
u

c
tio

n
 

. 
A

n
y

 
q

u
a
n

tity
 
o

f th
e
 
m

ix
tu

re
 
c
a
n

 
b

e
 
s
e
p

a
r
a
te

d
 
l
g

 to
 
m

g
 

o
f 

s
u

b
s
ta

n
c
e
l 

P
rin

c
ip

le
 

3
. 

W
id

er 
ch

o
ice 

o
f m

o
b

ile 
p

h
ase. 

4
. 

In
 

p
rep

arativ
e 

type, 
th

e
 sam

ple 
c
a
n

 
b

e
 

se
p

a
ra

te
d

 
a
n

d
 

re
u

s
e
d

. 
a 

A
dvantages 

of 
T

L
C

 

5
. 

A
u

to
m

a
tio

n
 

is possible. 
P

ra
c
tic

a
l requirem

ents 
D

ISA
D

V
A

N
T

A
G

E
S 

O
F

 
coL

U
M

N
 

C
H

R
O

M
A

T
O

G
R

A
PH

Y
 

Stationary 
Phases 

1
. 

T
im

e
 

c
o

n
s
u

m
in

g
 

m
e
th

o
d

.
G

lass 
plates 

Preparation 
and 

activation 
of 

TLC
 plates 

A
pplication 

of sam
ple 

2
. 

M
o

re
 

a
m

o
u

n
t 

o
f 

so
lv

e
n

ts
a
re

 
re

q
u

ire
d

 
w

h
ic

h
 

a
re

 
e
x

p
e
n

siv
e
. 

D
evelopm

ent 
tank 

M
obile 

phase 
3

. 
A

u
to

m
a
tio

n
 

m
a
k

e
s
 

th
e
 technique 

m
o

r
e
 com

plicated 
a
n

d
 

ex
p

en
siv

e. 

P
A

R
T

IT
IO

N
 

C
O

L
U

M
N

 
C

H
R

O
M

A
T

O
G

R
A

P
H

¥
 

D
evelopm

ent technique 
O

ne dim
ensional developm

ent 
T

h
e technique 

is 
sim

ilar 
to

 
co

lu
m

n
 adsorption chrom

atography
except 

th
at, 

th
e
 

statio
n

ary
 

phase 
is 

liquid. 
A

 
solid 

support
lik

e 
silica 

gel 
o

r
 

cellu
lo

se 
is 

u
se

d
 

to
 

h
o

ld
 

th
e
 liquid 

stationary 
phases 

lik
e 

w
ater, 

aq
u

eo
u

s 
b

u
ffer 

solutions, 
e
tc

. 
a
s
 

th
in

 
film

 
o

n
 

th
e
 

su
rface. 

M
obile phase 

is 
sim

ilar 
to

 
th

a
t 

o
f 

co
lu

m
n

 
chrom

atography, 
b

u
t gradient

elu
tio

n
 

technique 
is 

n
o

t 
u

sed
, 

s
in

c
e
 

th
e
 

equilibrium
 

w
ill 

b
e
 

d
istu

rb
ed

. 
A

ll 
th

e
 

o
th

e
r 

requirem
ents 

a
n

d
 

th
e
 technique 

is 
sim

ilar 
to

 
co

lu
m

n
 adsorption chrom

atography. 
C

o
lu

m
n

 
partition chrom

atography 
is 

n
o

t being 
u

sed
 w

idely. 

-

T
w

o 
dim

ensional developm
ent 

-
H

o
r
iz

o
n

ta
l 

d
e
v

e
lo

p
m

e
n

t 

-
M

u
ltip

le
 

d
e
v

e
lo

p
m

e
n

t 

D
etectin

g
 

o
r 

visualising 
agents 

-S
pecific &

 N
on-specific m

ethods 
D

estru
ctiv

e &
 N

on-destructive 
m

ethods 

E
Q

u
a
lita

tiv
e
 an

aly
sis 

R
. 

Rx. 
RM

 

U
 

Q
u

a
n

t
i
t
a
t
i
v

e
 

a
n

a
ly

s
is

 

D
ir

e
c
t and Indirect m

ethods 

E
 

A
p

p
lic

a
tio

n
s
 

o
f T

L
C

 

H
P

T
L

C
 

(H
igh 

P
e
rfo

rm
a
n

c
e
 T

h
in

 
L

ayer 
C

h
ro

m
ato

g
rap

h
y

) 

13-13 
1

4
-1

 



I
N

T
R

O
D

U
C

T
I
O

N
 

8
. 

CorrO
sive 

sp
ray

 reagents 
c
a
n

 
be 

used 
used 

w
ithout dam

aging 
th

e plates 
aN

eeds 
less 

solvent, stationary phase and 
tim

e 
for 

every separation 
w

hen com
pared 

to 
colum

n chromatography. 
The 

history 
o

f T
h

in
 

L
ayer C

h
ro

m
ato

g
rap

h
y

d
a
te

s
 

b
a
c
k

 
to

 
1

9
3

8
 

w
h

. 

1
Z

m
a
ilo

v
 
a
n

d
 

S
h

ra
ib

e
r 

sep
arated

 
plant 

e
x

tra
c
ts 

u
sin

g
 

2
m

m
 

th
ic

k
 

a
n

d
 f 

la
y

e
r 

o
f a

lu
m

in
a
 
s
e
t 

o
n

 glass plate. 
In

 
1

9
4

4
, 

C
o

n
s
d

e
n

, 
G

o
r
d

e
n

 
a
n

d
 M

arti. 
u

s
e
d

 
filte

r 
p

a
p

e
rs

 
fo

r 
se

p
a
ra

tin
g

 
a
m

in
o

 
a
c
id

s. 
In

 
1

9
5

0
, 

K
irc

h
n

e
r 

id
en

tified
 

te
rp

e
n

e
s
 

o
n

 
filter 

p
a
p

e
r 

a
n

d
 

la
te

r 
g

la
ss 

fib
re 

p
a
p

e
r 

c
o

a
te

d
 

w
ith

 a
lu

m
in

a
 

O
n

ly
 

in
 

1
9

5
8

, 
S

ta
h

l 
d

e
v

e
lo

p
e
d

 
sta

n
d

a
rd

 
e
q

u
ip

m
e
n

t 
fo

r 
a
n

a
ly

s
in

g
 

b
y

 T
h

in
 

layer 
chrom

atography. 

when 

PR
A

C
TIC

A
L 

R
EQ

U
IR

EM
EN

TS 

1. 
S

tationary phases 

2. 
G

la
ss 

p
lates 

3
. 

Preparation 
a
n

d
 

activation 
of TLC

 
plates 

P
R

IN
C

IP
L

E
E

 

4
. 

A
p

p
licatio

n
 

o
f sam

p
le 

T
h

e
 

p
rin

cip
le 

of sep
aratio

n
 

is 
a
d

so
rp

tio
n

. 
O

n
e 

o
r 

a
r
e
 

spotted 
o

n
 

a 
th

in
 

layer 
of 

ad
so

rb
en

t
co

ated
 

o
n

 
a 

chrom
atographic 

p
late. 

T
h

e 
m

o
b

ile 
p

h
a
se

 
so

lv
en

t lo
w

s 
th

ro
u

g
h

 
b

e
c
a
u

se
 

o
f cap

illary
 

action 

(against gravitational force). The com
ponents m

ove according to their affinities 
to

w
ard

s 
th

e
 

ad
so

rb
en

t. 
T

h
e
 

com
ponent 

w
ith

 
m

o
r
e
 

q
fin

ity
 

to
w

ard
s 

the 
stationary 

phase 
tra

v
e
ls 

slo
w

er. 
T

h
e
 

com
ponent 

w
ith

 
le

sse
r 

qffinity 
to

w
ard

s 
th

e 
stationary 

phase 
tra

v
e
ls faster. 

T
h

u
s 

th
e
 

com
ponents 

a
re

 
separated 

o
n

 
a 

th
in

 layer chrom
atographic 

plate 
b

ased
 

o
n

 
th

e
 affinity 

of 
th

e
 

com
ponents 

to
w

ard
s 

th
e stationary phase. 

m
o

r
e
 

c
o

m
p

o
u

n
d

s
 

5. 
D

ev
elo

p
m

en
t 

ta
n

k
 

6. 
M

o
b

ile 
P

h
a
se

 

7. 
D

ev
elo

p
m

en
t 

tech
n

iq
u

e 

8
. 

D
e
te

c
tin

g
 

o
r 

v
isu

alisin
g

 agents 

1
. 

S
T

A
T

IO
N

A
R

Y
 

P
H

A
S

E
S

 

A
D

V
A

N
T

A
G

E
S 

O
F 

T
L

C
 

T
h

e
re

 
a
r
e
 sev

eral ad
so

rb
en

ts w
hich 

c
a
n

 b
e
 u

se
d

 
a
s
 stationary phases. 

S
o

m
e
 

o
f 

th
e
 

stationary phases, 
th

eir 
com

position 
a
n

d
 

th
e
 

ra
tio

 
in

 
w

h
ic

h
 

they 
h

a
v

e
 

to
 

b
e
 

m
ix

e
d

 
w

ith
 

w
a
te

r 
o

r
 

o
th

er 
so

lv
en

ts 
to

 
fo

rm
 

a 
slurry 

fo
r 

preparing th
in

 layer chrom
atographic plates 

a
r
e
 given 

in
 th

e
 follow

ing 
tab

le: 

A
dsorbent: w

ater 
ra

tio
 

1
:1

.5
 

1. 
Sim

ple 
m

eth
o

d
 

an
d

 
c
o

st 
of 

th
e equipm

ent 
is 

low
. 

2
. 

R
apid technique an

d
 n

o
t tim

e consum
ing like c

o
lu

m
n

 chrom
atography. 

3. 
Separation 

of 
H

g 
of 

th
e substances 

c
a
n

 
b

e 
achieved. 

C
o

m
p

o
sitio

n
 

N
am

e 
| Silicagel H

 
Silicagel G

 
Silicagel GF 
Alumina 

Silicagel w
ithout binder 

Silicagel+ CaSO4 
4

. 
A

ny 
type 

of com
pound 

c
a
n

 
b

e analysed. 
1

:2
 

1
:2

 
5

. 
E

fflciency 
o

f separation: V
ery 

sm
all particle 

size 
c
a
n

 b
e
 u

sed
 

w
hicn 

in
creases th

e efficiency 
o

f separation. 
Flow

 
rate 

is 
n

o
t altered because 

of 
th

e particle 
size 

sin
ce 

it 
is 

n
o

t 
a 

closed 
colum

n. 
It 

is 
a 

plana 
type 

having 
th

in
 layer 

of adsorbent. 

S
ilicagel 

+
 

B
in

d
e
r +

 flo
u

rescen
t indicator 

1
:1

.1
 

N
eutral 

A
l2

0
3

 
w

ith
o

u
t 

b
in

d
e
r 

B
asic 

A
cidic 

Al2O3 G
 

C
ellulose 

p
o

w
d

e
r cellulose w

ithout binder 

ellulose 
p

o
w

d
e
r C

ellulose w
ith binder 

Kleselguhr G_ 
Polyamide 
powder 

1
:
2

 
1

:
5

 
:
6

 
:
2

 

6
. 

D
etection 

is 
easy 

an
d

 
n

o
t tedious. 

|A
l203 

binder 

7. 
Capacity 

of 
th

e 
th

in
 

layer 
c
a
n

 
be 

altered. 
H

ence 
analytical 

an 
preparative 

separations 
c
a
n

 
b

e 
m

ade. 
|D

i
a
t
o

m
a
c
e
o

u
s
 earth

 +
 binder 

P
olyam

ide 

d 
1

:9
 

(C
H

C
lk

 : C
H

3
O

H
 

=
 
2

:3
) 

1
4

-2
 

1
4

-3
 



i11sted by 
using 

a 
k

n
o

b
 

in
 th

e spreader. N
orm

ally 
a 

thickness of 0.25m
m

 
s
e
d

 
for analytical 

p
u

rp
o

se an
d

 
2

m
m

 thickness 
for preparative 

purpose. 
2

. 
G

L
A

S
s 

P
L

A
T

E
S

 

G
la

s
s
 

p
la

te
s 

w
h

ic
h

 
a
r
e
 

specific 
d

im
e
n

s
io

n
s
 

lik
e
 

2
0

c
m

 
x 

2
0

c
m

 (R
 

p
la

te
), 

2
0

c
m

 
x 

1
O

c
m

 
(H

alf 
plate). 

2
0

 
c
m

 
x 

5
c
m

 
(
9

u
a
r
te

r
 

p
la

te
) 

c
a
n

 ho 

u
s
e
d

. 
T

h
e
se

 
d

im
e
n

s
io

n
s
 

a
r
e
 

u
se

d
 

s
in

c
e
 

th
e
 

w
id

th
 

o
r 

u
h

e
 

c
o

m
m

e
rc

ia
ll 

a
v

a
ila

b
le

 
T

L
C

 spreader 
is

 
2

0
c
m

. 

(Full 
spreader 

is 
rolled 

only 
o

n
c
e
 

o
n

 
th

e 
plates. 

T
h

e 
plates 

a
re

 
T

h
e
n

 
t
h

e
 

llow
ed 

for settin
g

 
(air drying). 

T
h

is 
is dorne 

to 
avoid 

crack
s 

o
n

 
th

e
 

su
rface 

adsorbent. 
A

fter setting. 
th

e
 plates 

a
re

 
activated by keepirng 

in
 

a
n

 
o

v
e
n

 

a
t 

100°C
 

to
 

1
2

0
°
C

 
fo

r 
1 

h
o

u
r. 

M
icroscopic slid

e
s 

c
a
n

 a
ls

o
 b

e
 u

se
d

 fo
r 

s
o

m
e
 a

p
p

lic
a
tio

n
s lik

e
 m

o
n

ito
rin

g
 

th
e
 

p
ro

g
re

s
s
 

o
f 

a 
c
h

e
m

ic
a
l 

re
a
c
tio

n
. 

T
h

e
 d

ev
elo

p
m

en
t 

tim
e
 

is
 

m
u

c
h

 shorter 

lik
e
 

5 
m

in
u

te
s. 

Fill position 
Spread position 

D
irection of 

m
ovem

ent 

G
la

ss plates 
o

f d
ifferen

t 
d

im
e
n

s
io

n
s
 

c
a
n

 
a
lso

 
b

e
 
u

s
e
d

 
w

h
e
n

 
th

e
 TLC

 
p

la
te

s 
a
re

 
p

re
p

a
re

d
 

w
ith

o
u

t 
th

e
 

u
se

 
o

f T
L

C
 

sp
re

a
d

e
r. 

In
 
g

e
n

e
ra

l, 
th

e
 

g
la

ss 

p
la

te
s 

sh
o

u
ld

 
b

e
 

o
f g

o
o

d
 

q
u

a
lity

 
a
n

d
 

sh
o

u
ld

 
w

ith
sta

n
d

 
te

m
p

e
ra

tu
re

s
 

u
se

d
 

fo
r 

d
ry

in
g

 
th

e
 

p
la

te
s. 

K
hob for 

ad
ju

stin
g

 lay
er 

thickness 
Knob for 

adjusting layer 
thickness 

G
lass plate 

Silica gel 
layer 

3
. 

P
R

E
P

A
R

A
T

IO
N

 
A

N
D

 
A

C
T

IV
A

T
IO

N
 

O
F

 
T

L
C

 
P

L
A

T
E

S
s 

B
a
se

 p
la

te
 

B
ase p

late 

F
ig

 
1

4
.1

. 
T

L
C

 
S

p
re

a
d

e
r

T
h

e
 

slu
rry

, 
w

h
ic

h
 

is 
a 

m
ix

tu
re

 
o

f 
sta

tio
n

a
ry

 
p

h
a
s
e
 

a
n

d
 

w
a
te

r 
is 

p
re

p
a
re

d
 

b
y

 
u

sin
g

 
th

e
 

ra
tio

 
m

e
n

tio
n

e
d

 
earlier. 

A
fte

r 
p

re
p

a
rin

g
 

th
e
 

slu
rry

. 
th

e
 T

L
C

 plates 
c
a
n

 b
e
 prepared by u

sin
g

 a
n

y
 
o

n
e
 o

f th
e follow

ing techniques: 
p

o
u

rin
g

. 
d

ip
p

in
g

. 
sp

ray
in

g
 an

d
 

sp
read

in
g

. 

A
c
tiv

a
tio

n
 

o
f 

T
L

C
 

plates 
is 

nothing 
b

u
t 

rem
oving 

w
a
te

r / m
oisture 

a
n

d
 

o
th

e
r 

a
d

s
o

rb
e
d

 
s
u

b
s
ta

n
c
e
s
 

fro
m

 
th

e
 

su
rfa

c
e
 

o
f 

a
n

y
 

a
d

so
rb

e
n

t, 
b

y
 

heating 
a
t 

h
ig

h
 

te
m

p
e
ra

tu
re

 
s
o

 
th

a
t 

a
d

s
o

rb
e
n

t 
activity 

is
 

re
ta

in
e
d

. 
T

h
e
 

a
c
tiv

a
te

d
 

p
lates 

c
a
n

 
b

e
 

sto
re

d
 

in
 

th
erm

o
statically

 
c
o

n
tro

lle
d

 
o

v
e
n

 
o

r
 

in
 

d
esiccato

r 
a
n

d
 

c
a
n

 
b

e 
u

sed
 

w
h

en
ev

er
required. 

In
 

pouring 
technique, 

th
e
 

slurry 
is

 
prepared 

an
d

 
poured 

o
n

 
to

 
a 

glass 
plate 

w
h

ic
h

 
is

 
m

ain
tain

ed
 

o
n

 
a 

levelled 
su

rface. 
T

h
e slurry 

is spread 
uniform

ly 
o

n
 

th
e
 

su
rface 

o
f 

th
e
 glass 

plate. 
A

fter 
setting, 

th
e
 

plates 
a
re

 
d

rie
d

 
in

 
a
n

 
o

v
e
n

. 
T

h
e
 disadvantage 

is 
th

a
t uniform

ity 
in

 
th

ic
k

n
e
ss 

can
n

o
t 

b
e
 

e
n

su
re

d
. 

4
. 

A
P

P
L

IC
A

T
IO

N
 

O
F

 
S

A
M

P
L

E
 

In
 

dipping 
technique, 

tw
o

 
plates 

(either 
o

f stan
d

ard
d

im
en

sio
n

s 
o

r 
m

icroscopic 
slides) 

a
re

 
dipped 

in
 

to 
th

e 
slurry 

an
d

 
a
r
e
 

separated 
alter

rem
oving

fro
m

 
slurry 

a
n

d
 

later 
dried. 

T
he disadvantage 

is 
th

a
t 

a 
larger 

quantity 
of slurry 

is required
e
v

e
n

 
io

r preparing 
few

er 
plates. 

U
sually 

to
 g

et good 
sp

o
ts, 

th
e
 
c
o

n
c
e
n

tra
tio

n
 

o
f th

e
 sam

ple 
o

r
 s

ta
n

d
a
rd

 

S
o

lu
tio

n
 

h
a
s
 

to
 

b
e
 

m
in

im
u

m
. 

2 
-

5ul 
of 

a 
1

%
 

so
lu

tio
n

 
o

f 
e
ith

e
r 

s
ta

n
d

a
r
d

 

o
r
 
te

s
t sam

p
le 

is 
sp

o
tted

 
u

sin
g

 
a 

capillary 
tu

b
e
 

o
r
 

m
ic

ro
p

ip
e
tte

. 
T

h
e
 

sp
o

ts 

can 
b

e
 

placed 
a
t 

ra
n

d
o

m
o

r
 

equidistant 
fro

m
 

e
a
c
h

 
o

th
e
r 

by 
u

sin
g

 
a 

em
plate, 

w
ith

 
m

ark
in

g
s. 

T
h

e
 

sp
o

ts 
sh

o
u

ld
 

b
e kept 

a
tle

a
s
t 

2
c
m

 
a
b

o
v

e
 

th
e
 

D
a
s
e
 

o
f 

th
e
 

p
la

te
 

a
n

d
 

th
e
 

sp
o

ttin
g

a
r
e
a
 

s
h

o
u

ld
 

n
o

t 
b

e
 

im
m

e
rs

e
d

 
in

 
th

e
 

n
o

b
ile

 
p

h
a
se

 
in

 
th

e
 

d
ev

elo
p

m
en

t 
ta

n
k

. 
A

tle
a
s
t 

4 
sp

o
ts 

c
a
n

 
b

e
 

sp
o

tted
 

C
O

nveniently 
o

n
 

a 
q

u
a
rte

r 
p

late 
(20cm

 
x 

5
cm

). 
Spraying 

technique 
resem

bles 
th

at 
of 

using 
a 

perfum
e 

sp
ray

 
o

n
 a 

cloth. 
T

h
e
 suspension 

o
f adsorbent 

o
r
 slurry 

is sprayed 
o

n
 

a 
glass 

plae 
using 

a 
sprayer. 

T
h

e
 disadvantage 

is 
th

at 
th

e layer 
thickness 

cannot 
D

e
 

m
aintained 

uniform
ly 

all 
o

v
e
r 

th
e plate. 

5
. 

D
E

V
E

L
O

P
M

E
N

T
 

T
A

N
K

 

Spreading 
is 

th
e 

b
est technique 

w
here 

a 
T

L
C

 
spreader 

(Fig 14.1 
is 

used. 
T

h
e glass 

plates 
of 

specific dim
ensions 

(20cm
 

x 20cm/10cm/5C 
a
r
e
 stacked 

o
n

 
a 

b
ase 

plate. 
T

h
e
 slurry 

after preparation 
is poured 

in
sid

 
th

e
 

reservoir 
o

f 
T

L
C

 
Spreader. 

T
h

e
 

thickness 
of 

the 
adsorbent 

layer 
>

 

ro
r 

th
e
 

p
u

r
p

o
s
e
 

o
f 

d
e
v

e
lo

p
m

e
n

t, 
a 

d
e
v

e
lo

p
in

g
 

ta
n

k
 

(F
ig 

1
4

.2
) 

o
r
 

L
n

b
e
r
 

o
f 

d
iffe

re
n

t 
s
iz

e
s
 

to
 

h
o

ld
 

T
L

C
 

p
lates 

o
f 

s
t
a
n

d
a
r
d

 
d

i
m

e
n

s
i
o

n
s
 

a
r
e
 

T
h

e
s
e
 

re
q

u
ire

 
m

o
r
e
 

s
o

lv
e
n

ts
 

fo
r 

d
e
v

e
lo

p
in

g
 

th
e
 
c
h

ro
m

a
to

g
ra

m
. 

W
h

e
n

 

E
W

 
m

e
th

o
d

 
is

 
d

e
v

e
lo

p
e
d

, 
it 

is
 

b
e
tte

r
 

to
 

d
ev

elo
p

 
in

 
g

lass 
b

eak
ers. 

a 

14-4 
1

4
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5 

Direction of 
development 

Directlon of 
development 

o 



t
h

e
 detecting 

techniques
c
a
n

 
also 

be categorised 
8

. 
D

E
T

E
C

T
IN

G
 

O
R

 
V

IS
U

A
L

IS
IN

G
 

A
G

E
N

T
S

 

A
fte

r 
th

e
 

d
ev

elo
p

m
en

t 
o

f T
L

C
 

plates., 
th

e
 

sp
o

ts 
s
h

o
u

l
d

 
b

e
 

visualised 

D
etectin

g
 
c
o

lo
u

re
d

 
sp

o
ts 

c
a
n

 
b

e
 

d
o

n
e
 visually. 

B
u

t 
fo

r 
d

e
te

c
tin

g
 colourles 

S
p

o
ts

, 
a
n

y
 

o
n

e
 

o
f 

th
e
 

follow
ing 

tech
n

iq
u

es 
c
a
n

 
b

e
 

u
s
e
d

. 

a
s
 

i 
D

estructive technique: 
eg. Specific 

spray reagents. 
Sulphuric 

acid 
spray reagent, 

e
tc

 
w

here 
the sam

ples 
a
re

 destroyed 
for 

detection. 

a
. 

N
o

n
 
sp

e
c
ific

 
m

e
th

o
d

s
: 

W
h

e
re

 
th

e
 
n

u
m

b
e
r 

o
f sp

o
ts 

c
a
n

 
b

e
 detected 

b
u

t 
n

o
t 

th
e 

ex
act 

n
a
tu

re
 

o
r 

ty
p

e 
of co

m
p

o
u

n
d

. 

i
. Non-Destructive technique: L

ike U
V

 cham
ber m

ethod, Iodine cham
ber 

m
ethod, densitom

etric
m

ethod, 
etc w

here 
the sam

ple 
is 

n
o

t destroyed 
ev

en
 

after 
detection. 

T
hese detecting 

techniques 
a
r
e
 

u
sed

 
in 

T
L

C
 

m
ethod 

developm
ent 

an
d

 
in preparative TLC 

E
x

am
p

les 
i. 

Io
d

in
e
 

c
h

a
m

b
e
r 

m
e
th

o
d

: 
w

h
ere 

b
ro

w
n

 
o

r 
a
m

b
e
r 

sp
o

ts 
are 

o
b

se
rv

e
d

 
w

h
e
n

 
th

e
 T

L
C

 
p

la
te

s 
a
re

 
k

e
p

t 
in

 
a 

ta
n

k
 
w

ith
 

fe
w

 
io

d
in

e
 

c
ry

sta
ls 

a
t 

th
e
 

b
o

tto
m

. 

In
 

densitom
etric 

m
ethod, 

D
ensitom

eter 
is 

used 
w

hich 
m

e
a
s
u

re
s
 

quantitatively 
th

e 
density 

o
f 

the 
spots. 

W
hen 

the 
optical 

density 
of 

th
e
 

sp
o

ts 
for 

th
e 

stan
d

ard
 

a
n

d
 

te
st solution 

a
re

 
m

easured, 
th

e quantity 
of 

th
e
 

substance 
c
a
n

 
b

e
 

calcu
lated

. 
T

he plates 
a
re

 
neither destroyed 

n
o

r
 

eluted 
w

ith 
so

lv
en

ts 
to

 
get 

th
e
 com

pounds. 
T

his 
m

ethod 
is 

also 
called 

a 
in

-situ
 

i. 
S

u
lp

h
u

ric
 

a
c
id

 
sp

ra
y

 
re

a
g

e
n

t: 
7

0
 

8
0

%
 
v

/v
 o

f s
u

lp
h

u
ric

 acid 
w

ith
 

few
 

m
g

 
of 

eith
er 

p
o

tassiu
m

 
d

ich
ro

m
ate 

o
r 

p
o

tassiu
m

 
p

e
rm

a
n

g
a
n

a
te

 
o

r few
 

m
l 

o
f n

itric
 

a
c
id

 
a
s
 
o

x
id

isin
g

 a
g

e
n

t is
 
u

se
d

. 

T
h

is 
re

a
g

e
n

t 
a
fte

r 
sp

ra
y

in
g

 
o

n
 

T
L

C
 

p
la

te
s 

is 
h

e
a
te

d
 

in
 

a
n

 
o

v
en

. 

B
la

c
k

 
sp

o
ts 

a
r
e
 

s
e
e
n

 
d

u
e
 

to
 charring 

o
f com

pounds. 

m
e
th

o
d

. 

g
U

A
L

IT
A

T
IV

E
 

A
N

A
L

Y
S

IS
 

T
h

e
 R

s v
a
lu

e
 (R

etardation factor) 
is calculated for identifying 

th
e
 sp

o
ts 

i.e. 
in

 
Q

u
a
lita

tiv
e
 

a
n

a
ly

sis. 
R

y
 v

a
lu

e
 

is 
th

e
 

ra
tio

 
o

f d
is

ta
n

c
e
 

tra
w

e
lle

d
 

b
y

 
th

e
 
s
o

lu
te

 
to

 
th

e
 

d
ista

n
c
e
 

trav
elled

 by 
th

e so
lv

en
t fro

n
t. 

ii. 
U

V
 

c
h

a
m

b
e
r 

fo
r 

flo
u

re
sc

e
n

t com
pounds: 

W
h

en
 com

pounds 
a
re

 

v
ie

w
e
d

 
u

n
d

e
r 

U
V

 cham
ber, 

a
t 2

5
4

n
m

 (short ) 
o

r
 
a
t 3

6
5

n
m

 (long 
)
. 

lo
u

re
sc

e
n

t 
co

m
p

o
u

n
d

s 
can

 b
e d

etected
. 

B
rig

h
t sp

o
ts 

a
re

 
seen

 
u

n
d

e
r 

a 
d

ark
 background. 

D
istance travelled by solute 

D
ista

n
c
e
 trav

elled
 b

y
 solvenf 

R
 

n
t 

iv
. 

U
sing 

flo
u

re
sc

e
n

t stationary phase: 
W

h
en

 
th

e com
pounds 

a
re

 
n

o
t flourescent, 

a 
flo

u
rescen

t stationary phase 
is 

u
sed

. 
W

h
en

 
th

e
 

p
lates 

are 
view

ed 
u

n
d

er 
U

V
 

ch
am

b
er, 

d
ark

 
sp

o
ts 

a
re

 
se

e
n

 
o

n
 

a 
flo

u
rescen

t 
background. 

Exam
ple 

o
f 

su
ch

 
stationary 

phase 
is 

S
ilica 

gel 
G

F
 

T
h

e
 

R
r 

v
a
lu

e
 

ran
g

es 
from

i 
0 

to
 

1
. 

B
u

t 
id

eal 
v

a
lu

e
s 

a
r
e
 

fro
m

 
0

.3
 

to
 

0
.8

. 
R

r 
v

a
lu

e
 

is 
sp

e
c
ific

 
a
n

d
 

c
o

n
sta

n
t 

for 
ev

ery
 

co
m

p
o

u
n

d
 

in
 

a 
p

a
rtic

u
la

r 

c
o

m
b

in
a
tio

n
 

o
f statio

n
ary

 a
n

d
 

m
o

b
ile phase. 

W
h

en
 th

e
 R

r v
a
lu

e
 o

f a 
sam

p
le 

and 
re

fe
re

n
c
e
 co

m
p

o
u

n
d

 is 
s
a
m

e
, 

th
e
 com

pound is id
e
n

tifie
d

 by 
iis

 s
ta

n
d

a
rd

. 

w
h

e
n

 
th

e 
R

f v
a
lu

e
 differs, 

th
e
 com

pound 
m

a
y

 b
e 

d
iffe

re
n

t 
fro

m
 

its
 referen

ce 

standard 
b

. 
Specific 

m
e
th

o
d

s: Specific 
sp

ra
y

 reagents 
o

r
 detecting 

agents 
o

r 

visualising 
ag

en
ts 

a
r
e
 

u
se

d
 

to
 

find 
o

u
t 

th
e
 

n
a
tu

re
 

of com
pounds 

o
r
 

for 
identification 

p
u

rp
o

ses. Exam
ples 

a
re

 
R

x 
v

alu
e 

R
*

 
v

a
lu

e
 
is

 
n

o
th

in
g

 
b

u
t 

th
e
 

ra
tio

 
o

f d
is

ta
n

c
e
 
tra

v
e
lle

d
 

by 
th

e
 s

a
m

p
le

 

und 
th

e
 d

is
ta

n
c
e
 

tra
v

e
lle

d
 

by 
th

e
 
s
ta

n
d

a
r
d

. R
x 

v
a
lu

e
 

is alw
ays 

c
lo

s
e
r 

to
 

1
. 

i. 
F

erric 
chloride 

for Phenolic com
pounds 

an
d

 
ta

n
n

in
s 

i
. 

N
inhydrin 

in
 

aceto
n

e 
fo

r am
ino 

acid
s 

ii. 
D

rag
en

d
ro

ff's 
reag

en
t 

iv
. 

3
,5

-
 

D
in

itro
 benzoic acid 

for 
alkaloids 

R
m

 
v

alu
es 

for 
card

iac 
g

ly
co

sid
es 

2
,4

 
Dinitrophenyl hydrazine 

f
o

r
 aldehydes 

an
d

 
ketones 

V
. 

m
 

v
a
lu

e
 

is
 

u
s
e
d

 
in

 
q

u
alitativ

e 
a
n

a
ly

sis 
to

 
fin

d
 

o
u

t 
w

h
e
th

e
r 

th
e
 

p
o

u
n

d
s
 

b
elo

n
g

 
to

 
a 

h
o

m
o

lo
g

o
u

s
 

s
e
r
ie

s
. 

lf they b
elo

n
g

 
to

 
a 

h
o

m
o

lo
g

o
u

s 

1
4

-8
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S
e
r
i
e
s
,
 

th
e
 

A
R

m
 
v

a
lu

e
s
 
a
r
e
 
c
o

n
s
t
a
n

t
.
 
T

h
e
 

A
R

m
 
v

a
l
u

e
s
 

1
o

r
 

a 
p

a
i
r
 

o
f
 

a
d

ja
c
e
n

. 

n
e
m

b
e
r
 

o
f 

a 
h

o
m

o
lo

g
o

u
s
 

s
e
r
i
e
s
 

is 
d

e
te

r
m

in
e
d

 
b

y
 

u
s
in

g
 

t
h

e
 

to
rm

u
la

: 
en

t 
Stationary 

phase 
D

rug 
M

obile 
phas 

D
etecting 

agent 
Chlorprom

azineSilica 
G

e
l G

E
ther: Ethyl acetate 

NH3 
UV 

2
5

4
n

m
 

H
C

I 
C

im
e
tid

in
e
 

D
igitoxin 

Rm 
log R

 
Silica Gel 

G
 A

lcohol: A
m

m
onia 

(10: 
1) 

Iodinevapour 
K

iesalguhr G|Xylene Ethylm
ethyl 

ketone :Trichloro 
acetic 

acid
 +| 

HCHO (50: 4:4) 
n-Butanol 

Glacial acetic 
acid: w

ater (50: 25: 25) 

9
U

A
N

T
I
T

A
T

I
V

E
 

A
N

A
L

Y
S

I
S

 
(D

ire
c
t 

a
n

d
 

I
n

d
i
r
e
c
t
 

m
e
th

o
d

s
)
 

D
ir

e
c
t 

m
e
t
h

o
d

:
 

(U
sin

g
 

d
e
n

s
ito

m
e
te

r) 
T

h
e
 

q
u

a
n

tity
 

o
f 

th
e
 

in
d

iv
id

u
al 

s
p

o
ts

 
c
a
n

 
b

e
 

d
e
te

r
m

in
e
d

 
by 

u
s
in

g
 

d
e
n

s
ito

m
e
tr

ic
 

m
e
t
h

o
d

. 
D

e
n

sito
m

e
tric

 

te
c
h

n
iq

u
e
 

is
 

c
a
lle

d
 

a 
in

-
s
itu

 
m

e
th

o
d

 
a
n

d
 

is
 

d
e
s
c
r
ib

e
d

 
e
a
r
l
i
e
r
 

in
 

d
etectin

g
 

techniques. 

C
hloram

ine T
 

Potassium
 ferricyanide 

M
icro 

crystalline 
cellulose 
M

icro 
crystalline 
cellu

lo
se 

L
evodopa 

n-B
utanol 

G
lacial 

a
c
id

 w
a
te

r 
(5

0
: 2

5
: 25) 

M
ethyldopa 

acetic P
o

ta
ssiu

m
 

ferricy
an

id
e

I
n

d
ir

e
c
t 

m
e
th

o
d

: 
Q

u
a
n

tita
tiv

e
 analysis 

c
a
n

 
b

e
 

d
o

n
e
 

a
lte

r
 eluting 

th
e 

in
d

iv
id

u
a
l 

sp
o

ts 
w

ith
 

s
o

lv
e
n

t 
a
n

d
 

filtering 
o

ff 
th

e
 

s
ta

tio
n

a
ry

 
p

h
a
se

. 
T

h
e
 

s
o

lu
tio

n
 

c
a
n

 
b

e 
c
o

n
c
e
n

tr
a
te

d
 

a
n

d
 

th
e
 

e
x

a
c
t 

q
u

an
tity

 
o

f 
th

e
 

c
o

m
p

o
u

n
d

 

d
e
te

rm
in

e
d

 by 
c
o

n
v

e
n

tio
n

a
l 

m
e
th

o
d

s
 lik

e colorim
etry, 

U
V

 sp
ectro

p
h

o
to

m
etry

, 

flo
u

re
s
c
e
n

c
e
 

m
e
th

o
d

, 
flam

e 
photom

etric 
m

e
th

o
d

, 
e
l
e
c
t
r
o

c
h

e
m

i
c
a
l
 

m
e
th

o
d

s 

o
f 

a
n

a
ly

s
is

, 
e
tc

. 

4. 
Id

e
n

tific
a
tio

n
 

o
f related

 
co

m
p

o
u

n
d

s 
in

 
d

ru
g

s 

N
a
m

e
 

o
f 

th
e
 

Stationary Mobile phase 
D

etecting 
a
g

e
n

t 
D

rug 
re

la
te

d
 

phase 
c
o

m
p

o
u

n
d

 

pyrazole-Cellulose 
U

V
 
2

5
4

n
m

 
A

llopurinol 
3-am

ino 
4-carbonam

ide 
|hem

isulphate 

n-butanol: 
A

P
P

L
IC

A
T

IO
N

S
 

O
F

 
T

L
C

 
p

o
w

d
er w

ith am
m

o
n

ia 

flourescent 
additive 
S

ilica G
el G

 ethyl 

T
h

e
 a

p
p

lic
a
tio

n
s a

re
 w

id
er a

n
d

 th
e
re

 is n
o

 lim
ita

tio
n

 to
 th

e
 c

o
m

p
o

u
n

d
s 

th
a
t 

c
a
n

 
b

e
 analysed 

by 
T

L
C

. 
A

nyhow
 

d
iffe

re
n

t types 
o

f applications 
a
r
e
 

acetate: 1
.
 

N
in

h
y

d
rin

 
in

 

iso
p

ro
p

an
o

l 
liste

d
 

b
elo

w
. 

B
ethanidine M

ethylam
ine 

B
enzylam

ine 
T

rim
ethyl 

guanidine 
sulphate 

g
la

c
ia

l a
c
e
tic

 a
c
id

 

: w
ater 

alcohol|2. 
P

o
ta

s
s
iu

m
 

(2
5

:1
2

:8
:5

) 

sulphate 
1. 

S
e
p

a
ra

tio
n

 o
f m

ix
tu

re
s o

f d
ru

g
s o

f c
h

e
m

ic
a
l o

r b
io

lo
g

ic
a
l 

o
rig

in
, 

p
la

n
t 

e
x

tra
c
ts

, 
e
tc

. 
io

d
o

b
is

m
u

th
a
te

 

5
. 

T
o

 
d

e
te

c
t 

th
e
 

p
re

s
e
n

c
e
 

o
f foreign

s
u

b
s
ta

n
c
e
s
 

in
 

d
ru

g
s 

2
. 

S
e
p

a
ra

tio
n

 o
f c

a
rb

o
h

y
d

ra
te

s, v
ita

m
in

s, 
a
n

tib
io

tic
s, p

ro
te

in
s, 

a
lk

a
lo

id
s, 

g
ly

c
o

sid
e
s, 

e
tc

. 
D

etecting 
agent 

F
eC

ls+
 Potassium

 
ferricyanide 

N
a
m

e
 

o
f 

th
e
 

Stationay M
obile phase 

D
rug 

3
. 

Id
e
n

tifc
a
tio

n
 

o
f drugs 

fo
relg

n
 

su
b

stan
ce 

p
h

a
s
e
 

S
tatio

n
ay

 
p

h
a
se

 
Silica 

G
el 

G
 Alcohol:H20:NHs (25 

3
:4

) Ninhydrin 
in

 
alcono 

A
m

odiaquin 4(7-chloro-4-
quinolylam

ino) 
p

h
e
n

o
l 

H
C

I 

S
ilica G

el 
G

|C
h

lo
ro

fo
rm

: 

E
thylm

ethyl 
k

e
to

n
e
: d

ieth
y

l 
am

ine (5
:4

: 1)| 

H
C

I 
D

ru
g

 
M

oblle 
phase 

D
etecting agent 

|A
m

inocaproic 
acid

 
Butylated 
Hydroxy 
anisole 

2 
&

 
3

-t-B
u

ty
l-1

-4
- 

Silica 
G

e
l G

 C
hloroform

 

m
eth

o
x

y
 

phenol 

P
hospho m

olybdic 
acid 

N
H

3 vapouur| 
and pyridine 

|A
m

oxycillin 
trihydrate 

S
ilic

a
 

G
el 

Buffer 
pH

 
6

: aceto
n

e 
(4 

1) NaOH+Starch+glacia 
H

.F
-2

5
4

 
acetic 

a
c
id

 
+

 
lo

d
in

e
 

in
 

potassium
 iodide 

|S
tarch

 iodide 
reagent 

Potassium
 

Carbim
azole M

ethim
azole 

S
ilica 

G
el 

C
h

lo
ro

fo
rm

 
|A

m
p

icillin
 

for 
C

ellu
lo

se 

o
ra

l su
sp

en
sio

n
 M

.N
-300 

acetone 
(4

: 1) 
io

d
o

b
ism

u
th

a
te

 
C

itric 
acid: B

utyl 
alcohol 

5
:
 1) 

14-10 
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1
5

. PA
PER CHROMATOGRAPHY 

(PC) 
6

. 
T

o
 

d
e
te

c
t 

d
e
c
o

m
p

o
s
itio

n
 
p

ro
d

u
c
ts 

in
 

d
ru

g
s
 

(PC) 
Detecting 

Stationar 
M

obile phase 
p

h
a
se

 

N
a
m

e
 

o
f th

e
 

d
e
c
o

m
p

o
s
itio

n
 

p
ro

d
u

c
t 

ag
en

t 
Introduction 

Paper Partition Chromatography 
D

rug 
Paper A

dsorption 
C

hrom
atography 

A
lcohol: Ethyl 

|N
-1-(N

ED
) 

acetate (1
: 24

) 
S

ilic
a
 

G
el 

C
hlordiazepoxide 7-chloro-1,3-dihydro 

|-5-phenyl-1,4-benzo 
d

iazep
in

e-2
-o

n
e-4

-o
x

id
e 

P
rinciple of Separation 

S
ilic

a
 

G
e
l 

G
.F-254} 

H
exane: Ethyl 

U
V

 254nm
 

acetate 
(1

: 1) 
D

iazepam
 

Practical 
Requirem

ents 

S
ta

tio
n

a
ry

 Phase 
&

 Papers 
used 

H
IG

H
 

P
E

R
F

O
R

M
A

N
C

E
 

T
H

IN
 

L
A

Y
E

R
 

C
H

R
O

M
A

T
O

G
R

A
P

H
Y

 (H
PT

L
C

) 
A

pplication 
of 

sam
ple 

H
P

T
L

C
 

is 
a 

so
p

h
isticated

 
a
n

d
 

a
u

to
m

n
a
te

d
 

fo
rm

 
o

f T
L

C
. 

T
h

e
 follow

ing 
a
re

 
fe

a
tu

re
s 

o
f 

H
P

T
L

C
: 

M
obile 

p
h

ase 

D
evelopm

ent Technique 
A

scending developm
ent 

1. 
T

h
e
 

u
s
e
 

o
f precoated 

plates 
w

ith
 

stationary phase 
p

article 
siz

e
 

of 

le
s
s
 

th
a
n

 
1

0
u

 
in

 
d

ia
m

e
te

r. 
D

escending developm
ent 

A
scending-D

escending developm
ent 

2
. 

W
id

e 
ch

o
ice 

o
f 

statio
n

ary
 

p
h

ases 
lik

e 
S

ilica 
gel, 

fo
r 

N
o

rm
a
l 

p
h

ase 

a
n

d
 

C
1

8
, 

C
8

, 
e
tc

., 
fo

r 
R

e
v

e
rse

 
p

h
a
s
e
 

m
o

d
e
. 

C
irc

u
la

r/ R
adial 

developm
ent 

T
w

o
 

d
im

e
n

sio
n

a
l 

d
ev

elo
p

m
en

t 

D
etectin

g
 o

r visualising ag
en

ts 

N
on-specific 

&
 specific 

m
e
th

o
d

s 

D
e
stru

c
tiv

e
 

&
 

N
o

n
-d

estru
ctiv

e 
te

c
h

n
iq

u
e
 

3
. 

A
u

to
 sa

m
p

le
r in

stead
 o

f m
a
n

u
a
l sp

o
ttin

g
 a

n
d

 stre
a
k

in
g

 fo
r p

rep
arativ

e 

p
u

rp
o

s
e
s
. 

4
. 

N
e
w

 
ty

p
e
 

o
f 

d
e
v

e
lo

p
m

e
n

t 
c
h

a
m

b
e
rs

 
w

h
ic

h
 

re
q

u
ire

s
 

le
s
s
 

a
m

o
u

n
t 

of 

solvents 
for 

developing 
Q

uantitative 
analysis 

5
. 

M
o

re 
effcien

cy
 

b
e
c
a
u

se
 

sm
aller 

a
n

d
 

u
n

ifo
rm

 
size 

o
f a

d
so

rb
e
n

ts. 
D

i
r
e
c
t
 

a
n

d
 

In
d

ire
c
t 

technique 

6
. 

T
h

e
 

u
se

 
o

f 
U

V
/V

is/F
lu

o
rescen

ce 
S

c
a
n

n
e
r 

w
h

ic
h

 
sc

a
n

s 
th

e
 

en
tire 

E
Q

u
a
lita

tiv
e
 

an
aly

sis -
R

. 
R

x. 
R

M
 

chrom
atogram

 qualitatively 
a
n

d
 

quantitatively. 
T

h
e
 

s
c
a
n

n
e
r
 

is
 

a
n

 

a
d

v
a
n

c
e
d

 
ty

p
e 

o
f d

en
sito

m
eter. 

A
pplications 

7
. 

Im
proved 

D
a
ta

 processing capabilities 
by 

th
e 

u
s
e
 

o
f com

puters. 
P

re
p

a
ra

tiv
e
 

T
L

C
 

T
h

e
 apparatus, principle, 

procedure an
d

 other requirem
ents 

a
r
e
 sim

iia' 
to

 
th

at 
o

f analytical 
T

L
C

. 
T

h
e
 

th
ick

n
ess 

o
f adsorbent 

layer 
u

sed
 

is 2m
n 

an
d

 
a non-destructive detecting technique like U

V
 

o
r iodine ch

am
b

er metho0u 
is 

used. 
T

h
e
 

spots 
a
r
e
 

e
lu

te
d

 
w

ith
 

solvent 
after 

scrap
p

in
g

 
th

e
 distinc 

S
p

o
ts. 

T
h

e
 

solvent 
is

 
evaporated 

leaving 
b

eh
in

d
 

p
u

re com
ponent. 

15-1 
1

4
-1
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0.01 
0.07%

. W
hatm

an 
filter 

papers 
o

f different 
grade 

lik
e 

I
N

T
R

O
D

U
C

T
I
O

N
 

0
.
0

2
%

,
 

a
s
h

 
-

N
o

. 1
, 

N
o

.2
, 

differ 
in

 
siz

e
s, 

sh
ap

es, 
porosities 

an
d

 
thickness. 

N
o.3M

M
, 

N
o.4, 

N
o.17, 

N
o.20 

e
tc

 
a
re

 
u

sed
. T

h
ese 

papers 
P

a
p

e
r c

h
ro

m
a
to

g
ra

p
h

y
 is

 d
e
fin

e
d

 
a
s
 th

e
 te

c
h

n
iq

u
e
 in

 w
h

ic
h

 th
e
 
a
n

a
e
.
.
 

o
I 

u
n

k
n

o
w

n
 

s
u

b
s
ta

n
c
e
s
 

is 
c
a
rrie

d
 

o
u

t 
m

ain
ly

 by 
th

e
 

f
lo

w
 

o
f 

so
lv

en
ts 

sp
ecially

 d
esig

n
ed

 filter 
p

a
p

e
r. 

T
h

e
re

 
a
r
e
 
tw

o
 ty

p
es 

o
f 

p
a
p

e
r ch

ro
m

ato
g

rap
h

y
 

T
h

e
y

 
a
re

 

n 
C

h
o

ic
e
 

o
f 

filter 
paper 

depends 
u

p
o

n
 

thickness, 
flow

 
ra

te
, 

purity, 
technique, 

etc. 
hy. 

P
a
p

e
r ad

so
rp

tio
n

 
ch

ro
m

ato
g

rap
h

y
: 

in
 
w

h
ic

h
 
p

a
p

e
r
 im

p
re

g
n

a
te

d
 
w

ith
 

s
ilic

a
 
o

r 
a
lu

m
in

a
 
a
c
ts

 
a
s
 
a
d

s
o

rb
e
n

t 
(s

ta
tio

n
a
ry

 
p

h
a
s
e
}

 
a
n

d
 
s
o

lv
e
n

t 
a
s
 

m
o

b
ile

 

phase. 

M
o

d
ified

 papers 
A

cid 
o

r
 

b
ase 

w
ash

ed
 

filter 
p

ap
er, 

g
lass 

fib
re 

ty
p

e 
paper. 

P
a
p

e
r 

p
a
rtitio

n
 

ch
ro

m
ato

g
rap

h
y

: 
in

 
w

h
ich

 
m

o
istu

re
/w

a
te

r 
p

resen
t 

in
 

th
e
 

p
o

re
s 

o
f 

c
e
llu

lo
se

 
fib

res 
present 

in
 

filter 
p

a
p

e
r 

a
c
ts

 
a
s
 stationary 

p
h

a
s
e
 

a
n

d
 

a
n

o
th

e
r 

m
o

b
ile

 
p

h
a
se

 
is 

u
se

d
 

a
s
 

so
lv

e
n

t. 

H
ydrophilic 

p
ap

ers 
P

a
p

e
rs 

m
odified 

w
ith

 
m

ethanol, 
form

am
ide, 

glycol,
glycerol

e
tc

. 

H
ydrophobic 

papers 
Acetylation of OH 

groups 
leads 

to 
hydrophobic 

n
atu

re, 
h

en
ce 

c
a
n

 
b

e
 

u
se

d
 

fo
r 

re
v

e
rs

e
phase 

chrom
atography. 

S
ilicone pretreatm

ent 
a
n

d
 

organic 
non-polar 

polym
ers 

c
a
n

 
also

 
c
a
n

 
b

e im
pregnated 

to
 

give 
re

v
e
rs

e
 

phase 
ch

ro
m

ato
g

rap
h

ic 
m

ode. 

In
 

g
e
n

e
ra

l, 
P

aper 
chrom

atography 
refers 

to
 

p
a
p

e
r 

partition 
ch

ro
m

ato
g

rap
h

y
 

only 
sin

ce 
m

o
st 

sep
aratio

n
s 

are 
b

ased
 

o
n

 
p

a
rtitio

n
 

type 
only. 

P
R

IN
C

IP
L

E
 

O
F

 
S

E
P

A
R

A
T

IO
N

 

T
h

e
 principle o

f separation is
 m

ainly partition ra
th

e
r th

a
n

 adsorption. 
C

ellu
lo

se layers 
in

 
filter 

p
a
p

e
r 

c
o

n
ta

in
s 

m
o

istu
re

w
h

ich
 

a
c
ts

 
a
s
 

stationary 
phase. 

O
rganic 

so
lv

en
ts 

o
r
 

b
u

ffers 
a
r
e
 

u
sed

 
a
s
 

m
o

b
ile phases. 

In
stead

of 
w

a
te

r 
a
s
 stationary phase, 

o
th

e
r organic 

so
lv

en
ts 

c
a
n

 
b

e
 

u
s
e
d

 by 
su

itab
le 

m
o

d
ificatio

n
. 

Im
p

re
g

n
a
tio

n
 o

f silica, 
alum

ina 
or 

ion 
exchange 

resins 
can 

a
lso

 
b

e
 

m
a
d

e
. 

S
i
z
e
 

o
f 

th
e
 

p
a
p

e
r 

u
sed

: 
P

ap
er 

o
f a

n
y

 
size 

can
 

b
e 

u
sed

. 

P
ap

er 
sh

o
u

ld
 

b
e
 kept 

in
 

a 
c
h

a
m

b
e
r 

o
f 

su
ita

b
le

 
s
iz

e
. 

P
R

A
C

T
IC

A
L

 
R

E
Q

U
IR

E
M

E
N

T
s 

2
. 

A
P

P
L

IC
A

T
IO

N
 

O
F

 
S

A
M

P
L

E
 

1
. 

Stationary 
phase 

a
n

d
 

Papers 
u

se
d

 
T

h
e
 
s
a
m

p
le

 
to

 
b

e
 
a
p

p
lie

d
 is d

isso
lv

ed
 

in
 th

e
 m

o
b

ile 
p

h
a
se

 
a
n

d
 

a
p

p
lie

d

u
sin

g
 capillary 

tu
b

e
 

o
r
 

u
sin

g
 

m
icropipette. V

ery 
lo

w
 

c
o

n
c
e
n

tra
tio

n
 

is
 

u
s
e
d

 

to
 

av
o

id
 larger 

z
o

n
e
. 

2
. 

A
pplication 

of sam
ple 

3. 
M

obile 
P

h
ase 

4
. 

D
e
v

e
lo

p
m

e
n

t 
te

c
h

n
iq

u
e
 

3
. 

M
O

B
L

E
 

P
H

A
S

E
 

P
u

r
e
 

so
lv

en
ts, 

b
u

ffe
r so

lu
tio

n
s, 

o
r
 
m

ix
tu

re
 

o
f s

o
lv

e
n

ts
 
a
r
e
 

u
s
e
d

. 
S

o
m

e
 

Or 
th

e
 

e
x

a
m

p
le

s 
o

f H
y

d
ro

p
h

ilic
 

m
o

b
ile p

h
a
se

s: 
5

. 
D

etecting 
o

r
 visualising 

agents 

1
. STATIONARY 

P
H

A
S

E
 

A
N

D
 

PA
PER

S 
U

SED
 

-
9

:1
:2

 

P
aper 

of chromatographic 
grade 

consists 
of 

a-cellulose 
B

-cellulose 
0.3-1%

, 
pentosans 

I
s
o

p
r
o

p
a
n

o
l A

m
m

o
n

ia
: W

a
te

r 

n
-B

u
ta

n
o

l: glacial 
a
c
e
tic

 
a
c
id

 : w
ater 

4
:
1

:
5

 

M
ethanol: w

ater 
t-B

u
tan

o
l: w

ater: F
o

rm
ic

 
a
c
id

 

3
:1

 
o

r 
4

:1
 

9
8

-
9

9
%

. 
0.4-0.8%

, 
ether 

soluble 
m

atter 
-

0.0l5 
4

0
:2

0
:5

 

1
5

-2
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iv
. 

C
ircular/ 

rad
ial developm

ent 
(Horizontal): 

H
ere, 

th
e 

spot 
is 

kept 
a
t 

th
e 

cen
tre 

of 
a 

circular 
p

ap
er. 

T
h

e 
solvent 

lo
w

s 
through 

a 
w

ick 
a
t 

the 

E
x

a
m

p
le

s 
o

f 
H

y
d

ro
p

h
o

b
ic

 
m

o
b

ile
 

p
h

a
se

s 

K
ero

sen
e: 7

0
%

 
Iso

p
ro

p
an

o
l 

D
im

eth
y

l 
e
th

e
r: cy

clo
h

ex
an

e 

S
in

g
le

/tw
o

 
p

h
ase 

o
r
 

th
re

e
 

p
h

ase 
s
o

lv
e
n

t 
s
y

s
te

m
s
 

a
r
e
 

a
ls

o
 

u
s
e
d

. 
Perforatlon 

c
e
n

tre
 

a
n

d
 

spreads 
in

 
all 

directions 
uniform

ly. 
H

ence 
individual 

spots 
Paper 

W
ic

k
 

4
. 

D
E

V
E

L
O

P
M

E
N

T
 

T
E

C
H

N
Ig

U
E

 

after 
th

e
 

S
in

c
e
 

p
a
p

e
r
 

is
 

flex
ib

le 
w

h
e
n

 
co

m
p

ared
 

to
 

g
lass 

p
la

te
 

u
s
e
d

 
in

 TLC 
s
e
v

e
ra

l 
ty

p
es 

o
f 

d
ev

elo
p

m
en

t 
a
r
e
 

possible 
w

h
ic

h
 

i
n

c
r
e
a
s
e
s
 

th
e
 

e
a
s
e
 

a
n

d
 

efficiency 
o

f operation. 
T

hey 
a
r
e
 

S
o

lv
e
n

t 
d

ev
elo

p
m

en
t 

co
n

cen
tric 

circles. 
B

y m
aking 

perforations 
radially, 

num
ber 

of quadrants 
c
a
n

 
b

e 
created

 
allo

w
in

g
 

m
o

re 
n

u
m

b
er 

of 
sa

m
p

le
s 

to 
b

e 
sp

o
tted

. 

look 
like 

R
adial developm

ent 
(top v

lew
 an

d
 sid

e view
) 

i. 
A

s
c
e
n

d
in

g
 

d
e
v

e
lo

p
m

e
n

t: 
L

ik
e 

c
o

n
v

e
n

tio
n

a
l 

ty
p

e
, 

th
e
 

s
o

lv
e
n

t 
flo

w
s 

ag
ain

st 
gravity. 

T
h

e 
sp

o
ts 

are 
k

ep
t 

a
t 

th
e 

b
o

tto
m

 
p

o
rtio

n
 

o
f p

ap
er

an
d

 
k

ep
t 

in
 

a 
ch

am
b

er 
w

ith
 

m
o

b
ile 

p
h

ase 
so

lv
en

t 
a
t 

th
e
 

b
o

tto
m

. 
(sam

e 
a
s 

F
ig 

1
4

.2
 

&
 

1
4

.3
 

in
 

T
L

C
 

ch
ap

ter) 

ii. 
D

e
s
c
e
n

d
in

g
 
d

e
v

e
lo

p
m

e
n

t: 
T

h
is 

is 
c
a
rrie

d
 

o
u

t 
in

 
a 

s
p

e
c
ia

l 
c
h

a
m

b
e
r 

w
h

e
re

 
th

e
 

so
lv

e
n

t 
h

o
ld

e
r 

is 
a
t 

th
e
 top. 

T
h

e spot 
is

 kept 
a
t 

th
e
 top 

a
n

d
 

th
e
 

so
lv

e
n

t 
lo

w
s 

d
o

w
n

 
th

e 
p

a
p

e
r. 

T
h

e advantage 
is

 
th

a
t 

th
e 

flow
 

o
f 

so
lv

e
n

t 
is 

a
ssiste

d
 

by 
gravity 

a
n

d
 

h
en

ce 
th

e
 developm

ent 
is 

v
. 

T
w

o
 

d
im

en
sio

n
al 

developm
ent: 

T
h

is 
technique 

is 
sim

ila
r 

to
 

2
- 

D
im

ensional 
T

L
C

. 
T

h
e 

p
ap

er 
is developed 

in
 

o
n

e
 

d
ire

c
tio

n
 

a
n

d
 

after 
developm

ent, 
th

e
 

p
ap

er 
is developed 

in
 th

e seco
n

d
 

d
irectio

n
 allow

ing
m

o
r
e
 co

m
p

o
u

n
d

s 
o

r
 com

plex 
m

ix
tu

re
s 

to
 

b
e separated 

in
to

 in
d

iv
id

u
al 

s
p

o
ts

. 
In

 
th

e
 

se
c
o

n
d

 
d

ire
c
tio

n
, 

e
ith

e
r 

th
e
 

sa
m

e
 

so
lv

e
n

t
sy

ste
m

 
o

r 

d
ifferen

t 
so

lv
en

t system
 

c
a
n

 
b

e
 

u
se

d
 

for developm
ent. 

(sam
e 

a
s
 

Fig 
1

4
.5

 
in

 
T

L
C

 
chapter) 

faster. 

Solvent 
trough 

5
. 

D
E

T
E

C
T

IN
G

 
O

R
 

V
IS

U
A

L
IS

IN
G

 
A

G
E

N
T

S
 

Solvent 
trough 

A
fter th

e
 d

ev
elo

p
m

en
t o

f ch
ro

m
ato

g
ram

, th
e sp

o
ts sh

o
u

ld
 b

e v
isu

alised
. 

D
e
te

c
tin

g
 

co
lo

u
red

 
sp

o
ts 

can
 

be 
d

o
n

e 
visually. 

B
u

t 
for 

d
etectin

g
 

c
o

lo
u

rle
ss 

sp
o

ts,
a
n

y
 

o
n

e 
o

f th
e 

follow
ing 

tech
n

iq
u

es 
c
a
n

 
b

e 
u

sed
. 

Developm
ent cham

ber 
(lateral 8 posterior view

) 

a
. 

N
o

n
 
s
p

e
c
iflc

m
e
th

o
d

s
: W

h
e
re

 
th

e
 
n

u
m

b
e
r o

f sp
o

ts 
c
a
n

 
b

e
 
d

e
te

c
te

d
, 

b
u

t 
n

o
t 

th
e
 

e
x

a
c
t 

n
a
tu

re
 

o
r 

type 
of co

m
p

o
u

n
d

. 
iii. 

A
sc

e
n

d
in

g
-D

e
sc

e
n

d
in

g
 

developm
ent: 

com
bination 

o
f ascending 

an
d

 
descending 

type. 

Exam
ples 

O
 

T
h

is 
is 

1. 
Io

d
in

e
 

c
h

a
m

b
e
r 

m
e
th

o
d

: 
w

h
e
re

 
b

ro
w

n
 

o
r
 

a
m

b
e
r
 

sp
o

ts 
a
r
e
 

o
b

se
rv

e
d

 
w

h
e
n

 
th

e
 T

L
C

 plates 
a
r
e
 k

ep
t 

in
 

a 
ta

n
k

 
w

ith
 

few
 

io
d

in
e
 

cry
stals 

a
t 

th
e
 

b
o

tto
m

. 

Paper 
O

nly 
th

e 
length 

o
f 

separation 
is 

Descending 
increaseed 

by 
Ascending8 

using 
techniques. 

F
irst 

ascending 
tak

es 
place 

descending a 
co

m
b

in
atio

n
 

v
ie

w
e
d

 
u

n
d

e
r
 

U
V

 c
h

a
m

b
e
r, 

a
t 

2
5

4
n

m
 

(sh
o

rt A) 
o

r
 
a
t 

3
6

5
n

m
 (1long 

A
, 

flo
u

re
s
c
e
n

t co
m

p
o

u
n

d
s 

c
a
n

 
b

e
 

d
e
te

c
te

d
. 

B
rig

h
t sp

o
ts 

a
r
e
 
s
e
e
n

 

ag
ain

st 
a 

d
ark

 
background. 

Paper 
. 

U
V

 
c
h

a
m

b
e
r 

fo
r 

flo
u

re
sc

e
n

t 
c
o

m
p

o
u

n
d

s: 
W

h
e
n

 
c
o

m
p

o
u

n
d

s 
a
r
e
 

follow
ed 

by 
developm

ent. 
S

o
v

en
t 

rough 

Ascending c
u

m
 descending developm

ent 
15-4 

1
5

-5
 



b
. 

S
p

e
c
ifc

 
m

e
t
h

o
d

s
:
 

S
pecific 

s
p

ra
y

 
re

a
g

e
n

ts 
o

r
 

d
e
te

c
tin

g
 

a
g

e
n

ts
 

v
isu

alisin
g

 ag
en

ts 
a
r
e
 
u

s
e
d

 
to

 
fin

d
 

o
u

t 
th

e
 
n

a
t
u

r
e
 

o
f 

c
o

m
p

o
u

n
d

e
 

for 
id

en
tificatio

n
 

p
u

rp
o

ses. 

gU
A

L
IT

A
T

IV
E

 
A

N
A

LY
SIS 

or 

R
r
 
V

A
L

U
E

 

T
h

e
 

R
r 

v
a
lu

e
 

(Retardation 
factor) 

is 
calculated 

for 
identifying 

th
e 

s
p

o
 

o
a
ts

 
i.e. 

in
 Q

ualitative analysis. 
R

i value 
is 

the 
ratio

 
of distance 

travelled 
L

th
e 

solute 
to

 
th

e
 

distance 
travelled 

by 
the solvent front. 

E
xam

ples 
i. 

F
e
rric

 
c
h

lo
rid

e
 

fo
r 

P
h

e
n

o
lic

 
c
o

m
p

o
u

n
d

s 
a
n

d
 

ta
n

n
in

s
 

Distancetravelled by solute 
R

 D
istance travelledby solvent front 

fo
r 

a
m

in
o

 
a
c
id

s
 

i
. 

N
inhydrin 

in
 

a
c
e
to

n
e
 

ii. 
D

ragendroff's 
reagent 

fo
r alkaloids 

T
h

e 
R

f 
v

alu
e 

ranges 
fro

m
 

0 
to 

1. 
B

u
t 

ideal 
values 

a
r
e
 

from
 

0.3 
to

 
0

.8
. 

R
f 

v
a
lu

e
 

is 
C

o
n

sta
n

t 
to

r 
ev

ery
 

co
m

p
o

u
n

d
 

in
 

a 
p

a
rtic

u
la

r 
c
o

m
b

in
a
tio

n
 

o
f 

s
ta

tio
n

a
ry

 
a
n

d
 

m
o

b
ile

 
p

h
a
se

. 
W

h
en

 
th

e 
R

f 
v

alu
e 

o
f 

a 
sa

m
p

le
 

a
n

d
 

referen
ce 

co
m

p
o

u
n

d
 

is 
sam

e, 
the 

com
pound 

is 
identified 

by its 
stan

d
ard

. 
W

h
en

 th
e
 R

f v
alu

e differs, th
e com

pound m
ay be different from

 its reference 

D
in

itro
 

b
e
n

z
o

ic
 

a
c
id

 
for 

card
iac 

g
ly

co
sid

es 
iv. 

3
,5

 

v. 
2

.4
 

D
in

itro
p

h
en

y
l 

h
y

d
razin

e 
fo

r aldehydes 
a
n

d
 

k
eto

n
es 

T
h

e
 

detecting 
tech

n
iq

u
es 

c
a
n

 
a
lso

 
b

e
 categorised 

a
s
 

s
ta

n
d

a
r
d

. 

i. 
D

e
s
tru

c
tiv

e
 

tech
n

iq
u

e:
eg. 

Specific 
sp

ra
y

 
reagents, 

e
tc

 
w

h
ere 

the 

sam
ples 

a
r
e
 

destroyed 
b

e
fo

re
 

d
e
te

c
tio

n
. 

eg. 
N

inhydrin 
reag

en
t. 

R
x

 
v

a
lu

e
 

ii. 
N

o
n

-
D

e
s
tr

u
c
tiv

e
 tech

n
iq

u
e: L

ik
e U

V
 c

h
a
m

b
e
r m

eth
o

d
, Io

d
in

e
 ch

am
b

er 
m

eth
o

d
, 

d
en

sito
m

etric m
eth

o
d

, etc w
h

ere th
e sam

p
le is n

o
t destroyed 

e
v

e
n

 
a
fte

r 
d

e
te

c
tio

n
. 

R
x v

a
lu

e
 

is 
n

o
th

in
g

 b
u

t th
e ratio 

of distance travelled 
by th

e sam
p

le 

a
n

d
 

th
e
 

d
is

ta
n

c
e
 

tra
v

e
lle

d
 

by 
sta

n
d

a
rd

. 
Rx 

v
alu

e 
is alw

ays 
c
lo

se
r 

to
 

1
. 

R
m

 
v

a
lu

e
s
 

R
m

 
v

a
lu

e
 

is 
u

s
e
d

 
in

 
qualtitative 

analysis 
to

 
fin

d
 

o
u

t 
w

h
e
th

e
r 

th
e
 

co
m

p
o

u
n

d
s belong 

to
 

a 
hom

ologous 
se

rie
s. 

If they belong 
to

 
a 

hom
ologous 

series, 
th

e
 A

R
m

 
v

a
lu

e
s

a
r
e
 
c
o

n
s
ta

n
t. T

h
e A

Rm
 

v
alu

es 
fo

r 
a 

p
air o

f ad
jacen

t 

m
e
m

b
e
r 

o
f 

a 
hom

ologous 
s
e
rie

s
 

is 
d

e
te

rm
in

e
d

 by 
u

sin
g

 
th

e
 

fo
rm

u
la: 

F
o

r 
rad

io
activ

e 
m

aterials, 
d

etectio
n

 
is 

by 
using 

autoradiography
o

r 

G
e
ig

e
r 

m
u

lle
r 

c
o

u
n

te
r. 

F
o

r an
tib

io
tics, 

th
e ch

ro
m

ato
g

ram
 is lay

ed
 o

n
 n

u
trie

n
t a

g
a
r in

o
cu

lated
 

w
ith

 
a
p

p
ro

p
ria

te
 

stra
in

 
a
n

d
 

th
e
 zo

n
e 

o
f in

h
ib

itio
n

 
is 

co
m

p
ared

. 

Rm lo
g

R
 

g
U

A
N

T
IT

A
T

IV
E

 A
N

A
L

Y
S

IS
: 

(D
irect

a
n

d
 

In
d

ire
c
t 

te
c
h

n
iq

u
e
s) 

D
ire

c
t 

technique: 
D

en
sito

m
eter 

is 
a
n

 
in

stru
m

e
n

t 
w

h
ic

h
 m

easures 
q

u
an

titativ
ely

 
th

e
 

d
en

sity
 

o
f 

th
e 

sp
o

ts. 
W

h
en

 
th

e
 

o
p

tical 
d

e
n

sity
 

o
f th

e 

sp
o

ts 
fo

r 
th

e
 

sta
n

d
a
rd

 
a
n

d
 

te
s
t 

so
lu

tio
n

 
a
r
e
 determ

ined, 
th

e
 quantity 

o 

th
e
 

su
b

sta
n

c
e
 

c
a
n

 
b

e 
calcu

lated
. 

T
h

e 
p

ap
ers 

a
re

 
n

elith
er 

d
e
stro

y
e
d

 
nor 

e
lu

te
d

 
w

ith
 

so
lv

e
n

ts
to

 
g

e
t 

th
e
 

c
o

m
p

o
u

n
d

s. 
T

h
is 

m
e
th

o
d

 
is 

a
ls

o
 

c
a
lle

d
 

A
PPLIC

A
TIO

N
S 

T
h

e
 a

p
p

lic
a
tio

n
s
 
a
r
e
 w

id
e
r a

n
d

 th
e
re

 
is 

n
o

 lim
ita

tio
n

 
to

 th
e
 c

o
m

p
o

u
n

d
s
 

c
a
n

 
b

e
 

an
aly

sed
 

by paper ch
ro

m
ato

g
rap

h
y

. P
ap

er 
c
h

ro
m

a
to

g
ra

p
h

y
 

is
 

1
o

r
e
 
u

s
e
fu

l 
fo

r 
th

e
 an

aly
sis 

o
f polar 

c
o

m
p

o
u

n
d

s
 

lik
e
 
a
m

in
o

 
a
c
id

s
, 

s
u

g
a
rs

, 

L
u

r
a
l
 

p
ro

d
u

c
ts

, 
e
tc

. 
T

h
e
 

d
iffe

re
n

t 
types 

o
f a

p
p

lic
a
tio

n
s
 

a
r
e
 

lis
te

d
 

b
e
lo

w
. 

a
s 

in
-s

itu
 

m
e
th

o
d

. 

Indirect technique: 
In

 
th

is technique, 
the spots 

a
r
e
 
c
u

t in
to

 poru 
an

d
 eluted w

ith
 

so
lv

en
ts. 

T
h

is so
lu

tio
n

 
c
a
n

 be analysed 
by 

a
n

y
 conventio 

techniques 
of analysis 

lik
e
 spectrophotom

etry, electrochem
ical m

ethods, c 

S
e
p

a
r
a
t
i
o

n
 o

f 
m

ix
tu

r
e
s
 of drugs o

f c
h

e
m

ic
a
l

o
r
 b

io
lo

g
ical o

rig
in

, p
lan

t 

e
x

tra
c
ts

, 
e
tc

 

15-7 
1

5
-6

 



antibiotics, proteins, 
2

. 
S

e
p

a
ra

tio
n

 
o

f c
a
rb

o
h

y
d

ra
te

s
 (sugars), 

v
ita

m
in

s
, 

a
n

u
o

l
o

u
c
s
,
 

p
ro

tein
s 

a
lk

a
lo

id
s, 

glycosides, 
a
m

in
o

a
c
id

s
, 

e
tc

 

3
. 

Id
en

tificatio
n

 
o

f d
ru

g
s 

D
etecting agent 

D
rug 

M
o

b
ile 

p
h

a
se

 

N
u

trien
t 

ag
ar 

co
n

tain
in

g
 

B
acillus 

p
u

m
ilu

s 
Erythrom

nycin 
e
sto

la
te

 Isobutyl 
m

ethyl 
k

e
to

n
e
 

N
in

h
y

d
rin

 
in

 
p

y
rid

in
e
 

C
h

lo
ro

fo
rm

 
M

e
th

a
n

o
l: 

A
m

m
o

n
ia

: W
a
te

r 
(10:5:3:2) 

acetone 
m

ix
tu

re
 

G
entam

ycin 

N
utrient agar containing 

t-A
m

yl 
alcohol 

A
cetone 

W
ater (2:1:2) 

V
ancom

ycin 
B

a
c
illu

s
s
u

b
tilis

 

4. 
Id

en
tificatio

n
 

o
f im

p
u

rities 

D
rug 

M
o

b
ile 

p
h

a
se

 
D

etecting agent 
S

-B
utyl 

alcohol: acetic 
acid

: E
lu

tio
n

 
an

d
 

m
easurenm

ent of 

P
otassium

 cyanide 
H

ydroxocobalam
in 

a
b

so
rb

a
n

c
e
 

a
t 

3
6

ln
m

 

5. 
Id

en
tificatio

n
 

o
f related

 
co

m
p

o
u

n
d

s 

D
ru

g
 

M
o

b
ile 

p
h

a
se

 
D

etecting agent 
E

thyl acetate eth
an

o
l: w

ater P
otassium

 ferricyanide, 

6:3:1) 
P

h
en

fo
rm

in
 

H
C

I 

Sodium
 nitroprusside &

 N
aO

H
 

E
rgotam

ine 
injection 

C
hloroform

: m
ethanol 

p-dim
ethyl 

am
ino 

benzaldehyde reagent 
V

ita
m

in
 

A
 

D
io

x
an

: m
eth

an
o

l : 
w

ith
 

B
H

A
 

(70:15:5) w
ater 

U
V

 
366nm

 

6
. 

Identification 
of foreign 

su
b

stan
ces 

in
 drugs 

7
. 

Identification 
of decom

position 
products 

8
. 

A
n

aly
sis 

o
f 

m
etab

o
lites 

of 
d

ru
g

s 
in 

b
lo

o
d

, 
u

rin
e 

etc. 
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