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TLC SEPARATION OF MICROGRAM 
QUANTITIES OF IRON(II) FROM MILLIGRAM 

QUANTITIES OF IRON(III) 

Ali Mohammad and Naim Fatima 
Chemistry Section 

2. H. College of Engineering & Technology 
Aligarh Muslim University 

Aiigarh, India 

ABSTRACT 

A TLC method has been developed f o r  t h e  separa t ion  of 
micrograu q u a n t i t i e s  of rle( 11) f r o u  mill igram q u a n t i t i e s  of Se( 111) 
by using formic acid-butanol-ethyl methyl ketone as mobile phase. 
The aeparation i s  not e f fec ted  by t h e  presence of ch lo r ide  bromide, 
s u l f a t e ,  s u l f i t e ,  a c e t a t e  and phosphate ions .  
achieved when t h e  pH of t h e  sample so lu t ion  was kept near  t o  1.0. 

Good separa t ion  w a s  

Separation of t h e  d i f f e ren t  valence s t a t e s  of i r o n  i s  

important from t h e  t h e o r e t i c a l  as well  as t h e  p r a c t i c a l  point of 

view. Several’-14 methods have been reported f o r  t h e  sepa ra t ion  

of Ye(1I) f r o m  Ye( I I I ) ,  met of them dea l ing  wi th  paper chromato- 
graphy1‘3, e l e ~ t r o p h o r e s i s ~ - ~  and ion-exchange chromatography 8-19. 

Surpr i s ing ly ,  on ly  one reference14 i s  ava i l ab le  on t h e  use OX TLC 

f o r  t h e  separa t ion  of PeiI1) from P e ( I I 1 ) .  

s t u d i e s  r e f e r s  t o  t h e  use of formic acid(PA) as an eluent.  

found some i n t e r e s t i n g  a p p l i ~ a t i o n s ’ ~ - ~ ~  as an promising nediun f o r  

In f a c t ,  none of t h e s e  

FA has 
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1350 MOHAMMAD AND FATIMA 

chromatographic s e p a r a t i o n s  of metal i o n s  i n  column and paper  

chromtography i n  the p a s t ,  but  the emphasis has now s h i f t e d  t o  

us ing  i t  i n  TLC19'22 f o r  s e v e r a l  reasons .  

with many  metal^^^'^, does not  permit  o x i d a t i o n  of c a t i o n s  

dur ing  a n a l y s i s ,  p r e v e n t s  h y d r o l y s i s  of salts and does not  

d i s s o l v e  ion-exchange m a t e r i a l s  s i g n i f i c a n t l y  . It h a s  a l s o  been 

r e p o r t e d  t h a t  t h e  a c i d i c  deve lopers  c o n t a i n i n g  PA are l e s s  

a f f e c t e d  by s i l ica  g e l  p r o p e r t i e s  and they do n o t  deform t h e  
2 0  chromatoplates  . 

It forms complexes 

It was, t h e r e f o r e ,  cons idered  worthwhile t o  use  mixed 

o r g a n i c  s o l v e n t s  c o n t a i n i n g  PA t o  achieve  an a n a l y t i c a l l y  

impor tan t  s e p a r a t i o n  of Pe( I1)  from r ' e ( I I1)  on s i l i c a  g e l  t h i n  

l a y e r s .  Butanol was s e l e c t e d  because it g i v e s  clean s e p a r a t i o n s  

and e t h y l  niethyl ketone(Ei.K) was used because of i t s  high 

resolvin,; p o t e n t i a l i t y  

D v a r a t u s  

A t h i n  l a y e r  chromatography a p p a r a t u s  ( T o s h n i w d ,  I n d i a )  

f o r  t h e  p r e p a r a t i o n  of s i l i ca  g e l  1 W e r s  on 20x9 Cm glass p l a t e s  

was used. 

B e c k w  pH meter  was used f o r  pH measurements. 

The p l a t e s  were developed i n  a a s s  jars (20x6 Cm). 

B e w e n t  s 

PA and S i l i c a  gel 0 of kierck, I n d i a ,  El,&, and n-butanol of 

B U  were used. A l l  o t h e r  r e a g e n t s  were of a n a l y t i c a l  grade. 

Test S o l u t i o n s  ana l j e t e c t o r s  

0.1iVr s o l u t i o n s  of n i t r a t e s ,  c h l o r i d e s  o r  s u l f a t e s  of 

metal. i o n s  were g e n e r a l l y  used c o n t a i n i n g  a l i t t l e  acid t o  

prevent  h y a r o l y s i s .  0.11.1 s o l u t i o n s  of t h e  sodium o r  potassium 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF IRON(I1) FROM IRON(II1) 1351 

were taken  f o r  t h e  s tudy of a n i o n s  as i m p u r i t i e s .  

of f e r r o u s  ammonium s u l f a t e ,  f e r r i c  c h l o r i d e  and aluminiuln n i t r a t e  

were used f o r  s tudying  the  e f f e c t  of l o a d i n g  on t h e  % value .  

12+ potassium f e r r i c y a n i d e  and potassium f er rocyanide  s o l u t i o n s  

were used f o r  t h e  d e t e c t i o n  of Ye(I1) and P e ( I I 1 )  r e s p e c t i v e l y .  

Other  metal i o n s  were d e t e c t e d  by u s i n g  convent iondl  spot  t es t  

re-ents. The f e r r o u s  s u l f a t e  and ferric  c h l o r i d e  s o l u t i o n s  were 

brought t o  t h e  r e q u i r e d  pH by the a d d i t i o n  of e i t h e r  d i l u t e  sodium 

hydroxide s o l u t i o n  o r  d i l u t e  hydrochlor ic  a c i d .  

1% e o l u t i o n s  

pev  el0 v e r  q 

s1 

s2 

93 

s4 

35 

s7 

s9 

'6 

'8 

1011 FA i n  bu tanol  

2016 PA i n  butanol  

bu tanol  s a t u r a t e d  w i t h  5i.i o r  l0M aqueous PA 

10A PA i n  bu tanol  a a t u r a t e d  w i t h  NaCl-EL*k( P t  1) 

10ld1 PA in butanol -ace t ic  a c i d (  1 1 1 )  

5 k i  PA i n  butanol-ENL(2:l) and (381) 

101bl FA i n  butanol-ElK( 1 t 1) ,( 2s 1) ,( 182) ,( 3: 1) and ( 1 t3) 
1Oi.1 EA i n  butanol-acetone(l:l),(2tl) Ad (381) 
1011 FA i n  butanol-acetone-acet ic  a c i d (  1 I 1: 1) and (2s 1 : 1) 

p r e u a r a t i o n  of s i l i c u e l  a l a t e 8  

The s l u r r y  used was prepared by mixing t h e  s i l ica  g e l  i n  

c o n d u c t i v i t y  water i n  the  r a t i o  of 1:3 with  c o n s t a n t  shaking f o r  

5 min. T h i s  s l u r r y  was used immediately t o  coa t  t h e  c l e a n  glass 

plates w i t h  t he  h e l p  of an a p p l i c a t o r  t o  g i v e  a layer of 0.25 pm 

t h i c k n e s s .  The p l a t e s  were first d r i e d  at room tempera ture  and 

t h e n  i n  an e l e c t r i c a l l y  c o n t r o l l e d  oven a t  100f5°C for 2 h r .  

The p l a t e s  were s t o r e d  i n  t h e  oven at room tempera ture  un t i l  

used. 

F o r  q u a l i t a t i v e  a n a l y s i s ,  one o r  two drops  of t h e  c a t i o n s  

e o l u t i o n s  were s p o t t e d  on the plates  with the help of a micro- 
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1352 MOHAMMAD AND FATlMA 

p i p e t t e .  The p l a t e s  were developed i n  t h e  chosen s o l v e n t  system 

by a l lo i i ing  t h e  s o l v e n t  t o  ascend t o  10 Cm from t h e  starting 

l i n e  on the p l a t e  i n  all cases .  

t h e  p l a t e s  were d r i e d  and t h e  c a t i o n s  were d e t e c t e d  by us ing  

usua l  reagents .  

voluiiles of s tandard  a e t d  E a t  s o l u t i o n  were s p o t t e d  on s i l i ca  

g e l  p l a t e  by u s i w  a lambda p i p e t t e  and t h e  develoIment was 

l ' e r forsed  i n  t h e  chosen s o l v e n t .  

a f te r  d e t e c t i n g  t h e  c a t i o n s  s p o t s  w i t h  a p p r o p r i a t e  s;raying 

r e a g e n t .  

After t h e  development w a s  over ,  

Bor  q u a n t i t a t i v e  s e p a r a t i o n ,  v a r i o u s  known 

The % v a l u e s  were deterrained 

R e s u l t s  of t h i s  study have been s u m u r i z e d  i n  f i g u r e s  1-2 

ana t a b l e s  1-2. 

f r o m  P e ( I I 1 )  s e v e r a l  so lvent  systems were t r i e d .  

S5 s o l v e n t  systems, Ee( I1)  and P e ( I I 1 )  bo th  moved w i t h  t h e  so lvent  

f r o n t  imposing a r e s t r i c t i o n  on t h e i r  Lilutual s e p i r a t i o n .  P e ( I I 1 )  

movea f a s t e r  than  P e ( I 1 )  i n  s o l v e n t s  S1, S2 and S6 but they gave 

a s i n g l e  t a i l e d  spot  when chroluatographed as raixtture and t h u s  

hauptr in;  t h e  s c p a r a t i o n .  

s y s t e u s  b'e(1i) was wel l  s e p a r a t e d  f r o t  r ' e ( I I1)  1 5 t h  reasonabie  

r e s o l u t i o n .  

I n  o r d e r  t o  achieve  t h e  s e p a r a t i o n  of P e ( I 1 )  

f n  S2, S4 and 

kiouever, i n  S7, S8 ar.d b3 sol-;ant 

iiorne i n t e r e s t i n g  p o i n t s  emerging out  f r o m  t h e  study of 

chromatographic behaviour  of ke(  11)  , k'e(111) and t h e i r  s y n t h e t i c  

mixtuxe In 8 S so lvent  s y s t e m  a r e  as follows: 

(i) 

r 9  

I n  a l l  s o l v e n t  systeins ( S r S g ) ,  Pe(I1)  remained at t h e  

poin t  of a p p l i c a t i o n  and Ye(I I1)  moved wi th  t h e  so lvent  

g i v i n g  % -0.4 t o  0.5. 

(ii) i"e(I1) cannot be s e p a r a t e d  from Ye(II1)  i n  t h e  absence of 

ace tone  or Xi%. 

I n  s o l v e n t  s y s t e m  S8 and S 

i 'e(II1)  was o b t a i n e d  only when t h e  propor t ion  of PA was less  

( i i i )  good s e p a r a t i o n  of Pe( I1)  f rom 9 
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I354 MOHAMMAD AND FATIMA 

S o l v e n t  s y s t e m  1 0 M F A  in b u t a n o l + E M K ( 1 : 2 )  

0.6 r 

R f  0 -2 c 
010 1 

0.0 b 0 0  8 0 0  1200 1600 2 0 0 0  
A m o u n t  of m e t a l  s a l t  in r u g  - 

F i g .  2 P l o t  of Rp v a l u e s  vs .  amount of m e t a l  s d t s  

U l a i l i n g  spots w i t h  %-F$, )0.3 
Coupact s p o t s  

t h a n  50%. A t  h i g h e r  p r o p o r t i o n  of .“A(’KO;o), Fe( I1)  s p o t s  

s t a r t e d  t o  spread.  

r’e(1I) gave more compact s p o t s  i n  so lvent  Y7 t h a n  i n  

S8 o r  S9. 

Table  1 i n d i c a t e s  t h e  r e s u l t s  of s e p a r a t i o n  of Pe( I1)  

( i v )  

from k‘e(II1) i n  s o l v e n t  systems c o n t a i n i n g  v a r i o u s  p r o p o r t i o n s  

of 101: PA i n  butanol  and EA.ik. It is  evident  from the  tab le  1 

t h a t  t h e  s e p a r a t i o n  of d i f f e r e n t  va lence  s t a t e s  of i r o n  i s  

p o s s i u l e  at all p r o p o r t i o n s  of FA but the so lvent  s y s t e m  B 

and C were found t o  b e  b e t t e r .  

F i g u r e  1 sunuuarizes t h e  effect  of pH of some metal  

s o l u t i o n s  on t h e i r  mobi l i ty  i n  so lvent  systems B and C. 

of Y e ( I I ) ,  i’Ii(I1) and P e ( I 1 I )  remain almost cons tan t  at all pH 

v a l u e s  i n  both  t h e  so lvent  systems. 

decreases  as t h e  pH of t h e  sample s o l u t i o n  i n c r e a s e s .  Cu(I1) 

showed c o n s i d e r a b l e  t a i l i n &  at h i g h e r  pH i n  both t h e  so lvent  

systems. Thorium s o l u t i o n s  of pii 1 showed t a i l i n ,  i n  so lvent  B. 

lif v a l u e s  

I n  g e n e r a l ,  t h e  % of Cu(I1) 
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SEPARATION OF IRON(I1) FROM IRON(II1) 1355 

Separa t ion  of Ee( I1)  f rom . r e ( I I I )  at pIi 1.3 in 
so lvent  systems c o n t a i n i n g  v a r i a b l e  p r o p o r t i o n s  
of 1014 PA in butanol  and EILK 

s o l v e n t  S v s t a  

1014 PA in butanol-El-X 

A 1:l 

B 2: 1 

c 1:2 

D 183 

P e ( I I 1 )  
Rf 

P e ( I 1 )  

0.02 0.45 

0.03 0.47 

0.02 0 -48 

0 -05 0.46 

;PAtal5 2 

Separa t ion  of r’e(I1) from Ye(II1)  a t  d i f f e r e n t  
pii v s l u e s  of sanple  s o l u t i o n  r i i th  soivei l t  5;s 
t a i i  c o n t a i n i n g  1011 FA i n  butanol-Li .  i n  281 ra t io  

pli of t h e  s a d d e  s o l u t i o n  
coutainin;: r’e(I.1) and P e ( I I 1 )  Pe( I1)  

0 -7  
1.3 
2 .o 
2.3 

0.08 0.48 
0 -03 0.46 
0 -03 0 e 4 0  
0.02 0.35 

It i s  c l e a r  from f i g u r e s  1(E,,F2) and t a b l e  2 t h a t  

P e ( I 1 )  can be s u c c e s s f u l l y  s e p a r a t e d  from Ye(II1)  i n  t h e  pH 

range of 0.7 t o  2.3 but  t h e  b e s t  r e s u l t s  were obta ined  when 

the pH of t h e  sample s o l u t i o n  c o n t a i n i n g  mixture  of Ee( I1)  

and P e ( I I 1 )  was kept  n e a r  t o  1 .O. 

I n  o r d e r  t o  s tudy t h e  w i n &  e f f e c t ,  t h e  s y n t h e t i c  mixture  

of Ee( I1)  and P e ( I I 1 )  at pH 1.3 was s p o t t e d  on t h e  chromatoplates  

and t h e  % v a l u e s  l o r  r’e(I1) and 2 e ( I I I )  were determined with 

t i m e  upto 48 h. 

t iae . 
The Kp v a l u e s  d i d  not  show any v a r i a t i o n  wi th  

Yigure 2 shows that t h e  % v a l u e  of E e ( I 1 )  i n c r e a s e s  w i t h  

t h e  i n c r e a s e  i n  i t s  amounts of l o a d i n g .  However, t h e  .up v a l u e s  
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MOHAMMAD AND FATIMA I356 

of U ( I I 1 )  and h'e(II1) were not  e f f e c t e d  upto t h e  l o a d i n g  of 1 

of U ( I I 1 )  and 600 pg of r ' e ( I I1)  as t h e i r  salts. Good Coupact 

s p o t s  were o b t a i n e d  for Ye(I1) and . t 'e(III )  upto t h e  l o a d i n g  of 

600 p; of each. 

r ' e ( I I1)  showed coi is iderable  t a i l i n g .  It i s  evident  from Fig.2 

t h a t  l a r g e  q u a n t i t i e s  of Al ( I I1)  can be s e p a r a t e d  f rom c o n s i d e r a b l e  

amount of E e ( I I 1 ) .  S i m i l a r l y ,  l e ( I 1 )  upto 600 p~ can be e a s i l y  

s e p a r a t e d  from large amount of F e ( I f 1 )  but  t h e  large amount of 

Ye(f1) 1 .e .  >600 pg cannot be s e p a r a t e d  from Ye(lJ.1) because of 

t he  spreading  of Pe( I1)  s p o t s  at h i g h e r  loading .  As a result, 

10 t o  500 of l e ( I 1 )  and 50 pg t o  1 mg of Al( I I1)  salts were 

s u c c e s s f u l l y  separa ted  from 5 p g  t o  3 mg of Ye(II1)  salt. Thus, 

t h e  t a i l i n& i n  r e ( I I 1 )  s p o t s  at h i g h e r  l o a d i n g  d id  not  impai r  t h e  

s e p a r a t i o n  02 l u ( I I 1 )  or Pe(1I )  f rom P e ( I I 1 ) .  Conversely, t h e  

t a i l in ;  i n  Al( I I1)  or Ye(1I) spot  a i d  not  perwit  t h e i r  s e p a r a t i o n  

from Ze(I.11). S e ( I I 1 )  could not  be s e p a r a t e d  from C u ( I I ) ,  Zn(I1) , 
U02(II)  and Cd(I1). 

A t  h i g h e r  l o a d i n g  Ye(I1) spot  began t o  spread  and 

To study t h e  e f f e c t  of d i f f e r e n t  an ions  on t h e  s e p a r a t i o n  

of S e ( I 1 )  from T e ( I I I ) ,  s y n t h e t i c  mixtures  c o n t a i n i n g  P e ( I I ) ,  

P e ( I I 1 )  and t h e  a n i o n s  concerned i n  t h e  r a t i o  of 1:1:2 were s p o t t e d  

on t h e  chroumtoplates  and t h e  -9 of k'e(I1) and r'e(II1) were 

determined i n  solvent C. C i ,  BF, 50:- , CHgCoo', 104, FOk and 

C r 2 0 F ,  BG5, 105, SCK- and h'e(Cl4);- were founc  t o  i n t e r f e r e  in 

t h e  s e p a r a t i o n  of F e ( I 1 )  f rom P e ( I I 1 )  because of t h e  spreading  i n  

k'e(I1) s p o t s  i n  the presence of t h e s e  anions.  

SOF d i d  not  h u r t  t h e  s e p a r a t i o n .  However, I-, N O 5  kbO4 2- , C r 0 4  2- , 

The proposed method I s  fast  needing about N a i n .  for t h e  

s e p a r a t i o n  of IiLicro as wel l  as m i l l i g r a u  q u a a t i t i e s  of P e ( I I 1 )  f rom 

c o n s i d e r a b l e  amounts of Al ( I I1)  and F e ( I 1 ) .  The lower  l i m i t s  of 

d e t e c t i o n  f o r  P e ( I 1 )  and Ye(II1)  were found t o  be 4 )ag and 2 pg 

r e s p e c t i v e l y .  
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