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T H E  EFFECT OF SUBSTITUENT GROUPS 
O N  THE MIGRATION OF METAL IONS 
IN THIN LAYER CHROMATOGRAPHY 

I. DESHMUKH AND R.B. KHARAT 
Departnierit of Chemistry 

Iiistitute of Science 
Nngpur 440001, Iiidia 

AB STFLACT 

A r e v e r s e  phase t h i n  l a y e r  p a r t  it ion chramotography 
h a s  been performed on metal ions us5.ng s i l i c a  g e l  G a s  
an adsorbent .  
on t h e  mig ra t ion  of c a t i o n s  has been s t u d i e d .  The use  
o f  aqueous s o l u t i o n s  of  a c e t i c  ac id  
and t r i c h l o r o  acetic a c i d  i n  t h e  s o l v e n t  system revea led  
profound effect  of s u b s t i t u e n t  groups on t h e  Rf v a l u e s  
o f  metal  ions.  T h e  e f f e c t  of  concen t r a t ion  and pH o f  
t h e  mobile phases have been s t u d i e d .  Many q u a l i t a t i v e  
t e r n a r y  s e p a r a t i o n s  have been sucessf u l l y  achieved.  

The e f f e c t  o f  c h l o r o s u b s t i t u e n t  groups 

monochloro, d i c h l o r o  

INTRODUCTION 
Chromatographic b e h a v b u r  of me ta l  i ons  on t h e  t h i n  

l a y e r s  o f  s i l i c a  g e l  G (SGG) has been e x t e n s i v e l y  s t u d i e d  
due t o  its s i m p l i c i t y .  The t h i n  l a y e r s  o f  impregnated 
and unimpregnated 5GG have been found t o  be wonderful 
t o o l  for s e p a r a t i n g  complex mixtures  i n  t o  i n d i v i d u a l  
components. 
t-butylamine has been used f o r  b i n a r y  and t e r n a r y  

SGG impregnated with S - butylamine and 
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938 DESMUKH A N D  KHARAT 

s e p a r a t i o n s  (1) .  The use  of i no rgan ic  s a l t s  such a s  
ammonium c h l o r i d e  and barium n i t r a t e  f o r  t h e  imprcgna- 
t i o n  on SGG has been r e p o r t e d  f o r  many q u a l i t a t i v e  
s e p a r a t i o n s  (2). L i t e r a t u r e  survey r e v e a l s  t h e  use of 
s e v e r a l  so lven t  systems inc lud ing  formic acid-sodium 
formate (3) and o x a l i c  acid-oxalate  (4) f o r  s e p a r a t i o n  
o f  c a t i o n s  by t h i n  l a y e r  chromatography but  it appears  
t h a t  t h e  effect o f  s u b s t i t u e n t  groups on t h e  mig ra t ion  
o f  c a t i o n s  is no t  y e t  r epor t ed .  In t h e  p r e s e n t  paper 
t h e  effect  of c h l o r o s u b s t i t u e n t  groups on t h e  migrat ion 
of c a t i o n s  has been s t u d i e d ,  using a c e t i c  acid (AA) ,  
monochloroacetic a c i d  (MCAA) , d i c h l o r o a c e t i c  a c i d  (DCAA) 
and t r i c h l o r o a c e t i c  acid (TCAA) in t h e  s o l v e n t  systems. 
The s tudy  is extended t o  exp lo re  t h e  p o s s i b i l i t y  of 
s e p a r a t i o n  a t  a lower pH t o  avoid t h e  h y d r o l y s i s  of 
metal  ions.  The p resen t  method has been s u c e s s f u l l y  
a p p l i e d  f o r  s e p a r a t i o n  of  c a t i o n s  in b i n a r y  and t e r n a r y  
mixtures  wi th in  12-15 minutes. 

Apparatus 
El ico pH meter L 1  1oT ( E l i c o  P r i v a t e  Ltd. Hyderabad , 

I n d i a )  was used f o r  a d j u s t i n g  t h e  pH o f  t h e  s o l u t i o n s .  
The chromatography was performed in 18x13 cm. g l a s s  j a r s .  
Ordinary g l a s s  p l a t e s  of 4x13 an. s i z e  were used f o r  
c o a t i n g  t h i n  l a y e r s  of  SGG. 

Reagents 

l a y e r s .  
made i n  double d i s t i l l e d  water.  AA,  AK;AA, !XAA and TCAA 
used were of AnalaR grade.  

SGG of  E.Merck was used f o r  p r e p a r a t i o n  of t h i n  
A l l  t h e  r equ i r ed  s o l u t i o n s  and r e a g e n t s  were 
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MIGRATION OF METAL IONS 939 

Test Solut ions and Detectors 

n i t r a t e  or sulphate .  
( 5 )  were used for detec t ion  of N i 2 + ,  Pb2+, Zn2+ and 
Fe3+, 
4-(2-Pyridylazo) resorc inol  and 3% Potassium fer ro-  
cyanide so lu t ion  was used f o r  de tec t ion  of  Cu2+. 

Test so lu t ions  were of 0.05 M metal ch lor ide ,  
Conventional spot  t e s t  reagents  

Mn2' was detected by 0.1% aqueous so lu t ion  of 

Preparat ion of Thin Layer P la t e s  
A s l u r r y  of SGG was prepared by mixing SGG and 

double d i s t i l l e d  water in t h e  r a t i o  of 1:3 with constant 
shaking fo r  f i v e  minutes. The resultamt s l u r r y  was 
then  immidiately used f o r  coat ing on clean g l a s s  p l a t e s  
by  dipping method (6 ) .  The p l a t e s  were allowed t o  dry  
over night a t  room temperature and were used next day 
f o r  chromatography. 

Solvent Systems 

w i t h  concentration 0.01, 0.05, 0.1, 0.15 and 0.2 M 
were used a s  mobile phases. 

The aqueous so lu t ions  of M, MI;AA, DCAA and TCAA 

Pro c ed u s  e 

w i t h  t h e  he lp  of g l a s s  c a p i l l a r i e s  and t h e  spo t s  were 
blow dr ied  with hot a h .  T h e  so lu t ions  of AA, MCAA, 
iK;AA and TCAA of des i red  concentrat ion were adjusted 
t o  p a r t i c u l a r  pH using sodium hydroxide and hydrochloric 
ac id  so lu t ion .  Then t h e  p l a t e s  were developed by 
ascending technique f o r  15 minutes in t h e  g l a s s  jar 
containing 25-30 m l  of so lvent .  Approxislately 2-3 m l  
of  solvent  was required f o r  development of  each p l a t e .  
The p l a t e s  were then blow d r i ed  with hot a i r ,  solvent  
f r o n t  was marked and ca t ions  were de tec ted  by spraying 

The t e s t  so lu t ions  were spot ted  on t h e  chromatoplates 
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940 DESMUKH A N D  KHARAT 

s u i t a b l e  spot test reagents.  A l l  t h e  experiments were 
ca r r i ed  out  a t  room temperature. Rf value measurements 
were done in  t r i p l i c a t e  for each s e t  of determination. 
Various experiments were car r ied  out using a l l  t h e  four  
solvent  systems t o  study t h e  e f f e c t  of t h e i r  concentra- 
t i o n  and pH on t h e  Rf values of cat ions.  

RESULTS AND DISCUSSION 
The present t h i n  layer  reverse  phase chromatographic 

method has following in t e re s t ing  f ea tu res .  

1 )  T h e  s t u d y  dea ls  w i t h  t h e  e f f e c t  of chlorosubst i tu-  
en t  groups on t h e  migration of metal ions. It has been 
observed t h a t  t h e  replacement of hydrogen atoms by 
chlorine atoms in K A A ,  OCAA and TCAA does inf luence t h e  
migration of metal ions and t h e i r  separat ion condi t ions,  
and hence t h e  a t t en t ion  is a l so  focussed on f inding out 
t h e  optimm conditions for separat ion of metal ions 
from t h e i r  t e rna ry  mixtures. 

2) The present method involves t h e  use of commercially 
ava i lab le  SGG and avoids t h e  use of cos t ly  ion exchangers 
and hence it is very inexpensive. 

3) 
and use of p a r t i t i o n  technique s impl i f i e s  t h e  method. 

4 )  
does not exceed 5% of average Rf value)  i n  a l l  solvents  
and for a l l  metal ions detected.  

5 )  The time required f o r  t h e  development of chromato- 
p l a t e s  is surpr i s ing ly  l i t t l e  i.e. 12 t o  15 minutes for 
a t e rna ry  separat ion.  

T h e  r e s u l t s  obtained have been summerized in  
F i g .  1-4 and Table I. 
been experimentally achieved and are presented in 
Table I. 

Preparation of chromatoplates by dipping method 

The r e s u l t  show excel lent  r ep roduc ib i l i t y  (va r i a t ion  

Many t e rna ry  separat ions have 

F i g .  1 and 2 summerizes t h e  va r i a t ion  in Rf 
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MIGRATION OF METAL IONS 94 1 

Fe3+ 

AAo*'1 \i, 
0- 

Fe3+ 

t l*OY Fe3+ 

0 LlkLL 

TCAA 

'0 2 4 6 7  

I I I I I I  

0 2 4 6 7  
PH-- 

Zn2 + 

L 

Z"*+ 
1 

zn2+ 

L 
1111111 

2 4 6 7  

FIGIRE 1 - R vs pH at  0.1M concentration of FA, K A A ,  & and TCAA. 
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DCAA Oe5- 
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Mn2+ 1.0 

t AA Oa5 

0- 

n 

MI 

1 1 1 1 1 1 1  

P b2' 

\ 

0-. 

u 
'0 2 4 6 7  

Pb2' 

L 
0 L 2 4 6 7  

PH- 

I 
I I I I I I J  

cu2+ 

cu2+ 1 

0 [L 2 4 6 7  

F I G l R E  2 - R vs pH at 0.1M concentration of AA, MCAA, 
$AA and TCAA. 
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MIGRATION OF METAL IONS 943 

AA Om5 

.-.“t.. 
0 

1 . O L  

TCAA Oe5 

OO 0.1 0.2 0 0.1 0.2 0 0.1 0.2 
Concentration- 

FIGLIRE 3 - Rf vs concontration a t  pH AA(S),  ACAA (3.51, 
DCAA (2) and T W  (1.5). 
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944 DESMUKH AND KHARAT 

' * O r  

A A 0 5  t 
0- 
1.0r 

0- 

DCAA'" .;I 
0 

1.0 r 

TcAA0.5t u 
OO 0.1 0.2 

Pb2' 

P b2+ 

P b2+ 

Pb2' L r  
0 Iv 0.1 0 *2 

Concentration -. 

c u2+ 

cu2+ 

E 
cu2+ 

0 0.1 0.2 

FIGURE 4 - R vs concentration a t  pH AA ( 5 ) ,  Ny;AA (3.5), & (2) and TCAA (1.5). 
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MIGRATION OF METAL IONS 945 

TABLE I 
Ternary Separations Achieved Experimentally on SGG Thin 
Layers (Developnent t ime = 15 m i n ,  Concentration = 0.l.M) 

S o l v e n t s  pH Metal ions  separated with R, v a l u e s  
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946 DESMUKH AND KHARAT 

values with pH a t  0 . 1 M  concentration and 15 minutes 
deve lopen t  t ime f o r  a l l  individual  metals i n  four  
solvent  systems i.e. AA, KJvI, DCAA and TCAA. The 
se l ec t ion  of optimum pH condition for each acid was 
decided from t h e  study of migration of individual  ion. 
The maximum di f fe rence  in  Rf values of metal ions has 
been found t o  be a t  pH 5 ,  3.5, 2,  1.5 f o r  AA, MCAA, 
DCAA and TCAA respec t ive ly  and t h u s  t h e s e  pH values 
were f ixed f o r  fu r the r  s tud ies .  
Zn2+ (Fig. 1, 2) show high Rf values a t  low pfi w i t h  a l l  
solvent  systems but a f t e r  c e r t a i n  pH t h e  Rf value 
decreases.  
0.95 Rf a t  mostly a l l  pH. 

nce i n  Rf values a t  s u i t a b l e  pH, t h e  metal ions were 
separated (Table I ) .  

Fe3+, Cu2+, Pb2+ and 

Simi la r ly  N i 2 +  and Mn2+ exhib i t  0.59 t o  
Taking advantage of d i f fe re-  

F i g .  3 and 4 i l l u s t r a t e s  t h e  dependence of Rf value 
on concentration of ac ids  (0.01 t o  0.2M) a t  optimun pH 
as  mentioned e a r l i e r .  It was observed t h a t  optimum 
concentration f o r  better and sharper separa t ion  was 0.LM 
f o r  a l l  solvent  systems. 

of 0 .653 .2 ,~g  of N i 2 + ,  0.7-3.5Pg of Cu2+, O,SlO/C1g 
of Pb2+, 2-4 /ug of Zn2+, 6 - 1 2 ~ 9  of ha and 4-20,ug of 
Fe3+ were spot ted  on t h e  chromatoplates and were 
separated from t h e i r  t e rna ry  mixtures. 

Metal ions in  t h e  approximate concentration range 

It is revealed from t a b l e  I t h a t  t h e  bes t  separat ion 
of metal ions in t h e i r  t e rna ry  mixtures can be achieved 
a t  lower pH i n  T W  medium in which hydrolysis of metal 
ions in Xuestion is avoided. 
separat ion of metal ions from t h e i r  t e rna ry  mixtures 
in  o ther  acid medium i.e. M, K A A  and DCAA, however 
t h e  metal ions may under go hydrolysis t o  Some extent  
in these  media because of higher pH. Therefore TCAA 

Although t h e r e  is a 
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MIGRATION OF METAL IONS 941 

has been suggested t o  be t h e  most s u i t a b l e  solvent  
amongst a l l  t h e  so lvents  used f o r  t h e  separa t ion  of 
metal ions from t h e i r  t e r n a r y  mixtures .  
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