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THIN-LAYER CHROMATOGRAPHIC SEPARATION OF SOME ALLIED 
METAL IONS AND THEIR DETERMINATION BY R I N G  COLORIMETRY 

* 
Malaya DEY, Aniniesh K. GHOSE and Arun K. DEY 

Chemical Laboratories, University of Allahabad, 
Allahabad 211 002, India 

ABSTRACT 
Sui tab le  methods have been worked out €or t h e ’  

separa t ion  and determination of various groups of 
s imi l a r  metal ions i n  mixtures, employing a combination 
of thin-layer chromatography and r i n g  colorimetry. Sol- 
vent mixtures employed were : n-butanol + 1 2 N  HC1 + 
dioxan (5:1:4); n-butanol + 6 N  HC1 + dioxan (5:1:41; 
hexanol + dioxan + a c e t i c  ac id  + water (160:10:2:40); 
methanol + water ( 9 : l  and 7 : 3 ) .  The following mixtures 
of cat ions w e r e  separated by TLC and t h e  separated 
cons t i tuents  were subsequently determined by r i n g  colo- 
r imetry : Fe( I I1 ) -  Co(I1)- Cu(1I)- Pb(I1)- N i ( I 1 ) :  
p t ( I V ) -  CO(I1)- C U ( I 1 ) -  Pd(I1)- Ni ( I1) ;  Ag(1)- Ni(I1)-  
Co(I1)- F e ( I I 1 ) ;  C U ( I 1 ) -  N i ( I 1 ) -  B i ( I I 1 ) ;  C U ( I 1 ) -  
B i ( X I 1 ) -  Hg(I1).  

INTRODUCTION 

The work on t h e  appl ica t ions  of thin- layer  chroma- 

tography (TLC) i n  quan t i t a t ive  inorganic ana lys i s  has 
been sparse  (1). Here, t h e  separa t ion  and determina- 
tion of some inorganic ions have been achieved by 

using a combination of TLC and r i n g  colorimetry ( 2 ) .  
The procedure has been found t o  be use fu l  and has an  
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1578 DEY, GHOSE, ANTI DEY 

added advantage t h a t  only inexpensive equipment is 
needed. 

The cat ions s tud ied  i n  t h e  present  communication 
were : A l ( I I I ) ,  Ag(I) ,  Cu(II), Co(I I ) ,  N i ( I I ) ,  C d ( I I ) ,  

Hg(I I ) ,  B i ( I I I ) ,  F e ( I I ) ,  F e ( I I I ) ,  m(I I ) ,  Zn(I I ) ,  
M ~ ( I I ) ,  W ( I I ) ,  p t ( I V ) ,  R h ( I I I ) ,  R u ( I I I ) ,  and U 0 2 ( V I ) ,  

and t h e  following combinations of developing solvents  
w e r e  used : 

( a )  n-Butanol + 1 2 N  HC1 + dioxan (5:1:4) 
(b )  n-Butanol + 6N HC1 + dioxan (5:1:4) 

(c)  Hexanol + dioxan + a c e t i c  ac id  + water 

(d)  Methanol + water (981) 
( e )  Methanol + water (7:3) 

(160 :10:2 :40) 

A number of solvents  and acid i n  various concen- 
t r a t i o n  w e r e  employed and only the  above mentioned 
combinations have been found t o  be sa t i s f ac to ry .  

EXPERIMENTAL 

Metal Solutions : 

0.1 M o l  dm'3 stock so lu t ions  of t h e  following were 
prepared using reagent grade chemicals (BDH or  Johnson 
Matthey, London, England), standardized by t h e  estima- 
t i o n  of t he  metal contents and d i lu t ed  as necessary: 

Ni t ra tes  of s i l v e r  ( I ) , mercury (11 1, bismuth (I11 ) , 
uranyl(VI) ,  and magnesium(I1): chlor ides  of n i c k e l ( I I ) ,  
cobalt  (II) ,  copper ( I I ) ,  i ron ( I I1 ,  i r o n ( I I I 1 ,  platinum 
( I V  1, cadmium ( I1 ), z inc  ( I1 1, aluminium (111 1, manga- 
nese (11 ) , palladium (11 1, ruthenium( I11 ) and rhodium ( I11 1. 

Chromogenic Reagents : 

Diethyldithiocarbamate (DDTC) (BDH AnalaR) ; 0.1% 

p-Dimethylaminobenzylidene rhodamine (BDH AnalaR): 
w/v i n  e thanol  

0.1% w/v in ethanol 
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SEPARATION OF ALLIED METAL IONS 1579 

1-(2-pyridylaz0)-2-naphthol (PAN: Koch-Light, 

8-Hydroxyquinoline (BDH AnalaR : 2% w/v i n  chloro- 
Coinbrook, England): 0.1% w/v i n  e thanol  

form. 

Deve loping Solvents : 
Sui t ab le  mixtures of n-butanol, dioxan, hexanol, 

methanol, a c e t i c  acid and hydrochloric ac id  ( a l l  BDH 

Ana l a R  ) . 
Adsorbents : 

S i l i c a  ge l  G (E. Merck, Darmstadt, FGR) and 
ce l lu lose  (Joseph Crosf ie ld  and Sons, Coinbrook, 
England). 

Apparatus and Procedure : 

TLC equipment k i t  (Toshniwal, New Delhi, Ind ia)  
was used. The adsorbents w e r e  spread on t h e  g l a s s  
p l a t e s  (20 x 20 c m  ) as  a s l u r r y  using an appl ica tor  
supplied with the  equipment. The p l a t e s  w e r e  kept 
hor izonta l ly  i n  the  drying racks,  d r i ed  i n  a i r  and 
f i n a l l y  a t  110' for 2 h r .  
desiccators .  The p l a t e s  w e r e  examined before use and 
those with uniform layers  were used. 

In  these  s tud ies ,  so lu t ions  of 0.01 m o l  dme3 
concentration were used. In  t h e  cases of mixtures, 
equal volumes of so lu t ions  0.01 m o l  dm'3 w e r e  mixed. 

2 

They were then s to red  i n  

The spots  of t h e  mixtures w e r e  appl ied t o  t h e  
p l a t e s  with t h e  help of a s e l f - f i l l i n g  micropipette 
and allowed t o  dry i n  a i r .  The p l a t e s  w e r e  placed 
with an edge dipped about 2 c m  i n  t h e  solvent  and 
placed v e r t i c a l l y  i n  a rectangular  g lass  chamber (21 X 

21 X 9 cm ) covered with ground g lass .  The chamber had 
been previously sa tu ra t ed  with t h e  vapour of t h e  
corresponding solvent.  

3 
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1580 DEY, GHOSE, AND DEY 

After  t he  desired migration of ions,  t h e  p l a t e s  

were dr ied  i n  a i r ,  examined i n  v i s i b l e  and u l t r a v i o l e t  

l i g h t  After spraying t h e  appropriate  chromogenic rea-  

gents. 
ing edge) and TE ( t a i l i n g  edge). 
obtained from : 

The dis tances  were measured t o  obta in  % (lead- 
Rf values w e r e  

% + TE 

2 X d i s tance  moved by t h e  solvent  

The various ions  w e r e  i d e n t i f i e d  on t h e  p l a t e s  a s  

Rf = 

indicated i n  Table 1. 

TABLE 1 

Reagents for Iden t i f i ca t ion  
Treatment Observation Metal Ion 

Sprayed with a-hydroxy- Dark Spot uo2 (VI 
quinoline,  exposed t o  
NH and held under u l t ra -  Yellow f luore-  A l ( I I 1 )  
v i a l e t  l i g h t .  scent  spot  
sprayed with a 1:l 
mixture of PAN and 

. p -dimethy laminoben- 
zy  l idene rhodamine 
and viewed i n  : 

(i) Visible  l i g h t  Red Spot 

(ii) Ult rav io le t  
1 ight  

Sprayed with DDTC 
and viewed i n  v i s i b l e  
l i g h t  

m(111, 
N i  (11 ), 
cu(II), 
z n ( I I ) ,  
Cd(I I ) ,  
Hg (I  I) .  

Blue spot C O ( I I ) ,  
Pd(II), 
l?t(IV). 

Gray spot  Fe(II), 
Fe (111). 

Yellow Spot Ag(1). 
Dark Spot RU(III), 

Rh(II1). 

Pb (I I ) , 
Green Spot B i  (111). 
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SEPARATION OF ALLIED METAL IONS 1581 

For the  solvent  mixture ( a )  and (b ) ,  t h e  coating 
mater ia l  w a s  ce l lu lose ,  while for  t h e  other  combina- 

t i o n s  of solvents  i .e .  (c ) ,  (d) ana  ( e l ,  s i l i c a  g e l  w a s  
enployed. The thlckness of t h e  adsorbent layer  w a s  0.2 

rntn, which was found su i t ab le .  The developing time of 
run was 45 min with solvents  ( a )  and (b), while with 
(c) t h e  p l a t e s  were developed fo r  1 .45  hr .  The t i m e  of 
development with mixtures (d )  and (c) were 30 min. In  
a l l  t he  cases,  one drop of 0.01 mol d ~ n ' ~  m e t a l  so lu t ion  
was used. The R values for t he  individual  metal ions 

are reported I n  Table 2. 
f 

puan t i t a t  ive Separation by Ring Colorimetry (3 ) 

combinations of metal ions for quan t i t a t ive  separa- 
Table 2 helped i n  f inding the  s u i t a b l e  poss ib le  

TABLE 2 

Rf values of Various Metal Ions 

Metal. Ion Solvent mixture 

(a)* (b)* 
A 1  (I11 ) 0.19 0.14 

Cu(1I) 0.78 0.67 
co(11) 0.66 0.27 

Ag(1) 0 0 

N i ( I 1 )  0.13 0.13 
Cd(I1) ... ... 
Hg(I1) ... ... ... ... 

0 0 
0.96 0.89 
0.26 0.22 
0.91 0.87 
0.12 0.095 ... ... *.. ... ... ... 
..* * * .  ... ... 

( = I +  
... ... 
0.38 
0.07 
0.95 ... ... ... 
0 
0 ... ... ... 
0.62 
0 
0 
0 
0 

(d)+ ... ... 
0 
0 
0.06 
0.15 
0.91 
0.37 
0 ... ... ... ... ... ... ... ... 
1.. 

(6 I ,+ ... ... 
0 
0.09 
0.10 
0.17 
0.15 

0 
.*. 

... ... ... ... 
0.16 ... ... ... 
0.47 

x 
Ads  orbent : Ce 1 lu los e 

iAdsorbent : S i l i c a  G e l  
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1582 DEY, GHOSE, AND DEY 

t i o n s .  I n  t he  following mixtures, t h e  metal ions were 
v a n t i t a t i v e l y  estimated by r ing  colorimetry a f t e r  they 
were sepdrated on t h i n  layer  chromatograms. They were: 

1. F e ( I I 1 ) -  Co(I1)- Cu(I1)- Pd( I1) -  N i ( 1 1 )  

2. P t ( 1 V ) -  Co(11)- Cu(7:I)-  Pd ( I I ) -  N i ( I 1 )  

3. Ag(1)- N i ( I 1 ) -  Co(I1)- F e ( I I 1 )  
4.  Cu(1J)- N i ( I 1 ) -  B I ( I I 1 )  

5. Cu(11)- B i ( I I 1 ) -  H g ( I 1 ) .  
The mixtures were spot ted  on t h e  p l a t e s  as usua l  

and chromatograms were run using t h e  following solvents  
(Table 3 ) : 

After t he  run, t h e  dupl icates  (or guides) were 
t r e a t e d  with de tec t ing  reagents t o  loca te  t h e  spots ,  
while t he  o r ig ina l  chromatogram (not t r e a t e d  with 
reagent)  was used fo r  t he  determindtions. The separa- 
ted substances (located by comparison with t h e  guide)  
were scarpped off quan t i t a t ive ly ,  with the  help of a 
spa tu la ,  i n t o  a s in t e red  g lass  funnel (porosi ty  G4). 
Each l o t  of scrapping was washed ca re fu l ly  with 1 c m  
of 0.5 m o l  dm-3 HC1 using a few drops each t i m e  and 
received on a c i r cu la r  Whatman No.  1 f i l t e r  paper 
(diameter 55 mm),  and t r e a t e d  as  usua l  on t h e  r ing  
oven for t he  t r anspor t a t ion  t o  the  r i n g  zone. The 
standard r ings  were obtained separa te ly  for comparison 
by r ing  colorimetry. The amount of metal ion separated 

3 

TABLE 3 

Solvents Emp loyed 
Solvent Mixture Mixture of Ions 

( C  1 F e ( I I 1 ) -  Co(I1)- Cu(I1)- P d ( 1 i ) -  N i ( I 1 )  

(a 1 Ag(1)- N i ( I 1 ) -  Co(I1)- F e ( I I 1 )  
P t ( 1 V ) -  C O ( I 1 ) -  CU(II)- P d ( I I ) - ’  N I ( I 1 )  

(e 1 C u ( I 1 ) -  N i ( I 1 ) -  B i ( I I 1 )  

(d Cu(I1)- B i ( I I 1 ) -  Hg(I1).  
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SEPARATION OF ALLIED METAL IONS 1583 

on t h e  TLC p l a t e  was known by using t h e  v i sua l  compari- 
son of t he  test  r ings  w i t h  s tandard scales as usual.  

Some of t he  t y p i c a l  r e s u l t s  of determinations a r e  
shown i n  Tables 4 t o  8. 

It has been found t h a t  t h e  determinations w e r e  
poss ib le  down t o  the  following l i m i t s  when present  i n  
a few drops of the  so lu t ions  : F e ( I 1 )  0.84 Ug: N i ( I 1 )  

0.88 pg;  Co(I1) 0.89 pg;  C Q ( I 1 )  0.95 pg; Ag(1) 1.06 pg; 

TABLE 4 
Quanti ta t ive Separation of t h e  Mixture : 

F e ( I I 1 ) -  Co(I1)- N i ( I 1 ) -  Cu(I1)- P d ( I 1 )  

Ion Taken Found No. of Error (% Standard - 
U.I determi- devia t ion  (77 ) 

nations 
Fe( I I1)  1.68 1.60 4 -4.7 0.60 
Co(I1) 1.77 1.72 4 -2.9 0.38 
N i ( 1 I )  1.76 1.77 4 +O. 5 0.17 
cU(II1 1.90 1.90 4 0 0.24 
P d ( I 1 )  3.19 3.19 4 0 0.14 
Developing Solvent : Hexanol + dioxan + acetic acid + 

Adsorbent : Silica G e l  Time of Run : 1.45 h. 

water (160:10:2:40) 

TABLE 5 
Quan t i t a t ive  Separation of t h e  Mixture : 

N i ( I 1 ) -  Co(I1)- C u ( I 1 ) -  Pd(I1)-  P t ( I V )  

Ion Taken Found N o .  of Error (%I Standard - 
P&I ~2 determi- devia t ion  (% ) 

nat ions 
N i ( I 1 )  1.76 1.78 4 +1.1 0.16 

cU(I1) 1.90 1.90 4 0 0.08 
Pd(I1) 3.19 3.20 4 +O. 30 0.08 

Developing Solvent : Hexanol + dioxan + a c e t i c  ac id  + 

Adsorbent : S i l i c a  G e l  Tjme of Run : 1.45 h. 

Co(I1) 1.77 1.75 4 -1.1 0.10 

r t ( I V )  5.85 5.80 4 -0.85 0.21 

w a t e r  (160:10:2:4) 
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1584 DEY, GHOSE, AND DEY 

TABLE 6 
Q u a n t i t a t i v e  Separa t ion  of t h e  Mixture : 

F e ( I I 1 ) -  Co(I1)- N i ( I 1 ) -  A g ( 1 )  

Ion Taken Found No. of Error  PA) Standard - ~2 p~ deterrni- d e v i a t i o n  (% ) 
n a t i o n s  

F e ( I I 1 )  1.68 1.63 4 -2.9 0.24 
Co(I1)  1.77 1.75 4 -1.1 0.08 
N i ( I 1 )  1.76 1.78 4 +1.1 0.19 
Ag(1) 3.24 3.21 4 -0.92 0.20 
Developing Solvent  : n-Butanol + 1 2 N  HC1 + dioxan (5:1:4) 
Adsorbent : Cel lu lose  Time of Run : 45 min 

TABW 7 
Q u a n t i t a t i v e  Separa t ion  of t h e  Mixture : 

N i ( I 1 ) -  Cu(I1)- B i ( I I 1 )  

Ion Taken Found No. of Error  Standard - 
&UJ determi- d e v i a t i o n  (% ) 

nat ions  
N i ( I 1 )  1.76 1.78 4 +l.l 0.14 
c u ( I 1 )  1.90 1.91 4 +O. 52 0.12 
B i ( I I 1 )  6.27 6.23 4 -0.63 0.19 

Developing Solvent  : Methanol + water  ( 9 : l )  
Adsorbent : S i l i c a  G e l  T ime  of Run : 35 min 

TABLE 8 
Q u a n t i t a t i v e  Separat ion of t h e  Mixture : 

CXI (I1 1- Hg (I1 1- B i  (111) 

Ion Taken Found No. of Error PA) Standard - ~2 deterrni- d e v i a t i o n  (% ) 
nat ions  

C u ( I 1 )  1.90 1.90 4 0 0.08 
0.36 Hg(I1) 6.03 6.06 4 ' +0.5 

B i ( I I 1 )  6.27 6.23 4 -0.63 0.16 
Developing : Methanol + water (7:3) 
Adsorbent : S i l i c a  G e l  T ime  of Run : 30 min 
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SEPARATION OF ALLIED METAL IONS 1585 

Pd(I1) 1.6 pg; Pt(IV) 2.93 pg; BI(II1) 3.1 pg; U(V1) 
3.6 jig. 

The t o t a l  time required fo r  separa t ion  and de ter -  
mination of t he  cons t i tuents  i n  t h e  above combinations 

w a s  about 50-90 min including t h e  time required f o r  

t h e  preparat ion of the  standard sca l e s .  

References : 

1. Johr i ,  K.N., and Handa, A.C., Chromatogr. 3, 347, 
1970; 4, 530, 532 (1971); Michrochem J., 15, 642, 
1970; Mikrochim. Acta, 807, 1970. 

2. Weisz, H., Microanalysis by t h e  Ring Oven Techni- 
que, 2nd. Ed., Pergamon, Oxford, 1970. 

3. Stephen, W.I., Mikrochim. Acta, 1540, 1956. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


