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ABSTRACT 
 
Thin layer chromatographic method has been developed for the separation of metal ions such as 
Cr (vi), Cr (iii), As (iii), Cd (ii), Tl (iii) and Hg (ii) from their two, three and four component 
mixtures. The separations were performed on thin layer of silica gel ‘G’ using aqueous L - Iso 
Leucine as mobile phase. The effect of concentration and pH of mobile phase on the Rf values of 
individual metal ions were studied and the optimum conditions for separation of metal ions from 
their mixture were determined. 
 
Key words: Thin layer chromatography, Separation, Silica gel-G, L - Iso Leucine, Toxic Heavy 
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INTRODUCTION 
 

Thin layer chromatography is considered to be superior to other chromatographic techniques, 
because of its simplicity and relatively low cost. Success in TLC depends to great extent upon 
the proper selection of the mobile phase. The separation possibilities in TLC are greatly 
enhanced when chromatoplates are developed with mixed solvent systems. TLC has been 
successfully utilized for various purposes, such as the separation of metal ions from a water 
sample [1], the characterization of the mobility of metal [2], and the estimation of concentration 
of toxic metal in industrial waste [3].The use of aqueous solution as a mobile phase in TLC was 
pioneered by Armstrong and Terrill [4]. Using a surfactant as the mobile phase gained popularity 
and became more widely applied due to its operational simplicity, cost effectiveness, relative 
non-toxicity and enhanced separation efficiency [5-8]. The use of silica gel and an alumina layer 
with surfactant –mediated mobile phase systems [9-15] has been used to separate various 
inorganic species. Number of metal ions was systematically chromatographed on thin layer of 
urea formaldehyde polymer which is already used for the separation of amino acid [16]. 
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In this paper chromatographic separation was carried out on silica gel –G using aqueous solution 
of L- Iso Leucine as mobile phase. 
 

MATERIALS AND METHODS 
 
Chemicals and Reagents:  Chemicals and Reagents: 
L - Iso Leucine (E. Merck; India); Silica gel- G (E. Merck; India); Hydrochloric acid and Sodium 
hydroxide. All chemicals were of analytical reagent grade. 
 
Metal ion Studied: Cr (vi); Cr (iii); Tl (iii); Cd (ii); Hg (ii); and As (iii). 
 
Test Solution: TLC was performed using a standard aqueous solution (0.05 M) of potassium, 
chloride, sulphate and trioxide salts of the metal ions listed. 
 
Detection: The metal ions [17] were detected using 0.05 % Dithiozone in Carbon tetra chloride 
for Cd (ii); Tl (iii); As (iii) and Hg (ii). Saturated Alcoholic AgNO3 for Cr (vi) and Saturated 
Alcoholic Alizarin red for Cr (iii). 
 
Stationary Phase: Silica gel –G. 
 
Mobile Phase: The aqueous solution of L- Iso Leucine as the mobile phases. 
 
Thin - layer chromatography 
A. Preparation of Plates: The TLC plates were prepared by mixing silica gel-G with 
deminerlised water in 1:2 ratio by weight with constant stirring to obtain homogeneous slurry. It 
was then immediately applied on the glass plates by dipping method [18]. The plates were 
allowed to dry over night at room temperature and were used next day for TLC. 
 
B. Procedure: Test solutions were spotted onto thin- layer plates with the help of a 
micropipette positioned about 1.0 cm above the lower edge of the TLC plates. The spots were air 
dried and the plates were then developed with the given mobile phase using by the one 
dimensional ascending technique in glass jars. The development distance was fixed at 10 cm in 
all cases. Following development, the plates were again air dried and the spots of the Cations 
were visualized as coloring spots using the appropriate spraying reagent. RF values were then 
calculated. 
 
C. Separation: For the separation, the metal ions to be separated were mixed in equal 
amounts. A test solution of the resultant mixture was spotted onto the activated TLC plate, and 
was then air dried. The plates were developed to a distance of 10 cm. The spots were detected 
and the separated metal cations were identified by their RF values. 

 
RESULTS AND DISCUSSION 

 
Effect of Concentration: - This section deals with the separation of Cr (vi); Cr (iii); As (iii); Cd 
(ii); Tl (iii) and Hg (ii). Various experiments were carried out at different run time, different pH 
and at different concentration of L -Iso Leucine for determining optimum condition for 
separation of the metal ions. 
 
The results dealing with the effect of concentration of mobile phase, i.e. on the Rf values of 
different metal ions such as Cr (vi); Cr (iii); As (iii); Cd (ii); Tl (iii) and Hg (ii) are tabulated in 
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table 1. The variations in the Rf values with concentration in the range of 0.005 to 0.1 M were 
studied in pH range of 1 to7. 
 

Table 1:- Effect of Concentration on the Rf values of metal ions 
 

Conc. (M) 
Metal Ions 

Cr (vi) Cr (iii)  As (iii)  Cd (ii) Tl (iii)  Hg (ii) 
0.005 0.94 0.33 0.62 0.47 0.40 0.88 
0.01 0.95 0.20 0.65 0.46 0.39 0.70 
0.05 0.93 0.26 0.67 0.57 0.43 0.77 
0.1 0.95 0.31 0.67 0.63 0.50 0.91 

 
It was observed that, at concentration 0.1 M, Cr (vi) was not detected except pH 2, Cr (iii) and Tl 
(iii) shows long tailing while Hg (ii) shows spreading. At 0.05 M concentration of L -Iso 
Leucine, almost same results were observed. At 0.01 M L -Iso Leucine spots were not compact 
and shows little spreading, especially Cr (vi); Cd (ii); Hg (ii). However at 0.005 M concentration 
show compact spot were observed, hence this concentration was selected as the optimum 
separating concentration for further studies. 
 
Effect of pH: - This section deals with effect of pH on Rf values of metal ions. The effect of pH 
on the Rf values of different metal ions was carefully studied by conducting several sets 
experiments. The plates were run near about to 10 cm above from the base line. The results are 
tabulated in table 2 which reveal variations in the Rf values with pH of L -Iso Leucine. The Rf 
value measurements were done in the pH range of 1.0 to 7.0 at 0.005 M concentration. 
 

Table 2: Effect of pH on the Rf Values of metal ions at conc. 0.005M L – Iso Leucine 
 

Metal Ions 
pH of L – Iso Leucine 

1 1.5 2 2.5 3 3.5 4 5 6 7 
Cr (vi) 0.95 0.92 0.94 0.89 0.89 0.92 0.89 DS 0.9 DS 0.92 DS 0.92 DS 
Cr (iii) 0.54 0.44 0.32 0.17 0.14 0.16 0.16 T 0.14 T 0.16 T 0.14 T 
As (iii) 0.72 0.72 0.7 0.73 0.66 0.64 0.68 0.67 0.64 0.67 
Cd (ii) 0.68 0.64 0.43 0.28 0.26 0.28 0.29 T 0.18 T 0.19 T 0.17 T 
Tl (iii) 0.58 0.52 0.37 0.24 0.24 0.22 T 0.22 T 0.24 T 0.25 T 0.20 T 
Hg (ii) 0.85 0.83 0.88 0.87 0.88 0.91 0.98 Spr 0.88 Spr 0.95 Spr 0.9 Spr 

Notation: - T- Tailing; Spr- Spreading; D.S – Double Spot. 
 
It was observed from Table No 2 at low pH, all the six metal ions move with the solvent. It is 
noted that all metal ions showed very little difference in the Rf values at pH 1 and 1.5, but as we 
increase the pH from 2 to pH 3. Maximum difference in the Rf values of different metal ions 
were seen at pH 2 This was required for better separation. However, the behavior of cations 
changed after the increase in pH 4.0 and above, especially at pH 5.0,Cr (vi) shows double 
spotting due to formation of hetero poly acid ; Cr (iii); Cd (ii); & Tl (iii) show tailing whereas Hg 
(ii) shows spreading. But As (iii) shows compact spot at all pH except pH 1. From these 
observed values, pH 2 has been found out to be ideal for bringing out maximum separation. Rf of 
all mention metal ions was not possible to measure above pH 7. Hence, separation measurements 
have not been carried beyond pH 7.0 and pH 2 fixed for further Rf measurement in aqueous 
media of L – Iso Leucine. 
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CONCLUSION 
 
Using the above mentioned optimum separating conditions, that is 0.005 M L -Iso Leucine at pH 
2, qualitative separation of eleven binary mixtures; twelve ternary mixtures; and four quaternary 
mixtures of metal ions have been carried out. Various binary, ternary and quaternary separations 
have been listed in Table 3, 4, and 5 respectively. The Rf values of metal cations are given in top 
to bottom format, as they appear on the chromatographic plate. Photograph of achieved binary 
separations were given in picture no 1, for ternary separations in picture no 2 and quaternary 
separations in picture no 3. 
 
Experimentally achieved separations on silica gel ‘G’ layers developed with aqueous L – Iso 
Leucine as mobile phase 

 
Table No 3:-Binary Separations 

 
Sr. No Components of  Binary mixture Metal ions with there Rf Values 

1. Cr (vi);Cr (iii) Cr (vi) - 0.96; Cr (iii) - 0.39. 
2. Cr (vi);As (iii) Cr (vi) - 0.95; As (iii) - 0.71. 
3. Cr (vi);Cd (ii) Cr (vi) - 0.96; Cd (ii) - 0.52. 
4. Cr (vi);Tl (iii) Cr (vi) - 0.94; Tl (iii) - 0.41. 
5. As (iii); Cr (iii) As (iii) – 0.76; Cr (iii) - 0.45. 
6. Hg (ii);Cr (iii) Hg (ii) - 0.89; Cr (iii) - 0.42. 
7. As (iii);Cd (ii) As (iii) - 0.79; Cd (ii) - 0.51. 
8. Hg (ii);As (iii) Hg (ii) - 0.94; As (iii) - 0.75. 
9. Hg (ii);Cd (ii) Hg (ii) - 0.93; Cd (ii) - 0.51. 
10. Cd (ii);Cr (iii) Cd (ii) -0.42; Cr (iii) -0.54. 

 
Table No 4:- Ternary Separations 

 
Sr. No Component of Ternary Mixture Metal ions with their Rf Values 

1. Cr (vi); As (iii); Cr (iii). Cr (vi) – 0.95; As (iii) – 0.77; Cr (iii) – 0.37. 
2. Cr (vi); Cd (ii); Cr (iii). Cr (vi) – 0.96; Cd (ii) – 0.54; Cr (iii) – 0.38. 
3. Hg (ii); As (iii); Tl (iii) Hg (ii) – 0.94; As (iii) -0.77; Tl (iii) - 0.43. 
4. Hg (ii);Cd (ii); Tl (iii) Hg (ii) – 0.92; Cd (ii) - 0.56; Tl (iii) - 0.40. 
5. Cr (vi); Cd (ii); Tl (iii). Cr (vi) – 0.95; Cd (ii) – 0.56; Tl (iii) – 0.35. 
6. Cr (vi); As (iii); Tl (iii). Cr (vi) – 0.97; As (iii) – 0.78; Tl (iii) – 0.45. 
7. Hg (ii); As (iii); Cr (iii). Hg (ii) – 0.95; As (iii) – 0.78; Cr (iii) – 0.44. 
8. Hg (ii); As (iii); Cd (ii) Hg (ii) – 0.96; As (iii) – 0.76; Cd (ii) - 0.49. 
9. Cr (vi); As (iii); Cd (iii). Cr (vi) - 0.97; As (iii) - 0.77; Cd (iii) - 0.54. 
10. As (iii); Cd (ii); Cr (iii). As (iii) - 0.78; Cd (ii) – 0.51; Cr (iii) – 0.38. 

 
Table No 5:- Quaternary Separations 

 
Sr. No. Components of quaternary mixture Metal ions with there Rf Values 

1. 
Cr (vi); As (iii); 
Cr (iii); Tl (iii). 

Cr (vi) – 0.96; As (iii) – 0.75; 
Cr (iii) – 0.40; Tl (iii) – 0.48. 

2. 
Hg (ii); As (iii); 
Cd (ii); Tl (iii). 

Hg (ii) – 0.94; As (iii) 0.79; 
Cd (ii) – 0.79; Tl (iii) – 0.38. 

3. 
Cr (vi); As (iii); 
Cd (ii); Cr (iii). 

Cr (vi) – 0.95; As (iii) – 0.79; 
Cd (ii) – 0.53; Cr (iii) – 0.37. 

4. 
Hg (ii); As (iii) ; 
Cd (ii); Cr (iii) ; 

Hg (ii) – 0.91; As (iii) – 0.78; 
Cd (ii) – 0.37; Cr (iii) – 0.37; 

 
There is slight difference in the Rf values of metal ions during the separations from their 
mixtures, due to the mutual interaction of metal ions. 
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Pictures for the achieved separations using above mention optimum separating conditions.
 

 
Picture No 1 Binary Separations 

 

 
Picture No 2 Ternary Separations 
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Pictures for the achieved separations using above mention optimum separating conditions. 
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