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Abstract

A selective method has been developed for extraction, chromatographic separation of thallium(III) with N-n-octylaniline (a liquid
anion exchanger) as a stationary phase on silica gel. Quantitative extraction of thallium(III) has been achieved in 1.0 mol L -1

hydrochloric acid  media from 0.0315 mol L-1 (0.7%) N-n-octylaniline. The extracted metal has been eluted with 25.0 ml distilled
water and estimated spectrophotometrically. The effects of acid concentrations, reagent concentration and diverse ions have been
studied. Thallium(III) has been separated from its associated elements and synthetic mixtures corresponding. The probable
extracted species were ascertained from log C - log D plots.
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Introduction

Thallium has low abundance in the earth's crust, but
wide uses. A low melting glass of thallium, sulpher,
arsenic and selenium is used as an encapsulating
material for semiconductors, capacitors and other
electrical devices. Due to various applications of thallium
it is necessary to develop a selective separation method
from associated metals. Liquid anion exchangers have
been used for solvent extraction of many metals1,2

Thallium(III) has been extracted with 2-propanol/water
phase using sodium chloride3. Extraction separation of
thallium(III) from thallium(I) has been reported by using
n-Octylaniline from salicylate medium4. N-octylaniline
has been also used extensively for the solvent
extraction, separation of various elements5-10. N-n-
Octylaniline has been used for reversed phase paper
chromatographic separation of zinc, cadmium and
mercury11. Recently N-n-octylaniline was applied for

extraction chromatographic separation of platinum12,
palladium13, ruthenium14, iridium15, gold16, copper17,
molybdenum18, manganese19 and lead(II)20. In the
present communication, reversed phase extraction
behavior of  thallium (III) towards N-n-octylaniline as a
function of hydrochloric acid has been studied. A simple,
rapid method for separation of thallium (III) from its
associated elements has been proposed.

Experimental

Instrumentation

Elico make (model SL-191) double beam UV-visible
spectrophotometer with matching 10 mm quartz cells
was used for absorbance measurements. An electronic
balance (Contech make, model CA-123) was used for
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weighing purposes. Calibrated glassware were used
and are cleaned by soaking in dilute nitric acid
followed by washing with soap and rinsed two times
with water.

Reagents

All the reagents used were of analytical reagent grade
unless otherwise stated. A standard stock solution of
thallium (III) has been prepared by dissolving 2.0 gm
of thallous nitrate (TlNO3 dried at 110°c) into distilled
water containing 2.0 mL of concentrated nitric acid and
diluted this solution to 250 mL with distilled water.
Thallium (I) was oxidized to thallium (III) by adding few
drops of saturated bromine water and warming to
remove excess bromine. The solution was
standardized by complexometrically21. A working
standard solution of thallium (III) 100 μg mL-1 was
prepared by diluting the standard stock solution with
distilled water. Other standard solutions of different
metal ions used to study the effect of foreign ions were
prepared by dissolving their respective salts in water
or dilute hydrochloric acid and diluted suitably. The N-
n-octylaniline was prepared using the method reported
by Gardlund22. Chloroform is used for further dilutions
of N-n-octylaniline. Double distilled water was used
throughout the work.

Recommended procedure

In a 25 mL volumetric flask, an aliquot of 100 µg Tl (III)
was taken and sufficient amount of hydrochloric acid
was added to make solution 1.0 mol L-1 after dilution
with water to the mark. The solution was passed
through 0.7% (V/V) N-n-octylaniline coated silica gel
(pre-saturated with 1.0 mol L-1 hydrochloric acid)
column at a rate of 1.0 mL min-1. The Tl(III) found
completely extracted on the column. The Tl (III) was
eluted by 40 mL of distilled water. Collected fraction
was analyzed for Tl(III) spectrophotometrically by
iodide-starch method23.

Results and discussion

Effect of hydrochloric acid concentration on
extraction of Tl(III)

Thallium(III) 100 µg in final volume 25 mL of 0.01 to
4.0 mol L-1 hydrochloric acid media was studied for
effect of acid concentration on extraction of Tl(III) as
per the recommended procedure. It was observed that
the extraction of thallium(III) increases with increase in
concentration of hydrochloric acid. It was found that
there is quantitative extraction at 1.0 mol L-1

hydrochloric acid. Hence all the extractions were
carried out at the concentration 1.0 mol L-1 of
hydrochloric acid (Figure 1).

Figure 1. Effect of hydrochloric acid concentration on extraction of Tl(III).
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Effect of N-n-octylaniline concentration

The concentration of N-n-octylaniline on a silica
support was varied from 0.1% (v/v) to 1.0% (v/v). It
was observed that 0.7% (v/v) N-n-octylaniline was
sufficient for quantitative extraction of Tl(III) from 1.0
mol L-1 hydrochloric acid media. There is an increase

in the extraction of Tl(III) with increasing concentration
of N-n-octylaniline. The plot of log D Vs log C for 0.1
and 0.5 mol L-1 hydrochloric acid gave a slope of 1.17
and 1.09 respectively (Figure 2). The probable
composition of extracting species was calculated as
1:1 (metal to amine ratio).

Figure 2. Plot of log C (N-n-OA) vs. log D [Tl(III)]: Tl(III): 100.0 µg; N-n-OA: 0.1% to 1%; HCl concentration: 0.1 mol L-1, 0.5
mol L-1, λmax: 590 nm.
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Extraction mechanism

[RR'NH] org. + [H+] aq. [RR'NH2
+] org.

[Tl3+] aq + [Cl - ]aq. [TlCl4- ] aq

[RR'NH2
+] org + [TlCl4- ] aq [RR'NH2

+ .TlCl4- ]org
Where R= -C6H5 R'= -CH2 (CH2)6CH3

Effect of foreign ions

Various amounts of foreign ions were added to a fixed
amount of thallium(III) to investigate the interference of
these ions and to find their tolerance limit in the
extraction of Tl(III). Thallium(III), 100 µg, was
extracted in the presence of a large number of foreign
ions. An error of ± 2% in the absorbance values was
considered to be tolerable. It was observed that the
proposed method is free from interference of the large
number of alkaline earth metals, toxic metals,
transition metals and anions (Table 1).

Table 1.  Effect of foreign ions

Foreign
Ions

Added as Toleranc
e   limit
µg

Foreign
Ions

Added as Tolerance
limit µg

Mn(II) MnCl2.6H2O 100 W(VI) Na2WO4.2H2O 50
Cd(II) CdCl2.2H2O 150 Pb(II) PbCl2 150
Fe(III) (NH4)Fe(SO4)2.12H2O 50 Zn(II) ZnSO4.7H2O 50
Hg(II) HgCl2 75 Ti(IV) TiO2 200
Bi(III) BiCl3 75 Mg(II) MgCl2.6H2O 100
Ni(II) NiCl2.6H2O 50 Fluoride NaF 500
Al(III) AlCl3.6H2O 50 Sulphate K2SO4 500
Fe(II) FeSO4.7H2O 25 Citrate C6H8O7.H2O 500
Sn(II) SnCl2.2H2O 50 Malonate CH2(COONa)2 500
Mo(VI) (NH4)6MO7O24.2H2O 100 Acetate CH3COONa.3H2O 500
V(V) V2O5 100 Oxalate Na2C2O4.2H2O 200
U(VI) UO2(CH3COO)2.2H2O 50 E.D.T.A Na2EDTA 500
Co(II) CoCl2.6H2O 200 H2O2 H2O2 0.3 mL

Applications

Separation of thallium(III) from multi-component
mixtures

The proposed method was successfully applied for
extraction of thallium(III) from multi-component

mixtures. The study shows that the separation of
thallium (III) is possible in the presence of mercury(II),
manganese(II), zinc(II), tin(II), cadmium(II) and
aluminum(III) using the proposed method (Table 2).

Table 2. Separation of thallium(III) from multi-component mixtures

Composition
µg

Thallium(III) found
µg

% RSD

Tl(III) 100; Mn(II) 50; Cd(II) 100; Hg(II) 50 98.36 0.53
Tl(III) 100; Mn(II) 50; Cd(II) 100; Hg(II) 50; Al(III) 25 97.95 0.31
Tl(III) 100; Al(III) 25; Sn(II) 50 99.59 0.58
Tl(III) 100; Cd(II) 100; Hg(II) 50; Zn(II) 50 99.18 0.76
Tl(III) 100; Cd(II) 100; Sn(II) 50; Al(III) 25 98.36 0.93
Tl(III) 100; Cd(II) 100; Sn(II) 50; Al(III) 25; Mn(II) 50 98.77 0.89

Conclusion

The proposed method is simple, selective,
reproducible and rapid. It is free from interferences
from a large number of foreign ions which are
associated with thallium(III). Low N-n-octylaniline and

hydrochloric acid concentrations required for
quantitative extraction of thallium(III) using the
proposed method. It is successfully applied for
separation of thallium(III) from multi-component
mixtures.
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