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A selective complexometric method is described for the determination of Tl(III) using sodium metabisulphite as 
releasing agent. Thallium(III) and associated metal ions are complexed with excess EDTA and the surplus EDTA is 
back titrated at pH 5-6 (hexamine or acetic acid-acetate buffer) with standard zinc sulphate solution using xylenol 
orange as indicator. The addition of sodium metabisulphite displaces the EDTA selectively from the Tl-EDTA 
complex. The released EDTA, equivalent to Tl(III) present, is titrated with standard zinc sulphate solution. The 
results obtained are reproducible and accurate in the range 4-100 mg of thallium with relative error less than 0.30% 
and coefficient of variation not exceeding 0.40%. The proposed method is employed in the determination of thallium 
in its salts, complexes and synthetic mixture of metal ions. 

INTRODUCTION 

Some of the alloys of thallium have found applications as a result of their unique properties. Tl-Hg 
alloy containing 8.7% Tl forms an eutectic mixture freezing at –590C, and has been considered for 
applications in low temperature thermometers, switches, closures and seals. Alloys of thallium are also used 
in good quality bearings, having a very high resistance to corrosion and low coefficient of friction. The  
Tl-Sn-In alloys show super conductivity below the temperature of liquid air. In spite of their known toxicity, 
compounds of thallium have been used in medicine. Thallium compounds are mainly used as intermediates 
or catalysts in organic synthesis.1 Thallium compounds also find applications in preparing optical glasses on 
account of their high refractive indices. In the light of various applications of thallium and its compounds in 
diverse fields, there is a growing need for a simple and rapid analytical method for its determination. A 
search in the literature discloses that a number of sulphur-nitrogen donor ligands such as thiosemicarbazide,2  
4-amino-5-mercapto-3-propyl-1,2,4-triazole,3 hydrazine sulphate,4 2-mercaptoethanol,5 ethylene thiourea,6  
3-mercapto-1,2-propanediol,7  hydroxylamine hydrochloride,8 2-thiozoline-2-thiol,9 thioglycollic acid,10 have 
been used as releasing agents in the complexometric determination of thallium(III). Some of these methods 
either require heating2,3,6 or readjustment4 of pH for the quantitative release of EDTA from the Tl-EDTA 
complex. Many of these methods suffer severe interference from several metal ions. This paper describes the 
application and advantages of sodium metabisulphite (Na2S2O5) as a selective releasing agent in the 
complexometric determination of thallium(III).  

EXPERIMENTAL 

Reagents. Analytical-reagent grade chemicals were used. Steam distilled water was used for dilution purposes. Sodium 
metabisulphite (1%) was prepared in distilled water. Standard thallium(III) nitrate solution was prepared from thallium(I) nitrate (supplied by 
Merck) by following the reported procedure11and standardized by the chromate method.12 Zinc sulphate solution (0.02M) was 
standardized gravimetrically by the oxinate method.12 The stock solution of EDTA (0.04M) was prepared by dissolving the disodium 
salt of EDTA in distilled water. Xylenol orange indicator was used as 0.5% solution in distilled water. 
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Procedure. An excess of 0.04M EDTA solution was added to an aliquot containing 4-100 mg of thallium(III) and associated 
metal ions, followed by few drops of xylenol orange indicator. The solution was diluted to about 100 mL with distilled water and the 
pH was adjusted to 5.0-6.0 by addition of solid hexamine or acetic acid–acetate buffer. The surplus EDTA was back titrated against 
0.02M zinc sulphate solution till the color changed from yellow to red. Then it was treated with a 1% sodium metabisulphite solution 
(1 mL for every 8 mg of Tl) and swirled well. The released EDTA was then titrated against 0.02M zinc sulphate solution as before. 
The second titre value is equivalent to the thallium present in the aliquot. 

Analysis of thallium complexes. Thallium(I) complexes with some sulphur-donor ligands were prepared and purified as per the 
reported methods.13,14,15 An accurately weighed sample of the complex was carefully decomposed with aqua regia by slow 
evaporation to near dryness. The residue was then cooled, dissolved in a minimum volume of 2N HNO3 and made up to a known 
volume with distilled water. Suitable aliquots of solutions were analyzed for thallium as per the procedure described. 

RESULTS AND DISCUSSION 

Mechanism of demasking 

Thallium forms a stable complex with EDTA (log K=22.5) in its trivalent state,16,17 but shows little 
tendency for complexation with EDTA in its monovalent state.18 Even if Tl(I) forms a complex with EDTA, 
it may do so only in basic medium (pH 8-9), but complete dissociation of the Tl-EDTA complex takes place 
in acidic medium.19 Therefore, the redox system Tl(III)-Tl(I) can be conveniently employed in acidic 
medium for its complexometric determination. Sodium metabisulphite is a good reducing agent.20 So, it 
effectively reduces Tl(III)-Tl(I) in the acidic medium. The reagent thus selectively decomposes the Tl(III)-
EDTA complex through reduction of Tl(III) to Tl(I) and releases EDTA quantitatively at room temperature 
itself. The +1 oxidation state of thallium in the solution was confirmed also by the chromate test. The 
absence of any precipitate in the titration medium favours the detection of a sharp end point. 

Effect of reagent concentration 

It was found that the addition of sodium metabisulphite in 1:1( M:L) molar ratio was sufficient for the 
instantaneous and quantitative release of EDTA from the Tl-EDTA complex at room temperature. However, 
no adverse effects were observed even on adding excess reagent. In all our determinations, the concentration 
of the reagent was maintained slightly above the required molar ratio. 

Accuracy and precision of the method 

In order to check the accuracy and precision of the method, determinations of thallium were carried out 
under optimized experimental conditions. The results presented in Table 1 indicate that the method is accurate 
besides being precise. 

 
Table 1 

 Determination of thallium in thallium(III)nitrate solution 

    Thallium, mg 
  Taken     Found * 

Recovery, (%) Coefficient  
of Variation, (%) 

  3.68       3.68            100.00      0.40 
  7.36       7.37             100.14      0.34 
 11.04      11.02      99.82      0.36 
 14.72      14.68      99.73      0.24 
 18.40      18.41     100.05      0.18 
 25.76      25.72      99.84      0.20 
 36.80      36.86     100.16      0.14 
 55.20      55.24     100.07      0.08 
 73.60      73.68     100.11      0.12 
103.04     103.20     100.16      0.10 

            * Mean of six determinations. 
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Effect of diverse ions 

The effect of presence of various diverse ions on the accuracy and precision of the method was studied 
by estimating 18.40 mg of thallium(III) in the presence of these ions. The presence of the following ions did 
not interfere with in the concentration range studied. 200 mg of Pb(II), Zn(II), Tl(I); 100 mg of Cu(II),Cd(II), 
Co(II), Ni(II), Bi(III); 60 mg of Ag(I), Fe(III), Al(III), Ti(IV), Mo(VI); 40 mg of Mn(II), Ce(III), Zr(IV), 
As(V), V(V), Sb(V); 20 mg of Au(III), Cr(III), Ru(III), Rh(III), Pt(IV); 200 mg of sulphate, chloride, 
fluoride nitrate, phosphate, acetate, borate and tartarate. However, metal ions like Hg(II), Pd(II) and Sn(IV) show 
severe interference. This is presumably due to the release of EDTA from their respective EDTA complexes by the 
reagent. The interference of Hg(II) (up to 40 mg), Pd(II) (20 mg) and Sn(IV) (40 mg) however, may be avoided 
by premasking them with potassium thiocyanate, L-histidine and ammonium fluoride respectively. 

Applications of the method 

In order to explore the utility of the proposed method, it was employed in the analysis of thallium 
complexes and synthetic mixtures of metal ions with composition of alloy samples. The results pertaining to 
the analysis of some such samples are presented in Tables 2 and 3. From these results, it can be concluded 
that the method can be conveniently employed for the rapid analysis of such samples. 

 
Table 2 

Determination of thallium in complexes 

Complex Thallium (%) 
Present    Found* 

Relative 
Error, (%) 

Tl(C2H2N3S) a  67.12       66.96     -0.24 
Tl(C2H2N3S2) b  60.73       60.55     -0.30 
Tl(C11H11N4S) c  46.91       47.05    +0.30 
Tl(C3H5N4S) d  61.30       61.14       -0.26 
Tl(C5H9N4S) e  56.52       56.65    +0.23 
Tl(C12H10ONS) f  48.58       48.44         -0.29 

 *Mean of three determinations. 
Thallium complex with 1,2,4-triazole-3(5)-thiola; 5-amino-2-mercapto-1,3,4-thiadiazoleb; 
4-benzylidene-3-ethyl-5-mercapto-1,2,4-triazolec; 4-amino-5-mercapto-3-methyl-1,2,4-triazoled; 
4-amino-5-mercapto-3-propyl-1,2,4-triazolee; thionalidef. 

Table 3 

Determination of thallium in synthetic mixtures of metal ions 

   Mixture   Composition (%) Thallium * 

Found,(%) 
Relative 

Error, (%) 
Tl + Hg#  8.7 + 91.3    8.71  +0.11 
Tl + Pb + Bi 11.5 + 33.3 + 55.2   11.53  +0.26 
Tl + Cu + Cd 30.0 + 20.0 + 50.0   29.92   -0.27 
Tl + Bi + Pb + Cd 18.9 + 39.3 +30.8 +11.0   18.85   -0.26 
Tl + Bi + Cd + Sn** 24.6 +40.5 +14.5 + 20.4   24.68  +0.32 

* Mean of three determinations.  
# Hg(II) premasked with potassium thiocyanate. 
** Sn(IV) premasked with ammonium fluoride. 

CONCLUSIONS 

The proposed method is simple and rapid besides being accurate. It does not require any heating for the 
quantitative displacement of EDTA from the Tl-EDTA complex. Sodium metabisulphite is a cheap, readily 
available and water soluble reagent, so that it can be used conveniently as demasking reagent. The absence of 
any precipitate in the titration medium facilitates the detection of the sharp end point. The tolerance of 
several metal ions in the method makes it suitable for the rapid analysis of complexes and alloys of thallium.  
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