
J. Serb. Chem. Soc. 70 (11) 1357–1362 (2005) UDC 546.683+543.245:546.33

JSCS–3375 Short communication

SHORT COMMUNICATION

Sodium dithionite as a selective demasking agent for the

complexometric determination of thallium

PRAKASH SHETTY1* and A. NITYANANDA SHETTY2

1Department of Chemistry, Manipal Institute of Technology, Manipal-576104, Karnataka, India

(e-mail: prakash.shetty@manipal.edu) and 2Department of Chemistry, National Institute of

Technology, Karnataka, Surathkal-575025 India

(Received 20 December 2004)

Abstract: Sodium dithionite is proposed as a new demasking agent for the rapid and

selective complexometric determination of thallium(III). In the presence of diverse

metal ions, thallium (III) was first complexed with excess EDTA and the surplus

EDTA was then titrated with a standard zinc sulphate solution at pH 5–6 (hexamine

buffer) using Xylenol Orange as the indicator. The EDTA equivalent to thallium was

then released selectively with sodium dithionite and back titrated with a standard

zinc sulphate solution as before. Reproducible and accurate results were obtained in

the range 4–100 mg of thallium with a relative error of � 27 % and a coefficient of

variation (n = 6) of not more than 0.30 %. The effects of various diverse ions were

studied. The method was applied to the determination of thallium in its complexes

and in alloys.

Keywords: complexometry, demasking agent, EDTA method, sodium dithionite,
thallium.

INTRODUCTION

The alloys of thallium find extensive application in diverse fields because of

their unique properties. Alloys of Pb and Tl have melting points above those of the

constituent metals and are useful for applications as specialty fuses. The Hg–Tl al-

loy, which forms a eutectic at 8.7 wt.% of thallium, has a melting point of –60 oC

and can be used as a substitute for mercury in switches and seals for equipment

used in the polar region or the stratosphere. Tl–Sn–In alloys show super conductiv-

ity below the temperature of liquid air and a Tl–Sb–In alloy is used for optical re-

cording materials.1 Thallium is used in special glasses to improve the optical prop-

erties and increase the refractive index. Thallium compounds are mainly used as

intermediates or catalysts in organic synthesis.2 In spite of their known toxicity,

compounds of thallium have been used in medicine. In view of this, the selective

1357

doi: 10.2298/JSC0511357S

* Author for correspondence.



determination of thallium using a demasking technique gains considerable impor-

tance. The reported methods using demasking agents, such as thiosemicarbazide,3

4-amino-5-mercapto-3-propyl-1,2,4-triazole,4 ethylene thiourea,5 are not rapid as

they require heating for the quantitative release of EDTA from the Tl–EDTA com-

plexes. The hydrazine sulphate method6 requires readjustment of the pH after the

addition of excess reagent. 3-Mercapto-1,2-propanediol,7 hydroxylamine hydro-

chloride,8 2-thiazoline-2-thiol9 and thioglycolic acid10 are also used as releasing

agents for thallium(III). Some of these methods suffer from severe interference by

several metal ions.

The present paper describes the use of sodium dithionite (Na2S2O4) as a selec-

tive demasking agent for the decomposition of the Tl–EDTA complex at room tem-

perature. The proposed method offers advantages of simplicity, rapidity and rea-

sonable selectivity without the need for heating or readjustment of the pH.

EXPERIMENTAL

Reagents. All the chemicals used were of either Analytical-reagent grade or chemically pure
grade. Steam distilled water was used throughout. A 1 % solution of sodium dithionite (Merck) was
prepared in distilled water. The stock solution of thallium(III) nitrate was prepared from thallum(I)
nitrate following a reported procedure11 and standardized by the chromate method.12 The zinc sul-
phate solution (0.02 M) was standardized by the oxinate method.12 The EDTA solution (0.02 M) was
prepared by dissolving the disodium salt of EDTA in distilled water. A freshly prepared 0.5 % aque-
ous solution of Xylenol Orange was used as the indicator.

Procedure. To an aliquot of solution containing 4–100 mg of thallium and varying amounts of
diverse ions, a known excess of 0.02 M EDTA was added and diluted to about 100 ml with distilled
water. The pH of the solution was adjusted to 5.0–6.0 by adding solid hexamine. A few drops of Xy-
lenol Orange indicator were added. The surplus EDTA was back titrated with 0.02 M zinc sulphate
solution. Then, a freshly prepared 1 % sodium dithionite solution was added in excess (1 ml for ev-
ery 8 mg Tl) and the contents were swirled well. The released EDTA was then titrated with 0.02 M
zinc sulphate solution as previously. The second titre value corresponds to the amount of thallium
present in the aliquot.

Determination of thallium in complexes: Thallium (I) complexes with 1,2,4-triazole-3(5)-thi-
ol; 4-amino-5-mercapto-3-methyl-1,2,4-triazole; 5-amino-2-mercapto-1,3,4,-thiadiazole; 4-amino-5-mer-
capto-3-propyl-1,2,4-triazole; 4-benzylidene-3-ethyl-5-mercapto-1,2,4-triazole, thionalide were pre-
pared and purified as per the reported procedures.13–15

An accurately weighed sample (0.2 – 0.3 g) of the complex was carefully decomposed with aqua
regia by evaporation to near dryness. The cooled residue was dissolved in the minimum volume of 2 M
nitric acid and made up to mark in a 250 ml volumetric flask. Aliquots of 25 ml were analyzed for thal-
lium by the recomended procedure.

RESULTS AND DISCUSSION

Mechanism of masking

Generally a metal ion which can exist in two different oxidation states differs

in its tendency to complex with EDTA at different oxidation states. Thallium is one

such metal, forming a stable complex with EDTA (log K = 22.5) in its trivalent

state,16,17 but showing little tendency for complexation with EDTA in its mono-

valent state.18 Even if Tl(I) forms a complex with EDTA, it may do so only in a ba-
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sic medium (pH 8–9), with complete dissociation of the Tl(I)–EDTA complex

occuring in an acidic medium.19 Therefore, the redox system Tl(III)–Tl(I) can be

conveniently employed in an acidic medium for the complexometric determina-

tion of thallium. Being a good reducing agent, sodium dithionite effectively re-

duces Tl(III) to Tl(I) in an acidic medium.20 The redox reaction can be represented

as follows:

S2O4
2– + 2H2O + Tl3+ � Tl+ + 2 SO3

2– + 4 H+

Sodium dithionite thus selectively decomposes the Tl–EDTA complex thro-

ugh reduction of Tl(III) to Tl(I) and EDTA is quantitaatively released at room tem-

perature. The +1 oxidation state of thallium in the reaction mixture was confirmed

by the chromate test.

TABLE I. Determination of thallium in thallium (III)nitrate solutions

Thallium/mg
Coeficient of variatin/% Relative error/%

Taken Found*

3.64 3.63 0.30 – 0.27

7.28 7.29 0.28 + 0.14

10.92 10.91 0.18 – 0.09

18.20 18.19 0.20 – 0.05

25.48 25.44 0.16 – 0.16

36.40 36.44 0.12 + 0.11

54.60 54.68 0.14 + 0.15

72.80 72.74 0.10 – 0.08

101.92 101.80 0.09 – 0.12

*Average of 6 determinations

Effect of concentration of sodium dithionite

Investigation of solutions containing a constant amount of thallium(III) sho-

wed that the addition of sodium dithionite in a 1:1 (M:L) molar ratio was sufficient

for the quantitative release of EDTA from the Tl–EDTA complex. Further, it was

noticed that the addition of excess reagent had no adverse effect on the obtained re-

sults. In all the present determinations, the concentration of the reagent was main-

tained at a slight excess over the required molar ratio.

Precision and Accuracy

To asses the accuracy and precision of the method, Tl(III) at different concen-

tration levels was determined as per the recommended procedure. The results pre-

sented in Table I indicate that the method functions well in the range 4–100 mg of

thallium, with a maximum relative eror of � 0.27 % and coefficient of variation (n

= 6) of less than 0.30%.
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Effect of diverse ions

The effect of co-ions on the quantitative determination of thallium was studied by

estimating 18.20 mg Tl(III) in presence of these ions. The tolerance limits found were

200 mg of Pb(II), Zn(II); 100 mg of Cd(II), Ni(II), Co(II), Bi(III); 60 mg of Tl(I),

Al(III), Fe(III), Ti(IV), Mo(VI); 30 mg of Mn(II), Ce(III), V(V), As(V), Sb(V); 15 mg

of Ir(III), Cr(III), Rh(III), Ru(III), Au(III), Pt(IV) and 200 mg of sulphate, nitrate,

phosphate, chloride, fluoride, borate, acetate, tartarate, thiocyanate, citrate. However,

the presence of metal ions such as Hg(II), Pd(II), Cu(II) and Sn(IV) interfer with the

determination. This is perhaps due to the simultaneous release of EDTA from their re-

spective EDTA complexes as well as from the Tl–EDTA complex, by the reagent. The

interference of Hg(II) (up to 50 mg) and Pd(II) (30 mg) can be avoided by premasking

them with ammonium thiocyanate (5 % NH4SCN, 10–12 ml each). Fluoride (5%

NH4F, 6–10 ml) can be used for premasking Sn(IV) (50 mg).

TABLE II. Determination of thallium in complexes

Complex
Thallium theoretically

present/%

Thallium found*

Complexometric method Gravimetric method

Tl(C2H2N3S)a 67.12 67.00 66.94

Tl(C3H5N4S)b 61.30 61.42 61.50

Tl(C2H2N3S2)c 60.73 60.62 60.58

Tl(C5H9N4S)d 56.52 56.38 56.44

Tl(C11H11N4S)e 46.91 47.00 47.04

Tl(C12H10ONS)f 48.58 48.66 48.70

*Average of 3 determinations. Thallium complex with 1,2,4-triazole-3(5)-thiola; 4-amino-5-mer-

capto-3-methyl-1,2,4-triazoleb; 5-amino-2-mercapto-1,3,4-thiadiazolec; 4-amino-5-mercapto-3-pro-

pyl-1,2,4-triazoled; 4-benzylidene-3-ethyl-5-mercapto-1,2,4-triazolee; thionalidef

Applications of the method

In order to asses the analytical usefulness of the proposed method, it was used for

the determination of thallium in its complexes with mercapto ligands. The observed

complexometric results were compared with those obtained gravimetrically by the

chromate method and were found to be in good agreement (Table II). Anumber of syn-

thetic mixtures of thallium with mercury, bismuth, lead, cadmium, zinc, aluminium,

nickel or iridium were prepared according to their alloy compositions. The thallium

content of each was determined and the results are summarized in Table III.

TABLE III. Determination of thallium (III) in synthetic solutions

Synthetic solutions Composition/% Thallium found*/%

Tl + Hg# 8.7 + 91.3 8.71

Tl + Bi + Pb 11.5 + 55.2 + 33.3 11.49

Tl + Cd + Zn 50.3 + 4.7 + 45.0 50.20
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Synthetic solutions Composition/% Thallium found*/%

Tl + Pb + Zn + Al 30.0 + 40.0 + 20.0 + 10.0 30.06

Tl + Al + Ni + Zn + Ir 5.6 + 55.0 + 35.0 + 2.4 + 2.0 5.59

*Average of 3 determinations; # Premasked with ammonium thiocyanate

CONCLUSIONS

Sodium dithionite is a simple, cheap, water-soluble reagent, hence it can be

readily used as a demasking agent. The method proposed is simple and rapid, as it

requires no heating for the quantitative release of EDTA and works well in the

range of 4–100 mg of thallium. The absence of any precipitate in the titration me-

dium facilitates the detection of a sharp end point. The demasking agent used can

tolerate the presence of a large number of metal ions and anions. Moreover, inter-

fering metal ions, such as Hg(II), Pd(II) and Sn(IV), can be suitably premasked in

the present method. Thus, the method is fairly selective for the rapid determination

of thallium in its salts, complexes and alloys.
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I Z V O D

NATRIJUMDITIONIT KAO SELEKTIVAN DEMASKIRAJU]I AGENS ZA

KOMPLEKSOMETRIJSKO ODRE\IVAWE TALIJUMA
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2
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Natrijumditionit se predla`e kao novi demaskiraju}i agens za brzo i selek-

tivno kompleksometrijsko odre|ivawe talijuma(III). U prisustvu drugih metalnih

jona talijum(III) je prvo kompleksiran vi{kom EDTA, a vi{ak EDTA zatim titrisan

standardnim rastvorom cinksulfata pri pH 5–6 (heksaminski pufer) uz ksilenol-na-

ranyasto kao indikator. Koli~ina EDTA ekvivalentna koli~ini talijuma je oslobo-

|ena selektivno natrijumditionitom i retistrisana standardnim rastvorom cinksu-

lfata kao i prethodno. Reproduktivni i ta~ni rezultati, sa relativnom gre{kom od �

= 0,27 i koeficijentom varijacije (n = 6) ne ve}im od 0,30 %, dobijaju se za koli~ine

talijuma u opsegu 4–100 mg. Ispitivan je uticaj razli~itih drugih jona. Metoda je

primewivana za odre|ivawe talijuma u wegovim kompleksima i legurama.

(Primqeno 20. decembra 2004)
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