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A simple and selective complexo metric method for the determination of thallium(III) is proposed by using thioglyco li c 
acid as a mask ing agent. In the presence of diverse metal ions th allium(lll ) is complexed with excess EDTA and the surplus 
EDTA is back titrated (pH 5 - 6, hexamine) with standard zinc sulphate solution using xylenol orange indicator. A freshly 
prepared I% aqueous so lution of thioglycoli e ac id is then added to displace EDTA from TI (III)-EDTA complex and the re­
leased EDTA is titrated wi th standard zinc sulph ate solution. The results for the determi nation of 4- 87 mg of th allium are 
obtained wit h a relative error of 0.3% and coefticient of variation 0.46%. The effect of diverse ions are studied . The method 
is applied to the determination of thallium in its compl exes and synthetic mixtures. 

Recently , complexometric titrations, particularly 
those involving masking and demasking technique are 
rece iving considerable attention s ince they provide 
simple, rapid and accurate methods for the determi­
nation of the desi red metal ion in the presence of as­
sociated metal ions. A search in the literature di s­
closes that a number of sulphur - nitrogen donor lig­
ands such as thi osemicarbazide 1

, hydrazine su lphate2
, 

4-amino-5-mercapto-3-propyl-1 ,2,4-triazole3
, 2-mer­

captoethanol4, ascorbic acid5
, ethylene thiourea6

, 3-
mercapto-1 ,2-propanediol7

, hydroxylamine hydro­
chloride8, 2-thiazoline-2-thiol9 have been used as se­
lective re leas ing agents in the complexometric deter­
mination of tha llium(III). Some of these methods e i­
ther require heating or readjustment of pH for the 
quantitaii ve release of EDT A from TI-EDT A com­
plex. In thi s paper, the application of thioglyco lic acid 
as a selective releas ing agent in the indirect complex­
ometric determination of thallium(III) has been 
reported . 

Experimental Procedure 
All chemical s used were of either AR or chem i­

cally pure grade. An aqueous I % solution (v/v) of 
thiogl ycolic acid (TGH2) was used. Thalli c nitrate 
solution was prepared from thallous nitrate by fol­
lowi ng the reported procedure 10 and standardised by 
chromate method 11

• Zinc su lphate solution was pre­
pared in distilled water and srandardised gravimetri­
cally as zinc oxinate 11

• EDTA solution (- 0 .04 M) 

was prepared by dissolving disodium salt of EDTA in 
di stilled water. A freshly prepared 0.5 % aqueous 
solution of xylenol orange indicator was used . 

To an aliquot of thallium solution associated with 
varyi ng amounts of diverse metal ions taken in a 250 
mL conical fl ask, an excess of EDTA solution was 
added. The solution was diluted with 25 mL of di s­
tilled water, followed by the addit ion of solid hex­
amine to adju st the pH between 5 and 6 . The surplus 
EDT A was back titrated with standard zinc sulphate 
solution using xylenol orange as indicator to a sharp 
colour change from yellow to red . To thi s a freshly 
prepared I % solution of TGH2 was added in required 
qu antities. The contents were mixed well and allowed 
to stand for 5 min to ensure complete release of 

Table !-Precision and accuracy in the determination of thal­
lium(II I) 

Thallium, 111" Recovery Coefficient of 
Taken Found* (%) variation(%) 

3.48 3.48 100.00 0.46 
6.97 6.95 99.71 0.46 
10.45 10.46 100.09 0.31 
17.42 17.41 99 .94 0.29 
24.38 24 .39 100.04 0. 13 
34.83 34.84 100.03 0. 17 
52.25 52.21 99.92 0.08 
69.67 69 .66 99.98 0.09 
87.08 87.23 100. 17 0.07 

*Average of six determinat ions 
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EDT A. The liberated EDT A was then back titrated 
with the same standard zinc sulphate solution to the 
same end-point as before. The second titre value cor­
responds to the thallium content in the aliquot. 

Analysis of thallium complexes-Thallium(I) com­
plexes with 5-amino-2-mercapto-1 ,3,4-thiadiazole, 4-
amino-5-mercapto-3-methyl-1 ,2,4-triazole, 4-amino-
5-mercapto-3-propyl-1 ,2,4-triazole-3(5)-thiol were 
prepared and purified as per the reported methods12·13. 
About 0.3 g of the complex was careful ly decom­
posed with aquaregia by slow evaporation to near 
dryness. The res idue was then cooled, di sso lved in 
minimum volume of 2N HN03 and made up to 250 
mL with di still ed water. Aliquots of the made up so­
lutions were used for performing titrations as per the 
proposed procedure. 

Results and Discussion 
Effect of reagent concentration-Preliminary ex­

perimental results showed that additi on of TGH2 in . 
t :3 molar ratio (M :L) was sufficient for the quantita­
tive release of EDTA from Tl(III)-EDT A complex at 
room temperature. However, no adverse effects on 
the results were observed even on adding excess rea­
gent. In all our subsequent determinations the con­
centration of the reagent was maintained at sl ightly 
excess above the required molar ratio . 

Mechanism of demasking-General ly a metal ion , 
wh ich can exist in two different ox idati on states, dif­
fers in its tendency to form complex wi th EDT A at 
di fferent ox idation states. Thallium is one such ele­
ment, which forms a stable complex with EDTA (log 
K = 22.5) in its trivalent state 14, but shows little ten­
dency fo r complexation with EDT A in its monovalent 
state 15 . Even if Tl(I) fo rms a complex wi th EDTA, it 
may do so only in the bas ic med ium (pH 8-9), but 
complete dissociation of T l(I)-EDT A complex takes 
place in acidic mcdi um16. Therefore, the redox system 
Tl(IIT) - Tl( l) can be conveniently employed in ac idic 
medi um for its complexometric determinati on by de­
masking technique. 

Being a good reduc in g agent , TGH2 effectively 
reduces TI(III) to Tl(l) by a 2-electron change proc­
ess17 . The redox reaction can be represented as fol­
lows: 

2R-S-H ~ R-S-S-R + 2H+ + 2e-, (R = -CH2-COOH) 
T(l+ +2e- ~ Tl+ 

TGH2 thus se lectively demasks tha llium from 
TI(III)-EDT A complex through a change in the oxi-

Tabl e 2-Analysis of thall ium complexes (n=3) 

Co mplex Tl Tl Relat ive 
calculated (%) found(%) error(%) 

TI(C2H2N3S2)* 60.73 60.60 - 0.21 
T I(C3H5N4S)# 6 1.30 6 1.04 -0.42 
TI (C5H~N4S)$ 56.52 6. :)5 -0.30 
T I(C2H2N3S)@ 67.12 66 .8 1 - 0.46 

'Thallium complex of 5- amino-2-me rcapto- l ,3.4-thiadi azolc 
#Thal lium complex of 4-amino-5-rnercapto-3-methyl-1 ,2,4-
triazole 
sT hallium complex of 4-amino-5-mcrcapto-3-propyl-1 ,2,4-
tri azole 
"''Thallium complex o f I ,2,4-triazole-3(5)-thiol. 

Table 3-Determination o f thallium(! II ) in syntheti c mi xtu re of 
metal ions (n=3) 

Mix ture 

Tl(l ll )+Hg(Il )' 

TI(III )+Bi (III )+Pb(II ) 
TI(I II)+Zn(I I)+Cd(II ) 
TI(II I)+Zn(II)+AI (III) 
TI(I II )+Cd(I I)+Pb(ll)+ 
Bi(Ill ) 
TI( II I)+Pd(ll )# 
T I(III )+Sn(IV)s 

Compositi on 
(%) 

8.7+91.3 

I 1.5+55.2+33.3 
14.8+59.6+25.6 
19.9+57.2+22.9 
8.9+1 1.0+35.8+ 

44.3 
60.0+40.0 
40.5+59.5 

*Hg(II) is premasked with thi ocyanate 
#Pd(ll ) is prcrnaskcd with L-h ist idinc 
$Sn(I Y) is premaskcd wi th fluoride 

Thall ium Relative 
fou nd(%) error(%) 

8.65 -0.57 
11.52 +0.17 
14.88 +0.54 
19.97 +0.35 
8.85 -0.56 

60. 10 +0.37 
40.45 -0.12 

dation state of thallium (reduction) and thereby re­
leases EDTA quantitati vely. Besides changi ng the 
oxidation state of thallium, TGH2 forms a stable 
complex with TI(I) so formed. Th is explanation ac­
counts for the actual consu mption of 3 moles of 
TGH2 per mole of thallium fo r quantitative release of 
EDTA. The +I oxidation state of tha llium in its com­
plex was confirmed by spot test

18. A red prec ipi t<: te 
was formed when a solu ti on of the complex in dilute 
hydrochloric acid was treated wi th a drop each of 
bismuth nitrate solution and sod ium iod ide so lution. 

Precision and accuracy-In order to check the ac­
curacy and precision of the method, determinations of 
thallium in the concentration range of 3 - 80 mg were 
carried out under optimised experimental condi tions. 
These results are presented in Tab le I. The results 
show that the max imum mean error and coeffici ent of 
variation (n=6) of the method are 0.3 % and 0.46 % 

respect ively. From these result s. it is reasonable to 
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infer that the proposed method is precise and accu­
rate. 

Effect of diverse ions-In order to ascertain the 
possible interference of the diverse ions, thallium de­
termination was carried out with an aliquot contain­
ing 17.42 mg of thallium(III) in the presence of vari­
ous metal ions and anions. No interference was ob­
served for the following ions at the amounts shown in 
mg: Pb(II), Zn(II) (200) ; Bi(III) (120) ; Cd(II) ( 100); 
Co(In (90); Ni(II) (80); Mo(VI) , Ti(IV) (70); Fe(JII) 
(66); AI(III) (54); Mn(II) (10); chloride (150); sul­
phate, nitrate, citrate, oxalate, acetate, borate, fluoride 
(200). 

However, Pd(II), Hg(Il) , Sn(IV),Cu(II) and Cr(III) 
interfere severely. The interference of Pd(II) , Hg(II), 
Sn(IV) and Cu(ll) is presumably due to the release of 
EDTA from their respective EDTA complexes by the 
reagent. This interference from the first three can be 
avoided by premasking these metal ions with suitable 
secondary masking agents, such as L-histidine for 33 
mg of Pd(II); thiocyanate for 50 mg of Hg(II) ; and 
fluoride for 40 mg of Sn(IV) . The interference of 
Cr(III) is due to the deep purple colour of Cr-EDT A 
complex which causes the detection of the end-point 
rather difficult. 

Applications 
In order to explore the utility of the proposed 

method, quantitative analysis of complexes and syn­
thetic mixtures of thallium were carried out. The re­
sults of analysis of some such samples are given in 
Tables 2 and 3. From these results it can be con­
cluded that the proposed method can be conveniently 
employed for rapid analysis of such samples. 

Conclusion 
The method is simple and rapid as it does not re­

quire any heating for the quantitative release of 

EDTA from TI(III)-EDTA complex. The reagent does 
not form precipitate either with TI(III) or with the 
titrant under the experimental conditions. This facili­
tates the detection of a sharp end point. The proposed 
method can be used for the rapid analysis of com­
plexes and alloys of thallium. 
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