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A new, simple, sensitive, and rapid spectrophotometric method is proposed for the determination of

trace amounts of thallium(III). The method is based on the oxidation of methiomeprazine hydrochloride

by thallium(III) in phosphoric acid medium to give a blue radical cation, having a maximum absorption

at 645 nm. Beer’s law is valid over the concentration range 0.5–4.0 µg mL−1, with molar absorptivity and

Sandell’s sensitivity of 3.2 × 104 L mol−1 cm−1 and 0.0064 µg cm−2, respectively. The detection limit

of thallium determination is 0.01 µg mL−1. The tolerance limits for interfering ions are discussed. All

variables were studied in order to optimize the reaction conditions. The efficacy of the proposed method

is shown by the successful determination of traces of thallium in alloys, minerals, standard reference

materials, water, and urine samples.
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Introduction

Thallium is commonly found with lead, zinc, iron, tellurium and the alkalis 1. It is normally present only

at trace level (¡10 µg L−1) in natural waters. It is toxic and is on several regulatory lists 2. Determination

of trace amounts of thallium is of great importance because of its toxic nature and also because of its

increasing industrial applications 3. The main sources of thallium pollution at present are cement production
and fossil fuel combustion. Owing to its increasing use in the semiconductor and electrical engineering
industries, leading to increasing emissions into the environment, thallium has acquired growing importance

as a pollutant. Both Tl+ and Tl3+ are biologically active 4. Recently, Hoffman 5 has reported a case
study and a comprehensive literature review on thallium poisoning during pregnancy. Numerous methods

have been proposed for the spectrophotometric determination of thallium 6−9, most of which are based on
extraction of ion-associates formed by basic dyes and thallium. These methods, however, are time consuming,
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have poor selectivity and also have the disadvantage of high blank values. Some of the other chromogenic

reagents proposed for the determination of thallium are iodoacetic acid and hexamethylenetetramine 10,

pyronine G 11, brilliant green 12,13, mepazine hydrochloride 14, bromopyrogallol red 15, the azo compounds

of benzimidazole 16, alizarin violet 17, and phenosafranine 18. Although the methods involving these reagents
are sensitive, they lack selectivity and suffer from serious interference of foreign ions normally occurring in the

determination of thallium(III). Other notable methods used for the determination of thallium include ICP-

MS 19,20, AAS 21,22, potentiometry 23, and voltammetry 24. Most of these methods are disadvantageous in
terms of cost and the instruments used in routine analysis. AAS is often lacking in sensitivity and is affected
by the matrix conditions of samples such as salinity. Hence, accurate determination of thallium at trace
levels using a simple and rapid method is of paramount importance. Spectrophotometric methods can be
used for the determination of trace amounts of thallium occurring in many samples. The availability of the
spectrophotometric apparatus and the simplicity of analytical procedures make the technique very attractive

for a wide range of applications. Spectrophotometric determination of thallium(III) based on starch-iodine

and dithizone methods is considered the most sensitive 6, but these methods suffers from various interfering
ions and also from the instability of the reactants used. A recent literature survey also revealed that there is

no report of effective and sensitive spectrophotometric methods for Tl(III). These deficiencies encouraged the

authors to develop a simple, rapid, inexpensive and reliable method for the determination of trace amounts

of thallium(III) in various samples.

Investigations on phenothiazines have yielded methiomeprazine hydrochloride [MMH], chemically,

10-[3-(NN-dimethylamine)-2-methylpropyl]-2-methylthio-phenothiazine hydrochloride as a sensitive reagent

for the rapid spectrophotometric determination of thallium(III). This reagent has also been used for the

spectrophotometric determination of palladium(II) and gold(III)25, and seleniun26 in different samples. The

proposed method is based on the oxidation of MMH by thallium(III) in phosphoric acid medium to give a

blue species. The method has been successfully applied to the determination of thallium in various synthetic,
environmental, and biological samples. The proposed method is simple, selective, rapid, cost-effective, free
from various common interfering ions, and does not require extraction, close control of pH or heating steps.

Experimental

Apparatus

Jasco (model UVIDEC–610) and Elico (model SL–171) spectrophotometers with 1 cm matched glass cells

were used for all absorbance measurements.

Reagents

All the chemicals used were of analytical-reagent grade and distilled water was used for dilution of reagents
and samples.

Standard thallium(I) solution (1 mg mL−1). Prepared by dissolving 0.1235 g of Tl2SO4 (BDH

Chemicals Ltd., Poole, England) in water containing 2 mL of concentrated sulfuric acid and diluting to 100

mL in a calibrated flask with water. The stock solution was standardized titrimetrically27, and solutions of
lower concentrations were prepared by diluting the standard solution as and when required.
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Methiomeprazine hydrochloride (MMH). A 1% (w/v) aqueous solution of MMH (Rhone–

Poulenc, Paris) was prepared and stored in an amber glass bottle in a refrigerator at 0–10 ◦C. Under

these conditions the reagent is stable for 2 months.
Others. The following reagents were prepared by dissolving required amounts of reagents in distilled

water: orthophosphoric acid (10 M), bromine water (saturated), hydrochloric acid (10 M), formic acid,

sulfuric acid (5 M), and citrate solution (5% ).

Solutions of foreign ions. Solutions containing suitable concentrations of potentially interfering
ions were prepared in water or in very dilute hydrochloric or sulfuric acid.

Procedure

Determination of thallium(III)

An aliquot of the sample solution containing 5–40 µg of thallium(I) was transferred into a series of 10 mL

calibrated flasks. A volume of 0.5 mL of 10 M hydrochloric acid and 5 drops of saturated bromine water
were added. After 2 min, 5 drops of formic acid were added and mixed well. One minute later, 5 mL of 10 M

orthophosphoric acid and 1.0 mL of 1% MMH solution were added. The contents were diluted to the mark
with distilled water, mixed well, and after 1 min the absorbance was measured at 645 nm against a reagent

blank. The measurement should be performed within 2 h of color formation. The thallium(III) content was

determined from the standard calibration graph prepared by the above procedure.

Results and Discussion

Thallium(III) instantaneously oxidizes methiomeprazine hydrochloride at room temperature (27±2 ◦C) in

sulfuric, hydrochloric, phosphoric or acetic acid medium to give a blue species that is thought to be a radical

cation28. The blue radical cation exhibits maximum absorbance at 645 nm. The reagent blank had negligible
absorbance at this wavelength. The formation of radical cation was also confirmed by passing an aliquot
of the solution through cation and anion exchange resins. Only the cation exchange resin retained the blue
species, indicating the cationic nature of this species.

The intensity and stability of the colored species depend on the nature and concentration of the acid
employed. The blue species is not stable in either hydrochloric or sulfuric acid medium, and does not give
maximum color intensity in acetic acid medium. Moreover, the absorbance of the colored radical cation
formed in sulfuric, hydrochloric or acetic acid medium is lower than that for reaction in phosphoric acid.
Phosphoric acid has therefore been selected for further studies. The rate of color development and the
sensitivity of the reaction increased with increasing phosphoric acid concentration up to 3 M and remained
constant over the range 3–7 M. Full color development occurred instantaneously over this concentration

range at room temperature (27±2 ◦C); although this figure is normally high, the procedure is also valid for

other temperatures in the range 10-50 ◦C. Although the color formation is instantaneous, it is recommended
to take the absorbance readings after 1 min. Above the acid concentration of 7 M the reagent blank is a very
light blue. Hence, an acid strength of 5 M was selected for all subsequent studies. The absorbance values
remained constant for 2 h in the temperature range 10–50 ◦C. Above or below this range the absorbance

values decreased gradually. Similar studies revealed that 1 mL of 1% MMH in a total volume of 10 mL was
sufficient to provide a constant and maximum absorbance. It was also observed that there was no appreciable
change in the absorbance if the order of addition of reagents was varied.
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Choice of oxidizing agent

Thallium(III) can be determined after the oxidation of thallium(I) by bromine water or ceric sulfate solution

in an acidic medium. For these methods, excess oxidizing agent must be removed prior to the determination

of thallium(III), to avoid interference in the determination. Usually excess bromine was destroyed by adding

phenol or formic acid and Ce(IV) was reduced by hydroxylamine 6 . In the present study, bromine water was

used to oxidize Tl(I) to Tl(III), and the excess oxidizer was destroyed by the addition of formic acid. Some

0.5 mL of 10 M H2SO4 and 5 drops each of the bromine water and formic acid with a time gap of 2 min were

sufficient for the oxidation of Tl(I) to Tl(III). The oxidation of thallium(I) with bromine occurs quantitatively

in the cold, and this was confirmed by analyzing a known amount of Tl(I) solution after converting it into

Tl(III), and subsequent determination of thallium(III) as described under the determination of thallium(III).

The results obtained are presented in Table 1, and show that the oxidation of Tl(I) to Tl(III) is quantitative.

Table 1. Determination of thallium(I) as thallium(III).

Thallium(I) taken Thallium(I) found Recovery RSD
(µg mL−l) (µg mL−l)a (%) (%)

1.00 0.991 ± 0.005 99.0 0.50
1.50 1.492 ± 0.003 99.3 0.20
2.00 2.011± 0.002 100.5 0.10
4.00 3.992 ± 0.001 99.8 0.02

aMean ± standard deviation (n = 5).

Analytical features

A linear calibration graph was obtained for 5–40 µg of thallium(III) in a final volume of 10 mL. The

calibration graph has a correlation coefficient of 0.999. The detection limit [DL = 3.3 σ/S] and quantitation

limit [QL = 10 σ/S] (where, ‘σ’ is the standard deviation of the reagent blank, n = 10 and ‘S’ is the slope

of the calibration curve) of thallium(III) determination are 0.01 and 0.035 µg mL−1, respectively. The

molar absorptivity, specific absorptivity and Sandell’s sensitivity of the color system were 3.2 × 104 L mol−1

cm−1, 0.155 mL g−1 cm−1 and 0.0064 µg cm−2, respectively. The precision and accuracy of the method

were established by the analysis of 10, 15, and 20 µg of thallium(III) in a final volume of 10 mL, using

the recommended procedure. Ten replicate determination of each concentration gave a relative standard

deviation (RSD) of 0.04% , 0.02% and 0.01% , for 10, 15 and 20 µg of Tl(III),respectively.

Effect of diverse ions

The interference of a number of ions commonly associated with thallium was investigated by adding different

amount of diverse ions to 2 µg mL−1 of thallium(III) solution to evaluate the analytical utility of the method.

An error of ±2% in the absorbance values was considered tolerable. The tolerance limits of the foreign ions
tested are given in Table 1. The major advantage of the proposed method is that MMH can be used as

a selective reagent for the determination of thallium(III) in the presence of large amounts of Fe(III) and

In(III), which are usually associated with thallium-containing samples. Because the Tl-solution included a

sulfuric acid, the ions like Ba2+, Pb2+ and Sr2+ normally precipitate as sulfates but can be dissolved in
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acidic medium; therefore, these ions do not interfere in the Tl(III) determination as they are unstable in

acid medium.

Table 2. Effect of interfering ions on the determination of thallium(III) [2 µg mL−1].

Interfering ions Tolerance limit (µg mL−1)
Cu2+, Ni2+, Al3+, Na+, K+, Mn2+, Zn2+, oxalate, Cl−, Br−,
citrate, tartrate, NO3

− ≥ 2500

Co2+, WO4
2−, NO2

−, In3+, MoO4
2−, Fe3+ ≥ 600

I−, IO3
−, Cr2O7

2−, VO3
−, ≤= 1

Applications

The thallium contents of alloys, minerals, standard reference materials, water, and urine samples were
determined by the proposed method, and the results are shown in Tables 3–6, respectively.

Determination of thallium in alloys

Certified samples of thallium alloys were not available. Therefore, synthetic mixtures containing some of
the metal ions commonly found in thallium alloys were prepared and the thallium content was determined

using the method described under the determination of thallium(III) (Table 3).

Table 3. Determination of thallium in synthetic mixtures corresponding to thallium alloys.

Alloy Composition (%)
Thallium content of solution

(µg)
Taken Founda RSD Recovery

(%) (%)
Alloy for Tl, 2; Cu, 98 8.0 7.99 ± 0.05 0.6 99.9
bearing 10.0 10.0 ± 0.03 0.3 100.0

12.0 11.98 ± 0.01 0.1 99.8
Low melting 1) Tl, 7;Bi, 52; Pb, 34; Cd, 7 6.5 6.48 ± 0.06 0.9 99.7
alloy 10.5 10.49 ±0.04 0.4 99.9

12.5 12.5 ± 0.02 0.1 100.0
2) Tl, 8.9;Bi, 44.2; Pb, 35.8; 8.0 8.00 ± 0.07 0.9 100.0

Cd, 11.1 10.0 9.98 ± 0.05 0.5 99.8
12.0 11.99 ± 0. 03 0.3 99.8

a Mean ± standard deviation (n = 5).

Determination of thallium in minerals

The minerals were dissolved in aqua regia and boiled to near dryness twice with distilled water to reduce the
acidity. The residue was leached with distilled water, filtered through a Whatman No. 41 filter paper and the
filtrate was diluted to a known volume with water. Suitable aliquots of the sample solutions were analyzed

according to the proposed procedure for thallium(III). The reliability of the procedure was checked by the

method of standard addition following the recommended procedure, and also by the starch-iodine method
29. The statistical analysis of the results by F- and t-tests showed no significant difference in accuracy or

precision between the proposed and reference methods (Table 4).
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Table 4. Determination of thallium in minerals.

Proposed method Reference method29

Sample a Thallium Thallium RSD Recovery Thallium RSD Recovery F-test c t-test d

(w/v) spiked foundb (%) (%) foundb (%) (%)
(µg g−1) (µg g−1) (µg g−1)

Sphalerite - 74.9 ± 0.3 0.4 - 74.7 ± 0.5 0.7 - 2.8 0.8
(2 g/50 mL) 50 124.8 ± 0.2 0.2 99.9 124.5 ± 0.4 0.3 99.8 4.0 1.5

Galena - 315.6 ± 0.4 0.1 - 315.3 ± 0.6 0.2 - 2.2 0.9
(1 g/100 mL) 100 415.5 ± 0.3 0.1 100.0 415.1 ± 0.4 0.1 99.9 1.8 1.8

aVolume of sample taken, 3 mL.

bMean ± standard deviation (n = 5).

cTabulated F-value for (4,4) degrees of freedom at P(0.95) is 6.39.

dTabulated t-value for 8 degrees of freedom at P(0.95) is 2.306.

Determination of thallium in standard samples

Known amounts of finely ground standard samples (rock, granite) were opened out by repeatedly heating

with concentrated nitric acid and hydrogen fluoride 11,30. The mixture was heated with 2 mL of 5 M sulfuric
acid and evaporated to fumes of sulfur trioxide. The residue was leached with water, filtered and diluted up

to a known volume after heating it with 5% citrate solution. Suitable aliquots of this sample solution were

analyzed for thallium(III) by following the proposed procedure. The reliability of the procedure was checked

by the method of standard addition to the same samples and the data (Recovery, RSD, t–value) show that

the method works satisfactorily (Table 5).

Table 5. Determination of thallium in standard reference materials.

Certified value Thallium (µg mL−1)
Sample of thallium Added Found a Recovery RSD t-testb

(µg mL−1) (%) (%)
SY-2c 1.5 - 1.49 ± 0.03 99.3 2.0 0.7
(rock) 1.0 2.48 ± 0.01 99.5 0.4 -
MA-Nc 15.0 - 14.98 ± 0.06 99.8 0.4 0.7

(granite) 1.5 16.47 ± 0.04 99.9 0.2 -

a Mean ± standard deviation (n = 5).

bTabulated t-value for 4 degrees of freedom at P(0.95) is 2.776.
c USGS samples, collected from Atomic Mineral Division-Bangalore, India.

Determination of thallium in water

All filtered environmental water samples (100 mL) were analyzed for thallium. They tested negative. To

these samples a known amount of thallium was added and analyzed for thallium by the proposed procedure

for thallium(III) (Table 6).Accurate recoveries were achieved in all samples.

Determination of thallium in urine

A known amount of thallium was added to a urine sample (30 mL), taken in a 100 mL micro-Kjeldahl flask

(which tested negative for thallium). A glass bead and 5 mL of concentrated nitric acid were added and
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the flask was placed on the digester under gentle heating. When the initial brisk reaction was over, the

solution was removed and cooled. Sulfuric acid (1 mL of concentrated) was added carefully followed by the

addition of 1 mL of 70% perchloric acid and heating was continued to dense white fumes, repeating nitric
acid addition if necessary. Heating was continued for at least 30 min, followed by cooling. The contents of
the flask were filtered and diluted up to the mark with distilled water in a 100 mL calibrated flask. A suitable

aliquot of urine sample was taken and analyzed using the procedure outlined earlier (Table 6). Excellent

recoveries were obtained in all solutions,

Table 6. Determination of thallium in water and urine samples.

Sample Thallium spiked Thallium found RSD Recovery
(µg) a (µg) (%) (%)

River water 6.0 5.98 ± 0.06 1.0 99.7
8.0 7.99 ± 0.04 0.5 99.7
10.0 10.00 ± 0.02 0.2 100.0

Lake 6.0 5.97 ± 0.07 1.2 99.5
water 8.0 7.98 ± 0.05 0.6 99.8

10.0 9.99 ± 0.03 0.3 99.9

Urine 6.0 5.99 ± 0.06 1.0 99.8
8.0 8.00 ± 0.03 0.4 100.0
10.0 9.98 ± 0.01 0.1 99.8

a Mean ± standard deviation (n = 5).

Conclusions

In this paper, a new, simple, highly sensitive, selective and inexpensive method with methoimeprazine
hydrochloride was developed for the determination of thallium in synthetic, environmental, and biological
samples. Although many sophisticated techniques such as voltammetry, AAS, ICP-AES, and ICP-MS are
available for the determination of thallium at trace levels in numerous complex materials, factors such as the
low cost of the instrument, easy handling, lack of requirement of consumables, and almost no maintenance
have caused spectrophotometry to remain a popular technique, particularly in laboratories in developing
countries with limited budgets. The sensitivity in terms of molar absorptivity and precision in terms of
relative standard deviation of the present method are very reliable for the determination of thallium in
different samples. Moreover, the proposed method does not involve any extraction steps and hence the use
of organic solvents, which are generally toxic pollutants, is avoided. The proposed procedure can serve as

an alternative method for the determination of thallium(III) at trace levels.
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