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The Spectrophotometric Determination of Thallium(III) 
with Xylenol Orange1) 

By Makoto OTOMO* 

(Received November 6, 1964)

Thallium(III) has been determined spectro-
photometrically by extracting the thallium(III)-
complexes of p-phenetidine,2) p-aminophenol,3) 
rhodamine B,4,5) brilliant green6) methylviolet7)
and bis (dimethylaminophenyl)-antipyrylcarbi-
nol8) into a suitable organic solvent. In the. 
present paper, a very sensitive reagent, xylenol 
orange, which forms a water-soluble complex

with thallium(III), is used for the spectro-

photometric determination of trace amounts 
of thallium. 

Experimental 

Reagents and Apparatus. -Standard Thallium(III) 
Solution.-An about 0.01 M thallium(III) nitrate 
solution was prepared by dissolving freshly prepared 
thallium(III) oxide, which had been precipitated 
from a thallium(III) chloride solution by adding a 
diluted aqueous ammonia solution and then care-
fully washed with water until the filtrate became 
free from ammonium and chloride ions, in con-
centrated nitric acid and diluting it with water. 
The solution was standardized against a standard 
EDTA solution.9) The concentration of nitric acid 
in the solution was about 0.5 M. A working thal-
lium(III) solution was prepared by diluting the 
above solution with 0.05 M nitric acid.
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All the other reagents and the apparatus used 

were the same as those reported on previously.10) 
Standard Procedure for the Determination.-To 

a solution in a 25 ml. volumetric flask which con-
tained 20 to 150 fig. of thallium,3 to 8 ml. of a 2 M

aceticacidsolutionand3tosml. of a 1×10-3M

xylenol orange solution were added. The solution 
was then diluted to the mark with water and mixed. 
After 15 min., the absorbance of the solution was
measured at 520 mμ, using a reagent blankas the

reference.

Results and Discussion 

Absorption Curve.-The maximum absorption 

of the thallium - xylenol , orange complex was
observed at about 520 mμ, when it was measur-

ed against a reagent blank as the reference . 
The Effect of the Concentration of Acetic 

Acid and the Color Stability.-The effect of 

the concentration of acetic acid on the absorb-

ance of the solution was examined ; the results 

are shown in Fig. 1. The maximum absorbance

Fig. 1. Effect of concentration of acetic acid
Tl taken: 103 μg

XO concn.: 1.61×10-4Nt

is obtained when the acid concentration is 
adjusted to 0.25 to 0.7 M. In all the concentra-
tions of acetic acid, the color formation was 
almort instantaneous. However, the intensity 
of the color of the resulting solution tended 
to decrease slowly with time; the change in 

TABLE I. EFFECT OF TIME OF STANDING

Thallium taken:124μg.

Xylenol orange concn.:1.60 × 10_,M

Acetic acid concn.:0.41 ns

Time of standing, min. Absorbance at 520 mμ

abrorbance with time is indicated in Table I. 
The effect of the concentration of other 

acids was also examined. At relatively lower 
concentrations, nitric acid and perchloric acid 
gave almost the same absorbance as that obtain-
ed with acetic acid. However, the color was 
unstable ; the absorbance decreased by about 
10% during the first 15 min. when the con-
centration of nitric acid was 0.2m, and by 
about 4%, at the same concentration, of 
perchloric acid. Hydrochloric acid, at any 
concentration, is not adequate as the solvent, 
because thallium(III) forms stable chloro-
complexes with chloride ions. 

The Effect of the Addition of the Reagent.-
Figure 2 shows the effect of the amount of 
the reagent. A high and almost constant ab-
sorbance is obtained when more than 3 ml. of
a 1×10-3Mxylenol orange solution is added.

Fig. 2. Effect of addition of xylenol orange. 

TI taken : 62 pg. 
CH3CO2H concn.: 0.41 M

Adherence to Beer's Law.-As is shown in 

Fig. 3, Beer's law is oveyed ober the range

from 20 to 150μg. of thallium in 25 ml.

The apparent molar extinction coefficient of 
the thallium(III) - xylenol orange complex is
21300at 520 mμ. The sensitivity of the color

reaction at this wavelength is 0.01 μg. of

thallium per cmz.

Fig.3. Calibration curves.

XO concn.: 1.61 × 10-4M

CH3CO2H concn.:0.41 M10) M. Otomo, This Bulletin, 37, 504 (1964).
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The Effect of Diverse Ions.-The effect of 

diverse ions was examined with solutions con-

taining 103μg. of thallium. Of the anions

tested, the following did not interfere under

the described conditions: fluoride up to 50

μmol., nitrate up to 500 μmol., and sulfate up

to 100 μmol. Chloride, bromide, iodide, NTA

and EDTA interfere seriously with the deter-
mination. 

Of the 32 cations, including bi-, ter- and 
quadrivalent metal cations, bismuth(III), gal-
lium(III), indium(III), iron(III), thorium(IV), 
vanadium(IV) and zirconium(IV) interfere with 
the determination by forming colored solutions. 
The interference of thorium and zirconium can, 
however, be eliminated by the addition of 
fluoride ions. 

The proposed method, which is rapid and 
sensitive, seems to be applicable to the de-
termination of traces of thallium in many

samples after thallium has been preliminarily 
separated from the interfering ions by an ap-
propriate method. 

The Composition of the Complex.-The com-
position of the thallium (III) - xylenol orange 
complex was determined by the method of 
continuous variations as well as by the mole 
ratio method. Both methods showed that a 1 
to I complex is formed between thallium(III) 
and xylenol orange at the acetic acid concen-
tration described above. 

The author is indebted to Professor Koichi 
Tonosaki for his kind guidance throughout 
the course of this study. 
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