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Abstract: A new reaction is suggested and a new kinetic method is elaborated for the As(III)
traces determination in solution, on the basis of their catalyzing effect on komplexon III
(EDTA) oxidation by KMnO4 in a strong acid solution (H2SO4). Using a spectrophotometric technique, a sensitivity of 72 ng/cm3 As(III) was achieved. The relative error of method
varies from 5.5 to 13.9 % for As(III) concentration range from 83 to 140 ng/cm3. Appropriate kinetic equations are formulated and the influence of some other ions, including the
As(V), upon the reaction rate is tested.
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INTRODUCTION

There are only few methods for As(III) traces determination in solution by atomic spectrometry1 and spectrophotometric method.2 Between different kinetic methods for traces determination in solution, As(III) is mentioned for the first time in some Sandell and Kolthoff
works. They used the reaction between As(III) and Ce(IV) which was catalyzed by I– ions
for determination of I–.3,4 Other authors examined the influence of reactant concentration, the
type of acid (HNO3 and H2SO4) and the Cl– ions presence in solution, upon the reaction rate
of the same reaction using different laboratory techniques.5,6 The study of As(III)–Ce(IV) reaction system was also done by Worthington and Pardue.7 Miti} et al. developed two methods for kinetic determination of As(III) in solution. The first one iz based on the catalytic effect of As(III) ions on the oxidation of sodium pyrogallol-5-sulphonate (Na-salt of sulfonated
1,2,3-three-hydroxy bensene) by dichromate in acidic media,8 while the other determines
As(III) as the catalyst of the pyrogallol oxidation by dissolved oxygen.9 Koukli and
Calokerionos used variable- time method for determination of As(III) by monitoring the iodide product in reaction with iodate using the iodide-selective electrode.10 Kinetic determination based on the direct dependence of the length of induction period on As(III) concentration
in the periodate-bromide reaction, has been proposed by Alekseeva and Kurtova.11 The reaction rate detection was accomplished amperometrically and detection limit of 0.03 mg/cm3 is
reported. Garsia et al. determined arsenate as an inhibitor of the reaction beetwen pyronine G
and H2PO4– ions which is catalyzed by Pd(II).12
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EXPERIMENTAL
Apparatus
Using spectrophotometric detection on Perkin-Elmer UV-VIS Lambda 15 spectrophotometer, kinetic
measurements are performed at 525 nm. The cylindrical cells (10 cm) are thermostated at 26 ± 0.1 ºC using a
thermocirculating bath (Thermostat Sutjeska). The pH measurements are performed using Radiometer PHM
29 b pH-meter and a combined glass-calomel electrode GK 2311 C.
Reagents
All solutions are prepared of p.a. quality reagents (Merck) using deionized water, and all of them are
kept in appropriate polyethylene vessels.
The As(III) basic solution (1 ´ 10-3 g/cm3) is prepared by dissolving exactly measured NaAsO2, and the
precise concentration is verified volumetrically.13 The KMnO4 basic solution (2 ´ 10-2 mol/dm3) and
C10H14N2Na2O8´2H2O basic solution are prepared of exactly measured dry substances and the final
concentratons are verified volumetrically. The H2SO4 working solution is made of original concentrated solution and adequate volume of deionized water.
Procedure
Selected volumes of the reactants and deionzed water, are measured separately in the Budarin vessel,14
up to the predeterminated volume. The vessel is thermostaded for ten minutes period on the working temperature. After that, it is stirred and the chronometer is turned on simultaneously. The properly rinsed cell is filled
by solution and the absorbance is measured starting as 30th second within the first five minutes of reaction.
Between the measurements the vessels are washed using hydrochloric acid (1:1) and alcoholic KOH solution,
and rinsed properly and repeatedly with tap, distilled and deionized water.
RESULTS AND DISCUSSION

Kinetic studies
Until the reaction goes on, the initial violet color of solution dissapears and the colourless reaction product is forming. Kinetic results are treated by the differential variant of the
fixed time method or constant concentraton method.15
The reaction is tested by examing the influence of each componenet of the reaction
mixture upon the reaction rate by consecutive changing the concentraton of each component until the concentrations of other components are kept constant. So, the optimum conditions for reacton are found : pH 1.16; c(KMnO4) = 4.44 ´ 10–5 mol/dm3, c(EDTA) = 1.4
´ 10–4 mol/dm3.
Keeping the other experimental parameters constant, the sulfuric acid dependence of
the system was studied in the concentraton range 3 ´ 10–2 to 22 ´ 10–2 mol/dm3. There is a
complicated relatioship of H+ ions concentration for both catalytic and non-catalytic reaction. In the range of about 1.0 to 1.2 both reactions show the first order dependence (Fig. 1).
So the pH value of 1.16 was chosen and kept constant in further investigations.
The similar observation can be used on the EDTA concentraton dependence (Fig. 2).
The concentration of 1.4´ 10–4 mol/dm3 was selected because of the biggest reaction rate
difference bitween the catalytic and non-catalytic reaction.
In the range of 1.11 to 4.44 ´10–5 mol/dm3 KMnO4 both reactions show the first order dependence (Fig. 3). The greatest difference between the reaction rates occuring at 4.44
´ 10–5 mol/dm3 and this concentation is used as optimal in our further work.
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Fig. 1. Dependence of the reaction rate on pH. Initial Fig. 2. Dependence of the reaction rate on EDTA
conditions: 4.4 ´ 10-5 mol/dm3 KMnO4; 1.4 ´ 10-4 cencentration. Initial conditions: 4.4 ´ 10-5 mol/dm3
mol/dm3 EDTA; 220 ng/cm3 As(III); 1 – catalyzed KMnO4; 220 ng/cm3 As(III); pH = 1.16; 1 – catalyzed reaction, 2 – non-catalyzed reaction.
reaction, 2 – non-catalyzed reaction.

Fig. 4. Dependence of the reaction rate on As(III)
Fig. 3. Dependence of the reaction rate on KMnO4
cencentration. Initial conditions: 1.4 ´ 10-4 mol/dm3 cencentration. Initial conditions: 4.4 ´10-5 mol/dm3
EDTA; 220 ng/cm3 As(III); pH = 1.16; 1 – catalyzed KMnO4; 1.4 ´10-4 mol/dm3 EDTA; 1 – for 22 ºC,
reaction, 2 – non-catalyzed reaction.
2 – for 26 ºC.

The kinetic equations for the investigated process were deduced on the basis of the
graphic correlations obtained for both catalytic (1) and non-catalytic (2) reaction for the
following experimental conditions: pH from 1.0 to 1.2; EDTA concentration from 1.1 to
2.3´10–4 mol/dm3, KMnO4 concentraton from 1.11 to 4.44 ´ 10–5 mol/dm3
–dcKMnO4/dt = k1 c EDTA c As(III) c KMnO4
–dcKMnO4/dt = k0 c EDTA c KMnO4

(1)
(2)
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od 7.2´10-8 g/cm3 As(III). Relativna gre{ka metode, za ispitivani interval koncentracija,
kre}e se od 5.5 do 13.9 %. Formulisane su odgovaraju}e kineti~ke jedna~ine, a ispitan je i
uticaj prisustva drugih jona u rekacionoj sme{i na brzinu osnovne reakcije. Prisustvo
As(V) jona u reakcionoj sme{i ne ometa odre|vawe As(III) ovom reakcijom.
(Primqeno 7. jula 2002, revidirano 7. maja 2003)
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