
J. Serb. Chem. Soc. 67(5)347–351(2002) UDC 542.9:546.155+535.243:536.5
JSCS-2955 Original scientific paper

The temperature dependence of the disproportionation reaction
of iodous acid in aqueous sulfuric acid solutions
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The aim of this work was to examine the disproportionation reaction of iodous
acid, HOIO, in aqueous 0.18 mol/dm3 H2SO4 solution, by spectrophotometric measure-
ments of the absorbance. The absorbing HgI+-ion species were generated during the ob-
served disproportionation process. The specific rate constants of disproportionation
were calculated in the temperature range from 12 to 30 ºC. The average values ranged
from 1.20 to 2.94 mol-1dm3 s-1, respectively. In addition, the values of the activation en-
ergies were determined by a graphical method. An average value of 71.20 kJ/mol was
found for the chosen temperature interval.
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INTRODUCTION

Iodous acid as significant molecule species appears in many investigated iodine
complex reactions in chemical kinetics. It was claimed that disproportionation of HOIO
could be expected in some systems.1,2 In this sense, the magnitude of some kinetic pa-
rameters, such as the specific reaction rate constants, the activation energies and
Arrhenius constant of this reaction have not been thoroughly determined. More pre-
cisely, in the literature some results exist for the rate constants at 25 ºC which, however,
differ from author to author. In this paper experimental and numerical comparisons are
made between our results and the results obtained in some other investigations.

The homogeneous disproportionation of HOIO in aqueous solutions of H2SO4 is well
known. In this case iodous acid is simultaneously oxidized to iodate and reduced to hypoio-
dousacid,ascanbeseenfromthestoichiometryof thetestedbimolecularchemicalreaction:

2HOIO � IO3
– + H+ + HOI (1)
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On the basis of electrochemical measurements, Noszticzius3 reported values of
the rate constants of less or equal to 5.4 mol–1 dm3 s–1 in aqueous solutions of 0.05 –
0.15 mol/dm3 sulfuric acid at 25 ºC. In addition, by spectrochemical absorbance mea-
surements, Furrow4 found values of about 50 mol–1 dm3 s–1 or lower in 0.13 – 0.51
mol/dm3 H2SO4 at 25 ºC.

A complex mechanism for the decomposition HOIO in the presence Hg2+ ions,
in solutions of H2SO4, was observed with the net reaction being:

3HOIO + Hg2+ � HgI+ + 3H+ + 2IO3
– (2)

The I–-ions generated relatively fastly in the elementary reaction: HOI + HOIO
� 2H+ + I– + IO3

–, could be rapidly removed, in the presence of excess of Hg2+-ion, by
the reaction: Hg2+ + I– � HgI+. Therefore, the disproportionation of HOIO, given by
reaction (1), is the slowest process, which determines the total reaction rate.

Following the above-described results ,we have determined the specific rate con-
stants in the temperature range from 12 to 30 ºC. In order to avoid the dependence of the
reaction rate on the concentration of Hg2+, the Hindmarsh version of the Gear’s integra-
tor5 was used for the numeric simulation of the experimentaly obtained data.

EXPERIMENTAL

Mixtures of the intermediates of the iodine species, I+ and I3+, were prepared by disolving I2
and KIO3 in concentrated sulfuric acid (96 %) according to the stoichiometry of the chemical reac-
tion:6

I2 + 3IO3
- + 8H+ � 5IO+ + 4H2O (3)

The iodine species I3+ is stable in the presence of excess of iodate, when the ratio of KIO3 to I2
is larger than 5:1. Thus, excess iodate was used to prevent the formation of I+. The produced com-
pound was formulated as (IO)2SO4, which in the presence of sulfuric acid reacts rapidly with water
and produces the chemical species: HOIO and IO3

-, and, naturally, H2SO4.

The spectrophotometric measurements of the absorbance changes at a wavelength of 274 nm,
absorbed by the HgI+-ion species, were performed using a Perkin Elmer Hitachi 2000 spectro-
photometer with thermostated cells.

The temperatures of the reaction solutions were held constant with an accuracy of �0.2 ºC by
circulating water from a thermostated bath.

Doubly distilled water, which had been tested by electric conduction, was used for the experi-
ments. The stock solutions were prepared by using chemicals produced by "Merck". The solutions
were stored in dark vessels. The stock solutions were diluted immediately before each measurement.
Most experiments were carried out in semidarkness without direct overhead light.

RESULTS AND DISCUSSION

New values of the activation energies were determined graphically for the tem-
perature interval from 12 to 30 ºC using the Arrhenius equation: k = A exp(–Ea/RT),
where A is a constant, Ea the activation energy and T the absolute temperature. Constant
A was determined as the intercept on the ordinate for 1/T = 0.

The activation energy was determined as the slope of the straight line of the equa-
tion. ln k = f(1/T) (see Fig. 1).
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By integration of the expression for a symmetric second-order reaction: – dc/dt =
k2c2 with the boundaries from c to c0 one obtains: k2 = 1/t (1/c – 1/c0), where k2 is the
specific rate constant for a second-order reaction, c and c0 are the concentrations during
and at the start of a process. This equation is solved in the form: t = (–1/kc0) + 1/kc and
can be used to graphically determine the rate constant; the slope of the straight line
obtained by plotting t against 1/c gives the reciprocal value of the rate constant.

For our investigation we used the equation in the form: k2 = 1/t �1/(A�

–At)–1/(A� – A0)�, where A�, At and A0 are the absorbance at the end, during and at the
start of the experiment, respectively. The obtained experimental data and calculated
values are presented in Table I, with the division into A, B, C and D parts, (with the cor-
responding units), which was used for the calculation of the specific reaction rates, on
the basis of the observed absorbance changes during the process. The examined reac-
tion is second-order, because a straight line is obtained when the function is plotted:
1/(A� – At) = f(t) and because constant values of k2 are obtained at successive times.

The rate constant of disproportionation increases with increasing temperature,
which is normal, but they are somewhat different from those cited in the literature, al-
though they have the same order of magnitude in some cases. Thus, the value at 30 ºC is
2.94 and at 12 ºC is 1.20 dm3 mol–1 s–1. Their quotient of 2.45 indicates that the chemi-
cal rate increased by the same value, for a temperature difference of 18 ºC. In our case,
these values are approximately one-half those of Noszticzius and twenty times lower
than the values of Furrow. Such are the results of our investigation.

For this concrete reaction, the average activation energy of 71.20 kJ/mol is rela-
tively high, which shows that the disproportionation process is slow, thus the experi-
ment must be performed very precisely. One measurement lasted several hours. The
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Fig. 1. The Arrhenius dependence be-
tween ln k and 1/T. The rate constants
k(2) are listed in Table I.



found value for the Arrhenius constant was 9�1012 dm3 mol–1 s–1. In general, the
agreement between our experimental results and the results of the mathematical ap-
proximation is good, with the percent errors lying between 0.13 and 4.73.

TABLE I. Disproportionation rate constants of HOIO from the absorbtion changes at various temperatures

A. At 12 ºC

cM(HOIO)
(mol/dm3)�104

cM(IO3
-)

(mol/dm3)�104
cM(Hg2+)

(mol/dm3)�104
cM(H2SO4)
(mol/dm3)

k2
(dm3 mol-1s-1)

5.5 3.23 5.00 0.18 1.02

5.8 3.23 5.00 1.21

6.0 3.23 6.00 1.09

7.5 5.10 7.00 1.30

7.5 5.10 10.00 1.38

kav = 1.20

B. At 18 ºC

5.8 3.23 5.00 0.18 1.45

6.0 3.23 5.25 1.62

6.0 3.23 6.00 1.71

7.5 5.10 7.00 1.62

7.5 5.10 10.00 1.81

kav = 1.64

C. At 25 ºC

5.5 3.23 4.61 0.18 2.50

5.5 3.23 5.25 2.62

7.5 5.10 6.00 2.42

7.5 5.10 7.00 2.28

8.8 6.00 10.00 2.48

kav = 2.46

D. At 30 ºC

5.5 3.23 4.61 0.18 2.69

5.8 3.23 5.00 2.84

7.5 5.10 6.00 2.93

7.5 5.10 7.00 3.02

8.8 6.00 10.00 3.22

kav = 2.94

Under our experimental conditions, there was no oscillation of the reaction, as
some authors had predicted. The amount of Hg2+ had no effect on the rate of the process
in the examined solutions, acidified with sulfuric acid, although we had secretly hoped
there would be. Probably, there was a small autocatalytic effect of the HgI+-ion on the
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rate of disproportionation. The effect of sulfuric acid was evident with the rate of the in-
vestigated reaction increasing with increasing sulfuric acid concentration. The effect of
salt was not taken into consideration, because the ionic strength of the examined solu-
tions was constant. Likewise, it is important to realize that a good deal of the former
work, particularly on ionic reactions, in chemical kinetic was uselles.

CONCLUSION

On the basis of spectrophotometric measurements of the absorbance change of
the HgI+ species at 274 nm, generated during the chemical reaction, the rate constants
for the disproportionation of the molecular species HOIO in the temperature interval
from 12 ºC to 30 ºC have been calculated. The average values were from 1.20 to 2.94
mol–1 dm3 s–1, increasing with temperature. In the given temperature interval of 18 ºC,
the disproportionation rate of HOIO increased by about 2.45 time. An average activa-
tion energy of 71.20 kJ/mol was determined graphically as the coefficient of the slope
of the straight-line dependence between ln k and 1/T. Subsequently the Arrhenius con-
stant was calculated and found to have a value of 9�1012 dm3 mol–1 s–1.

I Z V O D

ZAVISNOST REAKCIJE DISPROPORCIONISAWA HOIO OD TEMPERATURE U

VODENOM RASTVORU SUMPORNE KISELINE
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Ispitana je reakcija disproporcionisawa u kiselom rastvoru (0,18 mol/dm3

H2SO4) na osnovu niza spektrofotometrijskih merewa apsorpcionih promena sve-

tlosti sa vremenom. Apsorbuju}a HgI+-jonska vrsta dobijena je tokom posmatrawa

procesa disproporcionisawa. Eksperimentalni podaci bili su neophodni da bi se

izra~unale specifi~ne konstante brzine na temperaturi od 12 ºC do 30 ºC, koje su

imale prose~ne vrednosti od 1,20 do 2,94 mol-1 dm3 s-1, respektivno. Pored toga,

vrednosti aktivacionih energija bile su odre|ene grafi~kom metodom uz prose~nu

vrednost 71,20 kJ/mol za odabrani temperaturni interval.

(Primqeno 24. juna 2001, revidirano 6. februara 2002)
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