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The temperature dependence of the disproportionation reaction
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The aim of this work was to examine the disproportionation reaction of iodous
acid, HOIO, in aqueous 0.18 mol/dm?3 H,SO, solution, by spectrophotometric measure-
ments of the absorbance. The absorbing Hgl"-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 °C. The average values ranged
from 1.20 to 2.94 mol-'dm? s!, 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. -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 °C 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 HySOy is well
known. In this case iodous acid is simultaneously oxidized to iodate and reduced to hypoio-
dous acid, as can be seen from the stoichiometry of the tested bimolecular chemical reaction:

2HOIO —» 105~ + H* + HOI (1)
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On the basis of electrochemical measurements Nosztlczms reported values of
the rate constants of less or equal to 5.4 mol ™! dm3s7'in aqueous solutions of 0.05 —
0.15 mol/dm> sulfunc acid at 25 °C. In addition, by spectrochemleal absorbance mea-
surernents Furrow* found values of about 50 mol™! dm3 s! or lower in 0.13 — 0.51
mol/dm? H,SOy4 at 25 °C.

A complex mechanism for the decomposition HOIO in the presence Hg?" ions,
in solutions of HySOy4, was observed with the net reaction being:

3HOIO + Hg?™ — Hgl" + 3H™ + 2105~ ()

The [™-ions generated relatively fastly in the elementary reaction: HOI + HOIO
— 2H"+I"+105", could be rapidly removed, in the presence of excess of Hg2-ion, by
the reaction: HgZJr +1~ — Hgl". 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°C. In order to avoid the dependence of the
reactlon rate on the concentration of Hg?", the Hindmarsh version of the Gear’s integra-
tor> was used for the numeric smmla‘non of the experimentaly obtained data.

EXPERIMENTAL

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

I, + 3105" + 8H" — 510" + 4H,0 3)
The iodine species I3 is stable in the presence of excess of iodate, when the ratio of KIO3 to I
is larger than 5:1. Thus, excess iodate was used to prevent the formation of I'*. The produced com-
pound was formulated as (10);SO4, which in the presence of sulfuric acid reacts rapidly with water
and produces the chemical species: HOIO and 1037, and, naturally, H,SOy4.

The spectrophotometric measurements of the absorbance changes at a wavelength of 274 nm,
absorbed by the Hgl™-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 °C 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 °C using the Arrhenius equation: k = A exp(—Ey/RT),
where A4 is a constant, £, the activation energy and 7'the absolute temperature. Constant
A was determined as the intercept on the ordinate for 1/7°=0.

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

For our investigation we used the equation in the form: ky = 1/t [1/(4s
—A)-1/(Aw — Ap)], where Ay, A; and A 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/(As —A;)=£(t) and because constant values of k» 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 °C is
2.94 and at 12°C is 1.20 dm® mol ! s 1. Their quotient of 2.45 indicates that the chemi-
cal rate increased by the same value, for a temperature difference of 18 °C. 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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found value for the Arrhenius constant was 9x10'2 dm3 mol™' s7!. 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.At12°C
em(HOIO) em(10537) em(Hg?") em(H2S04) ky
(mol/dm3)x104  (mol/dm3)x104  (mol/dm3)x104 (mol/dm?) (dm3 mol-ls1)
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
kay = 1.20
B. At 18 °C
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
Koy = 1.64
C.At25°C
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
kay = 2.46
D. At 30 °C
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
kay = 2.94

Under our experimental conditions, there was no oscillation of the reaction, as
some authors had predicted. The amount of Hg? " 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 Hgl" 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 °C to 30 °C have been calculated. The average values were from 1.20 to 2.94
mol~! dm? s7!, increasing with temperature. In the given temperature interval of 18 °C,
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 In k£ and 1/7. Subsequently the Arrhenius con-
stant was calculated and found to have a value of 9x10'2 dm3 mol! s71.

N3BOJ

3ABUCHOCT PEAKIIMIE OV CITPOITIOPLIMOHUCABA HOIO O] TEMITIEPATYPE ¥
BOJEHOM PACTBOPY CYMITIOPHE KMCEJIMHE

CMUJbAHA MAPKOBWR,' HOBULIA PAKWREBUR? n BYPO MULIJLEHOBU'R®

l@axyﬂmeui mexnuyukux Hayka, Ynusepauiteid y Ipuwitiunu, Kneza Muaowa 7, 38220 Kocoscka Muitiposuua,
ZHpupoOH()-MaLEemal,TAuwcu Gakyamiein, Ynusepsuiteii y ITpuwitiunu, t. up. 131, Kpywesay u
*Maitiemaimiuuxu (axyaitieis, CitiyOeniticku itipz 16, 11001 Beozpad

Hcnurana je peakiyja AUCHPONOPIMOHKCAKA Y KuceaoM pacteopy (0,18 mol/dm?
H2SO4) Ha ocHOBY HHU3a CEKTPOGOTOMETPHU]CKAX MEpeHa alCOPMIMOHNX MPOMEHA CBE-
TIOCTH ca BpeMeHOM. AncopOyjyha Hgl'-jorcka Bpcra qo6ujeHa je TOKOM mocMaTparmba
npoueca JUCIPONOpIHOHKcamba. EKciepuMEeHTaNn U nofanu OUln ¢y HEONXOMIHH fla Ou ce
u3padyHaie cnenuduyHe KOHCTaHTe Op3MHE Ha TEMHepaTYFI/I on 12 °C o 30 °C, koje cy
nMane npoceune BpepHoctu op 1,20 mo 2,94 molt dm® s , pecnexTuBHo. Ilopen Tora,
BPEAHOCTH aKTUBALMOHUX eHepruja Oune cy ofgpebeHe rpauukomM METOLOM y3 IPOCEUHY
BpennocT 71,20 kJ/mol 3a ogabpanu TemMnepaTypHu HHTEPBaJ.

(ITpumibeno 24. jyna 2001, pesugupano 6. pebpyapa 2002)
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