Pakistan J. Sci. Ind. Res., Vol. 22, No. 4, August 1979

INFLUENCE OF IONIC STRENGTH ON THE SPECIFIC RATE CONSTANT,
ENERGY OF ACTIVATION AND THE EVALUATION OF CHANGE OF
ENTHALPY OF ACTIVATION OF IODIDE — BROMATE REACTION

Fahim Uddin and M. Ghaziuddin Ahmed

Department of Chemistry, University of Karachi, Karachz 32

(Received April 21, 1979)

The reduction of a bromate ion by an iodide ion is a fourth order reaction. However, in the presence
of large excess of sulphuric acid it behaves as pseudo second order. The effect of the ionic strength on
the specific rate constant was studied. It was observed that as the ionic strength was increased, the reac-
tion proceeded more rapidly, althcugh the concentration of the reacting ion was the same. Potassium
chloride, an inert electrolyte, was added for the variation of ionic strength. A straight-line relation was
seen to exist if logarithm of the specific rate constant ( log & ) is plotted against the square root of ionic
strength (\/11 ).

The effect of ionic strength of the reactlon mixture on the energy of activation ( £') of the reaction
was also studied. It was seen that as the ionic strength was increased, the apparent energy of activation
decreased. A plot of square root of the ionic strength against the apparent energy of activation resulted
in a fairly good straight line. Using the data for apparent energy of 4\.t1vat10n corresponding to the
values of ionic strength, the apparent change of enthalpy of activation (AH ) was calculated. A straight-
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line relation was again found to exist when AH Tis plotted against \/u -

- INTRODUCTICN

King and Lister [1] have postulated the slowest step of
the reaction between bromate and iodide ions to be;

1~ +Br07 +2 H" > IBrO, + H,0 6))

with a reactive intermediate IBr0, as proposed by Taube
and Dodgen [2] . This reaction is fallowed by :

™ +1Br0, > I, +BrO7 )

However, in the presence of large excess of sulphuric
acid, it behaves as a pseudo second order reaction.

Theoretical treatment of the influence of ionic strength
on the rates of reactions between ions were given by
Bronsted [3], Christiansen [4] and Scatchard [5]. The
relationship between logarithm of the specific rate constant
(log & ) and square root of the ionic strength (+/u ) is given-
by the Laidler equation [6}:

Ink=Ink,+e (87N/1000)* / (€ KT)3/2

A A \/I{ 3)

ie. logk=logk,+102Z, Zy. Vu

where k is the specific rate constant, k, is the specific rate
constant at zero ionic strength, e is the electronic charge,
N is Avagadro Number, € is dielectric constant of the
medium, K is Boltzmann’s constant, T is absolute temper-
ature. Z, and Z; are the charges of ions A and B respec-
tively, and u is the ionic strength. This equation has
usually been used to measure the rates of ionic reactions in
media of different ionic strength. According to this equa-
tion, a plot of log k against Vi will give a straight-line
of sloge 1.02Z A Zp- Davis’s study [7] of the applicability

-of this equation to reactions between ions leads to the

conclusion that the equation holds with hlgh accuracy for
a number of such reactions.

Arrhepius equation [8] gives the relationship between
specific rate constant and energy of activation;

log k = log A — E/2.303 RT 4
where A4 is a reaction factor E is energy of activation, R is
gas constant.

Previously we have reported following expression
which gives the relationship between energy of activation
and ionic strength [9] : :

d logk dlogk,

a (I/T) d@a/m

363 (8n N/1000)*%.
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The plot of energy of activation against square root of the
jonic strength should be a straightline, with a negative
slope.

Change of enthalpy of activation (AH)I is obtained
using the following expression:

AHY = F _ _ RT (6)

exp
where E_
mentally.

We have studied the effeci of ionic strength on the
specific rate constant, energy of activation and change of
enthalpy of activation of iodide — persulphate and bromi-
de — bromate reactions respectively [9, 10].

In this paper the reaction between iodide and
bromate ions was studied in order to find out the depend-
ence of specific rate constant, energy of activation and
change of enthalpy of activation on the ionic strength of
the medium.

o is energy of activation determined experi-

EXPERIMENTAL

All the chemicals (KI, KBrO,, KCl and sulphuric ac1d)
used were of Merck (A.R. grade) and without further purifi-
cation. All solutions were prepared in triply distilled water
[11].

Spectrophotometric method was employed for the (i)
estimation of concentration of iodine evolved at different
interval of time, (ii) determination of specific rate constant
and energy of activation of the reaction between iodide and
bromate ions.
nm obtained from the plots of absorbance versus wave-
length (\). The molar absorption coefficient of iodine was
taken as 492 cmzlmole in order to relate absorbance to
concentration. The rate of the reaction was followed spec-
trophotometrically using a Pye Unicam SP 500 spectropho-
tometer with cell holder attached to a constant tempera-
ture. bath. The temperature stability of the cell holder
was within + 0.5°.

Calculated volumes of the stock solutions of KI were

freshly prepared because iodide on standing gets oxidised

to iodine. The change in ionic strength was brought about
by the addition of stock solution of calculated volumes of

KCI. Calculated volumes of stock solution of (i) potassium
bromate and sulphuric acid and (ii) potassium iodide were
pipetted out separately in iodine flasks and kept in a water-

. bath for about % hr. The concentration of sulphuric acid in -

‘each case was maintained to be 1.0 X 10" M. The solutions
(i) and (ii) were mixed and time was recorded with a stop
watch. The reaction was performed at 20°. 1-cm cuvett
was then filled with this reaction mixture immediately after

All the cbservations were recorded at 425

thorough shaking. Then the absorbance of the reaction
mixture was recorded. The specific rate constants of the
reaction were calculated using second order rate equation.

In the case of measurements for the determination of
activation energies, the same procedure was followed at
25, 30, 35 and 40°, using the same concentration of the
reactants but different ionic strengths.

RESULTS AND DISCUSSIONS

The measurements of the rates of reaction between
iodide and bromate ions are summarized in Table 1. The
initial concentrations of the reactants are given in columns

Table 1. Values of specific rate constants corresponding
to the concentration of [KI], [KBrO;] and ionic
strength at 20 + 0.5°.

-Sp rate

Concnof .. Concn of ~  Ionic strength constant
[KMO] K] x 103 pux 10! {

X 10311 Mm-l_
20 4.0 3.06 436
20 40 6.06 6.02
2.0 4.0 9.06 795
2.0 40 12.06 9.95
20 4.0 15.06 11.80
20 4.0 18.06 13.87
2.0 4.0 21.06 15.76
30 5.0 3.08 443
3.0 5.0 6.08 6.31
3.0 5.0 9.08 8.06
3.0 5.0 12.08 10.07
3.0 5.0 1508 11.95
3.0 50 18.08 14.10
3.0 50 21.08 16.20
5.0 7.0 3.12 4.50
50 7.0 : 6.12 6.45
50 7.0 9.12 8.30
5.0 70 R S ) 10.24
50 7.0 15.12 12.13
50 7.0 18.12 14.33
50 70 21.12 16.39
6.0 8.0 3.14 458
6.0 8.0 6.14 6.65
6.0 8.0 9.14 8.47
60 , 8.0 12.14 10.56
6.0 8.0 15.14 12.39
6.0 ; 8.0 18.14 1447
60 8.0 21.14 16.61




Influence of Ionic Strength

Table 2. Specific rate constants at various temperatures
and ionic strengths.

[KBrO,]=2.0 x 10°3M, and KI= 4.0 x 10°M

0
Tonic strength Temperature (°C) .

() x 10! 25 30 35 40
specific rate constant (k) M 1+ mint
In the absence of KCI
3.06 4.68 - 526 593 6.47
In the presence of KC1
6.06 6.58 735 7.81 851+
9.06 8.38 9.34 9.74 10.49
12.06 10.41 1537 11.83 12.61
15.06 12.54 13.30 14.00 14.75
18.06 14.39 15.47 16217, 16.98
21.06 16.34 17.58 18.28 19.05

Table 3. The evaluation of the values of apparent enel:gy
of activation and apparent change of enihalpy of activation.

 Tonic strength  Apparent energy of Apparent change of

() x 10! activation (E) (kJ) enthalpy of activa-
: tion (AHY) (kJ)
In the absence of KCl
3.06 1621 13.74
In the presence of KCl
6.06 11.92 945 .
9.06 10.50 §.03
12.06 10.12 7.65
15.06 8.58 6.11
18.06 6.69 422
21.06 523 =276

1 and 2. The ionic strength (1) and the second order rate
constant (k) are listed in the last two columns.. At 20°,
the value of the specific rate constant at zero ionic strength,
i.e. %, obtained by extrapolation of log k against \/u plots
is 2 09 M1 1 minl. The values of log k/k, vsv/u were
plotted. The average va;lue of Z ZB is 0.61. As suggested
by La Mer and Greenspan [12] the low value of Z, Zy

mey be due to the fact that the limiting slope- for the
Debye — Huckel activity coefficient is not necessarily

applicable in rate equation. A specimen graph shown in.

Figure 1 is a straight-line passing through the origin. The
results of the rate measurements show that an increase in
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Fig. 1. Plot of log k/k,, vs v/u X 101,

jonic strength of the medium increased the specific rate
constant which is in confirmity with the — Bronsted equa-
tion. d

The reaction between iodide and bromate ions was
studied at [KI] = 4.0 x 10° 3M and [KBrO,] = 2.0 x
1073M and at temperatures ranging from 25 to 400 for the
evaluation of activation energies. The values of the speci-
fic rate constants corresponding to the ionic strength values
are tabulated in Table 2. Arrhenius plots, i.e. log k vs 1/T
plots obta'inved were linear having negative slopes. The
values of energy of activation calculated from the slopes of
those plots were summarized in Table 3. Our results show
that the activation energy decreased with a rise in the ionic
strength. The energy of activation for a particular reaction
remains the same, but due to the variationlin ionic strength,
the configurations of ‘the activated state change and results
in the decrease of apparent activation energy, in this
present study. The plot of apparent energy of activation
versus square root of the ionic strength is linear with a
negative slope and is in agreement with the theoretical
equation. From this plot, the value of slope is 9.44 kJ,
and the extrapolated value of E corresponding to zero ionic
strength is 21 kJ.

Table 3 gives the values of apparent enevrgy of activa-
tion and. apparent change of enthalpy of activation in the
absence as well as in the presence Qf inert electrolyte. The
AHF values. were calculated using equation (6). Linear
plot was obtained when the values of apparent change of
enthalpy of activation (AH ) were plotted against \/u .
The plot is a fairly good straight line having negative slope,
and is in accordance with the theory.

. From our experimental data, the calculated ‘value of
change of entropy of activation (ASI) was found to be in-
dependent of ionic strength and its value is nearly 1070
joules per degree.
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