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The influence of ionic strength on the specific rate constant of the reaction between per-sulphate
and iodide ions was studied. It was observed that the reaction proceeded more rapidly as the ionic
strength was increased, although the concentration of the reacting ions remained the same. The
change in ionic strength was brought about by the addition of KCI, an inert electrolyte. This proved the
Debye — Huckel — Bronsted equation, and a straight-line relation was recorded to exist if square root of
ionic strength, i.e. v/u is plotted against logarithm of specific rate constant (log k).

The effect of ionic strength on the energy of activation was also studied. It was observed that an
increase in ionic strength of the reaction mixture decreased the apparent activation energy ( £ ). A
straight-line relatlon was found to exist if \/u is plotted against £. The apparent change of enthalpy of
activation (AH ) were calculated from the apparent activation energy values correspondmg to the values

of ionic strengths. A straight-line was again found to exist if Vi is plotted against AHY.

INTRODUCTION

The following equation [1] shows the irifluence of ionic
strength on the specific rate constant of ionic reaction
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where k is specific rate constant, & is the specific rate
constant at zero ionic strength, T is absolute temperature,
€ is dielectric constant of the medium, e is charge of an
electron, K is Boltzmann’s constant, NV is Avagadro number.
VA i and Z are the charges of ions A and B respectively,
and u is the ionic strength.

This equation (1) has been subjected to a considerable
number of experimental tests including the reaction bet-
ween persulphate and iodide by Bronsted, La Mer and
others. [2]. Meretoja [3] summarized the work of similar
nature by early workers.

The relationship between specific rate constant and
energy of activation of the reaction is given by the Arrhe-
nius equation [4],1.e. equation (2),
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where A is reaction factor, E is energy of activation, R is
gas constant and T is absolute temperature.

* To whom all correspondence should be addressed.

The relationship between energy of activation and ionic
strength is given by the following expression:

3 Y%
.. dlogk - dlogk 3 e” (8nN/1000)
ol 77 b O d‘T_/J‘M)‘ 2(EKP
X _Ji Vi
2303 ¥ €)

The plot of energy of activation ( £ ) against square root of

the ionic strength ( v/ ) should be a straight-line, with a

negative slope.
"In the present work, we have studled the effect of ionic

-strength on the specific rate constant of persulphate —
iodide reaction. An attempt has also been made to study

the effect of ionic strength on the activation energy and the
change of enthalpy of activation of the reaction.

EXPERIMENTAL

All the chemicals (potassium iodide, potassium persul
phate, potassium chloride, sodium thiosulphate and starch)
used were of E. Merck (A.R. grade) and without further
purification. - Freshly prepared distilled water was redis-
tilled before preparing stock solutions [5].

For the determination of rate constant of the reaction,
an isolation method [6] was adopted. Calculated volume
of the stock solution of KI was added to a reaction mixture
so that the concentration of KI in the solution was
2.0 x 10°1M.  Stock solution of KI were prepared freshly
because iodide on standing gets oxidised to iodine. The
concentration of potassium persulphate was regulated.



Influence of Ionic Strength

Calculated volume of KC. stock solution (2.5M) was added '
to change the ionic strength. The reaction'was performed
at 20 + 0.1° in a constant temperature bath (type T52,
'Haake, Karlsrche/Germany). The reaction mixture (10 ml)
was pipetted out at different time intervals, chilled and
titrated against standard sodium thiosulphate solution
- using 1% starch as an indicator.

" The specific rate constant was calculated for the reac-
tion by using the first order rate equation.

For studying the effect of ionic strength on the activa-
tion energy,same reaction was| performed at 1359 300 A50,
and 40° ( # 0.1) using the same concentration of the'reac-
tants but a different ionic strength. '

RESULTS AND DISCUSSIONS

The values of the specific rate constant obtained by
changing the ionic strength of the reaction mixture, are
summarized in Table 1.  The values of k, obtained by
extrapolation of log k vs v/u plots at 20° is 3.80 x 10

Table 1. Values of the concentration of the reactants,
the ionic strengths, and the specific rate constant at
20+ 0.1°

Concn of . -Concn._ of Ionic strength  Specific rate

KZSZOS KI x100M () constant (k)

x 103y X 103 min’!
6.5 2.0 0.24 1.04
6.5 2.0 0.35 1,30
6.5 2.0 0.46 1.71
6.5 2.0 0.56 2.03
6.5 2.0 0.66 2.47
6.5 2.0 0.76 2755z
6.5 2.0 0.88 3.33,
6.5 2.0 1.02 3.98-
5.0 2.0 0.27, 114
5.0: 2.0 0.37 1.44
940 2.0 0.47 1.82
5.0 2.0 0.57 2,12
5.0 2.0 0.67 2.52
5.0 2.0 0.77 3.02
5.0 2.0 0.89 3.39
5.0 2.0 1.03 4.17
4.0 2.0 0.27 1.30
4.0 2.0 0.38 1.60
4.0 2.0 0.48 1299
4.0 2.0 0.57 218
4.0 2.0 0.64 2.48
4.0 2.0 0.81 3.16
4.0 2.0 0.91 3.55
4.0 2.0 1.03 4,27
3.0 2.0 0.28 1.38
3.0 2.0 0.38 1.64
3.0 2.0 0.48 2.03
3.0 2.0 0.58 2.28
3.0 2.0 0.68 . 279
3.0 2.0 0.80 3:31
3.0 2.0 0.92 3.80
3.0 2.0 1.05 4.47
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Table 2. The :values of the specific rate constant for
K,8,04 = 5.0 x 103 M and KI = 2.0 x 101 M at
various temperatures and ionic strengths.

Temperature (C)
30 35 40
Specific rate constant (k) x 103 min~

Tonic strength

() 1

In the absence of added salt

0.215 1.08 1.51 1.97 2.71
In the presence of added salt

0.27 1.30 1.80 2.40 3.31
0.37 1.64 2.19 2.85 3.85
0.47 2.11 1S 3.47 4.47
0:57 2.51 3.23 3.93 5.01
0.70 2.88 355 4.36 5.31
0.85 3.94 4.67 5.49 6.46
1.05 543 6.16 6.92 7.94

Table 3. The values of ionic strengths, energy of activation
and change of enthalpy of activation.

Tonic strength Activation energy Change of enthalp¥
f activation (AH*)

" (kJ) i3

(1) (&) ()
In the absence of added salt
0.215 51.39 48.91
In the presence of added salt
0.27 48.45 45.98
0.37 43.85 41.38
0.47 .39.29 36.82
0.57 3597, 33.30
0.70 31.34 28.87
0.85 25.52 23.05
1.05 20.25 17.78
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Fig. 3. Plot of £ v§ \/u

min"!  The Values of log k/k,, were plotted against v/u
A specimen graph is shown in Fig. 1. Our result show that
the specific rate constant increases as the ienic strength of
the medium is increased.

The energy of activation was determined by the Arrhe- ‘

nius plot method. Table 2 gives the values of specific rate
constant at different temperatures and ionic strength.
A specimen plot of log k against 1/T is shown in Fig. 2.
The values of activation energy obtained against corres-
ponding ionic strength are summarized in Table 3, for the
same concentration of the reactants, ie. 50 x 103m
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Fig. 4. Plot of AH' vs/u .

potassium persulphate and 2.0 x 10° Iy {KI. Table 3 shows
that energy of activation decreases with a rise in the ionic
strength. The energy of activation for a particular reaction
remains the same, but due to the difference of ionic
strength, the configuration of the transition state changes
and results in the decreases of apparent energy of activation
in the present work. The plot of apparent energy of acti-
vation (E) against +/u shown in Fig. 3 is linear, and is in
accordance with equation (3).

The values of apparent change of enthalpy of activation

~ were obtained using the formula AH* = Eoxp = RT, where

T is taken as 298° absolute. The values of apparent energy
of activation and apparent change of enthalpy of activation
in the absencé as well as in tﬁe presence of added salt are
shown in Table 3. A graph is plotted between the values of
apparent change of enthalpy of activation and square root
of the ionic strength shown in Fig. 4. The plot is a straight-
line, quite in agreement with the theoretical conclusions.

REFERENCES

1. KJ. Laidler, Reaction Kinetics (Pergamon, Oxford,-

1963), p. 19.

VK. La Mer, Chem. Revs, 10, 179 (1932).

Meretoja, Chem. Abstr , 42, 2163 (1948).

4. K.J. Laidler, Chemical Kinetics, (McGraw, New York,

~1965), p. 53. i

5. Al. Vogel, A Text Book Of Quantitative Inorganic
Analysis, (Longmans, Green, London, 1961), third
edition p. 172.

6. S. Glasstone, Text Book Of Physical Chemistry (Mac-
Millan, London, (1966), p. 1068.

w N



