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Summary: The ratc of the reaction between potassinm bromaie and potassiom tellurite
decreases with an increase in the mole fraction of ethancl in agueous ethancl mixtures at 308 K.
A comparison of the experimental and_ Ikeoretical valves of the radivs of the activated complex
indicates that a double sphere model is the most suitable shape for the activated state formed in
the reaction. Electrostatic and nosi-electrostatic contributions to the changes in frec energy of ac-
tivation and entropy values are 14.06 kIfmole, 95.57 kI/moie and -54.19 J/K!mole in D153 mole
fraction of ethanol in water. The activation paramcters correlates well with the dielectric con-

stants of the media.
Introduction

According to clectron transfer theory, chan-
ges in dielectric properties are expected to affect
the reorganisation of a solvent molecule around the
reactant and the aclivaled complex. The water al-
cohol mixtures exhibit pronounced structural and
dielectric changes at different composition ratios,
In the previous paper [1] the effect of dielectric
changes on the kinetics of the reaction between
iodatc and bromide ions was evaluated. In the
present study the cffcct of the addition of ethanol to
aqueous solution on the kinetics of the reaction be-
tween bromate and tellurite ions is presented.

The reaction is found to be a second order
reaction, according to the equation,

BrO3" + TeO3Z BrO2" + TeOs”
Hence, the rate equation can be written as,
k = 1/t x/a(a-x)

where, Br0Q3") = TeO3 and

a = initial concentration of reactants

x = concentration of tellurite ion after time
‘t’.

Experimental

The reactions were carried out in a thermo-
static bath at 308K and 313 + 0.1K. The kinetics
were followed by quenching the reaction mixture
with known quantities of iodine {10 ml) followed by
the addition of an excess of potassium iodide solu-
tion and estimating the excess iodine spectraphoto-
metrically at 350 n.m, The molar absorptivity and

maximum absorption wavelength of iodine in water
and water-ethanol mixtures were predetermined
with reference to staridard solutions. Mcthods used
in the literature were used to standardize the iodine
solutions [2]. Independent experiments showed that-
the "Beer’s Law" is obeyed in water-alcohol mixed
solvents. The reaction was also followed by measur-
ing the concentration of total iodine in the aqueocus
solution by iodometry. Both methods gave the same
rate constant. When the mixtures of iodine and
potassium iodide in mixed solvents were lelt stand-
ing [or 24 hours, the absorbance of the solutions
changed slightly (below 5%). The change was
neglected, as the absorption mecasurements were
taken within half and hour of each experimental
run. Irradiation of light of 350 n.m. had no effect on
the reaction rate. A Pye-Unicam
spectrophotometer SP 8000 with matched quartz
cells was used for absorption measurcments,

Sodium sulphate was used to maintain a con-
stant ionie strength. The reaction was carried out at
different ionic strengths and the rate constant
values were extrapclated to zero ionic strength.

The ethanoi concentrations used in the reac-
Gon media were 1.2, 4.4, 7.2, 9.6, 11.2 and 15.3 mole
percent,

The reagents used were potassinm bromate,
potassium  tellurite, iodine, potassium iodide,
sodium sulphate of analaR grade, and absclute
ethyl alcohol from Merck.
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Theory

The effect of dielectric constant () on the
specific rate constant (ke} for ion-ion and dipole-
dipole interactions [3-6] is given by the following ex-
pressions:

Inke = Inko - Za Zp €%/2.303KT.Rap. 1z (1)
Inke = lnkg - VKT.(e- 1)/(2c +1) (2)

where, ko is the specific rate constant at zero
ionic strength and at infinite dielectric constant, Z
is the valence of ions and a and b.K,T, and e are
Boltzmann’s constants, temperature and the charge
on electron respectively, Rap is the radius of the
activated complex.

Equation (1) predicts that at a constant
temperature the logarithm of the rate constant is in-
versely proportional to the dielectric constant of the
medium and that the slope of the line is proportion-
al to the size of the activated complex.

Fur dipole-dipole interactions, equation 2,
predicts a linear relationship between the logarithm
of the rate constant and e-1/2¢ +1,

Free encrgy of activation was calculated by
using the expression,
KGtot = RT (InKT/h - In Ke)

Where: K, is the Boltzmann’s constant; h, is
Plank constant T, is the absolute temperature; R, is
the Gas constant and ke is the rate constant at a
given dielectric constant of the medium.

The free energy contribution due to clectros-
tatic interactions (AGes) was calculated by using
the quation

AGes = N.ZoZp c¥/eRay

Where: N, is the Avagadro’s number, Z, and
Zp are the charges on ions, a & b; ¢ is the electros-
tatic charge; ¢, is the dielectric constant; and Rap is
the radius of the activated complex,

The free encrgy -contribution, due to non-
clectrostatic attractions AGe was evaluated from
the relationship;

AGtot = AGp + AGc.s.
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The free entropy of activation was calculated
by using the expression:
Ase.s. = AGe_s_ dln.E,erT.

A constant value -0.0043 was taken [7] for
d.in.e/dT. The values for standard enthalpy AH°
and entropy AS® were deduccd by using the expres-
sions [8].

AS* = AS® +51/e
AH* = AH® Gi/e

Results and Discussion

Table-1 provides the data for the ratc con-
stants al (wo dilferent temperatures at various
diclectric conslant values of aqueous- ethanol mix-
turcs. Table 2 presents the data for the activation
parameters of the reaction at various concentra-
tions of ethanol in the reaction mixtures. Fig. 1 and
2 depict the variations of the logarithm of the rate
constant with 1/¢ and e-1/2¢ + 1 respectively. The
entropy changes with solvent polarity in relation to
£- 1/2¢ + 1 is shown in Fig. 3. Fig. 4, represent the
compensation relationship between AH* + AHC
and AS* + AS®.
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Fig.1: Linear rolationship betwuen the Jogarithm of rate
constans and the reciprocal of dicleetric constant.
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with those of AGes. (14 ki/mole; for Xm = 0.15)
suggests that possibly the formation of activated
complex may involve the orientation of jons in
mixcd solvents, KSe s have negative values and their
magnitude increase as the proportion of ethanol in-
creases in the mixed solvents. This increase (-35.18
J/mole/K for Xm = 0.01 to -54.19 J/mole/K for Xp,
= 0.15) indicates the formation of a highly ordered
activated complex at higher conccatrations of
ethanol in such mixtures, It was obscrved in Fig. 3,
that the entropy of activation depends on the
polarity of medium to the same extent as the energy
of activation. Moreover, a compensation effect in
the reaction was observed (Fig. 4) as the sum of

(E-1/2€+1)x 10°

Fig.2: Linear relationship between the logarithm of rate
constant and E-12E+ 1.

Table 1: Rate constant values at various dielectric

constants
(BrOe") = (TeO3*) = 5x 10" Mg =0

diclectric Rate sonstanlm <
constant kax10 Jnx10
1£x10° mole 'Sar? mole 'Sec?
15) 308K 313K

130 78 92

14.5 54 75

150 4.05 435

17.1 319 43

18.0 25 35

20.0 1.6 2.5

(a); Average of three readings
m ; lonic strength.

It is evident from Table 1 that the rate of
reaction between bromatc tellurite ions decreases
with the progressive addition of ethanol to the
aqueous solutions. The decrease in the rate con-
stant in mixed solvents can be ascribed to the for-
mation of an aclivated complex more polar (BrO3
---TeO3? than the reactants and is in agreement
with Debye-Huckel-Bronsted theory of ionic reac-
tions. Similar results were observed in case of other
ionic reactions carried out in aqueous ethanol mi-
xed solvents [1,10].

The variations in the values of AGes, (9,14 to
14.06 kJ/mole) with a decrease in the dielectric con-
stant of the medium (Table 2) indicatc the forma-
tion of a negatively charged activated complex.
Furthermore, a comparison of AGZ, values (95.5
kI/mol for X, = 0.15, mole fraction of ethanol)
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Fig-3: Variations of entropy changes with E-1/2E+1
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Table- 2: Activation Parameters at different Ethanol concerntrations.

Ethanol ASea(21) AGes.(105) AGo(4.0.5) AH” + Aflo AS* +AS®
mole T 4} kI kJ K
fraction,xl(]'j mole 'K! mole™! mole-1 mole™! mole 1K ?
0.012° 358 914 96.41 028 0.933
0.044 35.29 10.19 96.29 49652 0.938

0072 43.05 1125 96.0 498.38 0.941

0.09 46.33 12.02 95.84 49987 0.944

0.112 48.82 12.06 9581 50136 1947
0.153 54.13 14.06 95.57 504.16 0.9952

standard and activated enthalpies (KH* + KH®)
correlated with the values of standard and activated
entropies (KS* + KS°).

The theoretical values of the radius of the ac-
tivated complex for a single and a double sphere
model are 3.11 A® and 4.95 A® respectively. The
radii of individnal jons i.e., r(BrO3") = 2.45 A® and
1(Te032) = 2.5 A® were taken from literature [9).
A comparison of the size of the activated complex
obtained from the slope of the line according to the
Laidler equation (6) shown in Fig. 1, i.e. 474 A°
with those of the theoretical values leads to the con-
clusion that the shape of the activated complex ap-
pears to be more similar to a double sphere model.

The sizc of the activated complex changed

from 4,74 A° to 4.85 A°, when (he temperature of

the reaction was raised from 308K Lo 313 K, This in-

crease in the size of the activated complex is likely

due to the lack of solvation of the transient species
- at higher temperatures.

The plots of the logarithm of the specific rate
constant at zero ionic strength were straight lines
(Fig. 1 and 2). The expressions relating the rate
constant to 1/e and £--1/2¢ + 1 as a function of the
diejectric constani of a medium are based on dif-
ferent models of ion-ion and dipole-dipole interac-
tions. The linear plots obtained m each case thus
suggest that the first order Coulombic forces
predominate in stabilizing the activated complex,
and the ion-ion interaction model is sufficiently ac-
curate to describe the formation of activated com-
plex in aqueouns-ethancl mixtures of high dielectric
constants ( 40). Similar dependence of the rate con-

stant on 1/e has been observed by several workers
[10-14] in casc of ionic reactions carried out in
mixed solvents.
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