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Abstract.

Rates of reaction between persulphate and iodide ions were studied at

various concentrations of the reacting ions and at various dielectric constant (D) of aque-

ous ethanol mixtures
nism is suggested for the reaction.

at 50°C. This reaction is found to be second order and a mecha-

From the plot of log k"o against 1/D, the value of yg= and yas, the radii of the
transient species for single and double sphere models are calculated. Comparison of the
experimental and theoretical values of y== and vap shows that the description of the transient
species can best be explained by the single sphere model,

A variety of studies have been carried out for the
determination of rate of reaction between various
inorganic ions in solution!=3 and different mecha-
nisms were suggested. The variation of the specific
rate constant of reaction between any two ionic
species as a function of the dielectric constant of
the medium and the ionic strength of the solution
were studied by Amis,4 Laidlar,s Laidler and Eyring6
and Subhani and Lacewala.? Two models were
suggested for the shape of the activated complex,
in an ionic reaction, the single sphere, and the ‘double
sphere’ models.! The two models give the following
relationships respectively relating the radius of
the activated complex with the specific rate constant
at zero ionic strength (ko).
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where k"o, specific rate constant at zero ionic

strength; k’o, specific rate constant at infinite dielect-
ric constant; e, charge of an electron; Z, Valance of
the ion A; Zs, Valance of the ion B; D, dielectric
constant of the medium; k, Boltzman constant; T
temperature; va radius of the ion A; vs radius
of the ion B; y== radius of the activated complex
for the single sphere model; and yap radius of the
activated complex for double sphere model. Laidl-
er’ has given relationship between the logarithmic
function of specific rate constant and square root
of ionic strength to describe the effect of ionic strength
on the reaction rate bewteen ions
e3  (8nN)'/2

(DKT)?/2 1000

In k” = In ko” + ZaZg\/ v 3)

where k”, specific rate constant at zer oionic strength;
N, Advogadro number ; k”, observed rate constant;
(1/w), ionic strength of the solution; and D, k, 7, Z,,
Zs and e have the same meaning as in equations
(1) and (2).

The kinetics of the reaction between iodide and
persulphate was studied by King and Jacobs.8
It was thought that it would be interesting to look
for the kinetic studies of the reaction between bromide
and persulphate ions. The reaction between bromide
and persulphate ions was also studied in aqueous
ethanol mixture of different dielectric constant in
order to find out the dependence of the rate constant
on the dielectric constant of the medium. The
radius of the activated complex for this reaction
was also calculated by using equations (1) and (2)
to find out which model was more probable for the
shape of the activated complex.

For the study of the effect of dielectric constant
on the reaction rate it was necessary to undertake
the studies of the influence of the ionic strength on
this reaction rate between bromide and persulphate
ions. These studies enable us to evaluate k”, with
the help of equation (3) as that was required in
equations (1) and (2).

Experimental

All the chemicals used (potassium bromide,
potassium persulphate, sodium thiosulphate, ethanol,
methanol etc.) were of A.R. grade.

All solutions were prepared in triply distilled
water.?

The dielectric constant was measured with a
dipolemeter (type DM ol, Wissenschaftlich. The
MFL; cell was used for the measurement over the
dielectric constant range 41.5-79. The scale of the
instrument was calibrated with methanol of which
the reported values!'® of the dielectric constant is
32.63, 2

All measurements were performed at 50°C.
The instrument was operated as described by Subhani
and Lacewala.?

The velocity of the chemical reaction was mea-
sured by mixing 10 ml each of the stock solution of
persulphate and bromide ions in the aqueous ethanol
medium at 50°C and the stop watch was started to
record the time. A portion of the reaction mixture
was then immediately transferred to the 1-cm spectro-
photometric cell and covered with top and was kept
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in thermostat bath attachment in the Unicam SP 500
spectrophotometer at 50°C. The measurements of
the absorption due to bromine produced were re-
corded at wavelength (A\) = 390 nm. The con-
centration of bromide was calculated using 930 cm?2/
mole experimentally determined value of extinction
coefficient of bromine at 50°C at that wavelength.
Specific rate constants were obtained from the
second order plots as they were the only linear plots.

Resuilts and Discussions

Linear plots were obtained when the reciprocal
of concentration at any time () was plotted against
time #. These plots showed that the reaction between
persulphate and bromide ions obeys second order
kinetics.

The most probable mechanism for this reaction is
analogous to that of for the second order reaction
between persulphate and iodide ions and can be writ-
ten as
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Br~+48202- =BrS,03- (activated complex) (i)

(i)
(iiiy

The step (i) is the rate determining step and thus
the reaction follows a second order kinetics.

The values of the specific rate constant for the
reaction at 50°C show that the specific rate constant
at constant ionic strength decreases as the dielectric
constant of the medium is lowered (Table 1). This
is presumably due to the decrease in the activity of
the reactants at lower dielectric constant. It was
also noted that for the same value of the dielectric
constant of the medium and for the same concentra-
tion of S,082~ ion a decrease in the ionic strength
lower the specific rate constant. This is due to the
effect of ionic strength on the specific rate constant
as is obvious from equation (3) mentioned above.

BrS,03-—BrSO; + SO%-

BrSO; + Br~ —Br; + SO%-

TABLE 1. VALUES OF THE SPECIFIC RATE CONSTANTS CONCENTRATION OF REACTANTS AND THE
DIELECTRIC CONSTANT OF THE MEDIUM AT 50°C.

Dielectric Concn of Concn of Specific rate Dielectric Concn of Concn of  Specific rate
constant KBrx102 K;S,0gx103 constant constant KBrx102  K;5,0gx103 constant
(D) ml-! ml~! k” x 106 D) ml~I ml~1 k”x 106
1 M~=! min—I 1 M~=1 min—I
79:0 2:5 25 5-902 49-1 0-75 0-75 1-08
70-3 25 2-5 4-02 45-03 0-75 0-75 0-63
65:5 259 25 3= 41-5 0-75 0-75 0-54
563 2:5 25 2:75 79:0 0-5 0-75 3-98
491 255 25 2-00 70-3 0-5 0-75 2:56
45-03 2-5 25 1-71 655 025 0-75 2:29
41-5 2-5 2:5 1-34 56-3 0-5 0-75 1-43
79:0 2-5 155 5-55 49-1 0-5 0:175 0-82
70-3 2+5 1S 3-83 45-03 0-5 0-75 0-58
65-5 25 1=5 3-62 41-5 0-5 075 0-46
56-3 25 1=5 2-66 79-0 2:5 0-75 5-64
49-1 2-5 1-5 1-90 70-3 2-5 0-75 3:66
45-03 2:5 15 1-58 655 2-5 0-75 3:41
41-5 275 155 1-49 56-3 225 0-75 2-44
79-0 255 1-0 4-75 49-1 2:5 0-75 1-50
703 2:5 1-0 3:73 45-03 255 0-75 1-47
65-5 25 1-0 3-48 41-5 225 0-75 1-26
56-3 2:5 1-0 3-07 79-0 0-75 2.5 4-87
49-1 2:5 1-0 3-07 70-3 0-75 2.5 3.02
45-03 2:5 1-0 1-62 65-5 0-75 2.5 Ty
41-5 2:5 1-0 1-03 56-3 0-75 2.5 2:02
;(9)'(3) ig ig gg?} 49-1 0-75 2:5 1-18
) ) ) : 45-03 0-75 2-5 0-84
655 1:5 1-5 2:82 41-5 0-75 5.8 0-74
563 1-5 1528 221 79-0 2.5 0-5 5.28
: ; : : . 2:5 0-5 3:69
415 1155 145 0-80 ggg 2.5 0-5 2:66
79:0 0-5 0-5 3-98 49-1 2:5 0-5 1-55
70-3 05 0-5 2251 : - : ;
45-03 2:5 05 1-14
65-5 0-5 05 1::97. 41-5 2.5 0-5 1-16
56-3 0-5 0-5 1=19 ; ; .
: : 79-0 0-5 2:5 4-42
49-1 0-5 0-5 0-70 0-5 2.5 3-10
45-03 0-5 0-5 0-57 70-3 :
41-5 0-5 0-5 0-46 655 0-5 2:5 2-38
79-0 0-75 0-75 4-03 56-3 0-5 23 1-93
70-3 0-75 0-75 257 49-1 0-5 2:5 0-97
6525 0-75 0-75 2-54 45-03 0-5 2:5 0-81
56-3 0:75 0:75 1-29 41-5 0-5 2:5 069
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The values of k”, extrapolated from the plots of
In k” against 4/ from equation (3), for each dielec-
tric constant and ionic strength, are summarized in
Table 2.

The plot of the average values of logarithmic
function of specific rate constant at zero ionic strength
(logio k’o) against the reciprocal of the dielectric
constant (41.5-79) (as given in Table 3) was a straight
line (Fig. 1).

However, deviation from linearity was observed
for values of the dielectric constant below 45. This
may be due to the preferential association of water
molecules with the reacting ions. Similar behaviour
was observed by Scatchard,!! Amis and Potts,!3
and Subhani and Lacewala.?

The experimental value of y=f= and vas, calcula-
ted from the slope of the straight line in Fig. 1 and
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using equations (1) and (2) respectively, are sum-
marized in Table 4.

1 ! ! L
010 15 20 25

10 x10°
Fig, 1

TABLE 2. VALUES OF k“o (SPECIFIC RATE CONSTANT AT ZERO IONIC CONCENTRATION) AND
THE CORRESPONDING CONCENTRATION OF REACTANTS, IONIC STRENGTH AND DIELECTRIC
CONSTANTS OF THE MEDIUM AT 50°C.

Dielectric Concn Concn of  Specific rate Tonic Dielectric Concn of  Conca of Specific rate Tonic
constant of KBrx 102 K;5,0g constant at  strength  constant of KBrx 102  K35,0g constant at  strength
(D) ml~1 X103 zero ionic (w) (D) m Il X103 zero ionic M)

ml=t strength x102 ml=1 strength x 102

(ko) x 106 (ko") X 106
1 M-I min=! 1M~! min™1

79.0 2:5 25 2-75 3425 49-1 0-75 0-75 0-65 0-975
70°3 25 2:5 1-65 3-25 45-03 0-75 0-75 0-24 0-975
655 2-5 2°5 1-37 325 41-5 0-75 0-75 0-18 0-975
56-3 2°5 255 0-78 3=25 79-0 0-5 0-75 271 0-725
49-1 258 25 0-42 3-25 70-3 0-5 0-75 1-68 0-725
45-03 255 2:5 0-29 3:25 65-5 0-5 0-75 1-42 0-725
41-5 2:5 25 0-18 3=25 46-3 0:5 0-75 0-79 0-725
79-0 2-5 1-5 2-68 2495 49-1 0-5 0-75 0-39 0-725
70-3 25 I-5 1-64 295 45-03 0-5 0-75 0-25 0-725
65-5 275 1-5 1-38 2:95 TS 0-5 0-75 0-17 0-725
563 275 1+5 0-80 295 79:0 229 0:75 2-8 2:429
49-1 2°5 %5 0-43 2:95 603 2:3 0-75 1-62 2-725
45-03 2:3 1-5 0-28 2-95 5525 2:5 0-75 1-35 2:725
41-5 2'8 1=3 0-20 2:95 463 245 0-75 0-77 2:725
79:0 229 1-0 2:79 2-80 49-1 248 0:75 0-36 2:725
703 2y 1-0 1-60 2-80 45-03 2:5 0-75 0-29 2:725
655 2'5 1-0 1-36 2-80 gl 258 0:75 0-2 2+725
49-1 245 1-0 0-85 2:80 79:0 0:75 2+5 29 15
45-03 2v5 1-0 0-38 2:80 60-3 0575 243 1-65 1+5
415 25 1-0 0-24 2-80 55~5 0-75 25 1-36 1:5
79:0 275 1-0 0-16 2:80 463 0-75 273 0-74 1+5
70-3 125 15 270 1+95 49-1 0:75 253 0-41 i)
65-5 1-5 1-5 1-64 1-95 5-03 0-75 2-5 0-25 1:5
56-3 125 1-5 129 1-95 41-5 0-75 25 0-19 1+5
94-1 1-5 15 0-83 1-95 79-0 2v5 0-5 2:65 2:65
45-03 145 125 0-45 1+95 70-3 255 0-5 1=57 2-65
415 1-5 1-5 0-28 1-95 65-5 2:5 0-5 1-48 2:65
79-0 145 1:5 0-17 1-95 56-3 25 0-5 0-69 2:65
70.3 05 025 2-38 0-65 49-1 25 0-5 0-38 2-65
655 0-5 0-5 1-69 0-65 45-03 295 0-5 0-23 2:65
56-3 05 0-5 1-25 0-65 41-5 2-5 05 0-19 2:65
49-1 0-5 0-5 0-68 0-65 79:0 0-5 275 2-735 1:25
45-03 0-5 0-5 0-35 0-65 70-3 0-5 23 1-78 1-25
41-5 0-5 0-5 0-26 0-65 65-5 0-5 2-5 1-41 1:25
79-0 0-75 0-75 0-19 0-65 56:3 0-5 25 0-70 1-25
70-3 0-75 0-75 2-65 0-975 49-1 0:5 25 0-37 1:25
65-5 0-75 0-75 1-58 0-975 45-03 0-5 275 0-27 1225
56-3 0-75 0-75 1-46 0-975 41-5 0-5 2=5 0-20 1-25
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TABLE 3. AVERAGE VALUES FOR THE SPECIFIC
RATE CONSTANTS (ko”) AT ZERO IONIC STRENGTH
AND THE VALUES OF DIELECTRIC CONSTANT
OF THE MEDIUM AT 50°C.

Dielectric Average specific rate con-
constant stant at zero jonic strength
(D) (ko) 106
m~| minl=
79:0 2:75
70-3 1-660
65-5 1-380
56-3 0-758
49-1 0-398
45:03 0263
41-5 0-185
TABLE 4. EXPERIMENTAL AND THEORETICAL
VALUES OF yap and y3=
Experimental Theoretical
values value
&) A)
4 . 3-02 3-084
TAB 5-15 4-75

The experimental value of yZ= and yas are

3.02A and 5.15A respectively. Assuming the
volume of single sphere equal to the sum of volumes
of spheres from which the single sphere has been
built up, the radius yg= and yap can be calculated
using radii of bromide, sulphur and oxygen.'2
On this basis the value of ypr—, ¥S;0%~ , y== and
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yap were found to be 1.95, 2.80, 3.084 and 4.75 A
respectively.

A comparison of the experimental values of y=

and vap 3.02 and 5.15A respectively, with their
theoretical values (Table 4) suggests that the descrip-
tion of the activated complex could best be given
by ‘single sphere’ model for the reaction under
consideration.
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