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The present rate data show that 1- ion is oxidized not only by the 820;- ion but also by the
ion-pair K8z0s simultaneously. The rate constants at zero ionic stren~th for the 820~-+I- and
K8z0s+I- reactions have been separated from the observed rate constants and found to be 0·089
iitre mol-l min-l (k~) and 0·514 litre mol-l min-l (k~) respectively at 25°. The extent of participa­
tion of the ion-pair in the oxidation increases )Vithincrease in the ionic stren~th of the solution
and in the present work it is found to be 19% over the ionic stren~th ran~e studied (0·025-0·10M).

EARLIER investigations1-7 on the peroxydi­sulphate and iodide ions reaction have shown
that Bronsted-Bjerrum equationS is applicable

below ionic strength of 0·025M. The deviations at
high ionic strength in many reactions9•loa have
been interpreted as due to the possible participa­
tion of ion pairs. In our earlier workll it was
shown that the ion pair KS20ii exists in aqueous
solution of K2S20S and its stability constant was
found to be 13·16 litre mole-l at 25°. There is
likelihood of either S20~- or the ion pair KS20ii
alone acting as an oxidant in the S20~-+I- reaction.
Also it is possible that both the species might be
involved in the oxidation of 1- ion simultaneously.
In the present paper, the oxidation of 1- ion by
peroxydisulphate was studied at high ionic strengths
with a view to recognizing the possible species
involved in the oxidation of 1- ion.

Materials and Methods
All the chemicals used were AR grade and the

solutions were prepared always fresh in conductivity
water (sp. condo <1 xl0-6 mhos). The concentra­
tion of K2S20S and KI were O'OIN each and KCI
was employed to adjust the ionic strength. The
reaction was followed at 25·0° ± 0·02° by titrating the
liberated iodine at different intervals with standard
hypo.

Results and Discussion
Since the reaction obeyed second order kinetics

it is quite likely that the rate determining step
involves reaction

S20§-+I--+ Products
According to Bronsted-Bjerrum equationS for aqueous
systems at 25°

log k=log ko+l·02 ZAZBVf}: ... (1)

The slope of the plot log k vs V 11-- should be 2·04
for the above reaction. At low ionic strengths King
and Jacobs2, and Indelli and Prue8 obtained a slope

of 2·0 (Fig. 1). Here it must be pointed out that
when one excludes the last two values of Indelli and
Prue at low concentrations, viz. 0·00338 and 0'00838M
(Table 1), the slope comes out to be 1·77. In the
present work we have reinvestigated the reaction
over the ionic strength range of 0·025 to 0·10M and
the least square slope of the plot of log kobs vs viA
comes out to be 1·62 (Fig. 1). However, Chlebek
and Lister9 who studied the reaction between potas­
sium hexacyanoferrate(II) and potassium peroxy­
disulphate concluded that the reactive species are
KFe(CN)g- and KS20ii since a slope of 3,0 was
obtained for the plot of log k vs f (11-). Therefore
the possible participation of KS20ii appears likely,
in S20ii +1- reaction also. Hence we have inter­
preted the observed deviation of the experimental
slopes from the theoretical values in terms of the
involvement of the ion pair KS20ii as outlined below.

First it was assumed that either S20§- or KS20ii
is reacting with 1- ion in the rate determining step
(Eqs. 2 and 3).

k1

S20§-+I" --+ Products ... (2)
k.

KS20ii+I- ---+ Products ... (3)
If Ko is the association constant of the ion pair
at zero ionic strength, then k1 and k2 in terms of
kobS could be written in terms of Eqs. (4) and (5)
respectively.
k1=kobs (1+Ko[K+Jf2) (4)

k2=kobs (l+Ko[K+]f2)fKo[K+J/2 (5)

The rate constants k1 and k2 were calculated from
Eqs. (4) and (5) respectively. The value of Ko was
taken from our earlier workll. If the reaction
proceeds solely by path (2), the slope of the Bronsted­
Bjerrum plot should be 2·04. But slope of log k1 vs
V';was found to be 2·8. If the reaction proceeds
solely by path (3), then the slope should be 1·02.
But k2 did not show any regular trend with the
change in ionic strength (!l-). Since neither k1 nor
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Fig. 1 - Plots of 1 +log
kob. versus ...;~ (curves
A, Band C) at 25° and of
1 + log k1versus ...;; (curves
A', B' and C') at 25°
[Curves A, A' for the pre­
sent data; B, B' for Indelli
and Prue; and C, C' for

King and Jacobs]
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TABLE 1 - RATE CONSTANTAND ACTIVITY COEFFICIENTVALUES AT VARIOUS IONIC STRENGTHSFOR
K.S,Os+KI REACTION AT 25°

{L(MJ

kob./2Itk'k;1(litre mole-1 min-1) (litre mole-1 min-1)(litre mole-1 min-1)

PRESENT WORK k1 = 0·089
k~ = 0·514

OO~1

0·15000,74600,86300-18260-7362
0·042

0·18750·74000-83100'23380-8331
0-061

0·22500·67200,80940-28560-9207
0-081

0-25500-64360·79350-33881-0029
0-100

0-27500-63210-78120-39451·0822

INDELLI AND PRUE k~ = 0-0648
k~ = 0-415

000'1'

0-07560,89660-93870-08510-4757
0-008 8

0-09120-86030·90900·09960-5145
0-013 8

0-10620,81450'88980-11160-5446
0-023 8

0·12780,75740'86300·13290-5943
0-043 8

0-16240·69640-82960·17240-6769
0-103 8

0-24700-61120-77970-29340-8830

KING AND JACOBS M = 0'093
k~ = 0-4885

0-001 4

0-10000·94130-95710·11180-5356
0-00

5 0-1021 0-92390-95010·11560-5447
0-00

5 0-1040 0·91000-94420·11900-5525
0-00

6 0-1140 0-87900·93010·12770-5724
0-006 5

0-12100,85850·91920-13520-5891
0-00

6 0-1200 0,84980-91600-13760'5942
0-00

5 0-1279 0,83800-91010-14210·6039
0-00

6 0-1291 0·82260-90230-14860-6175
0-01

7 0-1309 0-81800-89990-15070-6219
0-01

5 0-1380 0-80130·89120-15870-6382
0-01

8 0-1459 0·78690-88350-16640-6535
0-01

3 0-1581 0,76850-87350-17750·6749
0·02

5 0-1698 0,74350·85970-19590,7090
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Fig. 2 - Plots of (1+K.[K+]fs) versus K.[K+]R [(A) for the
present data at 25°; (B) for the data due to Indelli and

Prue; and (C) King and Jacobs at 25°]
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fl.:I: and fl., the value of fa (Eq. 13) and fa (Eq. 14)
were calculated. The fa value was substituted in
Eq. (15) to get an improved value of IX. This pro­
cedure was repeated several times till constant
values for IXand fa were obtained.

The values of [1., fl, fa, [K+] and kobSare tabulated
in Table 1. According to Eq. (9), plot of kObS(l+ko­
[K+]fa)vs Ko[Kof]ffshould be linear with an intercept.
Such a plot was obtained (Fig. 2) in the present work
suggesting that the assumption made earlier, viz.
that both the species are participating in the oxi­
dation of 1- ion simultaneously is correct. The
slope was found to be 0·514 (kg) and intercept 0,089
(k~). Their standard errors are also presented in
Table 2. King and Jacobsa and Indelli and Prue8
reported only the second order rate constants (kobs)
at different ionic strengths. We have analysed their
data also for comparison and calculated the activity
coefficients (Table 1), k~ and kg values (Table 2) by
the method discussed above. The expected rate
constants (k{ and k;) at various ionic strengths were
calculated using Bronsted-Bjerrum equation8• The
value of the observed rate constant (kobs)does not
agree with the calculated values of either k~ or ki.
So kobs was considered as a linear combination of
ki and k~ with appropriate coefficients A and
B (Eq. 15).
kobs=Ak~ +Bk; ... (16)
The values of A and B were calculated using least
square bivarient regression procedure13. From the
values of A and B (Table 2), the percentage contri­
bution of the ion pair to the overall reaction was
calculated to be 19% over the ionic strength range
0·025 to 0·10M. Similar values for King and Jacob's
and lndelli and Pree's data were also computed for
comparison (Table 2).

ka varied in accordance with the Bronsted-Bjerrum
equation, it is concluded that the assumption of
only one species participating in the reaction is not
valid. Alternatively it was assumed that both the
species are participating in the reaction simul­
taneously. In such a case the rate law for the
reaction could be represented by Eq. (6)

d~a] = kflI-][SaO:-] fta + kgCI-][KSaOii]l •.. (6)

where k~ and kg are the rate constants for the re­
actions (2) and (3) respectively and fv fa and fa are
the activity coefficients of uni-, bi- and tri-valent
(activated complex) species present in solution.
The observed rate law and the association constant
for the ion pair (Ko) may be represented by Eqs. (7)
and (8).

d[Ia] k [1-] [S oa-]~ = obs total a B total

K [KS20ii]
0= [K+][SaO~-]fa

From Equations (6), (7) and (8), we get

kObs(I+Ko[K+]fa)=k~A12 +kgKo[K+]f~ ... (9)

The concentration of free K+, 5aO:- and activity
coefficients were calculated as follows:

If ml is the molar concentration of potassium
peroxydisulphate and IXthe degree of dissociation
of the ion pair formed, then the ionic strength of
the KaSaOB is given by the relationship (10)
p.=(1+2oc)ml ... (10)
and the total ionic strength of the solution is given by
Eq. (11)
[J.=(l+2oc)ml+ma+ma ... (11)
where ma and ms refer to the concentrations of KI
and KCl respectively. Activity coefficients were
calculated using Davies equation10b

-log f-AZAZB (tfy'iJ: -0.3[J.) ... (12)
where A=I·8246 Xl08((eT)3/2. The activity coeffi­
cient of KCI and KI are almost the same12a and
hence, were considered together as one constituent
and KaSaOB as another in the calculation of activity
coefficient fa by Guggenheim's equation1ab (Eq. 13)
for the mixed electrolytes:

In fz:l:=ln n+X (In n:l:+1n if) ... (13)
where X is the mole fraction and n:l: is the activity
coefficient of the pure KaSaOgsolution. Using the
relation (14), fa was calculated.
In /2=2 In fa ...(14)

The degree of dissociation of the ion pair, oc is
related to the association constant (Ko) by the
expression (15).

K _ (I-IX)
0- 1X[(I+IX)ml+ma+ma]fa
To start with oc was assumed to be unity and the

corresponding value of [1. was calculated from Eq. (10).
This value of [J.was then substituted in Eq. (12)
from which ff:l: was calculated. The value of if was
also calculated from Eq. (12). Using these values of
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TABLE 2 - VALUES OF k~ (SLOPE) AND k~ (INTERCEPT) OF Eg. 9 AND OF COEFFICIENTSA AND B (Eg. 16)

Al1thor

Ionic strengthk~k~ABReaction (%)
range

(litre mole'l(litre mole-l with
M

min'l)min'l)
S20~-

KS20~

preser work

0,025-0'100·0890'5140'42700·105081·019·0
(0'011)

(0'019)
Indelli and Prue

0·003-0,100·06290'4150·71900,045094·06·0
(0'017)

(0'010)
0'010-0,10

0·06290·4150'62800·073089'510·5
King 4nd Jacobs

0,0015-0,0250,0930'48850'82600'013098'51'5
(0'0012)

(0,011)

Values in the parentheses are standard errors.

Fr these results one can conclude that at high
ionic trengths both S20~- and the ion pair KS20ii
parti pate in the oxidation of 1- ion simultaneously
and t e high value for k~can be attributed to electro­
static forces of repulsion which would be expected
to be less for the KS20ii+I- reaction compared to
S20:- 1- reaction. However, the extent of parti­
cipati n of the ion pair appealS to depend on the
ionic trength range employed.
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