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KINETIC STUDIES OF THIOCYANATE AND IODIDE OXIDATION
WITH 2,6-DICHLOROQUINONE-4-CHLORO-IMIDE. A NOVEL
AND A NEW OXIDIZING AGENT
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ABSTRACT

Tne kinetics of oxidation of thiocyanate and iodide with a novel and mild
oxidizing agent, namely 2,6-dichloroquinone-4-chloro-imide, has been studied.
2,6-dichloroquinone-4-chloro-imide undergoes hydrolysis and yields hypochlor-
ous acid (HOCI) and 2,6-dichloro-p-benzoquinone. In both reactions with
thiocyanate and iodide the main oxidation sequence is with hypochlorous acid.
The second oxidation sequence with 2,6-dichloroquinone with these substrates is
very much slower. All the observed facts have been rationalized taking into
account the presence of the two active oxidizing species.

AIMS AND BACKGROUND

The kinetics of oxidation of thiocyanate ion by a variety of oxidants under
catalyzed and uncatalyzed conditions has been well reported in literature' ~°. The
authors have reported the oxidation products as CN~ and CNO™ along with
50;~ with different oxidants. In a few cases the product identified is the dimer
(SCN),. Similarly the kinetics of oxidation of iodide with a variety of oxidizing
agents like V(V) and Ce(IV) has been well documented!®™!2.

It is of interest to study the use of 2,6-dichloroquninone-4-chloro-imide as an
- oxidizing agent with a few inorganic substrates like thiocyanate and iodide as the
oxidation sequences will be consecutive, firstly by the hydrolyzed HOCI E..a later
by 2,6-dichloro-p-benzoquinone, the other hydrolytic product.

"EXPERIMENTAL

2,6-dichloroquinone-4-chloro-imide: Fluka (Purum) grade sample was used as a
stock solution in glacial acetic acid.

Thiocyanate and iodide: BDH AnalaR samples were used without further
purification.

All other chemicals, acids and solvents :Ra in these investigations were of
analytical reagent grade.

*For correspondence.
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Table 1. Kinetic data in case of oxidation of thiocyanate with 2,6-dichloroquinone-4-chloro-imide
{oxidant) at temperature 30°C

Variant Concentration of non-variant <M,_Mw_qﬁﬂ._mn”__mﬂs m&& kK x10'E")

Oxidant [SCN~]=0.0005moldm ~* 0.00025 g
[HCIO,]=0.05mol dm™* 0.0005 83
AcOH=5% 0.00075 83

Oxidant [SCN~]=0.0005mol dm ~* 0.00025 20.55
[HCIO,]=0.05moldm~* 0.0005 245
AcOH=10% 0.00075 19.0

0.001 19.0
0.002 19.5

SCN [oxidant]=0.002 mol dm ™3 0.00025 85
[HCIO, J=0.05moldm™* 0.0005 17.0
AcOH=20% 0.001 40.0

HCIO, [oxidant]=0.0005mol dm~* 0.001 217
[SCN~]=0.002moldm™* 0.0025 52
AcOH=10% 0.005 9.6

0.01 8.7

Mn(iD) [oxidant] =0.0005mol dm ™~ ? zero 15
[SCN~1=0.0005moldm ~* 0.0005 225
[HCIO,]=0.05moldm™* 0.001 340
AcOH=35%

NaClO, [oxidant]=0.0005 moldm~* zero 5
[SCN~1=0.0005mol dm * 0.001 19.0
[HCIO,]=0.05moldm™*

AcOH=3%

3. The replacement of HCIO, by sodium acetate results in retardation. The
rates (k,) in the presence of 0.05moldm™ HCIO, and in the presence of
0.02moldm~3 AcONa are found to be 0.001135s™' and 0. 0001043 s~ ',
respectively under similar experimental conditions (i.e. [2,6-dichloroquinone-4-
chloro-imide]= 0.005moldm~3; [SCN~]=0.0005moldm ™ AcOH=5 %).

4. In few experiments where the excess substrate is used it is possible to
compute the kinetic rates of oxidation of the consecutive reactions namely (1)
thiocyanate and HOCI (2) thiocyanate and 2,6-dichloroguinone occurring
consecutively by the reactive species formed by the hydrolysis of 2,6-di-
chloroquinone-4-chloro-imide. The procedure for the computation of rate
constants for the two consecutive reactions is as follows:

The rate constant of the first reaction was computed from the rate data up to
40 % of the reaction in a kinetic run. The second step rate constant was computed
from the rate data between 55 to 70 % of the reaction. The rate data of the
consecutive steps is given in Table 2.

‘Fable 2. Rate data for the consecutive oxidations of thiocyanate with 2,6-dichloroguinone-4-chloro-
imide

{SCNT] Rate of I step oxidation Rate of II step oxidation
(moldm~?) k,x10% ") B x10% "
0.0005 73 : 0.1124
0.001 917 0.135
0.002 17.0 0.398
0.004 35.0 0.7

[2.6-dichloroquinone-4-chloro-imide] =0.0005 mol dm ™ 3 [HCIO,=005moldm™% AcOH=35"%;
temperature 30°C.
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The sequence of the reaction for the main oxidation process is as follows:
o 0
Cl al k.« cl
1
+H,0 = +HOCI

Nl N-H
K,
HOCI+H* — H,0C1 *

§ Ky
ENOO_.., +8CN .2 [ i ASEU—GMU
k
C —» products
dfox] : kK, KK, [S)[H*][ox]
o =rate= .
de ([dichloroquinone] + K, + K, K,[H* (1 + K, [S])

If the concentration of dichloroquinone term in the denominator is small and
negligible when compared to other terms .Sn kinetic rate is given by:

_dox] kKK, ([S] [ox] [H']
dt (14K, [H'DO+K,[S])

Reaction between iodide and 2,6-dichloroquinone-4-chloro-imide. As a continuation
we investigated the oxidation of iodide ion by this versatile oxidizing agent
2,6-dichloroquinone-4-chloro-imide at pH 282 to 4.12. The reaction is very
smooth. At this pH the reaction is mainly the oxidation of iodide by N-halo
derivative and the subsequent consecutive oxidation by 2,6-dichloroquinone does
not take place at this pH. Hence by choosing a particular pH 3 to 4 one can study
the exclusive oxidation of the substrate by 2.6-dichloroquinone-4-chloro-imide
without interference from any oxidation by the liberated 2,6-dichloroquinone. The
relevant rate data is given in Table 3.

The consideration of the data in Table 3 leads to the following:

m The reaction is first order in the oxidant, in the substrate, near first order
i H

2. The reaction is mainly between iodide and the hydrolyzed species of
2 6-dichloroquinone-4-chloro-imide, namely HOCIL. There is absolutely no
reaction between iodide and 2,6-dichloroquinone, the second hydrolytic species at
these acetic acid —sodium acetate buffer conditions.

3. The increase of percentage of acetic acid increases the kinetic rate.

The mechanistic sequences are as follows: :

4 K
2,6-dichloroquinone-4-chloro-imide + H,O +|1w 2 6-dichloroquinone-p-benzoquinone +HOCI
hu
HOCI+H* — (H,0C)*
-Au
(H,OCI* +1° — complex

k
complex — products
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