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ABSTRACT

The kinetics of the oxidation of disodium 3, 3’xibi-indolin-2, 2’-ylidene-5, 5’ disulphonate
(IC) by heptaoxodichromate(VI) ion in aqueous atiedium has been studied at 2%31 1 =
0.5 mol dni(NaCl). The reaction is first order in [IC] and [@D;*] and a stoichiometric mole
ratio of IC: Cr,O;* is 1:1. Variations in ionic strength and addedioas did not affect the
reaction rate of the reaction. The experiment tate obtained is:

-d[IC)/ dt = K[CLOAT[IC][H *].

A plausible mechanism has been proposed on the basur experimental results.

INTRODUCTION

Disodium 3, 3’-dioxobi-indolin-2, 2’-ylidene-5, 5disulphonate (indigo carmine) here and
thereafter referred to as IC is an anionic dyejhjch is employed as a redox indicator in
analytical chemistry and as a microscopic staihiatogy [2]. The chemistry of indigo carmine

compound has been reviewed by Rodd [3]. Severdiesfthave been made on the oxidation
kinetics of IC using peroxydisulphate, hypohalitesidic iodate [4-6].

The oxidation of IC by KD, sulphide, thiourea has been investigated [7-9]
Heptaoxodichromate (VI) ion, an excellent oxidiziagent has been observed to oxidize
alcohols, L-cystein, ascorbic acid and thiols [1Q-1Despite its rich chemistry, the redox
reaction of this oxidant with IC has not receivedam attention. In this paper we report our
findings on the oxidation of IC by @D, in aqueous acidic medium with a view to providing
adequate knowledge on the kinetic parameters Haabcterize this reaction.
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MATERIALS AND METHODS

All chemicals were of high grade quality and wesedias received without further purification.
A 1.0 x 10°® mol dm?® stock solution of indigo carmine (Analar grade)aswprepared by
dissolving 4.66g in 100ctrvolumetric flask using distilled water. 0.10 mahd stock solution
of potassium dichromate was prepared by accuratelghing 2.42 g of the ¥Cr,O; (B.D.H
analar) and dissolving in a 100 €wolumetric flask and making up to the mark witlstified
water. 1.0 mol dii solution of hydrochloric acid (BDH) was also presmh (36%, specific
gravity 1.18) and standardized titrimetrically [12]

The reaction stoichiometry was determined spectitgphetrically using the mole ratio method
[13]. This was accomplished by measuring the alasw® of solutions containing varying
concentrations of heptaoxodichromate(VI) ion in thege (0.28 - 2.8) x T0mol dm?, [H*] =5
x 102mol dm® and | = 0.5 mol dii at 610nm, after the reaction had gone to compldiiothe
observation of a steady zero absorbance valueaperiod of two days. A point of inflexion on
the curve of the absorbance versus mole ratio sporels to the stoichiometry of the reaction.

The absorption spectra of solutions, containinglat alone and the solution of the reaction
mixture, under similar conditions, was comparedmMeen 400nm and 700nm, to test for the
possibility of an intermediate complex formatiorhefe was no observable difference in both
spectra with respect to thgax

The influence of [H] on the rate was investigated using hydrochloricd aici the range
(3-20) x 10° mol dm?, while the [IC] and [C1O;%] were kept constant. The reaction was carried
out at 25+2C and | = 0.5 mol d(NaCl). The results are presented in Table1l.

The kinetic runs were performed under pseudo dirder conditions with a large excess of the
oxidant over IC at 252C for each run, a required amount of NaCl was addedaintain a total
ionic strength of 0.5mol dfhThe reaction was monitored spectrophotometricaflyrteasuring
the absorbance at 610nm using Corning Coloriméi2r Phe pseudo-first order plots of log{A
A.) versus time, which were linear to about 95% atoues reactant concentrations were made
(where A, andA; are the absorbance at the end of the reactiomat tirespectively). A typical
pseudo- first order plot is presented in Fig. 1.

RESULTS

One mole of the oxidant was consumed by one mol€ gfuggesting the overall stoichiometry
shown in equation (1).

HoN

i

Na0;S
— 2- . 3+
+ Cr07 4 2H == 2Cr™" + ProductS....ccccooveviieininnne. 1
SO3Na

)

NH,
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The Pseudo-first order plots of log«{A\.) versus time for these reactions were linear bmrua
95% of the reactions. The linearity of these piatlicates that this reaction is first order with
respect to [IC]. A plot of log kversus log [GiO;%] was linear with a slope of 0.99 showing that
the reaction is also first order with respect to,{I*]. The rate equation for the reaction is

~A[IC] 1 At = KofICTICT 2072 . et e e e e e e (2)

Changes in ionic strength in the range (0.1- 1.6) ami> of the reaction medium had no effect
on the rate of the reaction.

The effect of added cations €and Md", on the rate of the reaction was studied andetelts
are presented in Table 2.

Acrylamide solution was added to initiate polymatian if free radicals were present. The lack
of polymerization even after adding excess methambtates the absence of free radicals in the
reaction mixture.

The spectroscopic studies indicated no significdmft from the absorption maxima of 610nm
characteristic of IC.

The second order rate constant of the reactioreasers with increase in TH The plot of
logk,,. versus log [F] was linear with a unit slope. .

Therefore -d[ICY dt = K [GIOATICIIH * Tov-eveeeeeeeeeeeee e oot 3)
DISCUSSION

One mole of the oxidant was consumed by one mol&CofSimilar stoichiometry has been
reported for the reaction of sodium hypochloritel amdigo carmine [14].Similar stoichiometry

has been reported for the oxidation of ethanolanbpequinolinium dichromate [15]. Water

(1968) also reported in his review that the staotetry of the oxidation of benzaldehyde by
chromic acid was 1;1 [16]

The presence of &rwas confirmed by the addition of NaOH solution][1This gave a steel

green colouration as a result of the formation lnfomium (111) hydroxide which dissolves in

excess NaOH to give a deep green colored solutiaimeo hydroxyl complex suggesting the
presence of Cf as one of the reaction products. Several rese@rtia@e reported that the main
organic product obtained from the oxidation of gali carmine carmine is Isatin-5-
monosulphonic acid [3-7, 14,].

The Pseudo-first order plots of log«{AA.) versus time for this reaction was linear for abou
95% of the reactions; the linearity of these ploticates that these reactions are first order with
respect to [IC]. A plot of logkversus log [GO,*] was linear with a slope of 0.99 showing that
the reaction is also first order with respect to{I*]. This is also supported by the constancy of
ko values. Therefore the reaction is second orderativatrconstant [H.The order of one in both
reactants in the reaction conforms to some alreaggrted redox reaction of indigo carmine by
sodium hypohalite, acidic bromate and peroxydisatpi5-6, 13].
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Changes in ionic strength in the range (0.1- 1.6) ami® of the reaction medium had no effect
on the rate of the reaction. The observed zero Bsted-Debye salt effect suggests that charged
and neutral specie is reacting at the rate detémmstep. The result is presented on Tablel.This
is a common feature of most reactions of indigortae [4, 6, 14,].

There was no effect of added cations on the ratbeofeaction. This further supports the result
obtained from the effect of changes in ionic sttengs one of the reactants in the rate
determining step is a neutral specie [18-19]

The acrylamide did not polymerize either the remictalone or the reaction mixture. This
suggests that the free radicals are not involvethis reaction and suggests an outer-sphere
mechanism.

The result from the spectroscopic studies indicatedsignificant shift from the absorption
maxima of 610nm characteristic of IC. This suggésésformation of an intermediate complex
during the reactions is very unlikely. Plots ofkliversus 1/ [GiO;*] gave a straight line which
passed through the origin (Fig 4). This further gagds the absence of the formation of
intermediate complex thereby supporting the outdrese mechanism.

The plot of k; versus [H] (Fig.3) gave a straight line that passes throiinghorigin. A graph of
this nature indicates that an equilibrium existi@stn the protonated forms of the reactant prior
to the rate determining step.

Plots of k™ versus [CfO;%] gave no intercept, suggesting no detectable Banintermediate.
That a binuclear-bridged intermediate was not deteimdicates that the reaction does not occur
by the inner-sphere mechanism. Therefore, the @pieere mechanism is proposed for the
reaction.

Reaction Mechanism
Various equilibria have been established foiG3T in aqueous solution [20-21]

HCrOy HY 4+ CrOU% e e (4)
K2

HCrO4 + H [ 11 {0 (5)
K3

CrO# + H,0 ZHCIQY oo e, (6)

The only reactive species of heptaoxodichromate(vf) available in large concentration in
dilute mineral acid solutions are HGf@nd CpO;* which are in equilibrium with each other.
However HCrQ has been reported to be the predominant activazixgdspecies of these two
ions [22]

Kq

H* + HCIOU = HoCIOkeeueeieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseesceeseesee e e s s s @)
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Ks

H,CrO, + IC [H2CTO8 ICT et 8)
[HoCrOy IC]  OFF o PrOOUCES. .. ccuee it et e e e e e e ee e (9)

Based on the rate determining step,

TN el o | ST o 0 JN [ OO (10)

from equation 8
_[H,CrO,, I,

5= [ CIO,J[IC] oo ()
[H,CrO,, IC] = K [H,CrO,J[IC] i iie et 12
Substitute equation 12 into 10
Rate= KK [H,CrO, I ICT. ittt w3
From equation 7
H,CrO
B L B, 14
[H,CrO, J[H"]
[H,CrO,] = K [H TITHCIO, Tttt 15
Substitute equation 15 into 13
Rate= K K K, [H,CrO, TTICTIH *Toveeeemeee oot (L6)
Rate= K [H,CrO, JIICTIH *Jotieimrereriiesee et siereese et sse et e st se s @7
whereK ' = kK K,
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Table 1: Pseudo first order and second order rateanstants for the IC-Cr,O+* reaction at
[IC] = 2.8 x 10°mol dm™®, T =25+ C

10°[Cr,0;7], | 10°[H'], 101, 10°ky, ko,
mol dm? mol dm? mol dm® | s? dm*mol?s?
1.68 5.0 50 1.77 1.05
1.96 5.0 50 2.00 1.03
2.24 50 50 2.15 0.96
2.52 5.0 50 2.30 0.91
2.80 5.0 50 2.73 0.98
3.08 5.0 50 2.84 0.92
3.36 5.0 50 3.15 0.94
4.20 5.0 50 3.90 0.93
2.80 3.0 50 2.20 0.79
2.80 5.0 50 2.76 0.99
2.80 7.0 50 3.65 1.30
2.80 10.0 50 461 1.65
2.80 15.0 50 5.37 1.92
2.80 18.0 50 6.53 2.33
2.80 20.0 50 7.68 2.74
2.80 5.0 1.0 2.76 0.99
2.80 5.0 2.0 2.97 1.06
2.80 5.0 3.0 2.88 1.03
2.80 5.0 4.0 2.68 0.96
2.80 5.0 50 2.76 0.99
2.80 5.0 6.0 2.76 0.99
2.80 5.0 7.0 2.88 1.03
2.80 5.0 10.0 2.97 1.06

Table 2: Rate data for the effect of added cationda?*and Mg®") on the rate of reaction of
indigo carmine with Cr,0-* at [IC] = 2.8 x 10°°> mol dm™3, [Cr,07%] = 2.80 x
10° mol dm™, [H*] = 5.0 x 10°mol dm™3, p = 0.50 mol dm®, A = 610nm and

T=25+1°C
lon 10[ion], R, s k, dnt mol™s*
mol dm

ca’ T.0 283 T.0I
5.0 2.83 1.01
10.0 3.18 1.14
30.0 2.95 1.05
40.0 72. 0.99
40.0 3.00 1.07
150.0 3.08 1.07
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Mg?* 1.0 3.08 1.07
5.0 2.79 1.15
10.0 2.86 1.02
20.0 3.02 1.08
50.0 2.72 0.97
85.0 3.18 1.14
100.0 3.02 1.08
0 Time(s)
J) 200 400 600 800 1000 1200
-0.2
04
3
<06
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Figure 1: Typical pseudo-first order plot for the redox reaction of Indigo Carmine with
Cr,0;% at [|c:]3= 2.8x10°mol dm™®, [Cr,0;%] = 2.25 x 10° mol dm™, [H*] = 5.0x10? mol dm’

, | = 0.50 mol dfnx = 610nm and T=25 + IC

qu[CrZO#'l
-2.85 -2.75 -2.65 -2.55 2145

log k;

Figure 2: Plot log k, versus log [CrO7*]
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Figure 3: Plot of logk,,. versus [H]
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Figure 4: Michaelis-Menten’s plot of 1/ k s versus 1/ [Cs0*] dm®mol™
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