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ABSTRACT

Thekineticsof oxidation of indigo carmine (hereafter referredtoas|C) by
nitrite ions have been studied in aqueous hydrochloric acid under the
pseudo — first order condition of excess [NO,] at 27 + 1°C, [H'] = 5x10%
mol dm and ionic strength | = 0.5mol dm®. The stoichiometry of the
reaction was observed to be 1:1 moleratio of I1C to nitriteions. The reac-
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tion is first order with respect to both the [IC] and [NO,]. The overall
reaction conforms to the rate law —d[IC]/dt = a [NO,] [IC] [H*]°*, (a=

1.30x102dm®mol2s.).

INTRODUCTION

Indigo carmine (C,,H,N,Na,0,S,), isoneof the
oldest dyes and still one of the most important. Its
major industrial application isthe dyeing of clothes
(bluejeans) and other blue denim(®. The primary use
of indigo carmineisasredox indicator in analytical
chemistry!?. It isblueat apH of 11.4 and yellow at
13.0. Indigo carmineturnsyellow upon reduction. It
isused asadyeinthe manufacturing of capsules?. It
isalso adark blue powder with coppery luster used
asadyeintesting kidney function and asareagent in
detecting chlorateand nitrateis synthetica ly produced
from the sulphonation of indigo. Indigo carmineis
not readily metabolized but rather freely filterable by
thekidneys. Giving intravenousinjection of indigo car-
minefor intra-cytoscopy isasafe techniquethat can
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detect otherwise undetected intra-operative comprise
of theurinary tract’®. It also contributestointra-vital
staining for contrasting and accentuating changed mu-
cosal process®7.

The oxidation of indigo carmine dye by hydro-
gen peroxidein the presence of some sulfur com-
pounds such as sulfides and thiourea has been stud-
ied™,

Nitriteion has been reported to act either as oxi-
dant or as reductant in redox reactions®9. Conse-
quently, theknowledge of the kineticsand mechanisms
that characterizetheredox reaction of IC with nitrite
ionsishighly desirable so asto enhanceits applicabil-
ity inthetextileindustry.

Thispaper reportson thekineticsand mechanism
of reduction of 1C by nitriteionsin agueous acid me-
dium.


mailto:joshaedos@yahoo.com

10 Kinetic study of the redox reaction of indigo carmine

PCAIJ, 6(1) 2011

Full Paper ==
EXPERIMENTAL

Materialsand reagents

A 1.0x10° mol dm stock solution of indigo car-
mine (Andar grade), was prepared by dissolving 4.669
in 100cm? volumetric flask using distilled water. So-
dium nitritewas prepared by dissolving known quantity
indistilled water. The _ of IC was determined by
running the el ectronic spectrum of thesolutioninthe
wavel ength range of 420nm-700nm. A 1.0 mol dm-
stock solution of hydrochloric acid was made by dilut-
ing commercid acid (36%, specific gravity = 1.8) and
standardizing the sol ution using sodium trioxocarbonate
(1V).All other reagentsused were of andar grade with-
out further purification.

Soichiometry

The stoichiometry of the reaction was determined
spectrophotometricaly using themoleratio method .
Thiswas done by keeping the concentration of indigo
carmine (IC) constant at 2.8 x 10> mol dm3, [H*] =
5x10%mol dm® and I = 0.5 mol dm?®,%__ =610nm
and varying the concentrationsof thenitriteioninthe
range (0.76-2.8)x10°mol dm. Theabsorbance of the
reacting mixtureswastaken after thereaction had gone
to completion asindicated by steady absorbancevaue
over aperiod of four days. Thestoichiometry wasevau-
ated from the plot of absorbanceversus[NO, ].

Kinetic measur ement

Thekinetic runswere performed under pseudo-
first order conditionswith the concentration of nitrite
ion at least 60 folds greater than that of IC. Therate
was monitored by following the absorbance of thedye
at . =610nmusing Corning Colorimeter 252 (10).
For each run the temperature was kept constant at 27
+ 1°C, [H*] =5%x102mol dm and therequired amount
of NaCl wereadded to maintain atotal ionic strength
of 0.5mol dm=. The pseudo-first order plots of log
(A-A) versustime, which werelinear to about 90%
at various reactant concentrations were made (where
A andA aretheabsorbanceat theend of thereaction
at time, t respectively). A typical pseudo- first order
plotispresentedinfigure 1.

Absor ption studies
The absorption spectraof solutionscontaining the
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dyedoneand thesolution of thereaction mixtureunder
similar conditionswere compared between 420nmand
700nm to test for the possibility of the presence of any
freeradical formation. Therewasno observablediffer-
encein both spectrawith respect tothei .

Effect of[H*] on therate

Theeffect of[H*] ontheratewasinvestigated using
hydrochloric acid in therange (1-15)x102mol dm®
whilelNO, ] and[IC] werekept constant. Thereaction
proceeded at 27 +£1°C with | = 0.5mol dm3(NaCl).
Theresultsarepresentedin TABLE 1.

RESULTSAND DISCUSSION

Soichiometry

Theresultsof the spectrophotometrictitration re-
ved ed that onemoleof IC consumed onemoleof NO,
toyieldtheproduct. Theoveral reactionisgiven by the
equation below,

o H
NaO3S N
c N D
\
H O

+ —» Products

NOZ + H*

SO3Na
@

Similar stoi chiometry hasbeen reported for there-
action of sodium hypochloriteand indigo carming*t,
Kinetics

The pseudo-first order plotsof log (A -A ) versus
timewerelinear to about 90% extent of reaction, indi-
cating that thereactionisfirst order in[IC] under the
experimental condition. The pseudo-first order rate
constant wasdetermined at different initial concentra-
tionof NO,. Plot of logk, versuslog[NO,] at [H'] =
5x102mol dm=gave aslopeof 1.0 (Figure 2). This
suggestsafirst order dependenceon[NO,]. Thevaue
of second order rate constant, k,, (k, =k /[NO, ] were
fairly constant (TABLE 1) suggesting that the reaction
isasofirst order in[IC] and that thereactionis second
order overdl.

Effect of acid on therate of thereaction
Fromtheresultin TABLE 1, it isobserved that the
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TABLE 1: Pseudo-first order and second order rate con-
gtantsfor thelC - NO, reaction at [I C] = 2.8x10°mol dm?®, T
=27+1C

10°[NO,], 107H'], 10*1,  10%k, ky,
moldm®  moldm® moldm?® st dm®*mol?!s?
1.68 5.0 5.0 2.02 1.20
1.96 5.0 5.0 2.53 1.29
2.24 5.0 5.0 2.83 1.26
2.52 5.0 5.0 3.22 1.28
2.80 5.0 5.0 341 1.22
3.08 5.0 5.0 3.75 1.22
3.36 5.0 5.0 4.12 1.23
3.64 5.0 5.0 4.40 1.21
3.90 5.0 5.0 4.74 1.22
4.20 5.0 5.0 5.20 1.24
3.36 1.0 5.0 3.73 1.10
3.36 3.0 5.0 4.03 1.20
3.36 5.0 5.0 4.17 1.24
3.36 7.0 5.0 4.61 1.37
3.36 9.0 5.0 5.18 1.54
3.36 11.0 5.0 5.76 1.71
3.36 13.0 5.0 5.85 1.74
3.36 15.0 5.0 6.31 1.83
3.36 5.0 1.0 4.15 1.24
3.36 5.0 2.0 4.12 1.23
3.36 5.0 4.0 4.21 1.25
3.36 5.0 5.0 4.17 1.24
3.36 5.0 6.0 4.35 1.29
3.36 5.0 7.0 4.31 1.28
3.36 5.0 10.0 4.32 1.29

value of thereaction rate constant of thereactionin-
creasingwithincreasein[H'], plot of logk,, versug/H*]
showsan order of 0.39 with respect to[H*]. Plot of k,
versus[H*] waslinear with apositiveintercept in the
acid concentration rangeinvestigated and can berep-
resented by the equation,
k2: b[H+]°'39 2
Thisobservation suggeststhat the oxidation occurs
viaone pathway involving only the protonated specie
reacting to givethe products.

Effect of ionic strength on therateof thereaction

Changesinionic strength in therange (0.1- 1.0)
mol dmof thereaction medium had no effect on the
rate of the reaction. The observed zero Brownsted-
Debye salt effect suggests that charged and neutral
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TABLE 2: Ratedatafor theeffect of added cationsand anions
on theredox reaction of indigo car minewith nitriteion,at | =
0.5moldm?.2__ =610nm, T =27+1°C, at [IC] =2.8x10°mol
dm?,[NO,] =3.36x10°mol dm?, [H*] = 0.5x10mol dm’*

10°k; ST ky, dmPmols?
10%K*], mol dm®
20 438 1.31
80 456 1.36
100 4.19 1.25
150 435 1.30
10%Ca?"], mol dm™
40 435 1.30
80 4.49 1.34
100 4.65 1.38
200 4.42 1.32
10%[CH,CO0O],mol dm™
20 4,01 1.19
80 311 0.93
100 1.67 0.50
150 0.26 0.08
105 HCOO7, mol dm™
40 357 1.06
80 1.70 057
100 0.88 0.26
200 0.38 0.13

specieisreacting at therate determining step. There-
sultispresented on TABLE 1.

Thisisacommon feature of most reactionsof in-
digo carming?9,

Effect of added cationsand anionson ther ate of
thereaction

Theeffect of Added Ca#*and Mg**, CH,COOand
HCOO ontherate of thereaction wasstudied and the
resultsare presented in TABLE 2. Therewasaninhibi-
tion of therate of the reaction dueto the presence of
added anions. Theinhibition of thisreaction by thean-
ionssuggeststhe outer-sphere mechani smi67,

Freeradical test

Acrylamidesolution wasadded toinitiate polymer-
izationif freeradicaswere present. Thelack of poly-
meri zation even after adding excessmethanol indicates
the probabl e absence of freeradicalsin thereaction
mixture. Theacrylamide did not polymerize either the
reactant alone or the reaction mixture. Thissuggests
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Figurel: Typical pseudofirst order plot for theredox reac-
tion of Indigo carminewith NO,. [IC] = 2.8x10°mol dm?,
[NO,] =3.64x10°mol dm, [H*] = 2.0x10°mol dm,1 =0.5
mol dm3,2=610nm and T=27 £1°C

that thefreeradicasarenot involved in thisreaction
and suggestsan outer-sphere mechanism.

| nter mediate complex formation

Theresults of the spectroscopic studiesindicated
no sgnificant shift from the absorption maximaof 610nm
characteristic of IC. Thissuggeststhat theformation of
anintermediate complex during the courseof thisreac-
tionisvery unlikely. Plotsof 1/ k, versus /[NO, ] gave
agraght linewhich passed throughtheorigin. (Figure
3) Thisfurther suggeststhe absence of theformation of
intermediate compl ex thereby supporting the possibil-
ity of the outer-sphere mechanism.

Nitriteion existsinacidic mediumasHONO NO*
andformsthefollowing equilibria(9): '

K1

HONO ©)

NO, + H*

K

HONO + H* == H,0 +:NO* @

REACTION SCHEME

K
IC+ HONO# [IC, HONO] ®)
[IC,HONO] ﬁ» roducts
' et " ©)
From theratedetermining step
Rate=k_[IC][HONO] @

Sinceeq. (3) isafast rapid equilibrium, HONO s
inequilibriumwith NO, and H* and correspondsto
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Figure2: Plot of logk, versuslog[NO,]

the arrhenius concept.

_ [HONO]
" [NO3][H"] ®
Inthisexpression, theconcentration NO, i.g{NO,
] isnot thetotal concentration of nitriteion but the equi-
librium concentration. Thereforeif [NO, ], represent the
total concentration of nitriteion, then,

[NO,],=[NO, ], +{HONO] 9)
Fromeq. (8),
[HONO] =K [NO,][H] (10)
_, [HONO]
G )
Substituteeg. (11) into (9).
_. [HONO]
[NOLL, = KH ] +[HONO] (12)
_, _[HONOJ]+K ,[H*][HONO]
[NO3], = K H'] (13)
K,[H*][NO,], =[HONO](1+K [H*]) (14)
_ K4 [H*]INO3],
[HONO] = TIK.AT K,IH] (15)
Subgtituteeg. (15) into (7)
_ J KK [H]INO, ],
Rate_{ 1+K [H] }[IC] (16)
_ KK, [HT] .
RatE—{1+K1[H+]}[N02]t[IC] (17)

Thisratelaw supportstheexperimentd results: the
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Figure3: Michadlis-Menten plot for theredox reaction be-
tween ICand NO,

first order dependence of [IC] and[NO,] and afrac-
tional order in[H*] observed.
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