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ABSTRACT
The kinetics and mechanism of the oxidation of orange Il (here and thereafter referred to as

OII") by permanganate ion has been studied in aqueous sulphuric acid medium at an ionic
strength, 1 = 0.50 mol dm= (NazSO4), [H] = 5.0 x 102 mol dm= (HCI), T = 25 + 1°C and A =
484 nm. The redox reaction displayed a stoichiometry of 2:1. The reaction showed a first order
dependence on [oxidant] and [reductant]. Study on the effect of ionic strength on the rate of the
reaction showed that the rate of the reaction obeyed positive Bronsted - Debye salt effect,
implying that the activated complex is composed of reactants of like charges. Plot of logk>
against 12 gave a slope of unity. The rate of the reaction increased with increase in hydrogen
ion concentration in the range (0.5 — 10.0) x 102 mol dm=. Results of the Michaelis — Menten’s
plot gave no evidence of intermediate complex formation during the course of the reaction.
Based on the results obtained, the reaction is probably proceeding through the outersphere

mechanistic pathway.
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INTRODUCTION

Acid Orange 7 (AQO7) or OII" (C.1. 15510) is produced by coupling reaction between 2-Naphthol,
or B-naphthol and diazonium compound of sulfanilic acid [1]. It is a mono-azo acidic dye, which
is soluble in water and is widely used in dyeing, weaving, tanning and paper industries [2]. The
dye has high photo- and thermal stability. Degradation of S~ dye has been widely studied mostly
through the photocatalytic method [3]. Comparative study on the decolorization of Oll" by zero-
valence tin in citric and hydrochloric acid has been reported [4]. It was found that zero-valence
tin reductively degraded a persistent azo dye (OII), to produce colourless aromatic amines.
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for detail investigation of the kinetics of its electron transfer reaction in aqueous sulphuric acid
medium.

Mn(V1I) is a potent oxidizing and hydroxylating agent [5]. Its wide application as an oxidizing
agent in synthetic as well as in analytical chemistry has been reported in the literature [6]. The
explanation for the positive [H*] dependence on the rate of MnOs oxidation has been
rationalized in terms of the protonation of MnO4 in a fast step to give HMnOs, which
subsequently reacts with the reductant in a slow step to give the products [7,8]. Despite the rich
chemistry of permanganate ions, its redox reaction with OIl" has not been documented. It is our
desire to investigate the redox reaction of this oxidant with Oll'with a view to examining its

mechanistic pathways.

EXPERIMENTAL

Materials

All chemicals and reagents used in this work were analar grade and were used without further
purification. KMnO4 was used as the oxidant, H>SO4 was used to furnish H* to the reaction and
Na.SO4 was used to maintain a constant ionic strength. Acetone was used to vary the dielectric
constant of the reaction medium. OII", the oxidant and the other solutions were prepared with
distilled water. The Amax (484nm) used for this work was determined by running the spectrum of

the dye solution using UV-2500PC series in the wavelength range 350 — 650nm.

Methods

The reaction stoichiometry was determined spectrophotometrically using the mole ratio method
[5]. This was accomplished by measuring the absorbance of solutions containing varying
concentrations of permanganate ion in the range (0.1- 2.0) x 10% mol dm=3,
[H*] =5.0 x 10 ?mol dm~3 and | = 0.50 mol dm~3 at A = 484 nm until a constant absorbance was
obtained. A point of inflection on the curve of the absorbance versus mole ratio plot corresponds

to the stoichiometry of the reaction.
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The kinetic runs were performed under pseudo - first order conditions with the concentration of
permanganate ion at least 60-fold greater than that of the dye at T = 25 + 1°C and ionic strength
of reaction medium, 1 = 050 mol dm? (NaSO.). The reaction was monitored
spectrophotometrically by measuring the absorbance at 484 nm using UV-Vis spectrophotometer
6405. The pseudo-first order plots of log (At - Ax) versus time were made (where A, and A; are
the absorbance at the end of the reaction and at time, t respectively).

The influence of [H*] on the rate of reaction was investigated using sulphuric acid in the range
(0.5 — 10.0) x10 mol dm, while the [O1I"] and [MnQ4] were kept constant at 25 + 1°C and
| =0.50 mol dm-2 (NazS0Oa).

The effect of ionic strength of the reaction medium on the rate of the reaction was

investigated in the range of 0.2 - 0.8 mol dm™® (Na;SO.) while the concentration of other
reactants were kept constant. The effect of added cations and anions were investigated by
keeping the concentration of other reactants constant while varying the ions concentrations as
follows:

[X1 = (20.0 — 150) x 10 mol dm3, where X = (CH3COO" and SO+%*) and [X] = (10.0 — 100) x
107 mol dm3, where X = (Ca?" and Mg?").

The inorganic product was qualitatively confirmed to be Mn?* by adding 1ml of 6M HNO; to

few drops of the solution. Sodium bismuthata was also added and stirred.

RESULTS AND DISCUSSION
The stoichiometric study showed that two moles of the dye was consumed by one mole of the

oxidant suggesting the overall equation as indicated in equation (1) below.

OH
5 SO; . . .
A W
OH

+ M + aH0 Q)
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A stoichiometry of 1:1was reported for the redox reaction of malachite green and permanganate
ion in aqueous acidic medium [5]. Mn?* was confirmed as the inorganic product on addition of
sodium hydroxide solution. A white precipitate of manganese (11) hydroxide which was insoluble
in excess sodium hydroxide solution was formed. The precipitate oxidised on exposure to air,
becoming brown as the result of formation of hydrated manganese dioxide

Sulphanilic acid was confirmed as one of the organic product on addition of few drops of conc.
HCI to the reaction solution, followed by solution of sodium nitrite to form a diazonium ion. The
reaction was carried out in an ice-bath at 3°'C. On addition of the solution of 2-naphthol to the
diazonium ion, an orange Il dye was formed [9]. On addition of FeCls to the reaction solution, a

faint green colour was observed. This indicates the presence of 2-naphthol.

Pseudo-first order plots of log (A+-Ax) versus time were linear to more than 80% extent of the
reaction, suggesting that the reaction is first order with respect to the OII". The order of the
reaction with respect to [MnOs] was also determined by plotting logk; against logfMnQO4 ]
(Fig.1). Slope of one was obtained which indicate that the order of reaction with respect to
[MnO4] is first order.

This reaction therefore conforms to the rate law:
-d[Ol1 ]/dt = k,[OlI ][MnO, ] @)

where k3 is the second order rate constant.

Effect of changes in ionic strength of the reaction medium indicated that change in ionic strength
of the reaction medium increases the reaction rate (Table 1). Pot of logk: against 12 gave a slope
of one. (R? =0.99) (Fig 2). This obeys a positive Bronsted - Debye salt effect, implying that the
activated complex is formed from reactant of similar charges. This observation is consistent with

equation (6) in the reaction mechanism.

The result in Table 1 shows that the rate of reaction increases with increase in [H*] in the
acid range investigated. Plot of logk: versus log[H*] gave a slope of half, which is an
indication that the order with respect to acid is half order. Also, plot of k2 versus [H*] was linear
with an intercept conforming with equation (3).
ko = a+ b[H*]Y? 3)
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The acid dependence of this nature shows that there is a rapid pre-equilibrium between the
protonated and non-protonated forms and both forms are reactive [5].

The overall rate equation in the acid range investigated is given as:

d[OIN/dt = @ + b[H 1“0 MnO, ] (4)

Added cations (Ca?* and Mg?*) and anions (CHsCOO" and SO4%) inhibited the rate of reaction.
This inhibitive effect by the ions shows the characteristic of the outersphere mechanism [10].
Addition of acrylonitrile to a partially reacted mixture in the presence of excess methanol did not
lead to gel formation. This shows that the participation of free radicals is unlikely. The spectrum
of the reaction mixture when compared to that of the dye (OIl") alone showed no shift in Amax
suggesting absence of an intermediate complex during the reaction .Plot of 1/ki versus
1/ [MnO47] gave a straight line that passed through the origin. (Figure 3). This further suggests
the absence of the formation of intermediate complex thereby supporting the outersphere
mechanism. On the basis of the above findings, the probable mechanism below is proposed for

this reaction

MnO, +H" HMnO,

...(5)
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Rate = ko [OI1'][MnO4"] + ka[O1I'][HMnOx] ©)
[MnOs ]t = [MnO4'] + [HMnO4] (10)

[HMnO4] = Ki[H*][MnO4]:

1+K1[H™] (11)

Rate = k2 [OII'][MnO4"] + ksK1[MnO4J:[O11" ][H'] (12)

1+K1[HY]

Table 1: Pseudo — first order and second order rate constants for the reaction of Oll" and MnO4~
at [O1I'1=5.0 x 10°mol dm=, L =484 nm and T =25 + 1°C

103[MnOx7, 102[H*], 101, 10%K1, ke,
mol dm-3 mol dm-3 mol dm-3 st dm3 mol*s?
3.0 5.0 5.0 0.840 0.280
3.5 5.0 5.0 0.987 0.282
4.0 5.0 5.0 112 0.280
4.5 5.0 5.0 1.26 0.280
5.0 5.0 5.0 1.38 0.276
6.0 5.0 5.0 1.70 0.283
4.0 0.5 5.0 0.780 0.195
4.0 2.0 5.0 0.968 0.242
4.0 4.0 5.0 1.05 0.262
4.0 5.0 5.0 1.12 0.280
4.0 6.0 5.0 1.18 0.296
4.0 8.0 5.0 1.25 0.313
4.0 10.0 5.0 1.28 0.320
4.0 5.0 1.0 1.93 0.483
4.0 5.0 2.0 0.592 0.148
4.0 5.0 3.0 0.768 0.192
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4.0 5.0 5.0 1.13 0.283
4.0 5.0 6.0 1.23 0.308
4.0 5.0 7.0 1.58 0.390
4.0 5.0 8.0 1.93 0.483

Table 2: Rate data for the effect of added cations (Ca?* and Mg?*) on the rate of reaction of OII
and MnO4~ at [O1lI'] = 5.0 x 10™° mol dm=3, [MnO47] = 4.0 x 102 mol dm=3, [H*] = 5.0 x 1072
mol dm=, 1=0.50 mol dm=3,A=484 nmand T=25+1°C

lon 10%Tion], 103k, ka,
mol dm st dm?® mols?

0.0 1.12 0.280

ca’ 10.0 1.08 0.270

20.0 1.00 0.250

40.0 0.772 0.193

60.0 0.568 0.142

80.0 0.480 0.120

100.0 0.392 0.098

0.0 1.124 0.281

Mg?* 10.0 1.09 0.273

20.0 1.06 0.265

40.0 0.92 0.230

60.0 0.752 0.188

80.0 0.628 0.157

100.0 0.412 0.103

Table 3: Rate data for the effect of added anions (CHsCOO™ and SO4%) on the rate of reaction
of OllI" and MnO4~ at [OI17] = 5.0 x 107° mol dm™3, [MnO4] = 4.0 x 102 mol dm™3, [H*] = 5.0 x
102mol dm=, 1=0.50 mol dm=3, A =484 nmand T=25+1 °C

lon 103[ion], 103k, ka2,
mol dm-3 st dm?® molts?
0.0 1.13 0.282
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CH3COO 20.0 1.07 0.268
40.0 0.932 0.233
60.0 0.744 0.186
80.0 0.60 0.150
100.0 0.512 0.128
150.0 0.328 0.082
0.0 1.12 0.280
SO4* 20.0 1.05 0.263
40.0 0.912 0.228
60.0 0.652 0.163
80.0 0.480 0.120
100.0 0.320 0.080
150.0 0.104 0.026

log[MnO,] -

-2..6 -2..5 -2..4 -2..3 -2..2 -2..1 -

y=1.0118x - 0.5252
R?=0.9979

-2.7
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-3.2

logk,

Figure 1: Plot of log ki1 versus log[MnQO4] for the redox reaction of OIlI" with MnO4 at [OIlT] =

5.0 x 10~°> mol dm=3, [MnO4] = (3.0 — 6.0) x 10 mol dm=3, [H"] =5.0 x 102 mol dm3,

| =0.50 mol dm=, L =484 nm and T =25+ 1°C
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Figure 2: Plot of logkz versus 1¥2 for the redox reaction between Oll" and MnO4 at [OII] = 5.0
x 107° mol dm=3, [MnO4] = 4.0 x 103 mol dm=3, [H"] = 5.0 x 102 mol dm=3, I = 0.50 mol dm 3,
A=484nmand T=25+1°C
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Figure 3: Michaelis - Menten plot for the redox reaction between OIl" and MnO4 at [OI11'] = 5.0
x 107° mol dm=3, [MnOs] = (3.0 — 6.0) x 10 mol dm=3, [H*] = 5.0 x 102 mol dm3, I = 0.50
mol dm 3, A =484 nm and T=25+ 1 °C
CONCLUSION
The study of rhe redox reaction between OIll" and permanganate ion in aqueous acidic solution
revealed a stoichiometry of 2:1, and first order with respect to oxidant and reductant
concentrations. The rate of the reaction increased with increase in acid concentration as well as
in the ionic strength of the reaction medium. Added ions inhibited the rate of the reaction and

addition of acrylonitrile to a partially reacted mixture in the presence of excess methanol did not
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lead to gel formation. The result from the spectroscopic study indicated no significant shift from
the absorption maximum of 484nm characteristic of Oll". Plot of 1/k1 versus 1/ [MnO4] gave a
straight line which passed through the origin. Based on the above results, it is proposed that the

reaction is most probably operates through the outersphere mechanism.
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