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ABSTRACT

The kinetics of the electron transfer reaction between Bromopyrogallol (BPRH,) and periodate ion in agueous acidic
solution has been studied in the acid range 0.1 x 10% < [H7<2x 10 mol dm, ionic strength, |, range 0.01 < [I] < 0.18
mol dm™ (NaCl) and T = 29 £ 1.°C. The reaction shows a first order dependence on [reductant] and [oxidant] with an
overall second order at constant [H']. It also displayed an inverse dependence on the acid concentration of the reaction
medium. The reaction, therefore, conforms to the rate law:

-d[BPRH,]/dt = Kks[BPRH][I04][H"]?

The stoichiometry of the reaction is 1:1. Added anions had no effect on the rate of the reaction. Spectroscopic
investigation indicates that an intermediate complex is probably formed in the course of this reaction. The reaction is
believed to proceed via the innersphere mechanistic pathway.
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1.0 INTRODUCTION

Interest in periodate ion as an oxidant in electron transfer reactions has received some attention [1, 2 3, 4]. It has
been found that it oxidises both labile complexes and inert complexes readily, possessing at least one bridging ligand.
Oxidations of inorganic substrates by periodate ion are reported to proceed through the innersphere mechanism [5]. The
kinetics and mechanism of oxidation of chromium(lll)-tetraoxalurea complex by periodate ion was also reported [6]. It is
proposed that electron transfer proceeds through an innersphere mechanism through coordination of the 104 to
chromium(lll).

Bromopyrogallol red, a dye, here and thereafter referred to as BPRH, for convenience, is of immense importance
because of a wide range of its uses as a metal indicator for the chelatometric titration of Bi, Co(ll), Ni and Pb as
photometric reagents for various heavy metals and for indirect determination of anion such as halides and cyanides [7].

In spite of these and other numerous uses, literature on its redox chemistry is scanty. This is our attraction for embarking
on the investigation. In this study, we present the kinetics of electron exchange between bromopyrogallol red and
periodate ion in aqueous acidic medium with a view to gain insight into the mechanistic pathway of redox chemistry of the
dye.

2.0 Materials and Methods

The chemicals used were of analytical grade and were used without further purification. Standard solution of
bromopyrogallol red was prepared by dissolving accurate weight of bromopyrogallol red dye in a known volume of distilled
water. Sodium periodate solution was prepared by dissolving known quantities in known volume of distilled water. All other
reagents used were of analytical grade.

The stoichiometry of the reaction was determlned spectrophotometncally using the mole ratlo method by keeping
the concentration of the dye constant at 2.0 x 10 mol dm™ ,[H1=1.0 x 102 mol dm™, 1= 0.1 mol dm™, Apax = 410 nm, T =
29.5 +0.5°C and [104]=5.0 x 10°=1.0 x 10 mol dm™. The stoichiometry was evaluated from the plot of absorbance
versus [reductant]/ [oxidant] after the reaction had gone to completion by the observation of a steady zero absorbance
value over a period of two days.

A Corning Colorimeter Model 252 spectrophotometer was used to follow decrease in absorbance of the dye at
410nm. The kinetic runs were conducted under pseudo — first order conditions with [I047] in at least 100 - fold excess over
bromopyrogallol red. Temperature, ionic strength and hydrogen ion concentration were maintained constant as T = 29.5 +
0.1°C, 1 = 0.5 mol dm™ (NaCl) and [H'] = 1.0 x 10Z mol dm™ (HCI). The pseudo-first order plots of log (A;- A=) versus time
were made (where A; and A« are the absorbance at time t and at the end of the reaction respectively). From the slope of
the plots, the pseudo-first order rate constants (k1) were determined [8].

The effect of hydrogen ion concentration on the rate of reaction was investigated by varying [H* ] in the range 0.01 <
[H'] < 0.07 mol dm3, while [BPRH-] and [1047] were kept constant at 29.5 + 0.5°C and | = 0.1 mol dm’ (NaCI) The effect
of ionic strength on the rate of the reaction was studied in the range 0.05 < [I] < 0.7 mol dm™ (NaCl) while the
concentration of [H'] and [IO4] were kept constant at 29.5 + 0.5°C. The effect of added cations and anions were
investigated by keeping the concentratlon of other reactants constant while varylng the catlons and anions concentratlons
as foIIows [Z] = (10 x 107 - 100 x 10° ) mol dm™ and [X] = (10 x 10°- 100 x 10° ) mol dm™ (where Z = ca” ;K" and X =
S0,* and NO3).

3.0 Results and Discussion

The result of stoichiometric studies for the reaction shows that one mole of BPRH, consumed one mole of periodate
ion. Hence the overall equation for the reaction is as shown in equation (1).
BPRH; + 104 — > product (1)

However, the stoichiometry of 2:1 has been reported for the reduction of 104 by indigo carmine [9] and naphthol green B
[10] in agueous acidic medium.

Pseudo-first order plots of log (A-A«) versus time were linear to more than 80% extent of the reaction. Such
linearity suggests that the reaction is first order with respect to bromopyrogallol red. The order of the reaction with respect
to [I047] was also determined by plotting log ki against log [IO47]. A slope of about unity was obtained which indicates that
the order of reaction with respect to [IO4]is one. Therefore, the reaction has a second order overall at constant H*

Effect of changes in ionic strength of the reaction medium indicated that the rate constant increases with increase in
ionic strength (Table 1). This conforms with positive Bronsted Debye salt effect, implying that the activated complex is
composed of reactants of same charge S|gn Similar result has been reported on the oxidation of naphthol green B by
periodate ion [10]. A plot of log k versus 1Y gave a slope of 0.449 (Fig.1). The non-integral value suggests that there
might be other interactions within the reaction medium.

The result in Table 1 shows that the rate of reaction decreases with increase in [H'] in the range 0.01 < [H"] < 0.07
mol dm™. Reaction of this nature suggests an inverse acid dependence. Similar result has been reported in earlier studies
of the OX|dant [4]. A slope of 2 was obtained when a plot of logki versus log[H'] was made, indicating release of two
protons prior to or during electron transfer process. Added cations and anions had no effect on the rate of the reaction
(Tables 2 and 3). The lack of dependence of these ions shows that the co-ordination centre of the reactants is linked in the
activated complex, which is a characteristic of reaction proceeding by the innersphere mechanism . This view is further
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reinforced by the intercept obtained in the Michaelis - Mentens plot of 1/k; versus 1/104 (Fig. 2). Free radical test did not
yield gel formation when acrylamide was added to a partially oxidised mixture in excess methanol.

Reaction Mechanisms

BPRH, K BPR? + 2H* 2
4_
BPR* +10,_ks _ Products @)
slow
Rate = k3[BPRH,][104] 4)

Substitution for BPRH, in equation (2) gives

Rate =K ks[BPRH,][10,][H"1* (5)
Table 1: Pseudo —first order and second order rate constants for the reaction of Bromopyrogallol red and 10,4 at [BPRH3]
= 2.0 x 10°mol dm™, A =410 nm and T = 29.5 + 0.5°C

10°[ 10,471, 109 [H™, 10%1 10°k,, ko,
mol dm’® mol dm? mol dm s? dm®mol™ s*
2.0 1.0 5.0 6.2 0.137
3.0 1.0 5.0 7.4 0.135
4.0 1.0 5.0 8.8 0.140
5.0 1.0 5.0 9.2 0.130
6.0 1.0 5.0 9.2 0.120
7.0 1.0 5.0 1.2 0.143
8.0 1.0 5.0 1.2 0.135
3.0 1.0 0.5 4.4 0.079
3.0 1.0 1.0 5.0 0.091
3.0 1.0 2.0 5.6 0.102
3.0 1.0 3.0 6.2 0.112
3.0 1.0 4.0 6.8 0.123
3.0 1.0 5.0 7.4 0.135
3.0 1.0 6.0 7.8 0.141
3.0 1.0 7.0 8.7 0.158
3.0 1.0 5.0 7.4 0.135
3.0 2.0 5.0 5.2 0.095
3.0 3.0 5.0 4.4 0.080
3.0 4.0 5.0 3.7 0.067
3.0 5.0 5.0 34 0.062
3.0 6.0 5.0 3.2 0.058
3.0 7.0 5.0 29 0.053
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Table 2: Rate data for the effect of added cations (Ca2+ and K") on the rate of reaction of Bromopyrogallol red with 10, at

[BPRH2] = 2.0 x 107> mol dm™>, [I04] = 3.0 x 10~ mol dm™>, [H"] = 1.0 x 10 ?mol dm™, I = 0.50 mol dm™>, A =

410nm and T=29.5+0.5°C

lon 10°[ion], 10%kq, Kz,
mol dm? st dm®*mol*s?
ca” 10.0 7.5 0.136
20.0 7.6 0.138
30.0 7.6 0.138
40.0 7.6 0.138
60.0 7.6 0.138
80.0 7.6 0.138
100.0 7.6 0.138
K" 10.0 7.5 0.136
20.0 7.6 0.138
30.0 7.6 0.138
40.0 7.6 0.138
60.0 7.6 0.138
80.0 7.6 0.138
100.0 7.6 0.138

Table 3: Rate data for the effect of added anions (SO4> and NO3") on the rate of reaction of Bromopyrogallol red with

104 at [BPRH2] =2.0 x 10~ mol dm™, [104] = 3.0 x 107> mol dm™3, [H"] = 1.0 x 10 mol dm™, I = 0.50 mol dm™,
A=410nmand T=29.5+0.5°C

lon 10°[ion], 10°ky, K,
mol dm? st dm®mol?s™
S0,” 10.0 7.6 0.138
20.0 7.6 0.138
30.0 75 0.136
40.0 7.6 0.138
60.0 7.6 0.138
80.0 7.6 0.138
100.0 7.6 0.138
NOz 10.0 7.5 0.136
20.0 7.6 0.138
30.0 7.6 0.138
40.0 7.5 0.136
60.0 7.6 0.138
80.0 7.6 0.138
100.0 7.6 0.138
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Figure 1: Plot of logk, versus I for the redox reaction between Bromopyrogallol and 10,” at

[BPRH2] = 2.0 x 10> mol dm™>, [I0,]=3.0 x 10~ mol dm™, [H*] = 1.0 x 107 mol dm™>,
| =0.05-0.7 mol dm‘3, A=410nmand T =29.5+0.5°C
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Figure 2: Michaelis - Menten plot for the redox reaction between Bromopyrogallol and 104~ at [BPRH?] = 2.0 x 10™°
mol dm™, [1047] = (2.0 — 8.0) x 10> mol dm™3, [H"] = 1.0 x 10 ?mol dm™, 1 =0.50 mol dm 3, A = 410 nm
and T=29.5 £ 0.5°C

5.0 CONCLUSION

The redox reaction of bromopyrogallol red and periodate ion in aqueous acidic medium showed a stoichiometry of 1:1, a
first order was observed for [BPRH,] and [IO4] ion with a second order at constant H*. The rate constant increases with
increase in ionic strength. Result from the Michaelis - Mentens plot of 1/k; versus 1/104 indicates the presence of an
intermediate in the rate determining step. Added cations and anions had no effect on the rate of reaction. Based on the
above results, it is proposed that the reaction is most probably occurring by the innersphere mechanism.
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