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Abstract:  The kinetics and mechanism of redox reaction otnaéued, NR, and bromate ion, Br@ , was studied in

agqueous hydrochloric acid medium under pseudo-irder conditions at 25 + 1°C, [H= 2.0 x 10 mol
dm?, 1= 0.5 mol dr? (NaCl) and\max= 525 nm. The reaction was first order with respedoth [NR] and

[BrO ], and second order with respect toTHThe rate of the reaction displayed a positiverBted-Debye

salt effect. There was no evidence of the formatib@an intermediate complex of significant stakilénd
free radicals were probably not present in theti@acThe observations above, coupled with the ltesfu
Michaelis-Menten plot suggests an outer sphere amesin for the reaction. The reaction obeys the rate
equation: _ d[NR +],dt k‘[NR *][Bro ;][H +]2. A plausible mechanism has been proposed for the

reaction.
Keywords: Kinetics, mechanism, neutral red, bromate ion.

Introduction inflexion on the curve of plot of absorbance versusde
Bromate ion is a very useful analytical reagent (Kdar ratio indicates the stoichiometry of the reactiblaifizaet
1970; lyunet al, 1992). It has been used in the oxidational., 2012).

of both inorganic and organic substrate (Firozabb@®5).

Redox reactions involving bromate ion has beenbatied  Kinetic study

to the formation of its various protonated spedietuding  The kinetic study was carried out under pseuda-firder

HBrO;, H,BrO;" and BrQ" which reacts directly with the  conditions with the [BrQ ]in at least 10-fold exceser

reductant (Birk, 1973; Lohdipet al, 1996). Various B > 3
mechanistic studies involving bromate ion have beerfn® [NR;] at 525 nm(,) [M]=2.0x 10" mol dnt’, | = 0.5
mol dmi®, T =25 £ 1°C.

studied (Ayokoet al, 1991; Iyunet al, 1992; Lohdipet

al., 1996: Jonnalagadda and Musengiwa, 1998; Keith 'I_'he Pseudo-first order rate plots of log(AA,) versus
al., 2006). time were made (where, Aand A are the absorbance at

the end of the reaction and at time, t) and fromdlopes
of the plots, the pseudo-first order rate constéa)swere
determined. The second order rate constants Were
obtained from;

Neutral red is a eurhodin dye which finds a variefy
applications in the biological system (Winckler, 749
Repettoet al, 2008). It is also used for the dyeing of silk,
paper and cotton as well as for the productionnii
(Salem, 2002). Redox reactions of neutral red were k2:k1/[BrO§]
investigated in aqueous media (Salem, 2002; Kdtaal.,
2008). Owing to the redox potential of both bromite
and neutral red, it will be interesting to undemstahe

dynamics of their reaction. In this work effort wasde to . . - 2
study the kinetics of the redox reaction of bromateand investigated by varying the [Hbetween (1.8 - 4.2 10

) . mol dm?® while concentration of the dye and bromate ion
neutral red to provide data for understanding theWere kept constant at 5% 10° and 2.0x 10° mol dn?®
mechanistic pathway for the reaction. respectively at 25 +iC and | = 0.50 mol dif

Effect of [H'] on the reaction rate
The effect of changes in [Hon the reaction rate was

Materials and Methods

Experimental

All reagents used were Analar grade. Neutral redr(G
and potassium bromate (BDH) were used without furthe
purification. Sodium chloride (M&B) was used to
maintain the ionic strength of the reaction medium.
Hydrocholoric acid was standardized titrimetricaliging
sodium carbonate. All other reagents were used a ~
supplied. 80.1 — 77.14 at constant [NR, [BrO 5], [H* ] and ionic

strength.

Effect of ionic strength and dielectric constant

The effect of varying the ionic strength of the até@n
medium on the rate of the reaction was investigatdtie
range of (0.3 — 0.8) mol dimwhile the concentration of
other reactants were kept constant at 25G The effect

of dielectric constant (D) on the reaction rate was
getermined at different dielectric constants in thage

Stoichiometry

The Stoichiometry of [NH - [BrO_] system was Effect of added cation and anion
determined by spectrophotometric titration using thole  The effect of added (iation an_g anion were invettfor
ratio method (lyunet al, 1995). The concentration of [X] = (5.0 —9.0)x 10" mol dni* for SQ; and (1.0 — 5.0)

5 =3 +
[NR'] was kept constant while that of [B{O ] was varied 10° mol dni® for C&" at constant [NR], [BrO37],
. . . . [H* ] and ionic strength.
in the reaction mixtures after which excess [NRas

determined by measuring the absorbances of théi®®u  Tegt for intermediate complex
at 525 nm until a constant value was obtained. itpaf
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The spectra of the reaction mixture were obtairfezt the  This order correlates with what was reported in réaox
commencement of the reaction. These were compatkd w reaction of bromate with toluidine blue (Jonnalagyaehd
the spectra of the dye alone over a wavelengtherarig Musengiwa, 1998), 12-tungstocobaltate (I1) (Ayaoal,
400 — 700 nm. Michaelis-Menten plot of 1/k1 versus1991), methylene blue (lyun and Asala, 1994), amca-

1/[BrO; ] was also made. 4-arylbutanoic acids (Cherkupaky al., 2010).
Test for Free Radical time(s)
Test for free radicals was investigated by the tamfdiof
acrylamide to partially reacting mixtures of neuted and 0 : ' ' :
the bromate ions followed by excess methanol (Adetd 02 | 1000 2000 3000 4000
al., 2011). ‘
0.4 -
Results and Discussion
Stoichiometric study 0.6 - 4
From the stoichiometric study, the mole ratio of th ~4 L g
reaction was found to be 1:1 (Fig. 1) and is remmesd by Bs - ¢
the equation: 1.
NR* + BrO; - products ........ 2 '3
Similar stoichiometry has been reported in the treacof 1.2 1
toluidine blue with acidic bromate (Jonnalagaddal an 14 ‘
Musengiwa, 1998). )
-1.6 -

Fig. 2: Typical pseudo-first order plot for the redox reaction of NR*

0.7 1 with BrO 5 at [NR*] = 5.0x 10° mol dm®, [BrO ;] = 2.0 x 10° mol
dm®, 1 =0.5mol dnt3, [H* ] = 2.0 x 102 mol dm®, T =25 + 1 °C and
0.6 - Amax = 525 nm
0.5 -
&
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Fig. 1: Plot of Absorbance versus mole ratio for th redox reaction of
NR* with BrO ; at [NR*] = 5.0x 10° mol dm?, | = 0.5 mol dmi®, [H* ]
=2.0x 10° mol dm®, T = 25 + 1°C andimax = 525 nm o
7]

Kinetics 2
A plot of log(A-A.) against time t, gave a straight line
graph (a typical plot is depicted by Fig. 2), susggey that
the reaction is first order with respect to [NIRThe slope
was calculated and kwas determined by multiplying the
slope by 2.303. The order of the reaction with eesgo
[BrO,] was determined by plotting log, kagainst log
[BrO ]. The gradient of the linear graph was obtaiaed -3.8 -
0.98 (Fig. 3). The values of second order rate teos k
determined as the ratio of; kand [BrO; | were fairly
constant (Table 1). The rate equation for the reaatan -4 -
be written as
-d[NR")/dt = k,[NR"][BrO B PP 3
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Fig. 3: Plot of log k versus log [BrO ] for the redox reaction of NR in [H'] (Table 1). The slope Ob_tained from the plot af lo
ki versus log [H], was 2.11, which showed a second order

with BrO 5 at [NR*]=5.0x 10°mol dm? | =0.5 mol dmi®, [H* ]=2.0  dependence on [H A plot of acid dependent second

x 102 mol dm®, T = 25 + 1 °C andma = 525 nm order rate constant kersus [H]? was also linear with no
intercept (Fig. 4). This nature of acid dependesffect is

Effect of [H'] expressed as;

The effect of changes in [Hon the reaction rate was k,=a[H']%................ 4

investigated by varying the [Hbetween (1.8 - 4.2 102
mol dni®. The rate of the reaction increased with increase

25 -+
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0
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Fig. 4: Plot of 10k versus 10[H* ]* for the redox reaction of NR with BrO ; at [NR*] = 5.0 x 10° mol dm*, [BrO
1= 2.0 x 10°* mol dm®, 1 = 0.5 mol dm®, T = 25 + 1'C and Amax = 525 nm

This suggests that only the protonated species Of;Bis equilibrium double protonation of Brp  to givgmog

involved in the reaction (Birk, 1973; Birk and Kozub, (Birk, 1973; Knightet al, 1973; Ayokoet al, 1991; lyun
1973; Lohdip et al, 1996). The second order TH & al, 1992).

dependence term was rationalized in term of the pre K
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—_— + 8.0 16.10 8.05

BrO; + 2H" S HBrO; ......... 5 9.0 21.40 10.70
_ . ) ) 10°[Ca*], mol dm®  10'k;, s* 10 k, dm® mol? s?

Similar acid dependence has been established irettox 0.0 9.21 4.61

reaction of toluidine blue with acidic bromate af@xo- 1.0 8 .98 4.49

4-arylbutanoic acid respectively (Jonnalagadda and 3.0 8.75 4.38

Musengiwa, 1998; Cherkupally and Padma, 2010)s It i 5.0 8.52 4.26

thought that the protons serve to weaken the bonds
between the oxygen atoms and central bromine atom
thereby facilitating the reductability of the lat@dwards  Test for intermediate complex formation

et al, 1988). There was no clear shift .., 525 nm, recorded when
the spectrum of the reaction mixture was compargd w
Effect of ionic strength and dielectric constant that of [NR]. Lack of spectroscopic evidence for the

The rate constants were observed to increase mitkase formation of intermediate complex suggests an outer
in ionic strength (Table 1) and a plot of leghgainstvl sphere mechanism. The Michaelis-Menten plot of; 1/k
gave a positive slope, suggesting positive Bronsted versus 1/[BrQ ] was linear with no intercept suggesti

Debye salt effect (Barton and Wright, 1968; Bens@691
Birk, 1978). This indicates that the species at the
determining step are of similar charges. This tewas
supported by the observed decrease in the reactieras
the dielectric constant of the medium was decreased

the absence of an intermediate complex formatiagn &).

Table 1: The pseudo-first order and second order r&

constants for the reaction of NRand BrO ; at [NR*] = 5.0 x 4500 -
10° mol dm®, T=25 # 1 °C andhma = 525 nm 2000 4 2
- . 10 k,, -
104BrO 3],  10H7], 0L, g o 3500
o mol dm®  mol dm™® b T
mol dm mol™s 3000 -
5.0 2.0 5.0 2.42 4.84
10.0 2.0 5.0 4.25 4.25 w2500 -
15.0 2.0 5.0 6.45 4.30 " ¢
20.0 2.0 5.0 9.21 4.61 =
25.0 2.0 5.0 11.70 4.68 = 2000 4
30.0 2.0 5.0 13.20 4.40 *
35.0 2.0 5.0 14.70 4.20 1500 -
40.0 2.0 5.0 18.10 4.53
20.0 1.8 5.0 8.75 438 1000 -
20.0 2.0 5.0 9.21 4.61
20.0 25 5.0 16.40 8.20 500 -
20.0 2.8 5.0 16.80 8.40
20.0 3.0 5.0 24.30 12.15 0
20.0 3.8 5.0 38.90 19.45 ' ! '
20.0 2.0 3.0 3.69 1.84 0 1000 2000 3000
20.0 2.0 4.0 7.14 3.57
20.0 2.0 5.0 9.67 4.84
20.0 2.0 6.0 14.50 7.25 1/[Br0,"], dm*mol*
20.0 2.0 7.0 15.40 7.70
20.0 2.0 8.0 22.80 11.40

Fig. 5: Michaelis-Menten plot for the redox reactim of NR* with BrO

Effect of added ions 5 at[NR‘] =5.0x 10° mol dm? I = 0.5 mol dni®, [H* ] = 2.0 x 10°

Addition of anion (Sq ) to the reaction medium mol dm? T =25+ 1 °C andina = 525 nm

increased the reaction rate, while cation 2(*glainhibited

the reaction (Table 2). Similar anion catalysisoiring

acetate and some carboxylate ions was reportedhen t Polymerization studies . .
bromate oxidation of iodide (Adegit al, 1977). This is  Addition of acrylamide to the partially reacted in to
an indication that the reaction might be operatiigthe ~ Serve as free radical scavenger in the presendergé

outer sphere mechanism (Pennington and Haim, 196%xcess of methanol did not produce a gelatinous
Ayoko et al, 1991). precipitate. This indicates that the involvement fiefe

radicals in the reaction is unlikely.
Table 2: Effect of added anion and cation on the e of

reaction of NR* and BrO ; at [NR*] = 5.0 x 10° mol dm?, Reaction mgchanlsm . .
On the basis of the results above from our invattg,

[BrO ;]1=2.0 x 10° mol dm?, 1 = 0.5 mol dni®, [H* ] =2.0x  the following reaction scheme is proposed for this

102 mol dm, T = 25 + 1 °C andkmax = 525 nm reaction;
10502 ], mol dm® 10'ky, ST 10k, dn® mol™s? K .
0.0 9.44 474 BrO- + 2H" S HpBrog ......... 6
5.0 11.10 5.55 3
6.0 11.70 5.85
7.0 13.10 6.55
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Cherkupally SR & Padma SM 2010. Kinetics and

" + " +
NR™ +H,Bro 5 Dml — [NRV/HBIO3] ...... 7 mechanism of acid bromated oxidation of substituted

+ + 4—o0xo0 acidslndian J. Chem 49(A): 418-424.
INR'/H;8r03] LIT% — producs ..... 8 Clarke JP 1970. The kinetics of the bromate-bromide
Equation 7 is the rate determining step. Therefihre rate reaction.). Chem. Educ47: 775.
law for the reaction can be written as: Edwards DL, Johnson CE & Lue JN 1988. bromate
Rate:Ig[NR"][HzBrog] .............. 9 poisoning from ingestion of professional hair-care

o . . neutralizer Clinical Pharmacy 7(1): 66-70.
From the equilibrium reaction in equation 7; Firozabadi H & Mohammadpoor-Baltork | 1995. Efficien
oxidation of organic compounds with sodium and

HZBrOs+ silver bromate, NaBr¢) AgBrOs; in non-aqueous
K= IR AR IRTIREs 10 solvents in the presence of lewis aci@sill. Chem.

|BrO3‘ "H * | Soc. Jpn 16: 2319.

+ Hamza SA, lyun JF & Idris SO 2012. Kinetics and
[HBrO3] = K[BrO; JH]? mechanism of the redox reaction of toluidinebluel an
Therefore: nitrite ions in aqueous acidic mediuArch. App. Sci.

_ - 2 Res, 4: 10-18.
Rate = Klg[NR*][BrO3][H*] """" 11 lyun JF & Asala EM 1994. Mechanism of the bromate
Rate = K[NR][BrO ;] oxidation of 3,7 bismethyla{minphenazonium chloride
o i 4 — A paper presented at the™8nnual Conference of
Where: k' = Kk [H"]? = 0.45 # 0.02 drhmol™* s? at [H'] C.S.N in Kano (1994).
=2.0x 10° mol dn’ lyun JF, Ayoko GA & Lawal HA 1995. Kinetics and

) mechanism of the reduction of diaquatetrakis 2,2
Conclusion _ ) _ (bipyridine){-oxodiruthenium (IIl) by ascorbic acid.
The redox reaction of neutral red with bromatedoeous Transition Metal Chem20, 30-33.
acidic medium showed a stoichiometry of 1:1. Theyn JF, Ayoko GA & Lohdip YN 1992. Kinetics and
reaction was second order overall. Doubly protahé&em mechanism of oxidation of diaquotetrakis ~ (2,2-

of BrO, was found to be the active specie due to the  bipyridine)-p-oxodiruthenium(lil) ion by bromate in

observed second order dependence of the rate of the @dueous perchloric aci@olyhedron11: 23-29.
reaction on [H]. The reaction also displayed a positive JONnalagadda SB & Musengiwa N 1998. Kinetics and
Bronsted-Debye salt effect. Both kinetic and spectpi mechanism of reactlon_of toluidine blue with acidic
investigations  showed no evidence of intermediate. Promateint. J. Chem. Kinet30: 111-120.

complex formation. Based on the foregoing, the outeP©nnalagadda SB, Muthakia GK & Reuben HS 1988.

sphere mechanism is proposed as the plausible mistiba kinetic study of the oxidation of indigo carminethwi
pathway for this reaction. acidic bromatel. Chem. Soc. Perkin Trané$l, 1111.

Keith JD, Pacey EG, Contruvo JA & Gordon G 2006.
Aknowledgement Toxicology,221: 225-228.
The authors express their gratitude to Ahmadu Belld<han MN, Siddiquib Z & Uddinc F 2008. Kinetic and

University, Zaria, Nigeria, for the provision of teaals mechanism study of the oxidative decolorization of
and equipment for this research. neutral red by bromate in micellar mediudn.lran.

Chem. Sa¢6:533- 541.
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