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ABSTRACT

Kinetics studies has been carried out on the oidtatdf L-cysteicacid (HR'H) by permanganate iomfueous
acidic medium at 278.0°C, 1= 0.5mol dnf(Na,SQy), [H*] = 1.0x10 mol dm*The stoichiometry of reaction was
2:5 (MnQy :HR'H). The reaction was also found to be firad@rin [MnG,] and [HR'H] respectively and the
reactions conformed to the following rate law.

d[MnO,]

_2
5 dt

=a[H ][ MnO, ][HR'H]
The rate of reaction displayed negative salt effeatided anions and cations catalysed the reaei@hchanges in
dielectric constant of the medium had no effecthenrate of the reaction. The results of spectrpgzand kinetic

investigation did not indicate intermediate complermation during the course of the reaction, sitleere was no
change inmaxat 525nm. The outer- sphere mechanism is propimsdbese reactions.

INTRODUCTION

Amino acids are molecules containing an amino grangb carboxylic acid and a side chain that vamedifferent
amino acids. Due to the biological and biochemiicgdortance of amino acids, the kinetics and medtiznstudies
of their oxidation have received considerable @iben[1]. The permanganate oxidation of amino adidstrong
acid medium, neutral and weak basic and weak aeidium have also been investigated.[2-7]. Cysteid @tere
and there after referred asHR'lds an amino acid is an intermediate in cysteinéabodism, [8]. Cysteine
metabolism refers to the biological pathways tlmatstcime or form cysteine. The pathways of diffeemtno acids
and other metabolites interweave and overlap taticrg complex system.

Amino acids have numerous applications: in bioldggy are used in plants and microorganisms irsyin¢hesis of
pantothetic acid (vitamin 4, a component of coenzyme, in biochemistry they iarportant in nutrition and are
commonly used in food technology and industry aslfadditives, drugs and plastics [9-12]. We ardivated by

the roles of amino acids in studying the kinetind anechanism of oxidation dfilR'H . In addition this study will
be useful for further understanding of many ofipplications. It is structurally shown as below.
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Figure 1: L-cysteic acid

MATERIALS AND METHODS

Experimental

All chemical used were BDH (analar grades) and weed without further purification. Standard saatof HR'H
was prepared with distilled water. Tetraoxosulpf\ieacid was used as a source of hydrogen ionenthie ionic
strength of the medium was maintained constant5@nGol dm® using sodium tetraoxosulphate(V1). Standard salt
solutions were made by dissolving known amounthef $olute in a given volume of distilled water agmdct
concentration determined by serial dilution metfis].

Stoichiometry

Stoichiometry of the reactions was determined bgcspphotometric titration using the mole ratio hoat, the
absorbance of the solution containing various cotations of the reductant in the range (7.5-98.00° mol dm®,

at [H'] = 1x10™ mol dm® and T = 27.81.0°C were measured at 525nm after the reaction had gooompletion.
The stoichiometry of the reaction was then evallidtem absorbance versus mole ratio of the oxidanthe
reductant plot.

Kinetic Studies.

The kinetics of the reaction was studied by follegvihe decrease in the absorbance of [y 27.6¢:1.0°C, [H']
= 1x10" mol dm? I= 0.5mol dn? using Corning Colorimeter 235 model. The pseudst-firder plots of the log (A
— Ap) versus time were made (where; And A are the absorbanceat the end of the reaction ane "
respectively).

And from the slope of the plots, pseudo-first ordate constants (k) were determined. The second order rate
constant kwere obtained ask/[ HR'H]

Effect of [H']
The effect of [H] on the rate of the reaction was studied usinguéeosulphate(V1) acid in the range (1.0-16.0) x

10? mol dmi® while the concentration of MnQ andHR'H were kept constant at I= 0.50 mold(NaS0,) and
T=27.0+1.0°C. The results are presented in Table I.

Effect of ionic strength
The effect of ionic strength of reaction mediumtbe rate of the reaction was investigated in #mge 0.41<1.0
mol dmi® (N&,SOy) while the concentration of the other reagentsevkexpt constant.

RESULTS AND DISCUSSION

Stoichiometry and products analysis

Mole ratio determination showed that for every mvoles of permanganate ion consumed, five molesRIHwWere
oxidized. A plot of absorbance versus mole ratiopefmanganate ion to HR'Hhad a sharp break at ahéut
corresponding approximately to a mole ratio of (Efgure 2), this mole ratio is consistent with eipm (1)

2MnO; + 5SHR'H+ 6H  ____ 2Mr?}+ 5R + 8H,0 (1)

The ratio of 2:5 is consistent with what has besgorted for the reduction of MRQwith some aldehydes [14].
Mn?* was qualitatively identity by the addition of KJ@b the reaction mixture, then warmed gently pugm&ur
was formed, the formation of purple colour indicatieat Mri* has been reoxidised to Mg{15].
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R'was identified to contain carboncompound because addition of 24kitrophenylhydrazine to it gave a yellc
precipitate, which is a characteristic test faboayl compounds [16

R' also contain trioxosulphate(V1) ion (%). This was confirmetythe addition of barium chloride solution to
product thereby forming a white precipitate soluhbléilute hydrochloric aci

0.6
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0.45 +

Absorbance

0.35 4 A 4

03 T T T 1
0 1 2 3 4 5 6 7

Mole ratio

Figure 2: A Plot of absorbance against mole ratiodr the reaction of MnO, and HR'H

Kinetics

The pseudo-firsorder plot of log (4Aq) versus time (Figurg) were linear to about 80% extent of reac
indicating that the reaction is first order in [\Ms] under the experimental conditiorati*] = 1x10" mol dm® " I=
0.5mol dn*

The pseudo — first order ratenstants were determined at different concentrat@HR'H.Least square plot of log
Kobs Versus log [HR'Hgave a slope of 1.06 (Figt 4). This suggest a firstrder dependence oHR'H]. The values
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of second order rate constantg were fairly constnt (Table 1), suggesting that the reaction is &ilsb order in
[MnO,] and that the reaction is second order overalé fEte equation |

_2d[MnO,]
5 dt

The first order with respect to amiacids iscommon as the similar results were obtained whel- leucine and L
— phenylalanine were oxidized pgrmanganate ion [-18].

=k,[ MnO; ][ HR H (2)

Table 1: Pseudo first and second order rate constss for redox reaction of MnOyandHR'H at [MnO 4]=1.5x1C* mol dm™, Ayax = 525nm
and T=27.@1,0°C’

100 HRH], 10[HY, 10[1], 10330,,5‘ 10k,

moldm®  moldm® mol dm? st dm®mols?

0.4t 1.C 5.C 0.2t 5.5C

0.75 1.0 5.0 0.42 5.53
2.25 1.0 5.0 1.24 5.45
3.7 1.C 5.C 2.07 5.52

4.50 1.0 5.0 2.12 5.47
5.25 1.0 5.0 2.90 5.58
6.0C 1.C 5.C 3.2¢ 5.4¢

6.75 1.0 5.0 3.57 5.30
8.25 1.0 5.0 4.53 5.50
9.7¢ 1.C 5.C 5.4C 5.57

8.25 0.1 5.0 0.45 0.55
8.25 0.4 5.0 1.31 2.19
8.25 0.6 5.0 2.97 3.60
8.25 0.8 5.0 3.62 4.39
8.25 1.0 5.0 451 5.47
8.25 1.2 5.0 5.63 6.82
8.25 1.4 5.0 6.11 7.40
8.25 1.6 5.0 7.24 8.78
8.25 1.0 4.0 4.79 5.80
8.25 1.0 5.0 4.54 551
8.25 1.0 6.0 4.13 5.00
8.25 1.0 7.0 3.86 4.68
8.25 1.0 8.0 3.51 4.25
8.25 1.0 9.0 3.15 3.82
8.2t 1.C 10.C 2.7 3.3€

Effect of hydrogen ionconcentration on the rate of the eaction
It was observed that the rate of reaction increagtdincrease in acid concentration. (Tabl
The plot of log ks against log [H] gave a slope of 1.C

Also plot of k against [H] (Figure 4) was lineawithout intercept, fitted into equation
ke = a[H'] 3)

Least square analysis of the plot gave a= 0.54°mol?s® at 27.0F 1.8C therefore the rate equation of
reaction as a function of [fican now be written

_2d[Mno, ] _

=— a[H"][MnG, J[HR'H] )
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Figure 3: A typical pseudo- first order plot for the redox reaction of HR'H and permanganate at [MnQ]=
1.5x10*mol dm™ [HR'H]= 8.25%102 mol dm®, [H*]= 0.1 mol dm® I= 0.5mol dm*\ .= 525nm and T=
27.04.0°C
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The nature of acid dependence observed implies, ttetre is a rapid equilibrium between protonated
andunprotonated forms of the reductant (HR'H) ptaothe rate determining step and that only thegorated form
is reactive [18-20]
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Figure 4: Plot of k, versus [H] at [MnO 4]= 1.5 x10* mol dm’®, [HR'H]= 8.25x10° mol dm®, 1 = 0.5 mol dn?
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Effect of ionic strength

The rate of reaction was found to decrease wittesse in ionic strength of reaction medium. A lesagtare plotof
logk, versus ¥gave a slope of -0.60. The negative salt effecentes! indicated that the rate determining step
involved the reaction of cationic and anionic specj18]. The slope of - 0.60 is an indication thate other
interactions might have taken place in the reactidium to account for the non-integral value & #iope.
Similar results were reported by many authors.23]L.-

Effect of added anions and cations

The effect of added cations {Land Md") and anions (N@and Cl) were investigated by varying the concentration
of these cations and anions while keeping [Mh@HR'H] and ionic strength constant at 27.02C.0The cations
and anions were observed to enhance the rate ofrehetion within the concentration range studiette T
enhancement of the rate by added anions and catigmebably due to columbic factor, because atettesated
complex, cationic and anionic species are predés. observation indicate that outer-sphere eladransfer may
be significant in this reaction [24].

Table 2: Rate constant for the effect of cations ahanions in oxidation reaction between Mn@ andHR'H
[MNnO,]= 1.5x10* mol dn?, [HR'H] = 8.25x10% mol dn?, | = 0.5 mol dri?, [H*] = 0.1 mol dn at T = 27.0+1.0°C,

4 - ) -1 -
10 [No3],moldm3 103kobs,s:l 102k2,dm3mo|151

5 4.60 5.58
50 5.23 6.34
75 5.68 6.89
100 5.92 7.17
1¢°[ CI
5. 4.64 5.62
50 5.52 6.70
75 6.02 7.3C
100 5.86 7.10
10 LI
5 4.61 5.5¢
50 5.45 6.60
75 5.65 6.85
10C 6.27 7.6C
10'[ Mg*]
5 4.64 5.62
50 6.06 7.35
75 7.30 8.85
100 7.59 9.20

There was no shift il from 525nm when the absorbance of the partialpction mixture was monitored
between 400-700 nm.

A plot of 1/kys versus 1/HRH] was linear without intercept (Figure 5). Thiglicates that there was absence of
intermediate complex formation during the coursethsd reaction. Similar result was obtained in tkaction
between Mn@ and L — ascorbic acid [25].
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Figure 5:MichaelisMenten’splot of 1/kps versus 1/[HR'H ]
[MnO4]= 1.5x10* mol dn¥, I = 0.5 mol dr#, [H*] = 0.1 mol dn? at T = 27.0+1.°C,

Reaction scheme
On the basis of data and other experimental resbt&ned, a plausible reaction mechanism is pregpes follows

HRH + H' Ky HRH (5)

MnO; +HRH'——»R' + HMNQ +HO0  (6)
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MnO,+ H* — < MMnO, @)
HMnO; + HMNO, + 4HR'H + 4H =% 5 4R +2MA + 7THO (8)

Equation (6) is the rate determining step.

Rate = KIMnO,[HR'H.,"] (9)
From equation (5), substitute for [HRHin equation (9)

Rate = kK[H "][MnO,][HR'H] (10)

Equation (10) is analogous to equation (4), theenke rate law.
Where kK = a = 5.49x10dmPmol*s™.

In equation (6), which is the rate determiningpstieere is an interaction of both negative and tp@sicharges,
describing the negative salt effect displayed bgngjed in the ionic strength of the reaction medilihis suggest
that there is an agreement between the proposeldamiem and the empirical kinetic data.

CONCLUSION

In the redox reaction of L- cysteic acid and pergarate ion, two moles of permanganate ion wereuwned by
five moles of L-cysteic acid. The reaction showest forder with respect to permanganate ion angdteic acid,
the rate of reaction increased with increase irrdgen ion concentration but decrease as the idreagth of the
medium increased. Added cations and anions wenedfto enhance the reaction rate. There was no rsédef
intermediate complex formation in the course of teaction. Based on the empirical results obtaifmedh this
study, the reaction probably followed an outer-spheechanistic pathway.
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