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ABSTRACT

Kinetics and mechanistic studies ofelectron transéaction of L- aspartic acidH,P) and permanganate ion in
aqueous acidic media have been carried out at 29.0°C, | = 1.0 mol drif (N&SQ), [H*] = 2.0 x10+ mol dn?.
The reaction is first order with respect to permangte ion andH,P concentrations and reaction rate showed
dependence on acid concentration. The reactionccord to the rate equation.

-~ [Mn0;] = (a+b[H*]?) [MnO;][ H,P].

The rate of reaction increase with increase in tostrength. Added cations and anions catalysedréaetion,
spectroscopic investigations indicated that preoucomplex formation did not precede the elattransfer step,
but Michaelis Menten’s plot Of fi¢1/kys vVersus 1/H,P], showed a positive intercept by least square gsial A

plausible mechanism has been proposed for thistieac
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INTRODUCTION

Based on the biological and industrial importanéeamino acids, the kinetics and mechanistic stutlyheir
oxidation (electron transfer reaction) have reagizensiderable attention. [1, 2, 3, 4].

Aspartic acid(here and thereafter refeitig®) is one of two acidic amino acid, it plays impattaoles as general
acids in enzyme active centre as well as in maiirtgi the solubility and ionic character of protelh.is of
paramount importance in the metabolism during eanbn of other amino acids and biochemicals ia ¢tric
cycle. Among the biochemicals that are synthesiteth H,P are asparagines, arginine,lysine, methionine,
threonine, isoleucine and several nucleotides.

Permanganate ions are widely used as oxidizingtagesynthetic and analytical Chemistry (5). It hseveral
advantages as an analytical reagent e.git is strowiglly colour, serving as its own indicator. &tidic medium it
exist in different forms as HMngH,MnO,", HMnQ;, Mn,O; and depending on the nature of the reductant, the
oxidant has been assigned both inner sphere ard aphere pathways in their redox reaction [6].

Despite the fact that the kinetic and mechanisnoxflation of amino acids have received some conside
attention as stated earlier, but the data availfdyltheir industrial and Laboratory usage aresudficient enough.
This work may also play an essentialrole by prowdbart of the much needed kinetic data.
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It is structurally shown as:

OH

OH NH,

Figure 1: L-aspartic acid
MATERIALS AND METHODS

EXPERIMENTAL

Standard solution oH,P (BDH) was prepared with distilled water. tetraoxipfate(VI) acid (analar grade) was
used as a source of hydrogen ions while the iaméngth of the medium was kept constant at 1.0mof dsing
sodium tetraoxosulphate(V1).

Standard salt solutions were prepared by dissolkimgvn amounts of the solute in a given volume istilted
water and the exact concentration determined bgl sklution method(7).

Stoichiometry: The stoichiometry of the reactions was determingdgectrophotometric titration using mole ratio
method. The absorbances of the solution contaimipus concentrations of the reductant in(3.75-6@) mol
dm? range and a constant concentration of oxidantlD%mol dni® at

[H*] = 2.0x10" mol dm® and 1 = 1.0 mol difd(NaSQy), T =29.0+1.68C were measured at 525nm after the reaction
had gone to completion. The stoichiometry of thectien was then evaluated from absorbance versies naibo of
oxidant to reductant plot.

Kinetic Studies: The Kinetics of the reaction was studied by follogvithe decrease in the absorbance due to
[MnOz]at Amax 525nm usingCorning Colorimeter model 253 spectotqineter under the pseudo- first order
condition with H,P] in large excess oveMnO;] at 29.6¢:1.0°C, [H*] = 2.0 x10" mol dnmi®and | =1.0 mol dri

The pseudo-first order plots of the logfd,) versus time were made (whergahd A, are the absorbances at time
‘t" and the endof reaction respectively) and frame slope of the plots, the pseudo first order catestants (4o
were determined, second order rate constgniseke obtained fromgksas kpd[H,P].

Effect of [H*]: The effect of H*] on the rate of the reaction was studied usingatesulphate(VI) acid in the
range (5.0- 30) xI® mol dm® while the concentration dfin0; andH,P were keptconstant at 1=1.0 moldm
(NaSQ,) and T= 29.81.0°C. The results are presented in Table 1.

Effect of ionic strength: The effect of ionic strength of the reaction mediom the rate of the reaction was
investigated in the range 0.%I<1.3 moldn?® (NaSQ,) while the concentrations oMnO;,H,P and
tetraoxosulphate(VI) acid were kept constant. Tseilts are presented in Table 1.

Test for Intermediate Complex Formation

Spectroscopic test was carried out by comparingetbetronic spectrum of the reaction mixture twoates after
the start of the reaction with that of the finabguct within a wave length of 400- 700nm.Michadlisnten’s plot
of 1/kyps vVersus 1/H,P] were also made.
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RESULTS AND DISCUSSION
stoichiometry and product analysis
The Stoichiometry of electron transfer reactioMn®; andH,P was found in the ratio of 2:3nO03: H,P). The
overall equation can be represented as

2MnOj; + 5H,P +6H* 3 2Mn?* + 5P +81,0 (1)

Mn2?*was qualitatively identified by addition of Kithen warmed gently and the appearance of chaistater
purple colour shows the presencevbfO; indicating thaMn?* have reoxidized tdIn0;[8]

Kinetics: Plots of log(AAa)versus time were linear with more than 70% ofdR&ent of reaction indicating that
the reaction is first order dependent dvinD;]. Also, plot of logkys versus logH,P] gave a slope of 0.98
suggesting that the reaction is approximately frser in H,P]. The second order rate constary) (kas obtained at

constant fi*]from kys/ [H,P] (Table 1) the constancy of the second order catestant show that the reaction is
also first order with respect télJP]. Therefore the overall order for the reactioseésond order the rate equation is:

d — —
T [MnOg ] =k, [MnOy][H,P](2)
at [H*] = 2.0 x 10'mol dm®and T = 29.81.0°C

Where k = (3.50:0.06) x 10 dn® mol's'

The first order kinetics with respect to both oxitland substrates were also reported by otherndsa[9-12]

Table1:Pseudo first and second order rate constarior redox reaction of MnO; and H, P, [Mn0;]=1.5x10* mol dm*, Ayax = 525nm and

T=29.a:1.0C

10°90H,P], 10 [H7], [, 10Kobs: 10 ks,

mol dm® moldm®  mol dm* st dm®mol?’s?
0.7t 2.C 1.C 0.2¢ 3.4¢
2.25 2.0 1.0 0.85 3.40
3.75 2.0 1.0 1.38 3.66
4.50 2.0 1.0 1.57 3.49
5.25 2.0 1.0 1.67 3.32
6.0 2.0 1.0 2.08 3.46
6.75 2.0 1.0 2.34 3.47
7.50 2.0 1.0 2.62 3.49
11.25 2.0 1.0 3.97 3.53
7.50 0.50 1.0 0.31 0.42
7.50 1.00 1.0 0.70 0.91
7.50 1.50 1.0 1.53 2.04
7.50 2.0 1.0 2.63 3.51
7.50 2.50 1.0 4.09 5.45
7.50 2.70 1.0 453 6.04
7.50 3.00 1.0 6.00 8.10
7.50 2.0 0.7 1.98 2.64
7.50 2.0 0.8 2.10 2.80
7.5C 2.C 0.6 2.5¢ 3.3¢
7.50 2.0 1.0 2.65 3.53
7.5C 2.C 1.1 2.8€ 3.81
7.50 2.0 1.2 3.01 4.02
7.50 2.0 1.3 3.38 451
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Figure 2: Plot of log ks versus log [H] for the reaction of H,Pand permanganate ion, at [MnQ7] = 1.5 x10* mol dm™®, [H,P] = 7.5x10°
mol dm, [H'] = 0.2 mol dm, 1 = 1.0 mol dm®Amax= 525nm and T = 29.04.0°C

Effect of [H]: Within the range (5.0 - 30) xt0mol dni®, the effect of acid was studied, it was observed the rate of
reaction increases with increase in concentratibrhyalrogen ions (Table 1)The least square analg$iplot of
logkobsversus lo@{*] gave a slope of 1.70 (Figure 2),this depict thatdrder with respect {#1*] is approximately 2.

Also plot of k versus H*]?was linear with a positive slope and intercept.(Fég3).
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Therefore the acid dependent rate constgiiskjiven as.

Ky=a+ bH*]*(3)
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Figure 3: Plot of log k versus [H] for the reaction of H,P and permanganate ion, at [MnQ] = 1.5 x10* mol dm?, [H,P] = 7.5x10? mol
dm?®, 1 =1.0 mol dm®, Ama= 525nm and T = 29.04.0°C
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The rate equation of the reaction as functiortiof][can now be written as.

-% [MnO;]= (a+b[H*]?) [MnOZ][H,P](4)Where a=4.0x1® dn? mol's® and b = 7.58x1® dn’® mol’s'The
positive H*] dependence on the rate of oxidatiorvbfO; has been explained in terms of protonatiorMabj in a
fast steptogivEMnO;which subsequently reacts with the substrate astdtep to give the product [13,14].

Effect of ionic strength: The increase in the ionic strength from 0.7 to rh@ dm?® using NaSQ, resulted in an
increase in the rate of reaction (Table 1). Plologkoversus fgave a linear graph with a slope of+0.76, showing
positive salt effect, which implies that there iisiavolvement of like charges in an activated cawp(Figure 4).

PA s -3/2
07 075 08 o085 bgmolggm? 105 11 115 12
-1-3 T T T T T T T T T 1

-1.35 - *

-1.5 -

-1.55 - P

-1.6 -

Figure 4: Plot of log k versus [*for the reaction ofH,P and permanganate ion, atfMnQ7] = 1.5 x10* mol dm?, [H,P] = 7.5x10° mol dm’
8 [H] = 0.2 mol dm®, Apax= 525nm and T = 29+1°C

Effect of added anions and cationsThe results obtained from the effect of added ms&nd cations on the rate of
reaction were presented in Table 2.The reactionoatesdysed by the added anions and cations andsthigygestive
of outer-sphere mechanism [15,16,17].
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Figure 5:Michaelis — Menten’s plot of 1/kys versus1/H,P]for the redox reaction of permanganate ion andi,P.
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Table 2: Rate constant for the effect of cations ahanions in redox reaction between Mn@ and L-aspartic acid, at Mn0z]= 1.5x10* mol
dm?, [H,P] = 7.50x1¢* mol dm™, | = 1.0 mol dm?®, [H*] = 0.2 mol dm® at T = 29.0+1.0°C

10°[NO; |y 10Ky, s 10k, dfmol® &
5

2.49 3.32
25 2.28 3.04
75 2.06 2.75
100 1.65 2.20
10°[CI
5. 2.53 3.37
25 2.35 3.13
75 2.12 2.83
100 1.82 2.43
10*[Li*]
5 2.88 3.84
25 3.32 443
75 3.57 4.7¢
100 3.60 4.80
10*[ Mg™]
5 2.8t 3.71
25 3.16 421
75 3.3¢ 452
100 3.27 4.36

Test for intermediate complex formation:

Spectroscopic studies indicate no shift from theogttion maxima of 525nm characteristiaMxiO . This indicated
absence of the formation of an intermediate compleggesting probably the presence of outer-spheghamism
in the reaction.Plot of 14k versus 1M,P w]as linear with an intercept, this suggest thespnce of inner-sphere
electron transfer in the system(Figure 5).

Polymerization test: Acrylamide was added to the partially oxidized teacmixture of theMnO; andH,P. No gel

formation was observed even on addition of a laxggess of methanol. This suggests absence ofdtkeat in the
reaction mixture.

Proposed MechanismBased on the result of our investigation underatid condition used for the stoichiometry
and kinetic studies, the reaction scheme consistgghtthe observed data proposed for the reaci@sibelow.

H,P + 2H* _K \ H, PHZ* (5)
S

MnO; + HyP —*» P+ Mn03 + H,0 (6)

MnO; + Hy PH}*—"» HMnO; + P + H,0 + H* (7)

MnO; + H*—» HMno, (8)
fast

2HMnO, + 3H,P + 4H* %» 2Mn?* + 3P + 6H,0 (9)

Equation 6 and 7 are the rate determining steps
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Rate = k;[MnO; |[H,P] + k,[MnO; ][ H, PH3"] (10)

From equation( 5)

[Hy PH*] = K[H,P][H*]? (11)
Substitute KH,P][H*]?for [ H, PH2*] in equation(10)

Therefore:

Rate = (kg + Kk7[H+]2)[MnOZ][H2P] (12)

Equation(12) is similar to equation(4) Mechanism&iocl is similar to above were proposed by earlier
researchers[18-20].

CONCLUSION

The electron transfer reaction #f,P andMnOj in tetraoxosulphate(VI) acid have been carried There was
consistency between the proposed mechanism anentipérical kinetic data, there wascatalysis of rateen
NO3, Cl7, LitandMg?* were added and the reaction displayed positiviee$falct. The reaction followed both outer
and inner-sphere mechanistic pathways.
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