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Abstract 

 

Kinetics of Mn(VII) oxidation of L-histidine in aqueous sulfuric acid medium has been 

studied spectrophotometrically. The reaction shows a first order dependence both on 

[Mn(VII)] and [histidine] in moderately sulfuric acid medium. The reduced product of 

the oxidant, Mn(II), catalyzed the reaction. Both catalytic and non-catalytic processes 

were determined to be first order with respect to permanganate ion and to the histidine. 

Dependence of reaction rate on temperature is examined and activation parameters have 

been evaluated using Arrhenius and Eyring plots. Finally, a mechanism consistent with 

the observed kinetic data has been proposed and discussed. 
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Introduction 

 

The oxidation of amino acids is of special importance, both from a chemical point of 

view and from its bearing on the mechanism of amino acid metabolism. The exact 

mechanism of the chemical process of oxidation decarboxylation of amino acids is not 

well understood 1 and remains an area for further experimentation. Several groups have 

studied the oxidation degradation of amino acids and their derivatives by different 

methods and various oxidizing agents and their results are reported in the literature. 2 
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Experimental 

 

The required amount of water was added to maintain a constant total volume. The tube 

was thermostated in a water bath maintained at the desired temperature, 20–40 °C, within 

±0.1°C. In another glass stoppered tube, in the water bath, was added manganese(VII) 

solution. When the two solutions had attained the temperature of the thermostat, the 

required volumes of the reactants were syringed out and poured into the reaction cell in 

the spectrophotometer. The course of the reaction was followed by recording the decrease 

in absorbance of manganese(VII) at 525 nm against time. It was verified that there is no 

interference from other reagents at this wavelength. The absorption measurements were 

made in a thermostated cell compartment at the desired temperature on a Shimadzu 2100 

UV-vis double-beam spectrophotometer using cells of path length 10 mm. 

 

 

4 Results and Discussion 

 

Preliminary experiments indicated that the rate of reaction varied with the reactant 

concentrations. Mixtures of solutions containing requisite amounts of L-histidine (enough 

to maintain a large excess over the oxidant), sulfuric acid (to maintain a known acid 

concentration), and with or without manganese(II) sulphate were taken in a glass 

stoppered pyrex tube.No spectroscopic change occurred in the absorption spectrum of 

Mn(VII) on addition of histidine. Repetitive scans of the spectra during the course of the 

reaction showed only decrease in the absorbance with no evidence of a shift in the peaks. 

The observed first-order rate constants, kobs, with respect to Mn(VII) ion were calculated 

from the slopes of the linear plots of log(absorbance) versus time, using the least-squares 

method with a correlation coefficient of more than 0.99. The reaction was followed 

beyond two half-lives.Product analysis indicated the formation of the corresponding 

aldehyde, Mn(II) and ammonium ion. The reaction rate was determined respect to the 

variation of [Mn(VII)], [Mn(II)], [H+] and the [amino acid].A mechanism involving the 

formation of a complex between catalyst and substrate has been proposed.The activation 

parameters with respect to show step of the mechanism are computed and discussed and 

thermodynamic quantities are also determined. 
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Table1.kobs values at a constant temperature of 25°C at different [Acid] [Mn(VII)]0=2.33E-4 mol.L- 
1,[L-Histidine]0=8.66E-2 mol.L-1 

 
[Acid] Kobs(S

-1) 

1.33 0.0183 

2.00 0.0222 

2.67 0.0302 

3.33 0.0541 

4.00 0.0765 

4.66 0.1067 

 
Table2.kobs values at a constant temperature of 25°C at different [Mn(VII)] [H+]0=3.33 mol.L-1,[L- 

Histidine]0=8.66E-2 mol.L-1 

 
[Mn(VII)] Kobs(S

-1) 

1.00E-4 0.0302 

1.33E-4 0.0260 

1.66E-4 0.0262 

2.00E-4 0.0269 

2.33E-4 0.0342 

2.66E-4 0.0317 

 
Table3.k1 and k2 values at a constant temperature of 25°C at different [Mn(II)] [H+]0=3.33 mol.L- 

1,[L-Histidine]0=8.66E-2 mol.L-1,[Mn(VII)]0=2.33E-4 mol.L-1 

 
[Mn(II)] K1 K2 

6.66E-5 4.63E-2 2.78E+2 

1.33E-4 6.01E-2 2.38E+2 

2.00E-4 7.17E-2 2.15E+2 

2.66E-4 9.61E-2 2.28E+2 

3.33E-4 9.71E-2 1.94E+2 
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Table4.Influence of temperature on Kobs [H+]0=3.33 mol.L-1,[L-Histidine]0=10.00E-2 mol.L- 
1,[Mn(VII)]0=2.33E-4 mol.L-1 

 

Temprature(0C) 20 25 30 35 40 

Kobs 2.01E-2 2.06E-2 3.20E-2 5.40E-2 9.47E-2 

 
 

Table5.Activation parameters of oxidation of L-Histidine with KMnO4 in aqueous sulfuric acid 

medium 

OHÇ(KJ/mol) 59.204 

OSÇ(J/K.mol) -77.089 

OGÇ(KJ/mol) 82.177 

LnA 21.201 

Ea
Ç(KJ/mol) 61.723 
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