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Abstract: A study was conducted on the reaction kinetics of methionine sulfone oxidation in an aqueous 

solution using potassium permanganate. The kinetic results indicated that the oxidation reaction occurs 

through two distinct paths: the first pathway is a non-catalyzed reaction, while the second pathway is auto-

catalyzed by the product manganese (II) oxide. The rate of the first pathway reaction is determined by the first-

order dependence on the concentrations of both methionine sulfone and the oxidizing agent. However, the rate 

of reaction of the secondary pathway is solely determined by the first-order dependence on the concentration 

of methionine sulfone, as well as the oxidizing and autocatalytic agent. The thermodynamic characteristics for 

the two pathways were determined by calculating the reaction rate constant (k) and temperature (T) 

dependence; this was done at various temperatures within the range of 303-323K. The rate constants of both 

the non-catalyzed and auto-catalyzed reactions exhibit an increase as the temperature rises. The use of 

Arrhenius plots facilitated the determination of thermodynamic data for the oxidation reaction by providing 

linear relationships. The aforementioned findings corroborate the suggested mechanism for the reaction, 

indicating that the rate-limiting stage of the reaction involves the transfer of a solitary electron from 

methionine sulfone to the permanganate ion. 
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1. Introduction 

 

Methionine is an essential and hydrophobic 

amino acid that belongs to the group of amino 

acids containing sulfur. Methionine, being 

hydrophobic, is typically located within proteins. 

Contrary to cysteine, the sulfur in methionine 

does not possess a strong tendency to react with 

nucleophiles, although it can still react with some 

electrophilic sites. It often does not partake in the 

covalent chemical reactions that take place 

within the active sites of enzymes [1]. The sulfur 

in methionine is chemically linked through a 

thiol ether bond. Contrast this terminology with 

that used for ethers that include oxygen. The 

sulfur in methionine, like that in cysteine, is 

susceptible to oxidation. The initial stage, which 

produces methionine sulfoxide, can be reversed 

by conventional reducing agents that include 

thiol groups. The second stage produces 

methionine sulfone, which is essentially 

irreversible [2-4]. 

The process of oxidizing methionine in 

peptides is frequently linked to the reduction of 

biological activity. Due to the favorable anti-

inflammatory properties exhibited by 

methionine, its oxidized derivatives, methionine 

sulfoxide and methionine sulfone, were 

subjected to testing. The sulfone had greater 

action than the sulfoxide, while methionine 

demonstrated the highest activity, suggesting that 

the anti-inflammatory efficacy is not dependent 

on the oxidation state of sulfur. Their capacity to 

scavenge hydroxyl radicals was quantified. 

Methionine exhibited the highest level of 

activity, while sulfone showed the lowest level of 

activity. No association between anti-

inflammatory action and the subject in question 

was identified [5]. 

The kinetic studies of amino acids by 

common oxidation have been given a large 

concern because of their biological significance 

[6, 7]. One of these studies is the oxidation by 

permanganate ion, which has shown [8, 9] that 

these reactions are started by electron transfer 

from the amino acids to the permanganate ion in 
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the rate-determining step followed by other fast 

steps leading to the product as shown in Scheme  

1: 

 

 
  

It has been found that this reaction is first 

order in the concentration of both amino acids 

and permanganate ion, as shown by this 

equation: 

 

r = k1 [amino acids] [MnO4
-]         (1) 

 

where (k1) is the rate constant. After that the 

reaction is auto-catalyzed by (MnO₂), resulting 

from the reaction, which is present in the solution 

as colloidal particles that absorb the (amino 

acids) on its surface and catalyze the oxidation 

reaction by acting as auto catalytic agent. 

The mechanism of autocatalyzed reaction 

is similar to the non-catalyzed reaction 

mechanism [10-14], but only between adsorbed 

(methionine sulfone) and (MnO4
-) in the solution 

as summarized in Scheme 2: 

 

 
 

1) Auto-catalyzed reaction rate can be represented by this equation: 

 

rn = k2[ adsorbate] [MnO4
-]                          (2) 

 

As well as, the relation between the 

concentration of adsorbate, colloidal MnO₂, and 

amino acids at equilibrium can be extracted from 

the Freundlich adsorption isotherm as shown in 

this equation: 

 

[adsorbate] / [MnO2] = a[amino acids]b         (3) 

 

where (a and b) are adsorption constants. 2) So that autocatalyzed reaction rate can be 

represented by this equation: 

 

ra = ak2[MnO4
-][MnO2] [amino acids]b         (4) 

 

According to the above assumption, the 

total rate for the oxidation reaction by [MnO4
- ]  

can be represented by this equation: 

 

r = k1 [MnO4
-][ amino acids] + ak2[MnO4

-][ amino acids]b[MnO2]        (5) 

 

Since the reaction is started by the electron 

transfer from the amino acids to the oxidizing 

agent. One can anticipate that the electron 

density at the chiral carbon atom of the amino 
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acids plays an important role in the rate of 

oxidation. Owing to the fact that the electron 

density at the chiral carbon atom is highly 

affected by the nature of the R-group attached to 

it [15-17]. 

On the other hand, the Arrhenius equation 

is employed to calculate the thermodynamic 

parameters, which are utilized in the discussion 

of the reaction mechanism. Oxidation kinetics 

has received considerable attention due to the 

wide range of biological processes in which 

metal ions participate [18, 19]. 

 

2. Experimental part 

 

2.1. Materials. Amino acids (methionine), 

hydrogen peroxide (H2O2), potassium 

permanganate (KMnO4), K2HPO4, KH2PO4, in 

this work, were purchased from Fluka and 

B.D.H. Chemical Ltd. 

2.2. Methionine Oxidation. The process 

of oxidizing the methionine amino acid is 

recognized as a significant chemical route 

responsible for the degradation of protein 

molecules. Peroxides in a solution can readily 

oxidize the sulfur atoms present in the 

methionine residues, resulting in the formation of 

methionine sulfoxide and methionine sulfone 

[20-24]. 
 

 
2.3. Treatment of permanganate ion 

concentration. The concentration of the 

permanganate ion was determined by accurately 

measuring its absorbance at a wavelength of 526 

nm. This was done by measuring the absorbance 

of the mixture containing the inorganic product 

(MnO2), which absorbs light at the maximum 

wavelength (λmax) of the permanganate ion (526 

nm). In order to get the concentration of [MnO4
-

] at a wavelength of 418 nm, where only the 

product absorbs light and the following equation 

can be used:  

 

[MnO4
-] = (( A526 – (Ep.

526  x  A418  /Ep.
418) )   / ER.

526           (6) 

 

here, the subscripts R and P represent the reactant 

and product, respectively.  

The extinction coefficient of permanganate 

ion ER.526 is 2.4x103 mol-1·dm3·cm-1. The 

extinction coefficient for the product at 

wavelengths 418 nm and 526 nm can be 

determined by measuring the final absorbance of 

the reaction mixture at these two wavelengths 

[25].     

2.4. The kinetic measurements. In order 

to maintain a consistent pH of the medium and 

prevent the precipitation of manganese dioxide 

during the reaction, a buffer solution consisting 

of K2HPO4 and KH2PO4 was employed. The 

concentration of the permanganate ion was 

selected as the species to monitor the rate. This 

was done by utilizing a spectrophotometer 

equipped with a digital printer DP 802, which 

allowed for spectrophotometric tracking using 

double-beam technology. The cell temperature 

was regulated by flowing water in its outer jacket 

using a Juloboo design pT40ps thermostat. The 

solution's pH was determined using a pH-meter 

of the Orion type. 

The rate constant and activation energies 

for the reaction were calculated using a linear 

regression approach, with a minimum accepted 

correlation coefficient of 0.9120.  

 

3. Results and discussion 

 

3.1. Treatment of the kinetic. Where the 

methionine sulfone concentration is always ten 

times greater than the permanganate ion 

concentration. The kinetic measurements were 

carried out under pseudo-first-order reaction. 

The reaction was followed by monitoring the 
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concentration of permanganate ion 

spectrophotometrically. At different times the 

total rates for the reaction were calculated by 

using this equation, which provides a simple and 

accurate method for this purpose [26]. 

 

r2 = (C3-C1) / (t3-t1)                      (7) 

 

where (C) stands for the permanganate ion concentration from using the equation (6). 

 

 
Fig. 1. A plot of concentration versus time for oxidation of Methionine sulfone by permanganate 

ion. 

 

The calculation rate values for oxidation of 

methionine sulfone, as representative results, are  

listed in Table 1. 

 

Table 1. The rate values for oxidation of methionine sulfone by KMnO4 at pH 7.5 and different 

temperatures. 
Temperature 

k⸰ 

time 

min. 

Absorption 

418nm. 

Absorption 

526nm. 

C x 10-5 

mole/dm3 

r x 10-6   

mol.dm3.min.-1 

r/C x 10-2 

min.-1 

 

 

303 

0 

80 

90 

100 

110 

0.128 

0.553 

0.593 

0.632 

0.664 

0.563 

0.30 

0.307 

0.292 

0.275 

22.350 

8.720 

7.660 

6.700 

5.720 

0.0 

1.085 

1.010 

0.970 

0.915 

0.0 

1.244 

1.318 

1.448 

1.599 

 

 

308 

0 

40 

44 

52 

64 

82 

0.159 

0.516 

0.552 

0.612 

0.681 

0.796 

0.541 

0.403 

0.397 

0.386 

0.352 

0.323 

21.170 

12.330 

11.770 

10.790 

8.780 

6.580 

0.0 

1.563 

1.500 

1.613 

1.600 

1.543 

0.0 

1.267 

1.277 

1.494 

1.822 

2.269 

 

 

 

 

 

313 

0 

15 

18 

21 

24 

27 

30 

33 

39 

57 

63 

75 

0.158 

0.395 

0.436 

0.470 

0.513 

0.536 

0.581 

0.606 

0.664 

0.816 

0.881 

0.977 

0.538 

0.461 

0.451 

0.449 

0.439 

0.429 

0.422 

0.411 

0.388 

0.336 

0.324 

0.305 

21.050 

15.790 

15.020 

14.640 

13.860 

13.240 

12.560 

11.880 

10.420 

6.940 

5.880 

4.260 

0.000 

2.583 

1.917 

1.933 

2.333 

2.167 

2.267 

2.378 

2.200 

2.558 

1.775 

1.075 

0.000 

1.636 

1.276 

1.321 

1.684 

1.636 

1.805 

2.001 

2.111 

3.686 

3.019 

2.523 

 

 

 

 

0 

16 

18 

26 

0.150 

0.485 

0.519 

0.650 

0.529 

0.459 

0.450 

0.428 

20.740 

14.930 

14.260 

12.210 

0.000 

2.525 

1.925 

2.150 

0.000 

1.691 

1.350 

1.761 

0

0,00005

0,0001

0,00015

0,0002

0,00025

0 50 100 150

C
. 

(M
)

time (min)

303 k

308 k

313 k

318 k

323 k
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318 28 

30 

34 

36 

40 

44 

48 

52 

56 

0.660 

0.689 

0.760 

0.758 

0.825 

0.874 

0.918 

0.978 

1.020 

0.420 

0.410 

0.408 

0.385 

0.380 

0.366 

0.355 

0.344 

0.338 

11.790 

11.130 

10.430 

9.490 

8.700 

7.690 

6.850 

5.780 

5.260 

2.700 

2.650 

3.100 

2.675 

2.783 

2.313 

2.388 

1.988 

1.888 

2.290 

2.381 

2.972 

2.819 

3.199 

3.007 

3.485 

3.438 

3.590 

 

 

 

323 

0 

15 

18 

24 

36 

39 

0.166 

0.558 

0.622 

0.726 

0.973 

1.034 

0.556 

0.466 

0.458 

0.415 

0.373 

0.359 

21.730 

14.590 

13.700 

11.010 

7.180 

6.020 

0.000 

3.450 

3.883 

3.683 

3.383 

3.000 

0.000 

2.365 

2.835 

3.335 

4.712 

4.984 

  

The rate equation (5) at high concentration of methionine sulfone is reduced to equation (8): 

 

r= k1C + k2C(C0 – C)                                    (8) 

 

where: k1 = the rate constants for non-catalyzed; 

k2 = the rate constants for auto-catalyzed 

reaction; C = permanganate ion concentration 

with time; C0 = permanganate ion concentration 

at zero time. From equation (8), we can get this 

equation:  

 

r/C = k1 + k2C0 – k2C                                     (9) 

 

A plot between r/C and C gave a linear 

relationship up to 75% of the reaction as shown 

in Fig. 2 (A-E). This confirms the validity of 

equation (9). The k1 and k2 values were found 

from the slope and the intercept and summarized 

in Table 2. 

 

 
                                             A                                                                      B 

 
                                             C                                                                        D 

y = -119.57x + 0.0226

R² = 0.9726

0

0,005

0,01

0,015

0,02

0 0,0001 0,0002

r/
C

C.  M.

y = -177.71x + 0.0338

R² = 0.9621

-0,005

0

0,005

0,01

0,015

0,02

0,025

0 0,0002 0,0004

r/
C

C. M

y = -231.17x + 0.0482

R² = 0.9146

0

0,01

0,02

0,03

0,04

0,05

0 0,0002 0,0004

r/
C

C.M.

y = -238.77x + 0.05

R² = 0.912

0

0,01

0,02

0,03

0,04

0 0,0002 0,0004

r/
C

C.M.
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                                                                                E 

Fig. 2. A plot of r/C versus C for oxidation of Methionine sulfone by permanganate ion. 

 

Table 2. The values of k1 and k2 for oxidation of methionine sulfone by KMnO4 at different 

temperature and pH 7.5 

Temperature 

C⸰ 

Intercept R2 k1 x 10-2 

min.-1 

k2 

M-1 . min.-1 

30 

35 

40 

45 

50 

0.0226 

0.0338 

0.0482 

0.0500 

0.0680 

0.9726 

0.9621 

0.9146 

0.9120 

0.9897 

8.239 

12.266 

16.379 

16.939 

21.826 

119.570 

177.710 

231.170 

238.770 

300.520 

   

2. Effect of temperature. The temperature 

dependences of the rate constants are 

investigated, where the rate of decomposition of 

permanganate is negligible between 303-323 K. 

Arrhenius equation applications: 

 

ln k = ln A – Ea / RT                (10) 

 

and a plot of ln k against 1/T gave a straight line (as shown in Figs. 3 and 4). 

 

 
 

Fig. 3. Arrhenius plots for non-catalyzed oxidation reaction Methionine sulfone. 

  

In the non- and auto-catalyzed reaction, the 

thermodynamic parameters were obtained from 

using the following equations, which are 

gathered in Tables 3 and 4:  

 

y = -300.32x + 0.068
R² = 0.9897

0

0,01

0,02

0,03

0,04

0,05

0,06

0 0,0002 0,0004

r/
C

C. M.

y = -4415x + 12,179

R² = 0,9195

-3

-2,5

-2

-1,5

-1

-0,5

0

0,003 0,0031 0,0032 0,0033 0,0034

ln
 k

1

1 / T k⸰
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Fig. 4. Arrhenius plots for catalyzed oxidation reaction Methionine sulfone. 

 

Ea = -slope x R                               (11) 

Ln A = Intercept                            (12) 

ΔH* =  Ea – nRT                           (13) 

ΔS* = R(ln A – ln (Kb.T/h))          (14) 

ΔG* = ΔH* - T ΔS*                      (15) 

 

Where A = Frequency factor; Kb = Stefan-

Boltzmann constant (1.380x10-23 J/k⸰); h = Plank 

constant (6.626x10-34 J·sec); R = gases constant 

(8.314 J/K· mol-1). 

 

Table 3. The thermodynamic parameters of activations for non-catalyzed oxidation reaction at pH 

7.5 

T 

k⸰ 

Ea 

kJ/mole 

A x105 

min. -1 

ΔH* 

kJ/mole 

ΔS* 

J/mole. K⸰ 

ΔG* 

kJ/mole 

303 

308 

313 

318 

323 

 

 

36.706 

 

 

1.9466 

34.187 

34.145 

34.104 

34.062 

34.021 

-143.782 

-143.924 

-144.057 

-144.190 

-144.314 

77.753 

78.474 

79.194 

79.914 

80.634 

 

Table 4. The thermodynamic parameters of activations for auto-catalyzed oxidation reaction at pH 

7.5 

T 

k⸰ 

Ea 

kJ/mole 

A x 108 

min.-1 

ΔH* 

kJ/mole 

ΔS* 

J/mole. K⸰ 

ΔG* 

kJ/mole 

303 

308 

313 

318 

323 

 

 

34.615 

 

 

1.2353 

 

 

32.096 

32.054 

32.013 

31.971 

31.930 

-90.132 

-90.273 

-90.406 

-90.539 

-90.664 

59.406 

59.859 

60.311 

60.762 

61.214 

     

The scientist Ostwald [27] explained that 

the catalyst is the substance that increases the rate 

of the reaction without being affected 

chemically; the rate constant of the non-

catalyzed reaction (k1) is lower than the rate 

constant of the auto-catalyzed reaction (k2). In 

addition, the catalyst affects the amount of 

activation energy (Ea) and works by providing an 

alternative mechanism in which the reactions are 

faster than those mechanisms that do not include 

its presence, thus reducing the activation energy 

required for the reaction [28]. 

In all cases, the activation energies (Ea) for 

the oxidation showed a decrease in their values 

as the rate constants increased, which means that 

the reaction is mainly controlled by the energy 

barrier of the rate-determining step. Positive 

values of the enthalpy ΔH* indicate that the 

y = -4163.4x + 18.632

R² = 0.9127

4,6

4,8

5

5,2

5,4

5,6

5,8

0,003050,00310,003150,00320,003250,00330,00335

ln
 k

2

1/T k⸰
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oxidation reaction is of the endothermic type, and 

the decrease in these values with increasing 

temperature proves that the increase in 

temperature increases the rate of oxidation and 

therefore requires less energy ΔG* for the 

oxidation reaction to occur. The high values of 

Gibbs free energy indicate that this reaction is 

nonspontaneous. Furthermore, the non-

spontaneity of the reaction increases as the 

temperature rises. The negative values of the 

entropy of activation, ΔS*, suggest that the 

transition state is more organized than the 

reaction itself. This outcome aligns with the 

suggested mechanism whereby the electron is 

transferred from the methionine sulfone to the 

oxidizing agent, resulting in the formation of a 

highly charged intermediate. The transition state 

exhibits a more organized structure compared to 

the reactant [29]. 

 

3. Conclusion 

 

1. The values of the rate constant in the non-

catalyzed reaction (k1) are fewer than the 

auto-catalyzed reaction (k2). 

2. The rate constants of reaction in the non-

catalyzed (k1) and auto-catalyzed (k2) 

reactions increased with increasing 

temperature. 

3. The non-catalyzed reaction needs much higher  

     energy than an auto-catalyzed reaction. 

4. The oxidation reaction is classified as 

endothermic and non-spontaneous. The 

negative entropy of activation values 

indicates that the transition state is more 

organized than the reaction itself. 

 

5. Conflict of interest 

No conflicts of interest exist. 

 

6. Acknowledgments 

The author would like to convey their gratitude and appreciation to the College of Education for Pure 

Science, specifically the Chemistry Department at the University of Mosul, for the facilities and 

support offered for the research. 

References 

 

1. Masella R., Mazza G., Glutathione and Sulfur 

Amino Acids in Human Health and Disease. 

2009. John Wiley & Sons, Inc. 579 p. 

DOI:10.1002/9780470475973 

2. Janssen-Heininger Y.M.W., Mossman B.T., 

Heintz N.H., Forman H.J.,  Kalyanaraman B., 

Finkel T., Stamler J.S., Rhee S.G., van der 

Vliet A. Redox-based regulation of signal 

transduction: principles, pitfalls, and 

promises. Free Radical Biology and 

Medicine, 2008, Vol. 45(1), p. 1-

17.  DOI: 10.1016/j.freeradbiomed.2008.03.0

11 

3. Dillon E.L. Nutritionally essential amino 

acids and metabolic signaling in aging. Amino 

Acids, 2013, Vol. 45(3), p. 431-441. DOI: 

10.1007/s00726-012-1438-0. 

4. Galili G., Amir R., Hoefgen R., Hesse H. 

Improving the levels of essential amino acids 

and sulfur metabolites in plants. Biological 

Chemistry, 2005, Vol. 386(9), p.817-831. 

DOI: 10.1515/BC.2005.097 

5. Unnikrishnan M.K., Rao M.N.A. 

Antiinflammatory activity of methionine, 

methionine sulfoxide and methionine sulfone. 

Agents and Actions, 1990, Vol. 31, p.110-

112.  DOI: 10.1007/BF02003229 

6. Verma R.S., Reddy M.J., Shastry V.R. Kinetic 

study of homogeneous acid-catalysed 

oxidation of certain amino-acids by potassium 

permanganate in moderately concentrated 

acidic media. Journal of the Chemical Society, 

Perkin Transactions 2, 1976, Vol. 4, p. 469-

473. DOI:10.1039/P29760000469 

7. Chimatadar S.A., Kini A.K., Nandibewoor 

S.T. Ruthenium (III) catalysed oxidation of l-

alanine by alkaline permanganate: a kinetic 

and mechanistic approach. BioInorganic 

Reaction Mechanisms, 2005, Vol. 5(3), p. 

231-244. DOI: 10.1515/IRM.2005.5.3.231 

8. Al-Tayy I.Y., Quba R.A.A., Sajeed M.S. The 

influence of the substituent on the kinetic of 

amino acids oxidation by permanganate ion. 

Journal of Education and Science, 2005, Vol. 

https://pubmed.ncbi.nlm.nih.gov/?term=Mossman+BT&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Heintz+NH&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Heintz+NH&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Forman+HJ&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Kalyanaraman+B&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Finkel+T&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Finkel+T&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Stamler+JS&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=Rhee+SG&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=van+der+Vliet+A&cauthor_id=18423411
https://pubmed.ncbi.nlm.nih.gov/?term=van+der+Vliet+A&cauthor_id=18423411
https://doi.org/10.1016/j.freeradbiomed.2008.03.011
https://doi.org/10.1016/j.freeradbiomed.2008.03.011
https://pubmed.ncbi.nlm.nih.gov/?term=Amir+R&cauthor_id=16164407
https://pubmed.ncbi.nlm.nih.gov/?term=Hoefgen+R&cauthor_id=16164407
https://pubmed.ncbi.nlm.nih.gov/?term=Hesse+H&cauthor_id=16164407
https://doi.org/10.1515/bc.2005.097
https://doi.org/10.1039/P29760000469
https://doi.org/10.1515/IRM.2005.5.3.231


102                                      THE METHIONINE SULFONE OXIDATION BY 

CHEMICAL PROBLEMS 2026 no. 1 (24)                                                                                                                

17(4), p. 30-41. DOI: 

10.33899/edusj.2005.83065 

9. Uras Güngör Ş.S. Amino acid content of some 

species from Trigonella L. genus collected 

from Turkey. JOTCSA, 2023, Vol. 10(2), p. 

381-384. DOI: 10.18596/jotcsa.1177340 

10. Ilyas M., Malik M.A., Khan Z. A kinetic 

study of the oxidation of l-methionine by 

water soluble colloidal MnO2. Colloid and 

Polymer Science, 2007, Vol. 285, p.1169-

1173. DOI:10.1007/s00396-007-1683-z 

11. Perez-Benito J.F. Reduction of colloidal 

manganese dioxide by manganese (II). 

Journal of Colloid and Interface Science, 

2002, Vol. 248(1), p. 130-135.  

DOI: 10.1006/jcis.2001.8145 

12. Andrabi S.M.Z., Khan Z. Reduction of 

water-soluble colloidal manganese dioxide 

by thiourea: a kinetic and mechanistic study. 

Colloid and Polymer Science, 2005, Vol. 

284, p. 36-43. DOI:10.1007/s00396-005-

1328-z 

13. Zulfugarova S., Azimova G.R., Aleskerova 

S.Z., Tagiyev D. Cobalt-containing oxide 

catalysts obtained by the sol-gel method 

with auto-combustion in the reaction of low-

temperature oxidation of carbon monoxide. 

JOTCSA, 2023, Vol. 10(3), p. 577-588.  

DOI:10.18596/jotcsa.1261839 

14. Tope D., Azeez S., Jimoh A. Chemical 

synthesis kinetics and dimensional 

characterization of nano-lead oxide powder. 

JOTCSA, 2022, Vol. 9(1), p. 227-236.  DOI: 

10.18596/jotcsa.928341 

15. Herszage J., Dos Santos Afonso M., Luther 

G.W. Oxidation of cysteine and glutathione 

by soluble polymeric MnO2. Environmental 

Science & Technology, 2003, Vol. 37(15), p. 

3332-3338.  DOI:10.1021/es0340634 

16. Khan Z., Kumar P., Kabir-ud-Din. Kinetics 

and mechanism of the reduction of colloidal 

manganese dioxide by D-fructose. Colloids 

and Surfaces A: Physicochemical and 

Engineering Aspects, 2004, Vol. 248(1-3), p. 

25-31.  DOI:10.1016/j.colsurfa.2004.08.020 

17. Kumar P., Khan Z. Oxidation of gum arabic 

by soluble colloidal MnO2. Carbohydrate 

Research, 2005, Vol. 340(7), p. 1365-1371.  

DOI:10.1016/j.carres.2005.02.017 

18. Khan Z., Kumar P., Kabir-ud-Din. Kinetics 

of the reduction of water-soluble colloidal 

MnO2 by ascorbic acid. Journal of Colloid 

and Interface Science, 2005, Vol. 290(1), p. 

184-189.  DOI:10.1016/j.jcis.2005.04.040 

19. Khan Z., Raju M.A., Akram M. Oxidation of 

lactic acid by water soluble (colloidal) 

manganese dioxide. International Journal of 

Chemical Kinetics, 2004, Vol. 36(6), p. 359-

366.   DOI:10.1002/kin.20010 

20. Zhou L., Elias R.J. Influence of cysteine and 

methionine availability on protein peroxide 

scavenging activity and phenolic stability in 

emulsions. Food Chemistry, 2014, Vol. 146, 

p. 521-530.  

DOI:10.1016/j.foodchem.2013.09.082 

21. Requena J.R., Dimitrova M.N., Legname G., 

Teijeira S., Prusiner S.B., Levine R.L. 

Oxidation of methionine residues in the 

prion protein by hydrogen peroxide. 

Archives of Biochemistry and Biophysics, 

2004, Vol. 432(2), p.188-195. 

DOI: 10.1016/j.abb.2004.09.012 

22. Davies M.J. Protein oxidation and 

peroxidation. Biochemical Journal, 2016, 

Vol. 473(7), p. 805-825. 

DOI: 10.1042/BJ20151227 

23. Sjöberg B. Methionine oxidation by 

hydrogen peroxide in peptides and proteins: 

A theoretical and Raman spectroscopy 

study. Journal of Photochemistry and 

Photobiology B: Biology, 2018, Vol. 188, p. 

95-99.  

DOI:10.1016/j.jphotobiol.2018.09.009 

24. Luo D., Smith S.W., Anderson B.D. Kinetics 

and mechanism of the reaction of cysteine 

and hydrogen peroxide in aqueous solution. 

Journal of Pharmaceutical Sciences, 2005, 

Vol. 94(2), p. 304-316. 

DOI:10.1002/jps.20253 

25. Perez-Benito J.F. Permanganate oxidation of 

α-amino acids: kinetic correlations for the 

nonautocatalytic and autocatalytic reaction 

pathways. The Journal of Physical 

Chemistry A, 2011, Vol. 115(35), p. 9876-

9885.  DOI:10.1021/jp2043174 

26. Mata-Perez F., Perez-Benito J.F. The kinetic 

rate law for autocatalytic reactions. Journal 

of Chemical Education, 1987, Vol. 64(11), 

p. 925.  DOI: 10.1021/ed064p925 

27. Ostwald W. Catalysis. Zeitschrift für 

Elektrochemie, 1901, Vol. 7, p. 995-1003. 

28. Mansoor S.S. Oxidation of methionine by  

tripropylammonium fluorochromate-A 

kinetic and mechanistic study. Journal of 

https://doi.org/10.33899/edusj.2005.83065
https://doi.org/10.18596/jotcsa.1177340
https://doi.org/10.1006/jcis.2001.8145
https://doi.org/10.1006/jcis.2001.8145
https://doi.org/10.18596/jotcsa.1261839
https://doi.org/10.18596/jotcsa.1261839
https://doi.org/10.18596/jotcsa.928341
https://doi.org/10.18596/jotcsa.928341
https://doi.org/10.1021/es0340634
https://doi.org/10.1016/j.colsurfa.2004.08.020
https://doi.org/10.1016/j.carres.2005.02.017
https://doi.org/10.1016/j.carres.2005.02.017
https://doi.org/10.1016/j.jcis.2005.04.040
https://doi.org/10.1002/kin.20010
https://doi.org/10.1016/j.foodchem.2013.09.082
https://doi.org/10.1016/j.foodchem.2013.09.082
https://pubmed.ncbi.nlm.nih.gov/?term=Dimitrova+MN&cauthor_id=15542057
https://pubmed.ncbi.nlm.nih.gov/?term=Legname+G&cauthor_id=15542057
https://pubmed.ncbi.nlm.nih.gov/?term=Teijeira+S&cauthor_id=15542057
https://pubmed.ncbi.nlm.nih.gov/?term=Teijeira+S&cauthor_id=15542057
https://pubmed.ncbi.nlm.nih.gov/?term=Prusiner+SB&cauthor_id=15542057
https://pubmed.ncbi.nlm.nih.gov/?term=Levine+RL&cauthor_id=15542057
https://doi.org/10.1016/j.abb.2004.09.012
https://doi.org/10.1042/BJ20151227
https://doi.org/10.1016/j.jphotobiol.2018.09.009
https://doi.org/10.1016/j.jphotobiol.2018.09.009
https://doi.org/10.1002/jps.20253
https://doi.org/10.1002/jps.20253
https://doi.org/10.1021/jp2043174
https://doi.org/10.1021/ed064p925


                                                         IBRAHIM Y. MOHAMMED                                               103                      

                                                                                         CHEMICAL PROBLEMS 2026 no. 1 (24) 

Chemistry, 2011, Vol. 8, p. 643-648.  DOI: 

10.1155/2011/945236 

29. Lente G., Fábián I., Poë A.J. A common 

misconception about the Eyring equation. 

New Journal of Chemistry, 2005, Vol. 29(6), 

p. 759-760. DOI: 10.1039/B501687H 

 

 

https://doi.org/10.1155/2011/945236
https://doi.org/10.1155/2011/945236
https://doi.org/10.1039/B501687H

