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ABSTRACT 

The kinetics of oxidation of two vicinal diols by potassium permanganate in aqueous solution 

was studied at λmax 525 nm. The vicinal diols yielded the carbonyl compounds due to the glycol 

bond cleavage. The reaction order with respect to KMnO4 and diol was first order each and 

independent of the ionic strength of the reaction solution. Michaelis-Menten kinetics was 

observed with respect to diols. Addition of arylamide did not induce polymerization. Activation 

parameters were obtained from Arrhenius and Erying’s equations. The stoichiometry showed 1:1 

consumption of one of KMnO4 by diol. Activation parameters like Ea (kJ mol-1), ∆𝐻#(kJ mol-

1), ∆𝑆# (kJK-1mol-1),  ∆𝐺#(kJ mol-1) were 21.29, 18.60, -0.238 and 89.52 respectively for 

propane-1,2-diol and 25.73, 22.99, -0.22 and 88.55 respectively for Butane-1,2-diol. Same value 

of    ∆𝐺# indicates same mechanism and negative values of ∆𝑆# indicates an associative 

mechanism and an orderly transition state. A mechanism involving the cleavage of glycol bond 

has been proposed based on the FTIR product analysis and spectroscopic data obtained. 
 

Keywords: Butane-1,2-diol, kinetics, mechanism, potassium permanganate,  

                     propane-1,2- diol.   
 

INTRODUCTION 

Potassium permanganate is a versatile oxidant in many organic and inorganic reactions which 

has gained prominence in green chemistry [1]. It provides excellent results in both homogenous 

and heterogenous reactions [2-17]. Evaluation of the kinetic oxidation of volatile organic 

compounds by permanganate is an important in-situ chemical reaction for the remediation of 

harzadous volatile organic compounds found in ground water. It has been used for the treatment 

of liquid, slurry soils and sludges polluted with volatile organic compounds [18]. Several 

oxidizing agents have been employed for redox reactions of diols [19-27]. However, its redox 

reaction with permanganate has not been reported in the literature. 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/
mailto:dayo.latona@uniosun.edu.ng


Dayo Felix Latona, Ajibade Adejoro:  Oxidation of Vicinal diols by Mn(VII) in Aqueous 

Medium, A Kinetic Study 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 67 
 

Consequently, kinetic parameter of the redox reaction between diols and potassium 

permanganate is worth exploring with the view to establishing the kinetic data and mechanism of 

the reaction.  
 

EXPERIMENTAL 

Materials and Methodology 

Analytical grade potassium permanganate, diols (BDH, USA), potassium nitrate, ferrous 

ammonium sulphate and sulphuric acid (BDH, USA) were utilized without further purification 

by preparing their stock solutions in doubly distilled water. Potassium permanganate was 

standardized using ferrous ammonium sulphate in acidic medium. The kinetic study was 

undertaken using 1800 UV-Shimadzu Spectrophotometer (Japan) with a thermostated cell 

compartment and interfaced with a computer. 
 

Kinetic Determination 

In all the kinetic runs diol concentrations were kept in excess of potassium permanganate 

concentrations at 298K. Appropriate quantities of the reaction mixtures were measured into the 

cuvette and the reaction was started by adding requisite volume of KMnO4. All stock solutions 

were kept in a water bath for 30 minutes before the kinetic runs. The kinetic measurements were 

done by monitoring decrease in absorbance of KMnO4 as a function of time at λmax 525 nm. The 

pseudo-first order rate constant (kobs) were obtained from a plot of In A versus time. 

 

RESULTS AND DISCUSSION 

Stoichiometry and product study 

Stoichiometric study was accomplished via spectroscopic titration at 525nm. The absorbances at 

infinite time of reaction mixtures containing different initial concentrations of diols in the range 

2.66 x 10-3- 1.07 x 10-2 M at fixed [KMnO4] and ionic strength at 3.97 x 10-5 and 6.67 x 10-3 M 

respectively were obtained. Consequently, the stoichiometry was determined from the plot of 

Absorbance at infinite time versus [Diol]. Hence, the result obtained showed that one mole of 

KMnO4 consumed one mole of diol for the reaction. 

 

Induced polymerization of acrylamide  

The oxidation of the vicinal diols by KMnO4, in nitrogen atmosphere did not induce 

polymerization of acrylamide. 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/


Dayo Felix Latona, Ajibade Adejoro:  Oxidation of Vicinal diols by Mn(VII) in Aqueous 

Medium, A Kinetic Study 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 68 
 

 

Reaction orders 

Generally, increase in pseudo-first order rate constant (kobs) with increase in the concentration of 

KMnO4 was observed and a first order dependence with respect to the concentration of KMnO4 

was obtained for each diol (Fig.1). An increase in pseudo-first-order rate constant (kobs) with 

increase in diol concentration was observed (Table 1) and the slope of In kobs versus In [Diol] 

gave 1 for both diols, indicating a first order dependence on the concentration of Diols. 

 

 

 Fig. 1: Effect of [KMnO4]  [Diol] 4.00 x 10-3M µ= 6.67 x 10-3M T =298K 

           (     Butane-1,2-diol        Propane-1,2-diol ) 
 

Table 1: Effect of [Diol] 

                   103[Diol]/M                                  104kobs/s
-1 

Propane-1,2-diol                     Butane-1,2-diol         

                       2.66                 

                                                                                                       

                       4.00 

                       5.34 

                       6.67 

                       8.00 

                       9.34 

                     10.70 

           1.30                                            2.35 

           2.34                                            3.52 

           2.87                                            4.92 

           3.67                                            5.67  

           4.08                                            6.02  

           4.66                                            7.50 

           5.12                                            8.95 

[KMnO4] 3.97 x 10-5M µ= 6.67 x 10-3M T =298K 
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Second order rate constants obtained from the slope of a plot of kobs versus [Diol] was 5.07 x 10-2 

M-1s-1 and 8.25 x 10-2 M-1s-1 for propane-1,2-diol and Butane- 1,2-diol respectively. Variation of 

ionic strength of the reaction mixture using KNO3 did not affect the pseudo-first order rate 

constant (kobs), implying the participation of a neutral molecule in the reaction. There was a sharp 

increase in the pseudo-first order rate constant (kobs) with increase in temperature (Fig.2) and 

activation parameters were obtained from Arrhenius and Erying’s equations and the obtained 

activation parameters are show in Table 2.  

 

 

Fig. 2: Effect of Temperature 

             [KMnO4] 3.97 X 10-5M [Diol] 4.00 x 10-3M µ= 6.67 x 10-3M                                      

              (   Butane-1,2-diol      Propane-1,2-diol ) 

  Table 2: Activation parameters 

           Diol                   Ea(kJ mol-1)     ∆𝐻#(kJ mol-1)      ∆𝑆# (kJK-1mol-1)     ∆𝐺#(kJ mol-1) 

      Propane-1,2-diol         21.29                      18.60                              -0.238                        89.52 

      Butane-1,2-diol           25.73                      22.99                               -0.22                         88.55  

 

Rate law 

Michaelis-Menten plot of 1/kobs versus 1/[Diol] gave a straight line graph with an intercept, 

indicating the presence of an intermediate complex ( Fig.3). The kinetic study showed first order 

dependence on both [KMnO4] and [Diols]. Therefore, a plausible mechanism is shown below: 
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       diol + oxidant                   complex 

 

 

 

              complex                    products 

 

Applying  steady state approximation: 

 

      Rate = k[diol][oxidant]                              where, k= 
𝑘2𝑘1

𝑘−1+ 𝑘2
  

  

 

Fig. 3: Michaelis-Menten plot   (     Butane-1,2-diol        Propane-1,2-diol ) 

           

Mechanism involving glycol-bond fission has been proposed for the oxidation of vicinal 

diols. However, this assertion seems not to be a general affirmative statement as the 

oxidation of some vicinal diols in some oxidants does not involve the glycol C-C bond 

cleavage. Vicinal diols are oxidized to α-hydroxy-carboxylates in the presence of gold nano 

colloids [28], while quinolinium dichromate oxidizes both vicinal and non-vicinal diols to α-

hydroxy carbonyl compounds [29]. Furthermore, α- hydroxyl ketones were the major 
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products when hydrogen peroxide was used to oxidize vicinal diols [30] and oxidation of 

vicinal diols by KBrO3 and KHSO4 also gave α- hydroxyl ketones in good yield [31].  o-

iodoxybenzoic acid oxidizes vicinal diols without the cleavage of glycol C-C bond resulting 

to the formation of α-ketol or α-diketone[32]. However, vicinal diols suffers oxidative 

cleavage of the carbon-carbon bond in the presence of strong oxidants like sodium periodate 

(NaIO4) or lead tetraacetate(Pb(OAC)4) resulting in the formation of two carbonyl groups via 

glycol cleavage [33]. 

The permanganate ion is ambiphilic in nature, because the empty d-orbitals on the central 

metal are electrophiles and the electron pairs on the oxygen atoms are nucleophilic in 

character [34]. Potassium permanganate ion has a tetrahedral geometry with 𝜋-bonding. It is 

reported to be stable in neutral or slightly alkaline medium [35].  

In aqueous solution, permanganate functions as a powerful oxidizing agent.  

𝑀𝑛𝑂4
− +  2𝐻2𝑂 + 3𝑒 → 𝑀𝑛𝑂2 +  4𝑂𝐻−                    𝐸𝑜 =  +1.23𝑉 

However, in strong base, manganate ion is produced 

𝑀𝑛𝑂4
− + 𝑒 → 𝑀𝑛𝑂4

2−                                                       𝐸𝑜 =  +0.56𝑉 

While in acid solution, permanganate is reduced to 𝑀𝑛2+ 

𝑀𝑛𝑂4
− +  8𝐻+ +  5𝑒 → 𝑀𝑛2+ +  4𝐻2𝑂                            𝐸𝑜 =  +1.51𝑉      

                     

The oxidation of diols by KMnO4 can be likened to that by NaIO4. The kinetic and 

spectroscopic results of product analysis show the presence of two carbonyl (ketone) 

compounds which must have resulted from the glycol C-C bond cleavage of the diol via the 

production of a manganate ester.  Like NaIO4, KMnO4 changes from +7 → +5 in the process 

of cleaving the C-C bond to form two C=O 𝜋 𝑏𝑜𝑛𝑑𝑠.  

Negative entropy of activation shows that there is immobilization of a large number of 

solvent molecules due to high solvation of the charged ends. Furthermore negative entropy of 

activation points to the presence of a rigid transition state in the oxidation reaction. Hence, 

the involvement of both hydroxyl groups in the rate-determining step is indicated [36]. 

The observed Michaelis-Menten kinetics with respect to diol concentration suggests an 

intermediate complex formation by the interaction between the non-bonded pairs of electrons 

of the hydroxyl oxygen and permanganate ion in a rapid pre-equilibrium. FTIR spectrum of 
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the product showed 2 weak bands of C-H stretching at 2750-2850 cm-1 and C=O stretching at 

1725 cm-1, indicative of the presence of aldehyde.    

Thus on the basis of the above experimental facts, the following scheme of reaction has been 

proposed (scheme I)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The scheme shows two distinct paths of reaction, involving the bimolecular collision of the 

permanganate ion and neutral diol molecule and the formation of an intermediate complex 

(Manganate ester) which disproportionate in slow step via a cyclic concerted symmetrical 

transition state to product formation. The rate controlling step is considered to be the step 

involving glycol C-C bond cleavage [37]. High positive values of ΔG# indicate highly 

solvated transition state while same value of ΔG# indicates same mechanism for the two 

vicinal diols investigated [38, 39].   
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