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Abstract: The kinetics of the reaction between peroxomonosulphate with glycolic acid was studied in the 

presence of Fe(II) in the pH range 4.05 to 5.2 at 304K. The reaction  followed second order with respect to 

peroxomonosulphate.  The rate of the reaction increases with the [Fe(II)] and independent with respect glycolic 

acid.  A plot of k2obs vs 1/[H+] is a straight line passing through origin. Based on the results a rate equation, 

kinetic scheme and a most probable mechanism has been predicted.  
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I. Introduction 
Peroxomonosulphate (PMS) is a versatile oxidant used widely in research owing to its high reactivity 

and oxidation potential[1-4]. The high reactivity and the tendency of spontaneous decomposition may be 

attributed to the relatively weak oxygen-oxygen linkage with bond dissociation energy 20-40Kcal mol-1[5-13]. 

In the presence of transition metal ions, PMS produces more reactive radical intermediates. Due to this PMS is 

used in advanced oxidation technologies for waste water treatment [14-19] 

Glycolic acid (GA) is the simplest member of alpha hydroxy acid which has two functional groups 

(carboxyl and hydroxyl) and finds its application extensively in skin care products [20-25]. Oxidation of 

glycolic acid is fascinating because of the competition between the functional groups to get involved in the 

reaction and the formation of intra and intermolecular hydrogen bonds [26-31]. Though it has been realized that 

the reaction of glycolic acid can proceed by many possible routes most of the literature focuses on one electron 

oxidation [32-36] rather than ionic mechanism. Oxidation of glycolic acid by Ni(II) & Cu(II) [37] has been 
reported to follow oxygen atom transfer mechanism. So in continuation of the above works in order to explore 

the mechanism of reaction between glycolic acid by PMS in the presence of Fe(II), this study was undertaken in 

the pH range 4.75 to 5.2 at 304K. 

 

II. Experimental 
Glycolic acid was supplied by Alpha Aesar Landcaster (UK). The stock solution (0.5M) was prepared 

daily before the start of the experiments and standardized by alkalimetric titrations. PMS was supplied by Fluke 

Chemie (Switzerland) under the trade name Oxone. The purity was tested iodometrically. PMS was prepared 

daily afresh and standardized iodometrically.  The kinetics of the reaction between glycolic acid and Fe(II) in 

the presence of PMS was studied in the pH range 4.74 to 5.2. pH of the reaction mixture was maintained by 
using acetic acid /sodium acetate buffer solution by varying the concentration of acetic acid and keeping the 

concentration of [NaOAc-] constant. The reaction was studied under the condition [GA] >> [Fe(II)] & [GA] >> 

[PMS]. The reaction was followed by estimation of unreacted PMS as a function of time by iodometry in the pH 

range 4.75 to 5.2 at 304K. The liberated iodine was titrated against sodium thiosulphate using starch indicator. 

The stoichiometry of the reaction was determined at pH 4.75 by taking large excess of [PMS] over [GA] and 

[Fe(II)]. The unreacted PMS was estimated after 24 hours.  The stoichiometry observed is represented as 

follows. 

                                      GA + 2 PMS                                   Products 

 

The product analysis was carried out under the conditions [GA] >> [PMS] and evolution of oxygen was 

identified by the colour change with alkaline solution of sodium dithionite activated with indigocarmine [38]. 
Traces of oxalic acid was also identified by aniline blue test. [ 39] 

 

III. Results 
 The rate of disappearance of [PMS] follows second order kinetics with respect to [PMS] which is 

evidenced by the linear plot of [PMS] -1 versus time (Fig.1) with high correlation coefficient. Therefore the 

results reported in this paper in based on the second order conditions. 
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Figure 1. Plot of [PMS] -1 versus Time 

 

Effect of [SO4
2-

] on k2obs 
Sulphate ion is one of the probable products in most of the PMS systems [40]. So it is necessary to 

study the effect of sulphate ion during the course of the reaction. The k2obs values are calculated at different 

sulphate ion concentration by maintaining the concentration of all other constituents of the reaction mixture a 

constant. The rate of the reaction was found to be independent of the sulphate ion concentration. 

 

Effect of Fe(II) on k2obs 
The effect of the metal ion in all the three pH are determined by varying the metal ion concentration 

and keeping the concentration of glycolic acid and oxidant constant. The concentration of Fe(II) used in this 

study is in the range 5x10-5M to 3x10-4 M. It is observed that the k2obs values increased with the metal ion 

concentrations and the results are given in Fig 2. The plot of k2obs versus Fe(II) are straight lines passing through 

origin or with a small intercept which can be statistically approximated as origin. The same trend is observed in 

all the pH. 

 
Figure 2. Plot of k2obs versus [Fe(II)] 

 

Effect of glycolic acid concentration on k2obs 
Effect of glycolic acid concentration on the rate of the reaction was studied by varying the [GA] and keeping the 

concentration of metal ions and oxidant constant at all pH.  k2obs values are found to be independent of the alpha 

hydroxy acid concentration. 
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Effect of acetate ion concentration on k2obs 
           Acetic-acid-sodium acetate buffer was used to maintain the hydrogen ion concentration through out the 

course of the reaction. As the acetate ion can act as a nucleophile, it was necessary to test the effect of the 

acetate ion on the rate of the reaction. The effect of base, that is, acetate ion on the reaction was studied at all 

pH. But it was found that the rate of the reaction was not affected by the acetate ion in the concentration range 

0.08 – 0.32M of acetate ion. However the different pH of the kinetic studies were maintained at a predetermined 

value by adjusting the concentration of acetic acid while keeping the acetate ion concentration constant, usually 

at 0.32M. 

 

Effect of radical quenchers 
         Quenching studies were carried out inorder to determine any radical intermediates formed during the 

course of the reaction. Ethanol and t-butanol were used as radical quenchers. The rate of the reaction was 

unaffected by the added radical quenchers. 

Effect of pH 
            The influence of [H+] on the rate of the reaction is found by varying the pH and maintaining the 

concentration of all other parameters constant. The plot of k2obs versus pH are straight lines passing through 

origin.  

The observed rate equation based on the experimental result is given below in equation (1) 

                                                                    k2obs = k2 [Fe(II)] /[H+]                                                      ------------ (1) 
 

 
Figure 3. Plot of k2obs vs [H+] -1 

IV. Discussion 
          Glycolic acid is an alpha hydroxy acid with pKa value of 3.586 at 25⁰C .[41]      

                                                                          ----------  (2)   
 

Calculations reveal that under experimental conditions almost all the acid exist as glycolate anion. 

Alphahydroxy acid can act as both as monodendte ligand by complexing with metal ion at the carboxyl group or 

bidentate ligand in which the additional bonding is through the oxide of the hydroxyl group. Earlier researchers 

have shown that Fe(II) ion form FeL+ complex only [42]. The high equilibrium value suggests that even at low 
pH used in our study, about 80% of Fe(II) will be chelated to FeL+. Therefore as and first approximation we can 

approximate that the concentration of FeL+ complex is equal to Fe(II) itself. The reaction between GA & PMS 

was found to be very slow even after the completion of 24 hours. It was interesting to see that the reaction 

proceeded with a reasonable speed upon addition of small amount of catalyst Fe(II). This shows clearly shows 

that Glycolic acid-Fe(II) complex is the active species in our reaction.  

                                                 
[HO CH2 COO] + Fe(II)                   HO CH2 COO Fe+           

K1

             ----------- (3) 

 

            PMS exist as HSO5
- and SO5

2- in aqueous solution. The dissociation constant Kd is reported to be      

4x10-10M at 25⁰C[ 43]. Under the experimental pH values all PMS will exist as HSO5
- and therefore these two 

terms caused interchangeably. 

k2obs (M
-1s-1) 
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HSO5                     SO5

2-  + H+
Kd

                                           ------------ (4) 

 Based on the experimental results, we can propose the following kinetic scheme for the reaction of PMS with 

iron glycolate system. 
 

The kinetic scheme for the reaction  is given as follows: 

 
HO CH2 COO Fe+  + HSO5

-  HO CH2 COO Fe-SO5
-

+ H+
K2

                                   ----------- (5) 

                      
HO CH2 COO Fe-SO5

-    + HSO5
- 

k2

Pdt                                       ------------ (6) 

                            

d[PMS]

dt
 = k2 [HSO5

-] [HO CH2 COO Fe SO5
-]

                                   ------------- (7) 

                                               

= k2 [HSO5
-] [HO CH2 COO Fe ] [HSO5

-]

[H+]                          ------------ (8) 

                                                 

k2obs  = k2 [HOCH2COO Fe+]

[H+]                                              ------------ (9) 

                                                                       

k2obs  = k2 [Fe(II)]

[H+]                                              ---------- (10) 
 

This expression explains all the experimental findings that (i) the rate is zero order with respect to 
glycolic acid, (ii) plot of k2obs vs [Fe(II)] is a straight line passing through origin and (iii) plot of k2obs vs 1/[H+] is 

also a straight line passing through origin. The value of rate constant k2 calculated individually from the plot of 

k2obs vs [Fe(II)] and k2obs vs 1/[H+] should agree with each other. This is found to be true. The value of rate 

constant k2 calculated individually from the plot of k2obs vs [Fe(II)] and k2obs vs 1/[H+] are 0.748 M-1 s-1and     

1.11 M-1 s-1 respectively . The good agreement of the values of k2 suggest that the proposed kinetic scheme is a 

correct one. As already mentioned the rates are not affected by the added radical quenchers and this clearly 

shows that the free radicals are not involved in the reaction and the kinetics follow molecular mechanism. 

Edwards and Marsh [44] suggested that the oxidation reaction with HSO5
- may proceed by the nucleophilic 

attack at the peroxide by the substrate resulting in an oxygen atom transfer, usually the terminal peroxide 

oxygen. Similar observation is reported in the oxidation of lactic acid and tartaric acid by PMS in the presence 

of Ni(II)[45, 46]. Therefore the oxidation of Fe-glycolate by PMS may proceed through the same mechanism. 
The probable mechanistic scheme for the oxidation of Fe-glycolate by PMS is shown in Fig. 4. 

 

HO CH2 COOFe+ + HSO5
- 

HO CH2COOFe-O-O-SO3
- + H+

K2

HSO5
-

[HO CH2 COO Fe- O-O-SO3
-]

-O3S-O-O-Hk2

HO CH2 COOFe-O-O-O-SO3
- + SO4

2- + H+

fast

HOCH2COO Fe+ + SO4
2- + O2

CH2-COO Fe-O-SO3
-

O

O

H

fast

SO4
2- + H2O + OHC COOFe+

PMSfast

(COO -)2 + Fe2+

fast

 
Figure 4. Mechanism of reaction between GA and PMS 
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V. Conclusion 
          Reaction between glycolic acid and PMS is very slow. But in the presence of transition metal ions like 

Fe(II), the reaction proceeded with a reasonable speed.. The kinetics of the reaction between 

peroxomonosulphate with glycolic acid was studied in the presence of Fe(II) in the pH range 4.05 to 5.2 at 

304K. The reaction  followed second order with respect to peroxomonosulphate.  The rate of the reaction 

increases with the [Fe(II)] and independent with respect glycolic acid.  A plot of k2obs vs 1/[H+] is a straight line 

passing through origin. Based on the results a rate equation, kinetic scheme and a most probable mechanism has 

been predicted. A mechanism based on the oxygen atom transfer has been proposed. 
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