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ABSTRACT 

Amino acids and peptides present in waste water may produce byproducts which are potentially unsafe and 

may lead to serious health and environmental problems. Removal of these parent compounds by the use of the 

environmentally benign oxidant can be of much use to the human kind and the environment. Degradation of these 

peptides can be done by the Oxidation of amino acid residues which is considered as one of the best degrading 

methods. The kinetics and oxidative degradation of dipeptide, glycol–glycine by peroxomonosulphate in neutral 

medium (phosphate buffer, pH 6-8) was studied at 278K.  The rate was the first order in [PMS] and glycyl–glycine. 

Variation of ionic strength and effect of dielectric constant has no effect on the rate of the reaction. The main product 

of the reaction was confirmed as (2-oxo-acetylamino)-acetic acid (OAA) by IR and 13C NMR. A suitable mechanism 

explaining the degradation of dipeptide by PMS is proposed in this paper. 
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INTRODUCTION 

Besides the benefits, the proliferation of industrialization is one of the reasons for harmful effects of chemicals 

on the environment. Several regulations are imposed to protect the environment from pollution and its effects. For 

example waste water containing amino acids and peptides may produce byproducts which are potentially unsafe and 

may lead to serious health and environmental problems. Removal of these parent compounds by the use of the 

environmentally benign oxidant can be of much use to the human kind and the environment (Richardson, 2003; 

Mckillop and Sanderson, 2000; John and Hubbard colin, 2013; Maria Rayappan, 2010; Murugavelu, 2009). 

Degradation of these peptides can be done by the oxidation of amino acid residues (Pharmaceutical Manufacturers 

Association, Survey Report., 1998–2002; Wang, 1999; Khossravi and Borchardt., 1998; Li et al., 2004). Kinetics and 

oxidation of amino acids by peroxomonosulphate (PMS) has been investigated (Suresh Kumar et al., 2012; Sundar et 

al., 2007; Sayee Kannan et al., 2008;Sundar et al., 2009) by several chemists, but there is little information in the 

literature on the oxidation kinetics of dipeptides. For instance, oxidation kinetics of dipeptides by bromamine-T in 

perchloric acid medium (Asha Iyengar and Mahadevappa.,1993),  Mn(III) in aqueous sulphuric acid medium (Kumara 

et al., 2004),  Fe(VI) (Noorhasan et al., 2010), water soluble colloidal manganese dioxide in the aqueous and micellar 

media (Akram et al., 2011), catalyzed by Ni(II) and Cu(II) (Kowalik-Jankowska et al., 2006; Levine et al., 1999; Allen 

and Campbell., 2009) were reported. Though the kinetics and oxidation of gly-gly by peroxo oxidants (ecofriendly) 

were carried out in highly acidic medium (Khossravi and Borchardt., 2000; Thendral et al., 2009)   and also in alkaline 

medium (Selvarani et al., 2006) but the reaction was not studied in the neutral medium (pH-7). For physiological 

conditions, the reaction needs to be analyzed in the neutral medium and hence the present work was carried out and the 

results obtained were discussed in this paper. 

MATERIALS AND METHODS 

Glycyl-glycine was obtained from Merck, India, and used as received. PMS was obtained from Aldrich, USA 

in the form of triple salt 2KHSO5.KHSO4.K2SO4 (oxone) and the purity of the sample was found to be 98% when 

tested by iodometric estimation (Mendham et al., 2004). A fresh solution of PMS was prepared every time before 

starting the experiments and doubly distilled water was used throughout this study. All other chemicals used in this 

study were of analar grade and used as received. Analar grade solvents like acetonitrile and 2-methyl-2-propanol were 

distilled and used in the reactions. 

Instrumentation: For kinetic measurements, a Royal ultra-cryostat (temperature control) was used. The accuracy of 

temperature was ± 0.1˚C. For product analysis, Jasco 6300 FT-IR spectrophotometer was used.  The 13C NMR spectra 

were recorded on Bruker AMX-400 spectrometer operating at 100 MHz .The reaction mixture was scanned in the 
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ultraviolet and visible regions on a Perkin Elmer LS 25 UV–visible spectrophotometer. pH of the reaction mixture was 

measured by Globe pH meter and the accuracy was ± 0.1 units. 

Measurement of Rate Constant: The reaction mixture except PMS was taken in a 250 ml blackened iodine flask and 

kept in a thermostat at 278 K. A known volume of PMS solution thermostatted at the same temperature separately, was 

pipetted out into the reaction mixture, and simultaneously a timer was started. Consumption of PMS was monitored by 

iodometric method. The rate of the reaction was studied under pseudo first order condition, i.e., [gly-gly] » [PMS]. The 

rate of the reaction followed first order kinetics (Fig.1) and the rate constant kobs were calculated from the linear plots 

of log [PMS]t versus time according to the Eq. (1). The method of least squares was used to calculate the slope and the 

intercept in all the cases.  

 

The same methodology was adopted for the Cu (II) catalyzed oxidation as well.   

 

 

 

 

 

 

 

 

 

 

Fig. 1: A. Plot of log [PMS]t vs time in the presence of copper(II) ions at 278 K, [gly-gly] = 5.0 x 10-2mol dm-3; [Cu 

(II)] = 2.5 x 10-3mol dm-3; pH = 7.0 ± 0.1; [PMS] = 4 x 10-3mol dm-3, B. Plot of log [PMS]t vs time in the absence of 

copper(II) ions at 278  K 

[gly-gly] = 5.0 x 10-2mol dm-3; pH = 7.0 ± 0.1; [PMS] = 4 x 10-3mol dm-3 

Stoichiometry and Product Analysis: The stoichiometry of the reaction was determined by allowing the reaction 

mixture containing a large excess of [PMS] over [gly-gly] for both copper (II) catalyzed and uncatalyzed reaction. The 

reaction mixture was kept for 48 h and the excess of PMS present in each case was estimated iodometrically. The 

observed stoichiometry of the reaction in both copper (II) catalyzed and uncatalyzed reaction was gly-gly: PMS = 1: 1. 

Products were analyzed under kinetic conditions.  

 

The reaction mixture containing a large excess of PMS over gly-gly was kept for 48 h at room temperature for 

completion of the reaction. The reaction mixture was extracted with dichloromethane and the organic layer was 

separated using dry Na2SO4 dried and IR spectrum was taken. The fig. 2 shows IR data of gly-gly and (2-oxo-

acetylamino)-acetic acid (OAA). The absorption band at 3288 cm-1 of OAA was due to –NH, 2916, 2850 cm-1 was due 

to CH stretching and 1730 cm-1 and 1662 cm-1 due to C=O stretching of aldehyde and acid carbonyl group respectively. 

Further the product was confirmed by 13C NMR spectrum which showed the signal at 207 ppm due to aldehyde carbon 

and the signals at 178, 177, 43 ppm due to acid, amide and CH carbon respectively. All the observed data supported for 

the formation of the product.  
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RESULTS AND DISCUSSION 

Effect of [PMS] on kobs: The values of kobs were calculated for different [PMS] by maintaining the other parameters at 

constant values. The observed results showed that the rate constant was unaffected with increases in [PMS] both in the 

presence and absence of copper (II) ions (Table.1) which revealed that the order of the reaction with respect to PMS 

was one 

Effect of [Glycyl–Glycine] On Kobs: The values of kobs were calculated for different concentrations of gly-gly by 

keeping the other parameters at constant values. The results showed that the rate constant increased with increase in 

[gly-gly] in the presence and also in the absence of copper (II) ions. Further, the plots of kobs versus [gly-gly] were 

linear passing through origin in both the cases (Fig. 3). This result revealed that the self-decomposition of PMS was 

negligible under this condition and hence the plot passed through the origin.  

 

 

Fig.2.FT-IR Spectra of 2-oxo-acetylamino)-acetic acid Figure.3.Plot of kobs vs [gly-gly] both in the presence 

and absence of copper (II) ions at 278 K 

A. In the presence of copper (II) ions:[gly-gly] = 5.0 x 10-2mol dm-3; [Cu (II)] = 2.5 x 10-3mol dm-3;[PMS] = 

4.0x 10-3mol dm-3 

B. In the absence of copper (II) ions: [gly-gly] = 5.0 x 10-2mol dm-3;[PMS] = 4.0 x 10-3mol dm-3 

Effect of pH on kobs: By keeping other parameters at constant values, the effect of pH on the rate constants were 

studied by varying the pH values both in the presence and absence of copper (II) ions. The rate constant, kobs values 

increased with increase in pH values in both the cases. The plots of kobsvs 1/ [H+] were straight line with a high 

correlation coefficient (Fig. 4).This result revealed that the reaction was an acid inhibited reaction. 

 

 

 

 

 

 

 

 

 

Fig.4.Plot of kobs  vs [1/H+]  both in the presence and absence of copper(II) ions at 278 K 
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A. In the presence of copper (II) ions: [gly-gly] = 5.0 x 10-2mol dm-3; [Cu (II)] = 2.5 x 10-3mol dm-3; [PMS] = 4.0x 10-

3mol dm-3; pH = 7.0 ± 0.1: B. In the absence of copper (II) ions: [gly-gly] = 5.0 x 10-2mol dm-3; [PMS] = 4.0x 10-3mol 

dm-3; pH = 7.0 ± 0.1 

Effect of [copper (II)] on kobs: The effect of [copper (II)] on kobs was studied by determining the values of kobs at 

different concentrations of [copper (II)], by keeping other parameters at pre-determined values. The kinetic results 

showed that the rate was unaffected with increase in [copper (II)] ions revealing that the rate of the reaction was zero 

order with respect to [copper] (Table 1). The result obtained also corroborated with the independent nature of kobs with 

respect to Ni (II) at pH ≥ 5.2 [22]. In our study also the observation of zero order with respect to [copper (II)] revealed 

that colloidal copper phosphate was formed and the reaction proceeded through the adsorption of PMS on the colloidal 

copper phosphate (scheme 1), gly-gly was adsorbed on heterogeneous catalyst and then oxidized by PMS 

Table.1.Effect of Kobs for the oxidation of gly-gly by PMS in the presence of Cu(II) in neutral medium at 278 K. 

103[PMS](m

ol dm−3) 

102[gly-gly](mol 

dm−3) 

pH±0.

1 

104kobsa 

(s−1) 

103[Cu(II)] 

(mol dm−3) 

104kobsb 

(s−1) 

Temp 

(K) 

2.0 5.0 7.0 3.38 5.0 7.29 278 

4.0 5.0 7.0 3.03 5.0 6.59 278 

6.0 5.0 7.0 2.80 5.0 5.68 278 

8.0 5.0 7.0 2.96 5.0 5.68 278 

4.0 2.5 7.0 1.31 5.0 2.99 278 

4.0 5.0 7.0 2.46 5.0 7.06 278 

4.0 7.5 7.0 3.88 5.0 9.9 278 

4.0 10 7.0 6.99 5.0 13.01 278 

4.0 5.0 6.0 0.31 5.0 0.23 278 

4.0 5.0 6.5 0.77 5.0 2.65 278 

4.0 5.0 7.0 4.08 5.0 8.25 278 

4.0 5.0 7.5 6.56 5.0 21.23 278 

4.0 5.0 8.0 25.37 5.0 26.33 278 

4.0 5.0 7.0 2.46 2.5 7.95 278 

4.0 5.0 7.0 2.46 5.0 7.72 278 

4.0 5.0 7.0 2.46 7.5 7.14 278 

4.0 5.0 7.0 2.46 10.0 7.29 278 

4.0 5.0 7.0 0.29 5.0 4.8 278 

4.0 5.0 7.0 5.6 5.0 8.79 283 

4.0 5.0 7.0 8.25 5.0 14.66 293 

4.0 5.0 7.0 15.58 5.0 20.53 293 
aWithout Cu(II).  bWith Cu(II). 

 

Effect of Dielectric Constant on kobs: The effect of dielectric constant (ε) of the reaction mixture on the reaction rate 

was studied by using two different solvents, such as 2-methlyl propan-2- ol and acetonitrile (0-20%). The kobsremained 

unaffected with the increase in composition of the solvents which ruled out the formation of polar intermediate than the 

reactants. 

Effect of ionic strength on kobs: The ionic strength of the medium was varied (0.01 to0.04 mol dm-3 using sodium 

perchlorate) by maintaining the other parameters at constant values. The increase in the ionic strength of the medium 

had negligible effect on the kobsvalue. The absence of any effect of ionic strength on kobs revealed that HSO5
- from PMS 

preferably attacked the amino group rather than the carboxylic group of gly-gly. 

Test for free radical intermediates: In this kinetic study, the reaction failed to initiate the polymerisation of added 

acrylonitrile, which ruled out the involvement of free radical intermediate. Further ESR study also confirmed the 

noninvolvement of free radical intermediate in this reaction. 
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Effect of Temperature on kobs:The reaction was carried out at five different temperatures, namely, 278, 283, 288, and 

293 K by keeping all other parameters constant. The kobs increased with increase in the temperature. The plot of log kobs 

versus (1/T) was a straight line (Arrhenius plot) and the plot of log (kobs/T) versus (1/T) was also linear (Eyring’s plot). 

From the slope and the intercept of the straight line, the thermodynamic and kinetic parameters were calculated (Table 

2). The thermodynamic parameters ∆G*, ∆H* and  ∆S* were calculated for the oxidative degradation of gly-gly by 

varying the temperature between 278 to 293 K. High positive values of free energy of activation (∆G*) and enthalpy of 

activation (∆H*) obtained for the reactions indicated that the transition state was highly solvated. The negative values 

of entropy of activation (∆S*) indicated the transition towards a rigid state with reduction in the degree of freedom of 

molecules.  

 

 

 

Scheme.1: Oxidative degradation of gly-gly 

Table 2: Kinetic and thermodynamic parameters for the oxidation of gly-gly at 278 K 

Description EaKJ/mol ∆H‡ 

KJ/mol 

∆S‡ 

J/k/mol 

∆G‡ 

KJ/mol 

10-10 x k1K1m 

s-1 

10-10 x k2 

s-1 

Reaction without Cu(II) 

catalyst 

13.17 12.47 -197.17 548.15 5.66 - 

Reaction with Cu(II) 

catalyst 

12.41 11.64 -197.2 548.2 - 7.59 

Formation of a complex between gly-gly – copper (II) ion was confirmed by taking UV–visible spectra. UV–

visible spectrum of the mixture containing gly-gly and PMS in phosphate buffered medium showed an absorption 

maximum at 205 nm. Time history of the spectrum showed an increase in absorbance due to the accumulation of the 

intermediate imine. However the absorption spectra of the reaction mixture containing gly-gly and PMS in the 

presence of copper (II) ions, showed two absorption maxima one at 208 nm (Fig.6) and another domain containing, a 

wide band centered at 651 nm. The maximum at 651 nm was due to the formation of gly–gly –copper (II) complex. 

Interestingly, the peak was observed only at higher concentrations [copper (II)] > 5 x 10-3mol dm-3 and was attributed 

to the d-d transition (2Eg → 2T2g), specific for copper (II) complexes with tetragonally distorted octahedral complex 

due to Jahn-Teller effect. Further copper(II) ions has λmax at 809 nm, whereas copper(II) ions with gly–gly in phosphate 

buffer has λmax at 651 nm and copper(II) ions with gly–gly and PMS in phosphate buffer has λmax at 649 nm which 

CuSO4.5H2O

+

Phosphate 

Buffer

Copper phosphate gly-gly

pH 7.0

278 K

DCM

Separation

+

(2-oxo-acetylamino)-acetic acid (OAA)

PMS

[Cu(II) + gly-gly + PMS Complex]

[Cu(II) + gly-gly complex]
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indicates a hypsochromic shift revealing the formation of copper(II) – phosphate complex initially, followed by 

formation of complexes with gly-gly and PMS viz., copper(II) phosphate - gly-gly complex and copper(II) phosphate – 

gly-gly - PMS complex.  

 

Fig. 6: Absorption spectra of the reaction mixture in the presence of Cu (II) ions at various time  intervals: 

[gly-gly] = 5.0 x10-2mol dm-3; [Cu(II)] = 1.5 x 10-4mol dm-3; pH = 7.0 ± 0.1; [PMS] = 4.0 x 10-3mol dm-3 

Based on the results obtained the following reaction scheme is proposed: 
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CONCLUSION 

The degradation study of kinetics of the oxidation of gly-gly by PMS in phosphate buffered medium (pH 6.0-

8) both in the presence and absence of copper (II) catalyst was studied at 278 K. The rate was zero order with respect to 

[copper] which revealed that colloidal copper phosphate was formed and the reaction proceeded through the adsorption 

of PMS on the colloidal copper phosphate. A suitable reaction mechanism was proposed to explain the experimental 

observation. The product was confirmed as (2-oxo-acetylamino)-acetic acid by FT-IR and 13C NMR spectrum. 
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