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ABSTRACT: 
Kinetics and mechanism of copper (II) catalyzed and uncatalyzed oxidation of glycine (gly) by 

peroxomonosulphate (PMS) in neutral medium (phosphate buffer, pH 6-8) was studied at 278 K. The rate of the 

reaction increased with increase in pH values. The rate was first order in [Cu (II)] and [gly], and zero order in 

[PMS]. Variation of ionic strength did not have any effect on the rate of the reaction. The effect of dielectric 

constant on the rate constant was negligible ruling out the formation of polar intermediate. The reaction between 

PMS and glycine exhibited 1:1 stoichiometry. The product of the reaction was confirmed by IR and UV Visible 

spectral studies 
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1. INTRODUCTION: 
Amino acids are one of the natural compounds, which 

contribute an important role both as building blocks of 

proteins and as intermediates in metabolism. They are 

useful for the human nervous system, hormone 

production, and muscular structure aside from playing 

an important role in protein and enzyme synthesis. 

Among the amino acids, glycine acts as a biosynthetic 

intermediate of all purines and porphyrins as well as a 

neurotransmission inhibitor of the central nervous 

system [1,2]. The wastewater 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 [3]. 
 

Peroxomonosulphate (PMS) is an inexpensive, eco-

friendly oxidizing agent when compared with other 

oxidizing agents [4-8] due to its easy tendency to 

transfer oxygen. 
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It is used to oxidize both inorganic [9], organic [10-12] 

and waste water [13-17]. Transition metal ion catalyzed 

oxidation of amino acids have been carried either in 

acetic medium [18-20] or alkaline medium [21,22]. 

Copper complexes have occupied a major place in 

oxidation chemistry because of their abundance and 

relevance in biological chemistry [23,24]. However, 

glycine was the substrate of oxidiation by seeral 

oxidizing agents but there are no reports on the 

oxidation of glycine by PMS in neutral medium. Hence, 

the present study focused the oxidation of glycine with 

PMS in neutral medium (phosphate buffer, pH 6-8) and 

also the effect of copper (II) ions at 273 K. 
 

2. EXPERIMENTAL: 

2.1. MATERIALS AND METHODS: 
Peroxomonosulphate (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 [25]. A fresh 

solution of PMS was prepared every time before starting 

the experiments, doubly distilled water was used 

throughout this study. Glycine was obtained from 

Merck, India, and used as received. 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 
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reactions.  
 

2.2. Instrumentation: 

For kinetic measurements, a Royal ultra cryostat 

(temperature control) was used. For product analysis, 

Jasco 6300 FT-IR spectrophotometer was used. The 

reaction mixture was scanned in the ultraviolet and 

visible regions on a Perkin Elmer LS 25 UV–visible 

spectrophotometer. 
 

2.3. Measurement of Rate constant: 

A known volume of PMS solution, thermostatted at the 

desired temperature (278K) was pipetted out into the 

reaction mixture of glycine in buffer and simultaneously 

a timer was started. Consumption of PMS in this 

reaction mixture was monitored by the iodometric 

method. The rate of the reaction followed first order 

kinetics as shown in fig.1 and the rate constant kobs was 

calculated from the linear plot of log[PMS] vs time 

according to eq.1 
 

Log [PMS]t =log[PMS]0-kt/2.303 (1) 
 

Copper sulphate pentahydrate was used as a 

homogeneous catalyst. The effect of copper (II) was 

observed even at concentration of 5×10-3 mol dm-3 and 

hence concentration of Cu (II) in the reaction mixture 

was kept at 5×10-3 mol dm-3. 

 

 
Fig. 1. Plot of log [PMS]t vs Time in the absence (A) and presence 

of (B) copper (II) ions at 278K. [glycine]=5.0 x 10-2 mol dm-3; [Cu 

(II)]=2.5 x 10-3 mol dm-3; pH=7.0±0.1; [PMS]=4 x 10-3 mol dm-3 

 

The stoichiometries of the reactions were determined for 

both copper (II) catalyzed and uncatalyzed reactions for 

the reaction mixtures containing a large excess of [PMS] 

over [Glycine]. Then the reaction mixture was allowed 

to stand for 48 h and the unconsumed PMS was 

estimated iodometrically. The observed stoichiometry of 

the reaction in both copper(II) catalyzed and uncatalyzed 

reaction (Glycine:PMS=1:1) 
 

Product analysis was done as given below. The reaction 

mixture containing a large excess of PMS over glycine 

was allowed to stand for 48 h in a blackened vessel at 

room temperature. Excess PMS present in the reaction 

mixture was destroyed by adding sodium bisulfite, and 

then the mixture was extracted with diethylether. The 

organic layer was separated, dried and doing IR 

analysis. From the IR data, absorption at 1.777 cm−1 is 

due to C=O of carbonyl group, absorption at 1590 cm−1 

is due to acid carbonyl and the amine stretching 

frequency at 3400 cm−1 is disappeared Fig.2. 
 

 
Fig. 2. FT-IR spectrum of 3-oxoproponoic acid 
 

3. RESULTS AND DISCUSSION: 
Kinetics and mechanism of copper(II) catalyzed and 

uncatalyzed oxidation of glycine by PMS in neutral 

medium was studied at 278 K. The rate of the reaction 

was monitored by measuring the concentration of 

unreacted PMS as a function of time. 
 

3.1. Effect of [PMS] on kobs: 

The values of kobs were calculated for different 

concentrations of PMS by maintaining the other 

parameters at constant values. The results showed that 

the rate constant was unaffected with increase in [PMS] 

in the absence of copper (II) whereas the rate increased 

with increase in [PMS] in the presence of copper(II). 

The kobs vs [PMS] is presented in Table 1. 
 

3.2. Effect of [Glycine] on kobs: 

The values of kobs were calculated for the reactions 

conducted both in the presence and absence of 

copper(II) catalyst for different concentrations of 

glycine, by keeping other parameters at constant values. 

The kinetic results showed that the rate constant 

increased with increase in [glycine] as presented in 

Table 1. 
 

3.3. Effect of pH on kobs: 

In order to ascertain the effect of pH on the rate of the 

reaction, reactions in the presence and absence of 

copper(II) ions at different pH values were carried out. 

The rate constant (kobs) values increased with an increase 

in pH values in both cases. The rate constant values are 

presented in Table 1 
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3.4. Effect of [Copper(II)] on kobs: 

The effect of [copper(II)] on the rate was studied by 

determining the values of kobs at different [copper(II)], 

by keeping other parameters at predetermined values. 

The kinetic results showed that the rate increased with 

an increase in [copper(II)] (Table 1), and the plot of kobs 

vs [copper(II)] was linear with a positive intercept 

confirming the oxidation of glycine proceeded in the 

absence of copper ions as well. 
 

3.5. Effect of Temperature on kobs.: 

The reaction was studied at five different temperatures, 

viz., 278, 283, 288 and 293 K, by keeping all other 

parameters constant.The kobs increased with the 

increase in temperature, and the plot of log kobs vs 1/T 

was a straight line (Arrhenius plot) Fig.3. 
 

 

 

 

3.6. Effect of Dielectric Constant on kobs.: 

The effect of the dielectric constant (ε) of the reaction 

mixture on the reaction rate was studied by using two 

different solvents, such as 2-methylpropan-2-ol (tert-

butyl alcohol) and acetonitrile. The kobs remained 

unaffected with the increase in composition of the 

solvents, ruling out the formation of a polar 

intermediate. 
 

3.7. Effect of Ionic Strength on kobs.: 

The effect of ionic strength on the reaction rate was 

studied by varying the ionic strength of the medium 

from 0.05 to 0.2 mol dm−3, maintaining the other 

parameters at constant values. The increase in the ionic 

strength had no effect on the kobs value. This ruled out 

the interaction between SO5
2- of PMS and carboxylate 

group of glycine. The negligible effect of ionic strength 

on the rate of the reaction revealed that glycine is the 

active form and not the zwitter ionic form of glycine. 

Table 1. Effect of Varying concentration on the reaction rate at 278K 

10-3[PMS] (mol dm−3) 10-2[glycine] (mol dm−3) pH±0.1 104xkobsa
 (s−1) 10-3[Cu(II)] (mol dm−3) 104kobs

b (s−1) temp (K) 

2 5 7 0.65 5 0.21 278 

4 5 7 0.65 5 7.29 278 

6 5 7 0.65 5 5.72 278 

8 5 7 0.65 5 4.85 278 

4 2.5 7 0.38 5 2.22 278 

4 5 7 0.76 5 5.64 278 

4 7.5 7 0.97 5 10.93 278 

4 10 7 1.49 5 18.50 278 

4 5 6 0.11 5 0.53 278 

4 5 6.5 0.19 5 1.99 278 

4 5 7 0.23 5 8.48 278 

4 5 7.5 1.34 5 44.18 278 

4 5 8 3.87 5 60.10 278 

4 5 7 0.76 2.5 0.10 278 

4 5 7 0.76 5 2.87 278 

4 5 7 0.76 7.5 4.33 278 

4 5 7 0.76 10 6.25 278 

4 5 7 1.11 5 4.06 278 

4 5 7 1.30 5 13.20 283 

4 5 7 2.18 5 49.32 293 

4 5 7 7.02 5 79.24 293 
aWithout Cu(II). bWith Cu(II). 
 

 
Fig. 3. Plot of log k vs 1/T in the absence (a) and presence of (b) 

copper (II) ions at different K. [glycine]=5.0 x 10-2 mol dm-3; [Cu 

(II)]=2.5 x 10-3 mol dm-3; pH=7.0±0.1; [PMS]=4 x 10-3 mol dm-3 

3.8. 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. 
 

The UV−visible spectrum of the mixture containing 

glycine and PMS in phosphate buffered medium showed 

λmax at 215 nm. Scanning at different time intervals 

showed an increase in absorbance, as shown in Fig 4a. 

However, in the presence of copper (II), two absorption 

maxima were obtained, one at 235 nm and another 

domain containing a wide band centered at 690 nm. λmax 

at 630 nm was due to the formation of glycine-copper 

(II) complex; interestingly the peak was observed only 
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at higher concentrations of [Cu]>5×10−2 M and was 

attributed to the d─d transition (2Eg→2T2g), specific for 

Cu(II) complexes with tetragonally distorted octahedral 

complex due to the Jahn−Teller effect. Further, 

copper(II) in water has λmax at 805 nm, whereas 

copper(II) in buffer has λmax at 692 nm, copper (II)in 

buffer with glycine has λmax at 635 nm, and copper (II) 

with glycine and peroxomonosulfate in buffer has λmax at 

632 nm, which indicates a hypsochromic shift revealing 

the formation of copper(II)−phosphate complex initially 

(Fig 4b), followed by formation of complexes with 

glycine and PMS, viz., copper phosphate-glycine 

complex and copper phosphate-glycine-PMS complex. 
 

 

 
Fig. 4a. The absorption spectra of the reaction mixture in the 

absence of copper (II) ions in different time interval: [glycine]=5.0 

x10-2 mol dm-3; [Cu (II)]=1.5 x 10-5 mol dm-3; pH=7.0±0.1; 

[PMS]=4.0 x 10-3 mol dm-3, 4b. Copper peak at high concentration. 

 

4. CONCLUSION: 
The kinetics of the oxidation of glycine by 

peroxomonosulfate in phosphate buffered medium (pH 

6−8) in the presence and absence of copper (II) catalyst 

was studied at 278 K. The rate of the catalyzed reaction 

is faster than that of the uncatalyzed reaction. Variation 

of ionic strength did not show any effect on the rate of 

reaction. The product of the reaction was confirmed by 

IR and UV Visible spectral studies. 
 

5. REFERENCES: 
1. Javitt DC, Glycine transport inhibitors and the treatment of 

schizophrenia, Biol. Psychiatry 67; 2008:6–8. 

2. Nong Y, Huang YQ, Ju W, Kalia LV, Ahmadian G, Wang YT, Salter 

MW. Glycine binding primes NMDA receptor internalization, Nature 

422; 2003:302–307. 

3. Sasikala R, Easwaramoorthy D, Karthikeyan K, Mohammed Bilal I, 

Kutti Rani S. Oxidative degradation of glycyl–glycine by PMS in the 

neutral medium. J. Chem. Pharm. Sci. 2015: 1-13. 
4. Sundar M. Easwaramoorthy D. Kuttirani S. Palanichamy M. 

Mechanistic Investigation of the Oxidation of Lysine by Oxone. J. 

Solution Chem., 36; 2007: 1129-1137. 

5. Meenakshisundaram S. Sarathi N. Kinetics and mechanism of 

oxidation of indole by HSO5-. Int. J. Chem. Kinet., 39; 2007: 46-51. 

6. Shailaja S. Ramachandran MS. Studies on the oxygen atom transfer 

reaction of perox omonosulfate:Catalytic effect of hemiacetal. Int. J. 

Chem. Kinet., 41; 2009: 641-649. 
7. Murugavelu M. Andal P. Shailaja S. Ramachandran MS. Kinetic 

Studies on the reaction between Nickel (II) lactate and 

Peroxomonosulphate ion-The Effect of formaldehyde. J. Mol. Catal. 

A., 306; 2009: 1-5. 

8. Desai LV. Malik HA. Sanford MS. Oxone as an inexpensive, safe, and 

environmentally benign oxidant for C-H bond oxygenation. Org. Lett. 

8; 2006:1141-1144. 
9. Woźniak LA. Stec WJ. Oxidation in Organophosphorus Chemistry: 

Potassium Peroxy monosulphate. Tetrahedron Lett, 40; 1999: 2637-

2640. 

10. Chen MY. Patkar LN. Chen HT. Lin CC. An efficient and selective 

method for preparing glycosyl sulfoxides by oxidizing glycosyl 

sulfides with Oxone or t-BuOOH on SiO2. Carbohydr. Res., 338; 

2003: 1327-1332. 

11. Mohajer D. Iranpoor N. Rezaeifard A. Simple and highly efficient 
synthesis of oxaziridines by tetrabutylammonium Oxone (TBAO). 

Tetrahedron Lett. 45; 2004: 631-634. 

12. Gandhari R. Maddukuri PP. Vinod TK. Oxidation of Aromatic 

Aldehydes Using Oxone. J. Chem. Educ. 84; 2007: 852−854. 

13. Zhiyong Y. Minsker LK. Renken A. Kiwi J. Detoxification of diluted 

azo-dyes at biocompatible pH with the oxone/Co2+ reagent in dark and 

light processes. J. Mol. Catal. A: Chem. 252; 2006: 113–119. 

14. Anipsitakis GP. Dionysiou DD. Cobalt Catalyzed peroxymonosulfate 
oxidation: A Review of mechanisms and applications on degradating 

organic pollutants in water. Environ. Sci. Technol. 37; 2003: 

4790−4797. 

15. Rivas FJ. Beltran FJ. Carvalho F. Alvarez PM. Oxone-Promoted Wet 

Air Oxidation of Landfill Leachates. Ind. Eng. Chem. Rev. 44; 2005: 

749–758. 

16. 16. Anipsitakis GP. Dionysiou DD. Radical generation by the 
interaction of transition metals with common oxidants. Environ. Sci. 

Technol. 38; 2004: 3705-3712. 

17. Madhavan J. Muthuraaman P. Murugesan S. Ashikkumar M. Kinetics 

of degradation of acid red 88 in the presence of Co2+-

ion/peroxomonosulphate reagent. Appl. Catal. A general. 368; 2009: 

35-39. 

18. Suresh Kumar P. Mohan Raj M. Kutti Rani S. Easwaramoorthy D. 

Reaction kinetics and mechanism of copper (II) catalyzed oxidative 
deamination and decarboxylation of ornithine by peroxomonosulfate. 

Ind.Eng.Chem.Res. 51; 2012: 6310-6319. 

19. Maria Rayappan S. Easwaramoorthy D. Palanichamy M. Murugesan 

V. Kinetics of Ag (I) catalyzed oxidation of amino acids by 

peroxomonosulphate. Inorg. Chem. Commun. 13; 2010: 131-133. 

20. Thendral P. Shailaja S. Ramachandran MS. The role of Ni (II) in the 

oxidation of glycylglycine dipeptide by peroxomonosulfate. Int. J. 

Chem. Kinet. 41; 2009: 18-26. 
21. Selvararani S. Medona B. Ramachandran MS. Studies on the ketone-

catalyzed decomposition of caroate in aqueous alkaline medium. Int. J. 

Chem. Kinet., 2005, 37: 483-488. 

22. Sundar M. Easwaramoorthy D. Kutti Rani S. Mohammed Bilal I. Mn 

(II) catalyzed decomposition of peroxomonosulphate-kinetic and 

mechanistic study. Catal. Commun., 9; 2008: 2340-2344. 

23. Selvarani S. Medona B. Ramachandran MS. Kinetic evidence for the 
copper peroxide intermediate with two copper ions in proximity. Int. J. 

Chem. Kinet. 38; 2006: 439. 

24. Sharma AK. Singh A. Mehta RK. Sharma S. Bansal SP. Gupta KS. 

Kinetics of copper (II) catalyzed oxidation of S (IV) by atmospheric 

oxygen in ammonia buffered solutions. Int. J. Chem. Kinet. 43; 2011: 

379-392. 

25. Mendham J. Denney RC. Barnes JD. Thomas MJK. Vogel's Textbook 

of Quantitative Chemical Analysis, 6th ed.; Pearson Education: 
Harlow, U.K. 2004, 428−430. 

 


