Chemueeh

International Journal of ChemTech Research
CODEN (USA): IUJCRGG ISSN: 0974-4290
Vol.8, No.5, pp 126-137, 2015

> [ResEARCH] <

www.sphinxsai.com

National conference on Nanomaterials for Environmental [NCNER-2015]
19th & 20th of March 2015

Copper(II) Catalysed Oxidative Deamination of Lysine by
Peroxomonosulphate

Paramasivam Suresh Kumar’, Srinivasalu Kutti Rani?,
Deivanayagam Easwaramoorthy?

'Department of Chemistry, NPR College of Engineering and Technology, Natham,
Tamil Nadu, India.
2Department of Chemistry, B.S. Abdur Rahman University, Chennai, Tamil Nadu, India

Abstract: Catalytic effect of copper (I) ions on the oxidation of lysine present in the waste
water by peroxomonosulphate (PMS), an eco friendly oxidant in acetic acid-sodium acetate
buffered medium (pH 3.6-4.8) was studied. To propose the reaction mechanism, the reaction
was studied with different solvent composition and the rate remained constant ruling out the
formation of more polar intermediate. The rate constant was not affected by the variation in
the ionic strength of the medium ruling out the interaction between carboxylate group of
lysine and SOs” of PMS. EPR spectral data confirmed the non involvement of free radical
intermediate. The reaction was studied at five different temperatures, the activation and
thermodynamic parameters were calculated. The product formed in this reaction was 6-
amino-2-oxohexanoic acid .The optimum reaction conditions was determined for the
maximum removal of lysine in the waste water.
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1. Introduction

L-lysine (2, 6-diaminohexanoic acid and o, & -diaminocaproic acid) is a protein amino acid. It is
classified as an essential amino acid for humans and must therefore be supplied in the diet. Certain proteins,
such as those found in meat, poultry, and milk are rich in L-lysine. Small amounts of free L-lysine are found in
vegetables, vegetable juices, and in such fermented foods as miso and yogurt'. L-lysine is a basic amino acid
and carries a positive charge under physiological pH conditions. L-lysine, along with other amino acids,
participates in biosynthesis of proteins. In the literature, few reports are available for the oxidation of L-lysine
by diperiodatocuprate(Ill) in aqueous alkaline medium® hexacyanoferrate(Ill)’, alkaline chloramine-T*,
diperiodatoargentate(III) in aqueous alkaline medium’, diperiodatoargentate(IIT)°, osmium(VIII)/ruthenium(III)
catalysed oxidation by diperiodatocuprate(III)’, ruthenium(III) catalysed oxidation by diperiodatoargentate(III)
in aqueous alkaline medium®, Osmium(VIII) catalysed oxidation by ferricyanide’, Manganese(Ill) in
pyrophosphate solution'’.

Peroxomonosulphate ion (PMS) HSOs is considered to be a monosubstituted derivative of H;O,. PMS
is available commercially as oxone with the composition 2KHSO5-K,SO4-KHSO,. The high oxidation potential
(~ —1.8 V)" and the propensity to react via oxygen atom transfer'* make the HSOs molecule a more
favorable oxidant. Oxidation studies of peroxomonosulphate (PMS) with several compounds such as tris(1,10-
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phenanthroline)iron(I)”°, nicotinic acid'®, hypophosphorous acid'’, acid red 88", nickel(Il)lactate'®, tris
(2,2’bypy) Iron(II) sulphate® etc. were reported. Though we have reported the oxidation of lysine by PMS?' in
acetic acid sodium acetate buffered medium but the effect of copper (II) catalyst on the oxidation has not been
reported. Hence the title study was carried out and the results obtained were discussed in this manuscript.

2. Experimental

The kinetics of oxidation of lysine by PMS in presence of copper (II) sulphate in acetic acid—sodium
acetate buffered medium was studied under pseudo first order conditions i.e., [lysine] >>[PMS] at various time
intervals.

2.1. Materials and Reagents

All the solutions used in this study were prepared using double-distilled water and the solutions of the
reagents were prepared afresh everyday before starting the experiments. PMS was from Aldrich, USA and the
purity of the sample was tested by iodometric estimation and the purity was found to be 98% and hence used as
such. PMS solution was freshly prepared everyday and standardized iodometrically and the PMS was preserved
in a blackened vessel to prevent photodecomposition.

Lysine was obtained from Merck, India and used as such. The chemicals such as sodium acetate and
sodium perchlorate were of analar grade and used as such. Acetic acid was distilled and used to make the
buffer solution. Analar grade solvents like acetonitrile and 2-methyl-2-propanol were distilled and used for the
reactions.

2.2. Measurement of Rate Constant

The reaction mixture except PMS was taken in a 250 ml blackened iodine flask and kept in a thermostat
at 308 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., [lysine] »
[PMS]. The rate of the reaction followed first order kinetics (Figure 1) and the rate constant ks were calculated
from the linear plots of log [PMS]; versus time according to the Equation (1).

log [PMS], = log [PMS], - ki /2.303 ™)

The method of linear squares was used to calculate the slope and the intercept in all the cases. All the
statistical analysis was carried out with Microsoft Excel Version, Windows 98 operating system. The relative
standard errors of the above mentioned rate constants for a single run and the relative standard errors of the
mean were about 2%.
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Figure 1. Plot of log [PMS]; vs time in presence copper(Il) ions at 308 K
[lysine] = 5 x 107 mol dm™; pH = 4.0  0.1; [sodium acetate] = 8.5 x 10> mol dm™
[Cu(ID)] = 2.5 x10” mol dm™; [PMS] =3.90 x 10”* mol dm™
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Table 1. Effect of varying concentrations on the reaction rate at 308K

10°x 10°x 10%x 10° x With Temperature
[PMS] [Lysine] [sodium pH 4.0 + ILC?EIH)L IOLculgI)] B (K)
(mol dm™)| (mol dm™) acetate!3 0.1 ol dm X Kops (7))
(mol dm™)
1.95 5.00 8.50 4.0 2.50 2.99 308
3.90 5.00 8.50 4.0 2.50 2.88 308
5.85 5.00 8.50 4.0 2.50 2.72 308
7.80 5.00 8.50 4.0 2.50 2.57 308
9.75 5.00 8.50 4.0 2.50 2.53 308
3.90 2.50 8.50 4.0 2.50 1.61 308
3.90 5.00 8.50 4.0 2.50 2.88 308
3.90 7.50 8.50 4.0 2.50 3.95 308
3.90 10.00 8.50 4.0 250 4.79 308
3.90 12.50 8.50 4.0 2.50 5.68 308
3.90 5.00 2.13 4.0 250 3.91 308
3.90 5.00 425 4.0 2.50 3.60 308
3.90 5.00 6.38 4.0 250 3.30 308
3.90 5.00 8.50 4.0 2.50 2.88 308
3.90 5.00 10.63 4.0 2.50 2.57 308
3.90 5.00 8.50 3.6 2.50 1.34 308
3.90 5.00 8.50 4.0 250 2.88 308
3.80 5.00 8.50 4.4 2.50 6.67 308
3.80 5.00 8.50 4.6 250 9.44 308
3.80 5.00 8.50 4.8 2.50 14.82 308
3.80 5.00 8.50 4.0 2.50 2.88 308
3.80 5.00 8.50 4.0 5.00 3.30 308
3.80 5.00 8.50 4.0 7.50 3.49 308
3.80 5.00 8.50 4.0 10.00 3.68 308
3.80 5.00 8.50 4.0 12.50 3.80 308
3.80 5.00 8.50 4.0 2.50 1.84 303
3.80 5.00 8.50 4.0 2.50 2.88 308
3.80 5.00 8.50 4.0 2.50 4.53 313
3.80 5.00 8.50 4.0 2.50 6.83 318
3.80 5.00 8.50 4.0 2.50 10.67 323

2.3. Stoichiometry and Product Analysis

128

The stoichiometry of the reaction was determined for copper (II) catalysed reaction by allowing the
reaction mixtures containing a large excess of [PMS] over [lysine]. Simultaneously, a blank solution of the
reaction mixture was also prepared, by adding all the solutions as above without lysine. Both the reaction
mixtures were allowed to stand for 48 hours and the excess of PMS present was estimated iodometrically.
Corrections for the self-decomposition of PMS were made from the values obtained from the control
experiments. The observed stoichiometry of the reaction is [lysine]: [PMS] = 1:1 as represented by the
following equation.
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+
HoN HN O _ R FoN QA P i
o (0]
Zwitter ion 6- amino -2-oxohexanoic acid

The reaction mixture containing a large excess of PMS over lysine in the presence of Cu(ll) ions in a
blackened vessel was allowed to stand for 48 h at room temperature. Excess PMS present in the reaction
mixture was destroyed by adding sodium bisulphite and then the mixture was extracted with dichloromethane.
The organic layer was separated, dried and IR spectrum was taken. From the IR data, absorption at 3434 cm™
and 3293 cm™ due to N-H stretching, 1706 cm™ due to carboxylic C=O stretching, 1179 cm” due to C-N
stretching, 1640 cm™ due to ketonic C=0 stretching confirmed the formation of . 6-amino-2-oxohexanoic acid.

2.4. UV-Visible Spectral Analysis

The reaction mixture was scanned in the ultraviolet and visible regions on a Perkin Elmer LS 25 UV
spectrophotometer to unravel the intermediate formed during the course of the reaction. The reaction mixture
was prepared by adding PMS (~3.98 x 10~ mol dm™) to lysine in the presence of copper(I) sulphate, (~2.5 x
10° mol dm™) in acetic acid - sodium acetate buffer. The concentration of lysine and PMS in the spectral
solution was kept in the ratio 1:13. The spectra were taken immediately after preparing the reaction mixture in 1
cm cell at room temperature (298 K). Time history of the absorption spectra was also done at different time
intervals.

2.5. EPR spectral analysis

The reaction mixture was scanned in the electron paramagnetic resonance spectrometer on a Varian E-
112 EPR Spectrometer, Microwave power: 20 micro Watt (DPPH: ‘g’ Value = 2.00232, Magnetic field
strength: 3300 G) to unravel the free radical intermediate formed during the course of the reaction. The reaction
mixture was prepared by adding PMS (~3.86 x 10~ mol dm™) to lysine in the presence of copper(Il) sulphate,
(2.5 x 10? mol dm™) in acetic acid- sodium acetate buffer. The spectra were taken immediately after preparing
the reaction mixture and also at different time intervals.

2.6 Cyclic voltammetric studies

Electrochemical studies were carried out with a CHI 760C — CH Instrument Inc., USA. Cyclic
voltammetric measurements were made at room temperature in an undivided cell (C-3 cell stand) with a glassy
carbon, platinum counter electrode and a calomel reference electrode. All potentials were reported with respect
to calomel electrode (SCE). The solutions were deoxygenated by passing nitrogen through the solution for 30
min prior to the experiments, and during the experiments the flow was maintained over the solution. Cyclic
voltammogram was taken for copper(Il) ions in buffer, lysine in buffer, PMS in buffer and the reaction mixture
as well.

3. Results and discussion
3.1. Effect of [PMS] on Kk,

The values of k,,s were calculated for different concentrations of PMS by maintaining the other
parameters at constant values. The results showed that the rate constant was unafffected with increase in
[PMS] even by five fold times which revealed that the rate was first order in [PMS]. This result ruled out the
dimerization of PMS or reaction between PMS and copper. If PMS dimerised, this would have resulted in
second order and hence dimerization of PMS is ruled out.

3.2. Effect of [lysine] on Kgps

The values of ko, were calculated for different concentrations of lysine by keeping other parameters at
constant values. Perusal of the kinetic results showed that the rate constant increased with increase in [lysine].
Further, the plots of ks versus [lysine] were linear. The positive intercept obtained in the above plots revealed
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that the reaction proceeded by two steps, one dependent on [lysine] and the other independent of [lysine]. The
lysine independent step was due to the self-decomposition of PMS under the experimental conditions employed
in this study.

3.3. Effect of pH on kg

By keeping other parameters at constant values, the effect of pH on the rate constants was studied by
varying the pH values of the reaction mixture. The rate constant, k., values, increased with increase in pH
values. Moreover, the plot of ks versus pH gave a parabola. When kg, x [H'] versus [H'] was plotted, a perfect
straight line was obtained with a high correlation coefficient.

3.4. Effect of [Sodium Acetate] on K

The effect of [sodium acetate] on k,,s was studied by determining the values of ko at different [sodium
acetate] by keeping other parameters at constant values and further the ratio of acetic acid/sodium acetate was
maintained at constant value as well. In the presence of copper(Il) the values of ks decreased with increase in
[sodium acetate] and the plot of Kops | VErsus [sodium acetate] was linear with a positive intercept. This
observation suggested that the reaction was inhibited by acetate ion.

3.5. Effect of [copper(II)] on K,

The effect of [copper(Il)] on k,s was studied by determining the values of k., at different
concentrations of [copper(I)], by keeping other parameters at pre-determined values. The kinetic results
showed that the rate increased with increase in [copper (II)]. Further the plot of ks versus [copper(Il)] was
linear with a positive intercept.

3.6. Effect of Temperature on Kp

The reaction was carried out at five different temperatures, namely, 303, 308, 313, 318 and 323 K by
keeping all other parameters constant. The kg, increased with increase in the temperature. The plot of log kops
versus (1/T) was a straight line (Arrhenius plot) and the plot of log (ko /T) versus (1/T) was also linear
(Eyring’s plot). From the slope and the intercept of the straight line, the thermodynamic parameters were
calculated (Table 2). The high positive values of free energy of activation (AG") and enthalpy of activation
(AH") indicated that transition state was highly solvated while the negative values of entropy of activation (AS")
suggested the formation of rigid transition state with reduction of degree of freedom of molecules.

Table 2. Kinetic and thermodynamic parameters for the oxidation of lysine catalysed by copper (II) ions
at 308 K

3 4 2
E AH? AS? AGH 10 xk K 10 xk 10 xk KK
Lysine a 11 2 301 2
kJ/mol | kJ/mol J/K/mol kJ/mol -1 -1 2 -1
Ms S M s
With
copper(Il) 31.02 29.88 -150.63 76.28 1.07 2.38 5.90
catalyst

3.7. Effect of Dielectric Constant on K,

The effect of dielectric constant (g) of the reaction mixture on the reaction rate was studied by using
two different solvents, such as 2-methlyl propan-2- ol and acetonitrile. The k,,s remained unaffected with the
increase in composition of the solvents ruling out the formation of more polar intermediate than the reactants.

3.8. Effect of ionic strength on K,

The effect of ionic strength on the reaction rate was studied by varying the ionic strength of the
medium, by adding sodium perchlorate (0.01-0.04 M) and maintaining the other parameters at constant values.
The increase in the ionic strength of the medium had negligible effect on the ks value. This result ruled out the
interaction between the carboxylate group of lysine and SO5> of PMS.
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3.9. Test for free radical intermediates

In this kinetics study, the reaction failed to initiate the polymerisation of added acrylonitrile, which
ruled out the involvement of free radical intermediates. Moreover, with the addition of t-butyl alcohol, the rate
of the reaction was not lowered and hence eliminating the involvement of sulphate free radicals, since t-butyl
alcohol is an effective scavenger of sulphate free radicals. Further EPR spectral measurement also confirmed
the non-involvement of free radicals in this reaction.

Discussion

Lysine exists as a dipolar ion in aqueous solutions. The dissociation of lysine depends on the pH of the
medium. The pK, values of lysine [22] are 2.18, 8.95 and 10.53. Hence at pH 4.0 lysine exists both in the
protonated form and as zwitterions as shown below.

+ +
HoN HaN, O HoN HsN, O
\_\—/_< K1 \_\_/_< + H* 3)
OH o
Protonated Lysine Zwitter ion

Peroxomonosulphate ion (HSOs") is a weak acid with pk, 9.4. The standard potential of HSOs7/ SO42'
and SOs>/SO,> couples is 1.75 V and 1.22 V, respectively. PMS exists as HSOs™ in acidic condition i.e., pH 3-6
[23-24].

Cu(ll) ions in buffer and PMS (a)
Cu(ll) ions only (b)

3000
Magnetic field (Gauss)

Figure 2. EPR spectra of copper(Il) ions in different reagents.

(a) EPR plot of copper(Il) ions (2.5 x 10~ mol dm™) in water

(b) EPR plot of copper(Il) ions in acetate buffered medium (pH = 4.0 + 0.1) [sodium acetate] = 8.5 x 10™
mol dm™)

(c) EPR plot of copper(II) ions and PMS in acetate buffered medium ([PMS] = 3.86 x 10~ mol dm™)

Interestingly no EPR signal was obtained for the reaction mixture in the absence of copper(Il) ions
however, EPR signal was obtained for the reaction mixture in the presence of copper(Il) ions. The EPR spectra
are shown in figure 2. EPR spectrum of copper(Il) ions in water showed only one signal, however copper(Il)
ions in acetate buffer showed four signals revealing the formation of copper(Il)-acetate complex. EPR spectrum
of the mixture containing lysine in buffered medium in presence and absence of copper(Il) ions were taken. No
signal was obtained for lysine molecular species, but in the presence of copper(Il) ions showed signal which
corresponds to the formation of copper-lysine complex. EPR spectrum was taken for the reaction mixture at
various time intervals however; the position of signal (g value) and nature of signal were not affected (Figure
3).’g’ and ‘A’ values were calculated for each case and are given in table 3.
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lysine with Cu(ll) ions in buffer (a)
lysine with Cu(ll) ions in bufer and PMS at 01 min. (b)

lysine with Cu(ll) ions in buffer and PMS at 22 min. (d)

Intensity

2500 ' 3000
Magnetic field (Gauss)

Figure 3. EPR spectra of the lysine reaction mixture in presence of copper(Il) ions
[lysine] =5 x 107 mol dm™; [Cu(II)] = 2.5 x10” mol dm™ ; pH = 4.0 £ 0.1
[sodium acetate] = 8.5 x 10”7 mol dm™ ; [PMS] = 3.90 x 10”* mol dm

Table 3. ‘g’ and ‘A’ values for the EPR spectrum of the reaction mixture

S.No. Description ‘g’ Value ‘A’ Value
(Gauss)

1 copper(Il) ions in water 2.19 -

2 copper(Il) ions in acetate buffer 2.17 40.28

3 copper(Il) ions + acetate buffer + PMS 2.18 42.00

4 Lysine + copper(Il) ions + acetate buffer 2.14,2.10 57.84, 55.03
5 Lysine + Cu(Il) + acetate +PMS at 01 Min. 2.14 57.46

6 Lysine + Cu(Il) + acetate +PMS at 11 Min. 2.12,2.05 57.65, 57.46
7 Lysine + Cu(Il) + acetate +PMS at 22 Min. 2.12,2.08 57.27,57.08

EPR spectrum of the mixture containing lysine in buffered medium, in the presence of copper(Il)
ions, showed five signals which corresponded to the formation of (copper(Il)-lysine) complex (spectrum ‘a’ of
Figure 3). When lysine was added to copper(Il) ions and acetate buffer mixture a dynamic equilibrium was
established between copper(Il)-lysine monomer and copper(Il)-lysine dimer, which was reflected in the fifth
signal (spectrum ‘a’ of Figure 3). However, When PMS was added to the (copper(Il)-lysine monomer) complex
and (copper(I)-lysine dimer) complex mixture the fifth signal disappear only four signals are appeared
(spectrum ‘b’ of Figure 3). At the same time the spectrum ‘c’ and‘d’ of figure 3 show five signals. This is due
to the interaction of PMS with both monomer and dimer complex. Positions of signals were not affected for the
reaction mixture at different time intervals. This indicated that copper(Il) ions were neither oxidised nor
reduced but acted only as a catalyst.

In order to study whether copper(ll) ions reacted directly with PMS, an EPR spectrum of copper(Il)
ions in acetate buffer with PMS was taken. It showed only four signals, ruling out the possibility of the
formation of hydroxyl radical or any other radical (spectrum ‘c’ of Figure 2). Formation of a complex between
lysine — copper(Il) ions was confirmed by taking UV — visible spectra.

UV- visible spectrum of the mixture containing lysine, Cu(Il) ions and PMS in acetic acid and sodium
acetate buffered medium in the presence of copper(Il) ions (2.5 x10” mol dm™) showed two absorption maxima

one at 237.34 nm (Figure 4) and an another domain containing, a wide band, centered at 707.33 nm (Figure 5).
The maxima at 707.33 nm was due to the formation of lysine-copper(Il) complex, Interestingly the peak was
observed only at higher concentrations of copper(II) (1.5 x 107 mol dm™) and was attributed to the d-d
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transition (°E, — “T,y), specific for Cu(I) complexes with tetragonally distorted octahedral complex due to
Jahn-Teller effect.

Time history of the plot at various time intervals revealed that absorption at 237.34 nm increased
whereas the absorption at 682 nm decreased (Figure 5). A values of copper (I) ions in water was at 804 nm.
When acetate buffer was added to this solution, the Ay, was shifted to 761 nm indicating the formation of
copper acetate complex. After the addition of lysine to the reaction mixture, A,.x was shifted to 678 nm
revealing the formation copper acetate-lysine complex. When the reaction mixture reacted with PMS, A, was
further shifted to 707 nm revealing the formation of copper acetate-lysine-PMS complex. A. All these observed
shift (Figure 5) revealed the formation of different copper(Il) complexes.
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Figure 4. Absorption spectra of the lysine reaction mixture in presence of copper(Il) ions at various time
intervals

[lysine] = 5 x 107 mol dm™; pH = 4.0  0.1; [sodium acetate] = 8.5 x 10 mol dm™

[Cu(ID)] = 2.5 x10™ mol dm™; [PMS] = 3.90 x 10~ mol dm™
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Figure 5. Absorption spectra of copper(Il) ions in different reagents

A - Copper(II) ions in water

B - Copper(Il) ions in acetate buffered medium

C - Copper(II) ions with lysine in acetate buffered medium

D - Copper(Il) ions with lysine and PMS in acetate buffered medium

[lysine]=5 x 107 mol dm™ ; pH = 4.0 £ 0.1; [sodium acetate] = 8.5 x 10> mol dm"
[Cu(ID)]=1.5 x 107 mol dm™ ; [PMS] = 3.86 x 10~ mol dm"
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The cyclic voltammogram of Cu(Il) ions and acetate buffer system was recorded. Peak potentials of
various cyclic voltammogram are tabulated in table 4. The peak potential corresponding to reduction of Cu(Il)
ions was -0.71 V. The cyclic voltammogram of lysine in buffered medium showed the peak potential at -0.34 V.
The cyclic voltammogram of PMS in buffered medium has peak potential for reduction at -0.80 V. The
interaction between Cu(ll) ions and lysine showed three different reduction peak potentials: -0.21, -0.42 and -
0.74 V (Figure 6). Comparing these peak potentials with those of free copper(Il) ions in buffer, lysine in buffer
and PMS in buffer, it was observed that a new peak -0.21 V has appeared. This could be assigned to reduction
of 1:1 Cu(Il)-lysine complex. Since, the value was lower than that of free lysine (-0.34 V), it is confirmed that
lysine in the Cu(Ill) complex has more tendency to undergo reduction than the free lysine. The cyclic
voltammogram of Cu(Il)- lysine - PMS system showed two peaks at -0.38 V and -0.65 V (Figure 7). The peak
potential of Cu(Il) ions in Cu(Il) — lysine complex was shifted to a low value (-0.38 V and -0.65 V) compared
to those of Cu(Il)-lysine complex ( -0.42 V and -0.74 V). So, from the study of cyclic voltammetry it was
established that Cu(II) form complex with lysine and PMS form complex with Cu(Il) — lysine complex.

Table 4. Reduction potential values of different reaction mixtures

S. No. Description ‘E’ (Potential in Volts)

Peak I Peak I1 Peak 111
1 copper(Il) + buffer -0.71 - -
2 Lysine + acetate buffer -0.34 - -
3 PMS + acetate buffer - 0.80 - -
4 Lysine + copper(Il) + buffer -0.21 -0.42 -0.74
5 Lysine + copper(Il) +buffer + PMS - -0.38 - 0.65

The PMS complexation was observed to lower reduction potential of Cu(Il) - lysine complex. Though
PMS can donate electrons to form complex with Cu(Il) ions, electron might be donated back predominantly, in
order to decrease the reduction potential of Cu(Il) ions. Hence PMS might also be interacting with free lysine
forms lysine — PMS complex, thus establishing existence of Cu(Il) — lysine — PMS complex and lysine — PMS
complex. ESR spectral data also confirmed distorted octahedron complex.

0.000012 lysine with Cu(ll) ions in buffer ‘

0.000010 —-
0.000008 —-
0.000006 —-
0.000004 —-

0.000002

Current/ A

0.000000
-0.000002

-0.000004

-0.000006 ; . ; . ; . ; . ; . )
-1.0 0.5 0.0 05 1.0 1.5

Potential / V

Figure 6. Cyclic voltammogram of lysine with Cu(Il) ions in acetate buffered medium
[lysine] = 2.5 x 107 mol dm™; pH =4.0 + 0.1
[sodium acetate] = 8.5 x 107 mol dm™; [Cu(ID)] =5 x 10° mol dm
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lysine with Cu(ll) ions and PMS in buffer

0.000010
0.000008
0.000006

0.000004

Current/ A

0.000002
0.000000

-0.000002 —

-0.000004

. : . : .
-1.0 -0.5 0.0 0.5 1.0 1.5
Potential / V

Figure 7. Cyclic voltammogram of the lysine reaction mixture with
Cu(Il) ions and PMS in acetate buffered medium

[lysine] = 2.5 x 107 mol dm™; pH = 4.0 £ 0.1; [sodium acetate] = 8.5 x 10? mol dm"

[Cu(ID)] =5 x 10”° mol dm™; [PMS] = 8.0 x 10™* mol dm™

135

Based on the above discussion, the detailed mechanism for the copper(Il) catalyzed reaction pathway is

given in Scheme 1.
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Scheme 1. Mechanism for the oxidation of lysine in the presence of copper(Il) ions by

peroxomonosulphate.
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kobs Was derived as

k1 K4 [Lysine] ksK;Ky K3 [Lysine] [Cu?*]
— + ky + (10)

[H'] [OACT] [H']

kobs

From equation (10) values of kK, ksK;K,K; & k, were calculated from different plots and average
values have been given in the table 2.

4. Conclusion

Kinetics of the oxidation of lysine by peroxomonosulphate in acetic acid-sodium acetate buffered
medium (pH 3.6-5.2) in the presence of copper(Il) ions was studied at 308 K. Variation of ionic strength did not
show any effect on the rate of the reaction and it revealed that PMS attack the amino group of lysine rather than
the carboxylate group of lysine. Effect of polarity was studied with two different solvents viz, acetonitrile, and
2-ethyl-2-propanol and in both the cases, the rate constant remained the same even while changing the solvent
composition. A suitable reaction mechanism was proposed to explain the experimental observation. EPR
spectra taken for the reaction mixture at various time intervals, confirmed the reaction proceeding through
molecular intermediate. Cyclic voltammetric studies and absorption studies confirmed the formation of
copper(Il) — lysine — PMS complex. The optimum pH was 5.0 for the maximum removal of lysine from the
waste water at 308 K.

Acknowledgements

The authors acknowledge the authorities of B.S. Abdur Rahman University for their constant
encouragement and support.

References

1. Civitelli, R., Villareal, D.T., Agnusdei, D., Nardi, P., Avioli, L.V. and Gennari, C., Dietary L-lysine and
calcium metabolism in humans, Nutrition, 1992, 8, 6, 400-5.

2. Kiran, T.S., Hiremath, D.C. and Nandibewoor, S.T., Oxidation of L-Lysine by Diperiodatocuprate(I1l)
in Aqueous Alkaline Medium by the Stopped Flow Technique, Russian Journal of Physical Chemistry
A, 2007, 81, 12, 2070-2077.

3. Anjali Goel and Ruchi Sharma, Kinetic and mechanistic study on the oxidation of arginine and lysine
by hexacyanoferrate (III) catalysed by iridium (III) in aqueous alkaline medium, Journal of Chemical
Engineering and Materials Science, 2012, 3(1), 1-6.

4, Yadav, B.S., Singh, D.R. and Chandra, G., Kinetics of oxidation of lysine monohydrochloride by
alkaline chloramine-T, Journal of Inorganic and Nuclear Chemistry, 1978, 40, 161-164.

5. Munavalli, D.S., Chimatadar, S.A. and Nandibewoor, S.T., Kinetic and mechanistic study of oxidation
of L-lysine by the analytical reagent diperiodatoargentate(Ill) in aqueous alkaline medium, Transition
Metal Chemistry, 2008, 33, 535—542.

6.  Veeresh, T.M. and Nandibewoor, S.T., Thermodynamic quantities for the different steps involved in the
mechanism of osmium(VIII) catalysed oxidation of L-lysine by a new oxidant, diperiodatoargentate(I1I)
(stopped flow technique), Journal of Chemical Thermodynamics, 2008, 40, 284-291.

7. Hiremath, D.C., Kiran, E., Sirsalmath, K.T. and Nandibewoor, S.T., Osmium(VII)/Ruthenium(III)
catalysed oxidation of L-lysine by Diperiodatocuprate(Ill) in Aqueous Alkaline medium: A
Comparative Mechanistic Approach by stopped flow technique, Catalysis Letter, 2008, 122, 144-154.

8.  Hosamani, R.R. and Nandibewoor, S.T., Mechanistic study of ruthenium (III) catalysed oxidation of L-
lysine by diperiodatoargentate (III) in aqueous alkaline medium, Journal of Chemical Sciences, 2009,
121, 3, 275-281.

9.  Upadhyay, S.K. and Agrawal, M.C., Oxidation of lysine by ferricyanide in presence of osmium(VIII),
Anorganische, Struktur- und Physikalische Chemie, 1979, 110, 2, 413-418.

10. Rangappa, K.S., Chandraju, S. and Made Gowda, N.M., Manganese (III) Oxidation of L-Lysine and L-
Histidine in Pyrophosphate Solution: A Kinetic and Mechanistic Study, Synthesis and Reactivity in
Inorganic and Metal-Organic Chemistry, 1998, 28, 2, 275-294



Deivanayagam Easwaramoorthy et al /Int.J. ChemTech Res. 2015,8(5),pp 126-137. 137

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

Spiro, M., The standard potential of the peroxosulphate/sulphate couple, Electrochimica Acta, 1979, 24,
313-314.

Steele, W.V. and Appelman, E.H., The standard enthalpy of formation of peroxymonosulfate (HSOs )
and the standard electrode potential of the peroxymonosulfate-bisulfate couple, Journal of chemical
Thermodynamics, 1982, 14, 337-344.

O’Hare, P.A.G., Basile, L. and Appelman, E.H., Thermochemistry of inorganic sulfur compounds V.
Peroxymonosulfate revisited: standard molar enthalpies of formation of KHSOs-H,O(cr), KHSOs(cr),
and HSOs—(aq), Journal of Chemical Thermodynamics, 1985, 17, 473-480.

Edwards, J.O., marsh, C., Progress in Reaction Kinetics, Pergamon Press, New York, 1989, 15, 35.
Mehrotra, M. and Mehrotra, R.N., Kinetics and mechanism of the oxidation of tris (1,10—
phenanthroline) iron(Il) by peroxomonosulphate ion, Polyhedron, 2008, 27, 2151-2156.

Anuj Agrawal, Riya Sailani, Beena Gupta, Khandelwal, C.L. and Sharma, P. D., The Kinetics and
Mechanism for the Oxidation of Nicotinic Acid by Peroxomonosulfate in Acidic Aqueous Medium,
Journal of the Korean Chemical Society, 2012, 56, 212-216.

Dubey, S., Hemkar, S., Khandelwal, C.L. and Sharma, P.D., Kinetics and mechanism of oxidation of
hypophosphorous acid by peroxomonosulphate in acid aqueous medium, Inorganic Chemistry
Communication, 2002, 5, 903-908.

Madhavan, J., Maruthamuthu, P., Murugasen, S. and Ashokkumar, M., Kinetics of degradation of acid
red 88 in the presence of Co®" - ion/peroxomonosulphate reagent, Applied Catalysis A: General, 2009,
368, 35-39.

Murugavelu, M., Andal, P., Shailaja, S. and Ramachandran, M.S., Kinetic studies on the reaction
between nickel(Il) lactate and peroxomonosulphate ion — The effect of —formaldehyde, Journal of
Molecular Catalysis A: Chemistry, 2009, 306, 1-5.

Somuthevan, R., Renganathan, R. and Maruthamuthu, P., Kinetics and Mechanism of Oxidation of Tris
(2, 2’bypy) Iron(Il) sulphate by Peroxomonosulphate, Inorganica Chimica Acta Letters, 1980, 45, 165-
167.

Sundar, M., Easwaramoorthy, D., Kutti Rani, S. and Palanichamy, M., Mechanistic Investigation of the
Oxidation of Lysine by Oxone, Journal of Solution Chemistry, 2007, 36, 1129-1137.

Dean, J.A., Lange’s Handbook of Chemistry, 1999, McGraw-Hill, New York, 15™ edition.

Hu, T. and Dryhurst, G., Electrochemical oxidation of indole-3-acetic acid: Mechanisms and products
formed in acidic medium, Journal of Electroanalytical Chemistry, 1993, 362, 237-248.

Spiro, M., The standard potential of the peroxosulphate/sulphate couple, Electrochimica Acta, 1979, 24,
313-314.

%k Kk %k k



