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ABSTRACT

A requisite quantity oft-peroxo-bis[aminebis(ethylenediamine)cobalt(liBtphlorate dihydratevas prepared by
solution route method. Complex characterization wagse by using FT-IR and electronic spectroscoppetc

Oxidations of L-glutamine by p-peroxo complex hasrbdeliberated in an agueous medium. The reactita

measurements were carried out under pseudo firderoconditions. The effect of peroxo complex arfieceff

hydrogen ion concentration shows first order kicgin the oxidation reaction. Change in the conitn of ionic

strength has no effect on the reaction rate durthg oxidation. Kinetic measurement was carried byt
potentiometric method. Activation and thermodynangiarameters were calculated and a suitable mecnmatias
been proposed.
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INTRODUCTION

Enzymes catalyze a wide range of reactions unddramnditions and often with high selectivity. Unstanding
their mechanism and attempting to mimic their reactwith chemical systems has provided chemistsh wit
important challenges and research goalsAhjino acids are biologically important organic caupds composed
of amine (-NH) and carboxylic acid (-COOH) functional groups,orey with a side-chain specific to each
amino acid. The key elements of an amino acid arleon, hydrogen, oxygen, and nitrogen, though otfements
are found in the side-chains of certain amino aditi® development of catalysis has been devoted ffong time to
the wide application of metal complexes and orgastaftic complexes as catalysts [2-6]. Kinetics widation of
amino acids by a variety of oxidants has been tefd7-13]. Due to the biological importance of amacids, the
kinetics and mechanistic study of their oxidati@véa received considerable attention [7 to 14].

The active catalyst contains the metal in its higheidation state so the transition metal ion withlydentate
ligands as used as a model system [15-L6peroxo cobalt complexes with diverse polyaminesehbeen
deliberated for the effective model system. Thedation of L-glutamine with p- cobalt complex haebestudied
extensively.

EXPERIMENTAL SECTION
The chemicals employed were L-glutamine (Loba AR)SO, and NaSQ, etc were of AR grade. All solutions
were prepared in doubly distilled water. The [(&NH3)CoO,Co(NHs)(en)](ClO4)4.2H,O was synthesized by

bubbling oxygen through a solution containing ctta nitrate sodium perchlorate and the appropiigend
mixture. FT-IR and electronic spectroscopic studies used for the characterization of the synteesczomplex.
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Pseudo first order conditions [L-glutamine]>> [ureo cobalt complex] has been followed for the kime
experiments. Sulphuric acids, sodium sulphate,utaghine and water was pipetted out in an apprapédatount in
a double walled beaker connected with an inlet @uitet water circulation from the thermostat sethet desired
temperature.

Indispensible amount of p-peroxo complex solutieas thermo stated for half an hour and the kimetiction was
started. The total volume of the reaction was 4(fanlall the experiments. The cell [ST&Eibstrate-complex/fit

was used for the kinetics reaction with the reactioxture and inserting the platinum and referegleetrodes. The
reaction mixture was stirred continuously usingagnetic stirrer throughout the experiment the ehthe cell was
measured periodically using Equip-tronics potentten Some experiments were carried out in an aterbsphere
by bubbling in nitrogen gas in the reaction mixttorestudy the effect of atmospheric oxygen. It watermined that
the velocity constants were reproducible within +ZPle rate of the reaction was not much variatietwleen air
and inert atmosphere; hence the entire experimastdene in air atmosphere. Sodium sulphate was toskekep

the ionic strength constant in the reaction mixture

RESULTS AND DISCUSSION

Electronic Spectrum of the p-peroxo complex

The synthesized complex p-peroxo-bisjaminebis(etisdiamine)cobalt(lll)]perchlorate dihydratghows an
absorption band at 305 nm. The electronic spectiumws that there is no characteristics transitiovisible region,
but the spectrum shows an intense change tranafet hear 205 nm. This band is due to the trandfeteztron
from the peroxide to metal. This band clearly prdivat the presence of a single bridge peroxo liganthe -
peroxo complex.

FT-IR spectrum of the complex

FT-IR characterization of the p-peroxo complex hasn done by The perkin elmer RSI spectrometergudir
pellet in the wave length region 400-4000tmhe peaks at 3446, 3208 and 2897 show the presence of N-H
stretching in the p-peroxo complex. The nitrogeordmation present in the complex was affirmed ly peak at
2395 cm’ The strong peaks at 1588, 1381tepnfirms the presence of NH3, C-H and O-H bendiitigations
respectively. The peak at 1079¢rshows the presence of Cstretching and Cl@stretching vibrations in the
peroxo complex [17-19]The assignment of IR band frequencies are giveharTable-1

Table-1 FT-IR data for p-peroxo complex

Wavelength(cril) Assignments
3446,3208,2987 V(NH.)s
2385 5(N-H)
1588 p(NHy)
1381 V(NH.)s , v(C-H), , v(O-H),
1055 v(C-N)

S-Stretching B-Bending;Deformation,y - bond stretchingy — rocking

All the kinetic runs were conceded out with [L-glaotine] always ten times in excess of p-peroxo ¢afmhplex.
To study the effect of complex, initial concentoatiof the p-peroxo complex was varied and the aiidaeaction
of L-glutamine is processed. The rate constantsewwecreased by increasing the initial concentratidnthe
complex. The reaction is first order with respectomplex.

In order to study the effect of [L-glutamine], tb&idation of the substrate was carried out witHedédnt initial
concentration of the substrate. The reaction i® zeder with respect to substrate. The effect acidthe rate
oxidation was studied by changing the concentrabbadded Sulphuric acid. The rate constants wewaed to be
increased by increasing the hydrogen ion concéniratence the order with respect to hydrogen immcentration
was found to be one.

The effect of added salt on the rate of oxidatibh-glutamine was studied by varying the conceirabf added

sodium sulphate. The rate of the reaction was alificonstant with increasing the initial concetitra of added
salt of the medium. This shows that the ionic gjtieris negligible on the reaction rate.
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Table-2 Effect of p-peroxo cobalt Complex
[L-glutamine] =2x10Pmol dm®  [H*] =2x10%mol dm®
[Na,SQ] =2.5x10%mol dm®
[peroxo complex]

mol dm® 10" kaps S*
2.0 3.7
25 4.0
3.0 4.6
3.t 51

Table-3 Effect of L-glutamine
[complex] =2x1G°mol dr® [H] =2x10°mol dr?®
[Na;SQ) =2.5x10°mol dn?®

107[L-glutamine
[mgﬁms el 10%e: S
2.0 3.7
25 3.9
3.0 3.6
35 3.8

Table-4 Effect of acid
[L-glutamine] =2x10°mol dm® [complex] =2x1C°mol dn?
[Na,SQ] =2.5x10%mol dm®

10°[H2SQ] moldmi® | 10°Ke: S*
2.0 3.7
25 4.2
3.0 5.0
3.5 5.6
Table-5 Effect of added Salt
[L-glutamine] =2x10’mol dm® [complex] =2x18mol dn?®
[H*] =2x10%mol dn?®
10N&SQ] | g1, 5t
25 3.7
3.0 3.7
35 3.6
4.0 3.7
Table-6 Effect of Temperature
[L-glutamine] =2x10°mol dm?® [complex] =2x18mol dn®
[H*] =2x10%mol dr?® [N$8Q] =2.5x10°mol dn®
Temperature in K| 18, S*
313 3.7
318 4.7
323 5.8
328 6.6

The Arrhenius plot of log ks versus 1/T and the plot of log (K/T) vs 1/T gaveteaight line with a very fine
correlation. The energy of activation, enthalpyaofivation, free energy of activation, entropy ofiwation and A
were found to be 32.76 KJmbl30.16 KImof, 61.64 KImof, -100.58 KImatand 3.746 at 313K respectively.
Positive value of free energy of activatiat 2" the enthalpy of activation indicate that the titms state is highly
solvated while the negative entropy of activatid® suggests the formation of an activated complex with
reduction in the degree of freedom of moleculealdd suggests the compactness of the transitive a6 compared
to the ground state and also in cyclic nature [20].

Mechanism and Rate law

In general the mechanism of oxidation reactiong f2ay be divided into three steps. The first siepdtivation of
molecular oxygen. The second step is the formaifaeactive intermediate. The final step is theribréormation of
intermediate into the final product. The suitablecimanism in accordance with the experimental olaserv has b
en proposed. From the above results the most siitadchanism for the oxidation behavior of p-perogmplex is
given as :
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[CoL,L'O,CoL'L,]*" +H" K, s [HCol,L 0,ColL'L,*"

K- peroxo complex . K
[HCoL,L O,CoL'L,]°* Ke - 2[Coll] ¥+ HO, (slow)

2[CoL,L"] **+ HO, kK - 2[CobL] 3+ 0 + H" (fast)
O,*+ S K S Product

The first step is the slow step takes place ati@adndition and it involves the formation of theononuclear
Co(lll) complex and the H®ion. In this step there is equilibrium between ti@no nuclear complex and the cobalt
complex. The second step is the fast step andisnstep, the products formed in the first step vgoe rapid
release of activated oxygen molecule along withoacarrent reduction of mononuclear Co(lll) complx
mononuclear Co(ll) complex. And it is supportednfrthe mechanism for release of oxygen from a pmecobalt
(11 dimer [22]. In the third step the activatedygen molecule attacks the substrate leading tditia products.
The above mechanism leads to the following rate law

Rate = Ky,s[[1-peroxo complex] [H]
This rate law explains all the observed experimdatds.
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