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ABSTRACT

This thesis presents a comprehensive study ooxidation of amino acids by-N
Bromosuccinimide (NBS) in the presence of palladium (II) and palladium nanopatrticles
as catalysts in presence of perchloric acid, with the aim of understanding the
mechanistic, kinetic and catalytic roles of palladium in facilitating this significant
transbrmation. NBS, a mild oxidising agent, was employed to oxidise a range of amino
acids to their corresponding aldehydes.

It also presents the experimental procedures involved in the synthesis of
palladium nanoparticles using the chemical reduction method. The synthesized
nanoparticles are subjected to morphological and structural characterization using
various techniques, atuding UV-Visible Spectroscopy, FAIIR Spectroscopy and
Transmission Electron Microscopy (TEM).

Kinetic studies were conducted under pseudo first order conditions, maintaining
large excess of the amino acids. The reactions were monitored titrimetrically by
following the decrease in concentration of NBS. The results indicate that the oxidation
reaction follows first order kinetics with respect to NBS and catalyst, fractional and
negative order w.r.t amino acid and acid respectively and the observed rate constants
significantly increase in the presence of catalyst as compared to aqueous medium.

Using Pd (Il), this enhancement is attributed to complex formation between
NBS and Pd (I) which then reacts with amino acid in the rate determining step to form
another complex which in subsequent steps give products. On the basis of observed
kinetic ordes and spectral analysis information collected for the possible formation of
complex or complexes in the reaction, a probable reaction path has been proposed.

In case of palladium nanoparticles there is large sutfagelume ratio with
many active sites that can adsorb both the oxidant (NBS) and the substrate (amino acid)
at the same time. Further, adsorption weakens certain bonds {dJ.NCH) in the
substate, that makes easier for the oxidizing agent to attack. Pd nanoparticles may
undergo dynamic redox conversion between
These redox transitions enable efficient
facilitating repeated oxidative events. The homogeneous medium increases this effect
due to high dispersion and surface availability of Pd, ensuring close contact with both
NBS and amino acid molecules. All these factors drastically reduce the activation

energy of theeaction thereby explaining the observed catalytic acceleration.

viii



Activation parameters such Astivation energy (8, Ent h a | p),EntropspH
(8) and Gi bbs ' of activatiemvwere galculatedofBom temperature
dependent studies, proving insights into the transition state.

Overall, this research demonstrated that oxidation of amino acid by NBS is a slow
oxidation process that can be accelerasdgPd (1) and palladium meoparticlesThe

rate is very fast with palladium nanoparticles as compared to Pd (ll).



CONTENT

Particular Page No.
Certificate i
Declaration ii
Anti-Plagiarism Certificate i -iv
A Word of Gratitude \%
Acknowledgement Vi-vii
Abstract Vili -ix
Contents X
Abbreviation Xi-Xii
List of Tables Xiii -xiv
List of Figures XV-XViii
Chapter 1 | Introduction 1-48
Chapter 2 | Materials and Instrumentation 4961
Chapter 3 | Synthesis and Characterization of Palladium 62.82
Nanopatrticle
Chapter 4 | Kinetics and Mechanism of Palladium (Il) catalyse
oxidation of Valine by NBromosuccinimide in 83111
Perchloric acid medium
Chapter 5 | Mechanistic study of Pd (Il) catalysed oxidation of
Serine by NBromosuccinimide in Perchloric acid 112-152
medium.
Chapter 6 | Synthesis, characterization and catalytic applicatic
of Palladium Nanoparticles on oxidation of Aspartii 153180
acid in acidic aqueous medium
Chapter 7 | Palladium nanoparticles synthesis and their cataly|
application on oxidation of Arginine in aqueous 181-203
acidic medium
Conclusion 204
Summary 205209
Bibliography 210244

Research Publications in UGC Refereed Journals

Conferences/Seminars Attended




NBS
Val
Ser
Asp
Arg
Pdnps
PVP
KD
KHz
rpm
Kl
HCIO4
NaClOy
Hypo
2,47 DNPH
PdCb
HCI
KCI
MA
DMF
BINAP
PdO
SSS
NCS

PANI-H

ABBREVIATION

N-Bromosuccinimide
Valine

Serine

Aspartic acid

Arginine

Palladium nanopatrticles
Polyvinylpyrrolidone
Kilodalton

Kilohertz

Rotation per minute
Potassium iodide
Perchloric acid

Sodium perchlorate
Sodium thiosulphate (N&Os)
2,4 Dinitrophenythydrazine
Palladium chloride
Hydrochloric acid
Potassium chloride
Mandelic acid

N, N-Dimethyl formamide

2 , -Bi$(diphenlyphasphine) , -Airtaphtyl

Palladium (Il) oxide
Silica Starch Subtrate
N-Chlorosuccinimide

Polyanilinehydrochloride

Xi



kobs

EDTA
HRTEM
UV-Vis
FTIR

TEM

Pseudo first order rate constant

lonic strength

Ethylenediamine tetra acetic acid

High Resolution Transmission Electron Microscope
Ultra-Violet Visible

Fourier transform infrared spectroscopy

Transmission Electron Microscope

Xii



LIST OF TABLES

Table No. Title Page No.
3.1 Synthesis of nanopatrticles 69
Effect of variation of [NBS], [Val], [Pd (I1)] and [H
4.1 on thePalladium (1)) catalysedxidation ofValine by 89

NBS at 35
4.2 Variation of NBS 90
4.3 Variation of[H] 91
4.4 Variation of Valine 93
4.5 Variation of Palladium (l1) 94
4.6 Variation of lonic Strength 96
Effect of variation of [NBS], [Ser], [Pd (11)] and [H
5.1 on thePalladium (1) catalysedxidation ofSerine by 116
NBS at 35
5.2 Variation of NBS (incatalysej 118
5.3 Variation of Serineyncatalysef 120
5.4 Variation of[H*] (uncatalysejl 122
5.5 Variation of lonicStrength ¢ncatalysep 124
5.6 Variation of NBS(catalysedl 130
5.7 Variation ofSerine ¢atalysed) 132
5.8 Variation of Pd [l] (catalysed) 134
5.9 Variation of[H'] (catalysed) 136
5.10 Variation of lonic Strength (catalysed) 138
511 Variation ofChloride ion(catalysed) 139
Effect of [NBS],[Asp], [Pdnp]and[H*] on oxidation
6.1 of Aspartic acid by NBS in perchloric acid diem in 161
the presence of Pd nazaialystat 35°C
6.2 Variation of NBS 163

Xiii




6.3 Variation of Aspartic acid 165
6.4 Variation of Palladium nanopatrticle 167
6.5 Activation parameters of the reaction 169
6.6 Variation of[H] 171
6.7 Variation of lonic Strength 173
Effect of [NBS], [Arg], [Pdnp] and [H on oxidation
7.1 of Arginine by [NBS] in perchloric acid edium in 187
the presence of Pd nanatalyst at 35°C
7.2 Variation of NBS 189
7.3 Variation of Palladium narparticle 192
7.4 Variation of [H] 195
7.5 Variation of Arginine 197
7.6 Activation parameters of the reaction 198

XV




LIST OF FIGURES

Figure .

No. Title Page No.

1.1 Structure of Amino Acid 10

1.2 Application of Palladium 13
Various approaches for fabrication of Me

1.3 : 18
Nanopatrticles

1.4 Properties of Nanoparticles 18

15 Application of Nanocatalysis 20
(Quasi) i homogenous carbencarbon coupling

1.6 reactions undertaken by BINAP thioettimrivatised 2o
palladium nanoparticles
Proposed catalytic cycle of the oxidatiohGlycine in

1.7 - : 31
the presence ofitlium nanoparticles
Schematic diagram of a Transmission Elect

2.1 . 55
Microscope
Ray diagram of a Transmission Electron Microsc

2.2 for imaging and diffraction modes 56
Block diagram of a Fourier Transform Infrared (FTI

2.3 58
Spectrometer
A simplified schematic diagram of the main

2.4 components in a UWis spectrophotometer 59
Organic nanoparticles (a) Dendrimers (b) Liposor

3.1 and Micelles (c) Ferritin 64

32 Different forms of Fullerenes (A) C60 and (B) C70 65

3.3 Topi down approach 66

3.4 Bottomi up approach 67

35 Application Hierarchy 68
Sequential color variations during the formation (

3.6 , . 71
palladium nanoparticles

3.7 Nanoparticles covalently bound with capping agent 71

XV




Different types of capping agents utilized

3.8 72
nanotechnology
TEM images of major shapes and various sizes 0
3.9 . 74
nanoparticles
UVi Vis spectra of PViprotected Pd NPs in the ran
3101 220/600 nm 7
4.1 IR Spectreof hydrazonef Iso-butyraldehyde 86
Spectral changes during the oxidation of Valine
42 NBS in aqueous perchloric acid medium at 35°C 87
4.3 Pseuddirst orderplots forthevariationofNB S a t 88
4.4 Variationof Hydrogenion 91
45 Variationof Valine 92
4.6 Variationof Palladium (l1) 94
4.7 Variationof lonic Strength 95
4.8 A Plot of log K versus 1/T 97
4.9 Spectral study of variation ofydrogen ion 99
4.10 Spectral study of variation of catalystd (I)] 100
4.11 Spectral study of variation ofaline 101
Spectral evidence for the formation of complexes
4.12 during the course of reactiondifferenttime interval 101
4.13 Variationof ValineatthreeDifferent Temperatures 105
51 FT-IR Spectreof final productof Oxidationof Serine 115
Pseudo first order plots for the ¥riation of
52 UncatalysedNBS 117
5.3 Variation of Seringuncatalysejl 119
54 Variation ofHydrogen ion(uncatalysejl 121
55 Variation of lonic Strengtifuncatalysedl 123
5.6 Variation of Chloride ior{uncatalysejl 125
5.7 Arrhenius plot of log kosvs 1/T 126

XVi




Plot of 1/kpsversus 1/ Ser

5.8 128
59 Plot of 1/knsversus [H] 128
Psuedo first order plot®f the variation of Catalysed
5.10 NBS 129
511 Variationof Serine(catalysed) 131
5.12 Variationof Palladium(ll) (catalysed) 133
5.13 Variationof Hydrogenion (catalysed) 135
5.14 Variationof lonic Strength(catalysed) 137
5.15 Variation of Chloride ior{catalysed) 139
516 Spectral study o¥ ariationof Acid 140
517 Spectral studpf Variationof Serine 141
518 | Spectral study o¥ariation ofPd () 141
5.19 | Variation of 1/k versus 1/[8r] 145
520 | Variation of 1/k versus [H] 145
6.1 Photograph of palladium nanoparticle formation 156
UVi Vis spectra of PViprotected Pd NPs in the ran
©2 12201600 nm 158
TEM images of major shapes and various sizes 0
6.3 nanoparticles 159
The FTIR spectra of the hydrazone derivative from
6.4 reaction mixture of Aspartic acid and NBS in { 160
presence of palladium nanoparticles
6.5 Variation of NBS 162
6.6 Variation of Aspartic acid 164
6.7 Variation of [Pdnps] at different temperature 166
6.8 Comparison of [Pdnps]ariéd (1l)] catalyticactivity 168
6.9 Variation of Temperature 169
6.10 Variation ofHydrogen ion 170

XVii




6.11 | Variation of lonic Strength 172
UVi Vis spectra of PViprotected Pd NPs in the ran

"1 12201600 nm 184
TEM images of major shapes and various sizes of

7.2 nanoparticles 185

7.3 Variation of NBS 188

7.4 Variation ofPalladiumnanoparticlegPdnps] 190
A plot to find out the order of the reaction with resp

75 to Palladium nanoparticles concentratio3%at 191

7.6 Comparison of [Pdnps] arjéd (I)] on reaction rate 193

7.7 Variation of Hydrogen ion 194
A plot to find out the order of the reaction with resp

.8 to Hydrogen ion concentration &t5 194

7.9 Variation of Arginine 196
A plot to find out the order of the reaction with resp

7.10 to Arginine concentration & 5 196

711 Variation of Temperature 198

Xviil




CHAPTER 1

INTRODUCTION
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ABSTRACT

The present chapter gives a review on the kinetic studies of the oxidation of amino
acids by NBromosuccinimidédNBS) in the presence of palladium (Il) and palladium
nanoparticles as catalysts. This review describes a brief discussion of various transition
metal nanoparticles and their applications in different reactions. The literature
examined encompasses foundaél insights into the structural classification and
functional diversity of amino acids and also presents a curated compilation of scholarly

references that provide a comprehensive overview of amino acids and oxidants.
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1.1 CHEMICAL KINETICS

Chemical Kinetics is the study of the rate at which a chemical process occurs and
guantitative study of chemical systems that are changing with time. It concerns itself
with the measurement of rate of reactions proceeding under given condition of
temperatee, pressure and concentrat{@ih If a reaction is able to take place, we want

to understand how far the reaction will proceed, and how rapid it will manifest. The
aim of chemical kinetics is twofold, to determine the macroscopic rate law of the overall
reaction along with the numerical values of the rate constants andlyae theeaction
mechanism. Kinetics takes into consideration the time required for transformation of
reactants from one state to another. Some reactions take place rapidly within fraction
of seconds while some are extremely slow like rusting of iron. Reactibich wake
reasonable time for completion can be studied conveniently by suitable methods. There
are different types of chemical reactions and wide varieties of physicahandaal
methods to investigate them. In all these methods, decreasing concentration of reactant
and increasing concentration of product is measured at different time intervals as the
reaction proceeds.

Numerous researchers-#2 have made significant contributions in the science of
chemical kinetics. This area of study is important for understanding reactions in
gaseous, liquid and solid phases. Engineers from various industries as well as organic
and particularly inorganic chemistave shown great interest in this fieldquid phase
reactionshavereceived considerable attention due to their relevance to both organic
and inorganic chemists and industry professional§’][5The study of various
thermodyamic parametets uch as acti vation energy ( eE,
and free energy of activation (&G) <can h
mechanism is often determined by analyzing various kinetic parameters such as order
of the reation with respect to various reactants, influence of catalyst concentration,
ionic strength [8], solvent effects-[0], dielectric permittivity [11-14] and the presence

of free radicals [18.6]. The key factors to understand the mechanisms involving in the
reactions are stoichiometry determination, influence of substituents on the reaction rate
and identification and estimation of the products. In reastimvolving multiple
elementary steps, the slowest step i.e., rate determining step controls the overall

reaction.
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The reaction rate is significantly influenced by the presence of a catalyst. Heterogenous
catalyst is a wellestablished area, with numerous notable examples demonstrating its
vital role in industrial development. In catalyzed reactions, sevanaltlived
intermediates caneformedalongside the catalyst.onsequentlythe reaction pathway

in a catalyzed process may differ from that of an uncatalyzed one, even though the final
productsarecrucial for understanding the reaction mechanism.

The current study clarifies how chemical kinetics can be used to investigate the intricate
chemistry of amino acids. The oxidation of amino acids, specifically valine, serine,
arginine, and aspartic acid, by NBS in the presenc®f(l) catalyst and Pd
nanocatalyst is the broad scope of our investigation. A lot of experimental data is
gathered, standard kinetic quantities are calculated, and the mechanism explaining the
different steps in the solution phase is derived.

1.2 NBS (NBROMOSUCCINIMIDE )
Pure NBS (Mol.Weight 178) is a colourless solid melting at-176 7 e C fr ee fr

sodium bromide and occluded brominé contains 44.5944.9% active bromine
depending on its purity. NBS is soluble in various solvents such as water (1.48g/100ml),
carbon tetrachloride (0.025g/100ml), benzene (1.12g/100ml) arftexame
(0.003g/100ml). NBromosuccinimide shows its solubility in different organic solvents

like chloroform, ethanol, pyridine, glacial acetic acid and nitromethane. In most
solvents, NBS undergoes aegposition when exposed to air, light or acids. This
process is accelerated at higher temperatures and can often be noticed by a change in
the solutionbs color to pale yellow due t
by a strong bromine odor.-Bromosuccinimidas a potential oxidizing agent [1Z1]

and analytical agent. It has also been used in the estimation of several organic as well
as inorganic compounds. This reagent has been exploited as an oxidant for a variety of
substrates in both acidiand alkaline medium [22, 23]. In acidic medium N
Bromosuccinimidas involved in multiple equilibria [24, 25] and one needs to know

the active form of NBS in the reaction.

The N-Br bond in NBS isbasicallycovalent The acidicbehaviourof succinimide

(Egn. 1) is accounted by thstability of the anion(Egn. 2), which permitscharge
distribution rather than charge separatitbns also impossible to completely rule out

the contribution of NBromosuccinimide anionic form, especially when it comes to
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polar solvent solutions.
@] 0] o
+
éH _— Q\JH — @H (1)
@) 0] 0
O o 0
@) 0) )

In Ni halogen compounds, an increase in the electronegativity of the nitrogen atom

Z

)

—_—
e

increasests ability to withdraw electron density from the covalently bonded halogen.
thereby increasing the partial positive charge on the halogen, making it more
electrophilic and a stronger oxidizing agaihile the NBr bond in other halomides is

often polar, it is nearly nepolar in Nbromo succinimide The molecules of
succinimide and NBromosuccinimidere entirely planer than those of several other N
bromoimides [26 The modest quantity of bromine released biprmosuccinimide

makes it a very selective bromination agent that can be used in both electrophilic
addition of unsaturated systems and free radical replacement. Attaching nitrogen to
specific electrorwithdrawing groups, like acyl groups, increases its elaeefativity

even more. The mechanisms and active oxidizing species are dependent on the reaction
environment, the groups bonded to the nitrogen, and the behavior of the halogen atom.
The species causirthis oxidizing nature could depend on the medium's pH changes.
In alkaline solutions, the likely reactive species [27] of NBS are >NH, HOX and OX
while in acidic solutions, they are >NX,B8X", >N'HX or HOX.

Most of the investigations of NBS oxidations of organic substances have assumed that
the molecular NBS acts only through its positive polar end [28] producingvBich

is subsequently solvated. Thus®iBr has been considered as the effective oxidizing
species of NBS in acidic medium. Protonatechf of NBS, i.e., NBSH has also been
considered [29] as reactive species of NBS in acidic mediymnesence of mercuric

acetate
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1.2.1Kinetics Studies of NBS with Different Compounds

Although events involving the addition of oxygen have been reported, the majority of
N-Bromosuccinimideoxidation reactions involve the abstraction of hydrogen froam C

H, O-H, N-H, or SH bonds. The identification of several chemical compounds has
made considerable use of these reactions. NBS has been employed for oxidation at
comparatively lower pH valuesebause it is comparatively more stable in neutral,
aqueous or slightly acidic media (pH 4.5). NBS undergoes a straightforward two
electron reduction durg the oxidation reactions, producing succinimide and bromide
ions as byproducts that do not affect the identification of organic molecules. It is widely
acknowledged that the attacking species in polar media is a "positive" halogen, through
which oxidation processes occur. But NBS can also hydrolyze gradually to produce
hypobromite. The reactive species may even be molecular NBS or molecular bromine.
The oxidation of steroidal alcohols byBiomosuccinimid¢dNBS) was systematically
studied byFieser and Ragopalan [3D31] andSrinivasan et al. [32] and Barakat and
Mousa [33] reported that primary and secondary alcohols undergo NBS oxidation to
the correspondingaldehyde and ketones. As seen3theme ], Kruse et al. [34]
suggested a provisional mechanism for the oxidation of alcohols by NBS that involves
the formation of intermediate hypobromite and the quick loss of hydrogen bromide to

createcarbonylcompounds.

I_|I | &)
¢ om NBS_ (36 Br — » —C=O + HBr

| | |
Scheme 1: Hypobromite intermediate
According to a different route outlined by Lecomte and Gault [35], the oxidation
process continues by replacing a hydrogen atom on the carbobedonj OH group
with bromineof NBS, with a quick loss of hydrogen bromide-HCbond cleavage to
create a bromo intermediate in this process was regarded as the step that determines the

rate[Scheme 2]

’ G

- - '—(O + HBr
| slow |

— M
|

Scheme 2Bromo intermediate
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The study on the oxidation eéveralaromatic and aliphatialcoholsby NBSwas

reported under kineticonditions B6]. The reaction was first order in terms of
[alcohol] and [NBS], anaverall,it was second order kinetics. Two stages of the
reaction were observed, with the first stagenarily fast which is caused by Br
oxidation. In thesecondstep, initial addition of mercuric acetate acts as a
scavenger for any bromine generated in the reaction, HgBHgBR, fully
suppressed the second step and ensured pure NBS oxidation. It was suggested that
the ratedetermining step involves a mechanidecheme 3Jin which tre loss of

secondary hydrogen takes place as a hydride ion.

(II) (9]
I
R _H . B1'—N/C_CH2 . R\C/H"Bl\ SL—CH
R~ “NOH ““C/CH?. R h P - ““C/CH?.
I O-H [
O 0
s]owl
1
CH,—C R
NH +  C=0 + HBr
CHz—ﬁ R'
0]

Scheme 3: Oxidation of Alcohols by NBS
Ganapathy et al. have investigated the kinetics of allyl alcohol oxidation to acrolein by
NBS [37]. First order dependence on both [NBS] and allyl alcohol was seen in the
reaction. It was seen that the proposed mechanism in the reaction involved the

abstration of hydrogen as a hydride ion by [NB3KEQns.35).

CH, =CH -CH, OH2+kk:1 H,C GH CH, OH H 3)
NBS + H" —2—(NBSH' 4)
k

-2

CH,=CH -CH, ©OH (NBSF)*%;%% CH CH CHO (CHCR NH 2H+ B

®)

The following rate law was derived from the above mechanism
] d[NBS] _kqk ok {NBS][Alcohol] 6
dt Kok ©)
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NBS ¢ o nhydraxytasids th aldehydes or ketones with one less carbon atom than
the parent acid in an aqueous solution [38]. The follow8thgme 4 can be used to

illustrate the oxidation reaction.

- CH,—CO
_ OH CH~CQ R LR

C + 2 N—Br —» C=0 + CO, + Br, + 2 NH
rR” “COOH 2 R’ P 4
CH,—CO CH,—CO

Scheme 4: Oixhydioaytacids by NBS U

In H.SOw medium, Venkatasubramanian and Natarajan [39] examined the kinetics of
NBS-induced oxidation of mandelic acid (MA). The reaction showed a whole second
order dependence under experimental conditions, with the first order being related to
[MA] and [NBS]. Cabon dioxide and benzaldehyde were determined toxkation
products. As the plhcreasedso did the rate of oxidation. These findings have led to
the proposal of the following mechanis8cheme §

?H CO—CH, - (|3H
C5H5—(|3—COO' + Br—N LA C6H5—(|3—(|2:O + (CH,CO),NH
H CO—CH, H O—Br
O—H«—:B

C6H5—(:3—(|3=O —  CgHsCHO + CO, + Br + BH'
H O—Br

Scheme 5: Oxidation of Mandelic acid (MA) by NBS
A.K. Singh [40] noted first order kinetics in the(IH) catalyzed oxidation of aspartic
acid by NBS in [NBS], [Ir(ll)], [aspartic acid], and on [l It was found that the
reaction rate dropped when HGl@nd acetic acid were added one after the other.
Wagarchand et al. conductedmparable kinetic research [4Hero order kinetics in
[Ru ()] were observed by Reshmi et al. [42] in the Ru (lll)catalyzed oxidation of
certain hydroxyl acids thepresencef Cl ions N-Bromosuccinimiden carbon tea
chloride, oxidizes thiols to the equivalent disulphides [43].
Oxidation in an aqueous acetic acid solution yields the same oxidation products, and
the process has been used to identify thiols, including thiophenols [44]. According to

Barkat and Mousa [33], primary amines and NBS react violently in an aqueous medium
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at room temperature to produce the appropriate aldehyde. They suggested the following

processkEqgns. 79).

(CH,CO), N- Br +RCH, NH%% RCH- NHBr +( Ch C{, Nt (7)
RCH, - NHBri2% RCH =NH HBr(Aldmine) (8)
R- CH =NH%%2% R- CHO +NH 9)

According to Kruse et al. [34], secondary amines easily undergmiination with

NBS, which is typically followed by HBr removal. According to reports, aldehyde and
secondary amines are produced when tertiary amines unde¥gis€ion [34, 45]. In
acidmedium solutions, the kinetics of NBS oxidation of primary aliphatic amines [46]
demonstrated a firsirder dependence on [Amine] and [NBS]. The rate rose somewhat
with an increase in [H. As the medium's dielectric constant decreased, the rate of
reaction increased. According to stoichiometric analyses, one mole of amine converted
one mole of NBS into one mole of ammonia and carbonyl molecule.

Ru (1) catalyzed aliphatic amine oxidation by NBS in a perchloric acid media is one
recent report [47]. In a perchloric acid solution with the presence of mercuric acetate,
the kinetics of theRu (lll) catalyzed oxidation of diethylene glycol (DG) and ethyl
diethylene (EDG) by NBS have been examined [48]. A plausible mechanism that aligns
with the kinetic findings has been suggested. A first order dependence on [aldose] and
[NBS] was found in the kietics of aldose oxidation [49,50] by NBS innSQu.
According to reports, NBS uses hydride ion transfer to oxidize hydroxyl groups more
quickly than equatorial ones [51]. Sunita Manjari Padma has examined the kinetics and
mechanistic analysis of&xoacid oxidation by NBS in aqueous acetic media [52]. First
orde dependence is observed in [NBS}|E@%o acid], and [HSQ4]. According to the
suggested mechanism, protonated speciesBrdsosuccinimidg¢H-O*Br] attack the

enol form of 50x0 acids, forming a carbocationic reaction centre by cairbzarbon

bond cleamge yield corresponding benzoic acids in the fast(&qp. 10)

[succinimidg
Kops| Ox0acid[ NB$gH O g

1 10
: (10

@D D~ (D
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1.3 AMINO ACID

Proteins are among the most prevalent organic molecules in biological systems and are
considerably more diversified in structure and function than other types of
macromolecules. The human body uses proteins, which are polymers of amino acids,
for a varietyof structural and functional purposes. Amino acids are vital building blocks

of proteins in the body, useful for the growth and repair of damaged cells / tissues,
synthesis of enzymes, plasma proteins, antibodies and some hormones. One of the most
fascinding areas in organic chemistry is the study of amino acids. Numerous metabolic
processes, including the formation of proteins, polypeptides, and nucleotides, depend
on amino acids [93 Therefore a promising field for irdepth research is the
mechanism of analogs of n@mzymatic chemical reactions in the oxidation of amino
acids [54].

Amino acidsform a group of neutral productsthat are distincfrom other natural
compoundsoth chemically and biochemicalbecaus®f theirampholyticproperties
andtheir role asprotein A carboxylic acid that has an aliphatic primary amino group

in the U position to the carboxyl group
carbon is called an amino acid. All 20 amino acids, with the exception of glycine,
possest-c o nf i g ur a tcarbmmis chimldor all bueondlamino acid. Glycine is

not optically active due to the absence of an asymmetric carbon atom; thus, it is neither
designated as D nor L. Nine amino acids cannot be produced by the body and must thus
be included in the food for protein synthesis to take place. The essential asiigo
include valine, histidine, leucine, isoleucine, lysine, methionine, phenylalanine,
threonine, and tryptophan. Arginine, glutamine, tyrosine, cysteine, glycine, proline,
serine, ornithine, alanine, asparagine, and aspartate aesgential aminocids that

the body can generate on its own and hence do not always need to be obtained through
diet. Depending on whether an amino acid has polar substituents-polaorgroups,

it can undergo a variety of reactions.

Strict genetic regulation is used to biosynthesize proteins from a system of twenty
amino acids. As a result, the fundamental building block of proteins is amino acids.
Only 20 of the more than 300 amino acids that are found in nature are typical and found
in proteins due to gene coding. Additional amino acids arepnotein amino acids

calledmodified amino acids. Some are amino acids found in living things but not as
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protein constituents; others are residues that have undergosteapstdtional changes

after a protein has been produced.

R- group or
side chain

Alpha Carbon

\ \I{ Alpha hydrogen

alpha amino
group

Figure 1.1: Structure of Amino Acid

Chains of amino acids are proteins which are joined by amide bonds called peptide
linkages. The uniqupropertyof each amino acid is due to difference in the-sidain

group or Rgroup. The distinctiveness of different proteins is then determined by the
amino acids it contains, how these amino acids are organized in a chain, and further
complex interactions théhain makes with itself and the environment.

Because of their amphoteric nature, amino acids have both basic and acidic
characteristics. Neutral amino acids have been demonstrated to exist as inner salts with
the dipolar structure of #1COO. These occur even solid form and are referred to

as "Zwitter ions." This ion is also present in a straightforward solution created by
dissolving the amino acid in water. In aqueous solutions, amino acids are known to

exist in the following equilibriunfEgns. 1 12).

RCHNH, COOH= RCHNH, COO + H'= RCH(NH")COO - (11)
These amino acids dissociate according to pH.

RCH(NH§ )COOH=—— RCH(NH")COO =
+H H

RCHNH COO (12)

Cation Zwitter ion Anion

Amino acid exists in the form of Zwitter ion in aqueous medium while in highly acidic
medium, it exists in the protonated form, whereas in highly basic medium it remains in
the anionic form. The pH of the dilute solution of Zwitterions is determined bgpsis

strength and acidic strengt{isgn. 13).

10
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_ PK4 +PK 5,
2

where its basic and acidic groups' acid dissociation constants are deyqied and

pH (13)

pKaz, respectively. The pH of the diluted alanine solutio6.isl, whilepKaz and pka2

for alanine are 2.35 and 9.87, respectiv@lige isoionic point of alanine is pH 6.11,
where thenumberof negative charges on the protolypi®duced molecule is equal to

the number of positive charges needed for proton acquisition. This value is also referred
to as the isoelectric point since the alanine molecule at this pH is electrophoretically
mobile and does not carry any net charge [57]. The role of various amin® @édl in

our study are described below.

1.3.1 Arginine amino acid

L-Arginine (L-Arg), one of the essential amiaoids,is most importantly useful ichild
growth. L-arginine plays a vital role in synthesizing urea in mammals, the principal
form in which these species excrete nitrogen. It also finds applications in the field of
medicine.

1.3.2 Serine amino acid

The oxidation of serine has drawn a lot of interest because it produces a fatty acid
coating around nerve fibers and strengthens the immune system by producing
antibodies. It was demonstrated that serine was mostly transformed inem@@hen
transferred to muscle glycogen. Pyruvate and ammonia were produced as a result of the
anaerobic deamination of serine using various biological preparations.

1.3.3Valine amino acid

Valine, U-aminoacid, is used in the biological synthesis of the proteins. It contains an
Ua mi no g r-aarbgxylic asichgrolip and an isopropyl group side chain, making

it a nonpolar aliphatic amino acid. It is essential in humdng, the body cannot
synthesizetj soit must be obtained from the diet. It promotes muscle growth and tissue
repair. It acts as a precursor in the penicillin biosynthetic pathway.

1.3.4 Aspartic amino acid

Aspartic acid (or aspartate) is a ressential amino acid, which means that it is readily
and naturally synthesized by mammals. It plays a critical role in generating cellular
activity and in improving metabolism. It plays important role in hormone ptaguc

and nervous system functioning.

11
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1.4 PALLADIUM (1)

Palladium is a rarand lustrous silveryhite metal with the symbol PdPalladium,
rhodium platinum, osmium, ruthenium and iridiubelong to the group of elements
known agplatinum group metal$?§GM). Referred to as the platinum, they share similar
chemical characteristics; however, palladium is the least dense of them and has the
lowest group melting point. Palladium constitutes only 0.85% of the total naturally
available PGMs.

Palladium dissolves slowly in concentrated nitric acid, in hot concentrated sulphuric
acid, and when finely ground, in hydrochloric acid [58]. It readily dissolves in aqua
regia at room temperature. Palladium does not react with oxygen at normal tereperatur
(thus does not tarnish in air). Pal l adi u
palladium (1l) oxide (PdO). It may slowly develop a slight brownish coloration over
time due to formation of a surface layer of its monoxide.

The main sources of palladium compounds are in the oxidation states of 0 and 2. Other
less wellknown states are acknowledged as well. In general, palladium compounds
resembleghose of platinunmore than any other elemenalladium (II) most probably

acts as either a catalyst or as a reductant having the reduction potential of the palladium
(IV)/palladium (1) couple irdilutedacid as 0.532V

Palladium hasreported exhibit extraordinary catalytic and corrosion resistance
properties, both as a metal and as an alloy, which have led to its widespread applications
[59]. Over half of the supply of palladium and its congener platinum goes into catalytic
converters, whiclconvert 90% of harmful gases from auto exhaust (hydrocarbons,
carbon monoxide and nitrogen dioxide) into less harmful substances (carbon dioxide,
nitrogen and water vapour). A&scatalyst, palladium is employed in various industrial
processes such as Pé&ton cracking[60], alkaline oxidation, selective low oxide
formation[61,62]r educti on of CIC to C=C wdabdnout f U
single bond63], Suzuki couplind64], Heck reactio65] and carbon fluoride bond
formation [66]. Palladium is regarded as a superior elecatalyst for alcohol
oxidation in alkaline media [67, 68Palladium is an important hydrogenation and
dehydrogenation catalyst in organometallic chemisRBglladium is also used in
electronics, dentistry, hydrogen pucdiion, chemical applications and groundwater

treatmentfFig. 1.7.
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Figure 1.2: Application of palladium

Palladium plays a key role in the technology used for fuel cells, which combine
hydrogen and oxygen to produce electricity, heat and water. Further, palladium can
adsorb 800 times its volume of gaseous hydrogen to give material useful as a reducing
agent vhich makes this metal, a suitable material for hydrogen [B8lladium is
combined with a wide variety of ligands and used for selective chemical transformation.
The use of platinum group metal ions, such as iridium, ruthenium, and osmium, either
alone or in binary combinations, as catalysts in a variety of redox processes has
garnered a lot of attention lately [70]. Transition metal ion compound¥ 8] have
beenwidely employed as homogeneous catalysts. Although it is known that palladium
(I1) may catalyze a variety of processesi[74], it is still unknown what its active form

is in these reactions. Most studies udnay(l) as a catalyst have been used in the form

of palladium (I) chloride [77]. Thereforéo identify the catalyst's active species, the
impact of chloride on the reaction was investigated. It is knowrPith4k) can catalyze

in both acidic and alkaline media.

Palladium chloride is quite soluble in HCI and exists [78] primarily as [B8CI
Various mononuclear complexes, namely [Pd{,GPdL.Cl;], [PdLCI]* and [ PdL]?*
(where L represent amine, phosphine, thioether, etc.) are well known. Oxidation of
olefins by palladium (Il) employed as a heterogenous catalyst, has been widely
investigated [79, 80].

This study will enable us to understand the complicated biologgeationsn living
systems and will alsbelp usto understand the catalytic activity of Pd (II) along with

oxidative capacity of NBS in aqueous medium.
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1.4.1 Review of Pd (Il) studies

Suresh M. Tuwar and Gwmorkers [81] have reported Os (VIII) / Pd (ll) catalysis of the
CeViallyl alcohol (AA) reaction in acidic media which depends both on the rate
enhancement and product distribution and the catalyst used. Os (VIII) results mainly in
acrolein, whereas Pd (ll) gives acrylic acid. Complex formation between the catalyst,
palladum (II) and allyl alcohol is suggested by the experimental rate Eayq.14

16). The reaction is fractionally ordered in the oxidant and palladium (1) and zkep or

in the allyl alcohol.

K

Pd' + AA—1= Compla C, (14)
vV K

cdV +G Complex (15)

cy v 5me AnO+celll + Py (16)

S. A. Chimatadar et al [82] have studied kinetics of palladium (ll) catalysed oxidation
of mercury (1) by iron (lIDi 2,2- bipyridyl complex spectrophotometrically in aqueous
nitric acid and methanol media. The reaction is first order each in [iron (B)2-
bipyridyl] and[palladium (I1)] and zero order in mercury (I).

Ashish et al [83] have reported the kinetic study of Pd (Il) catalysed oxidation of maleic
and crotonic acids by 4€hlorosuccinimide (NCS) in perchloric acid. Analysis of the
results shows zero order dependence on [substrate] anatHfirst order dependence

of the reaction on NCS at its lower concentration that tends to zero order in its higher
concentration range. The rate of the reaction increases with incre&sk(ij] but the

order in [Pd (I)] is less than unity. On the basis of above kinesiglts, the following

mechanisn{Egns. 17#21) has been proposed.

PACL2 + NCS—1=[ Pdqj .NCE (17)
C1 C2
2- -
[PdCl, .NC$ 1/2323%2 [ PG} .NCB +Cl (18)
C Cs

[Pack.NC +3:%%k & PdG( B ) §+2C1 + NHS +Intermati{ X)  (19)

Where X stand for RCHCH(OH)COOH in which REH;3 for crotonic acid and
R=1COOH for maleic acid.

14
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2- +
x+ NCSy:H2%8L s products (20)
N 2-
EPdCh(HyO), &2C1%% [ PdGI™ +2H (21)

R. A. Singh et al [84] have studied the kinetics and mechaofshd (I) catalysed
oxidation of Valine and Leucine by acidic solution of chloramiifesThe dependence

of reaction is first order each in [CAT[Rd (I1)], [AA] but the acidic medium [H]

shows inverse first order. The results suggest the formation of complex between the
catalyst and the substrgtegns. 2223).

_ k _
[PdCly)? +AA#[ Pdch -A4¥ +H 22)
-1
C1 C
Cp+ CATY:% [PdCh]?™ + Produc (23)

Where AA represents amino acids.

Ajaya K. Singh and cevorkers [85] reported kinetics of Pd (Il) catalysed oxidation of

valine by NBromophthalimide(NBP) in acidic medium at 303K. The rate of the

reaction shows first order kinetics with respect to [Pd (II)] whereas negative effects for

the variation of [H] wereobserved on the reaction rates.

Pushpanjali Singh [86] has investigated kinetics of Pd (ll) catalysed oxidation of dI

serine and dlthreonine by acidic solution of potassium bromate in the presence of
mercuric acetate as a scavenger in the temperature rangiedob39 C . The rate
zero order kinetics in bromate [Bs§Qand first order with respect to substrated Pd

(I1) respectively. A transition complex is formed between [BH@hd amino acid

(Egns. 2428).
K1

PdCI" +CI [ RIC] (24)

C1 _ C2

R-CH(NH,) COOH A qu]l/z;/%% [ S-Pdg] (25)
ratei determining step

[S] Complex

Complex+ HBrQy; 3% R-& BrQ) = NH-COOH} Pdg] +pi (26)

PdClt +CI +HBIG %E%% [ PAG]" +4 O+HBr 27)
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-C(BrO,) = NH-COOH +Hh O/lezf% R-CHO+NH +CQ +HBrg (28)

Where R= CHOH- for dl-serine and
R= CH:-CH(OH}- for dI- threonine

The kinetics of Pd (Il) catalyzed glycine oxidation by permanganate have been
investigated spectrophotometrically by Adarsha J.R. et al. [87]. It was discovered that
the reaction shows less than unit order in [glycine] and [alkali] and first order
dependece on [catalyst] and [oxidant]. According to the data, the catalyst and substrate
form a complex, which subsequently reacts with one mole of permanganate in a slow
step to produce a glycine free radical and then a fast step to produce the products
[Schemes).

2-
O
K1 o= ”n/
MnO, + OH" - | \
0]
K2
Gly + [Pd(H20)5OH]2' e Complex (C) + H,O
2-
T ow
C + O= n/ k
| >So —® Gly + MnO,42 + [Pd(H,0)OH]?*HCO5’
'e) slow
2-
O
OH"
— ” / fast
Gly + @) n\
| >So —— HCHO + MnO, + NHg + CO,
@)

Scheme 6 Oxidation of glycine by permanganate
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1.5 METAL NANOPARTICLES

Nanotechnology is a promising science with wide applications from cosmetics, food
products, clothing and household appliances to ¢a&lysts disease treatment and
renewable energies. Nanomaterials are found to be important and keep growing in the
research area of nanoscience & nanotechnology. Over the past few decades, this field
of nanocatalysts both in homogeneous and heterogenous casdlysas experienced

rapid expansion [88,89]. The synthesis of nanoparticles is generally carried out by
chemical reduction, which is effective. Due to their higher conductivity than metal
oxides, metal nanoparticles have attracted a lot of scientific atterBecause of its
special characteristics and wide range of uses, nanopatrticle research has drawn a lot of
attention [90, 91]. Metal nanoparticles do not represent a inetatal chemical bond

and defined as isolated particles betweel®@ nm sizes. Mal nano particles (NPs)

with narrow size distribution have valuable technological importance because of their
unigue physi chemical properties and applications in the field of catalysisOf2
information storage, quantudevices 95], sensors [988], fine synthesis, oil refining
processes and fuel cell technology [99] etc. Metal nanoparticles with high specific
catalytic activity are abundant in modern synthetic organic chemistry during the recent
decades [100]. Nanopatrticles constitute the key fgctoefforts have been focused on

the synthesis of noble metal nanoparticles (NPs) with well controlled morphology. Now

a days researchers are focusing on metal nanopatrticles, nanostructures and nanomaterial
synthesis because of their noticeable propertie

In nanoparticles synthesis, there are two approaches onée dotap and another is
bottoni up approach [101].Témlown approach describes nanoparticles synthesis from
bulk material into smaller ones [102].Various physical and chemical treatment reduces
the size while bottom up strategy suggest that nano particles are synthesised to the
required material from smaller molecules, In this approach first entities formed are
joined to produce the final particles and particles size are in nanometre range [103].
The techniques are categorized into physical, chemical and biological techniques for

synthesizing nanoparticles from i@mwn and bottoiiup approached-ig. 1.3.

1.5.1 Remarkable Properties of Nanoparticles
The main objective of research on nano catalysis is to produce catalysts with 100%

selectivity, extremely high activity, low energy consumption and long lifetime. This
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can be attained by precisely controlling the size, shape, surface composition, electronic

structure, thermal and chemical stability of the different nanocomporegtsl[4].
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Figure 1.4: Properties of Nanoparticles
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vVid(gll1€ PDIope

AMagnetic nanoparticlesare widely usedin numberof applications
suchasin biomedicine,induction heating,sensorsmagneticfluids,
data storagemagneticresonancemaging (MRI), and environmental
remediationThe magneticproperty of hanoparticlesdependson the
unevenelectronic distribution of nanoparticlesferrite nanoparticles
beingthe mostexploredexamples

AOptical propertiesof nanomaterialsuch as absorption,transmission,
reflection, and light emission .The optical properties of metal
nanoparticles are administered by collective excitation of the
conduction electrons The electrons oscillate coherently through
irradiation by light in the visible and nearlR regions of the
electromagnetispectrum Their optical propertiesare reportedto be
dependenbn the size,which givesdifferent coloursdueto absorption
in thevisible region

' Hardness Strength for Nanostructured Films

AThe quantumconfinementeffect is observedwhen the size of the
particle is too small as comparedto the wavelengthof the electron
Quantum confinement produces unique optical and electronic
propertiesthat enhancesolar cell or photovoltaic This property of
nanoparticless usedin severaltechnologiesuchassensordehaving
like quantum dots, nano stimulators, memory applications and
electronicsetc

| Quantum confinement effect

AThe greatersurfaceareaof the nanoparticlesallows greaterspacefor
storageor reactions Nanoparticlesare harderin comparisonto the
bulk asit preventsthe particlesfrom the bendingdueto goodaffinity
betweenthe nanoparticlesand the matrix. Dislocation movementin
the metal matrix is blocked which in turn increasesthe wear
resistanceAddition of nanoparticlesvhich aresmallerin size canfill
the matrix porestherebyreducingits porosityandincreasdts density

| Surface area to volume ratio

ANanoparticleshave high surfaceareato volume ratio due to which
they are more chemicallyreactive Surfaceareaof nanoparticlesare
important in different application such as catalysis Materials are
foundto beinertin their bulk form andarereactivewhenchangento
nanoscaldéorm.
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1.6 NANOCATALYSIS

Catalyst is a substance that increases the speed of reactions by lowering the activation
energy (&) which is the minimum energy required to convert reactants into products.
The desired product can be obtained faster by using a catalyst. Nanocatalyst is defined
as a material which has catalytic properties on at least one nanoscale dimension. They
posses vast surfacéo-volume ratio because of their small size, due to which they act

as attractive catalysts. They also have applications in the field of photochemistry,

nanoelectronics, optics eteif.1. 5.

Minimum chemical

Improved economy
waste \
Safer catalysts : i
& reagents nergy efficiency
Optimum feedstock Reduced global
utilization warming

Figure 1.5: Application of Nanocatalysis

1.6.1 Classification of Nanocatalysis

The last decades have seen an enormous expansion in the field of nanocatalysis,
encompassing both homogeneous and heterogeneous cdfidysl®8] due to large
surface to volume ratio. They are now easy to prepare with desired size, structure,
morphology and composition. Both forms of catalysis have benefits and drawbacks of
their own. The primary benefit of homogeneous catalysis is its greateeffiGi
nevertheless, it has the drawback of potentially recovering the catalyst from the reaction
mixture, whth eliminates the possibility of recycling and increases the risk of product
poisoning [109]. Although the catalyst efficiency will be somewhat lower in a
heterogeneous environment, it can still be effectively collected from the reaction mass

and regeneratl.
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1.6.1.1Homogeneous catalysis

When the catalyst and reactants are in the same phase, this is known as homogeneous
catalysis. Transition metal nanopatrticles in colloidal solutions are employed as catalysts
in homogeneous catalysis. These nanoparticles are finely distributed in arc angani
agueous solution or a mixture of solvents. In this system it is essenfiegventits
aggregation when designing a nasadalyst for use in a solution. Nanoparticles have a
characteristic to agglomerate and will cluster together to form largeclpsytif not
prevented properly, nanoparticles drop their large surface area, catalytic activity and
other significanceHHomogenously catalysed aerobic oxidation has been reviewed for
oxovanadiuni110], Pd[111], Cu[112].

1.6.1.2Heterogeneous catalysis

The reactants and catalysts will be in distinct phases when heterogeneous catalysis
occurs. Theyare prepared by adsorption of hanoparticles on to support and fabrication
of nanostructures on the supports by lithographic technidgiles.nanecatalyst in
heterogeneous system may be a solid immobilized on a solid inert matrix. A
heterogeneous catalyst can behave as a catalytic reservoir in a solution phase process,
releasing molecular catalytic species for catalysis andepesiting tem when a
catalytic cycle is finished [113].

Because of their small size, nanocatalysts have a large surface area that keeps them
evenly distributed throughout the reaction medium, increasing catalytic efficiency. At
the same time, they are easily recovered from the reaction mixture by centrifugation
filtration, or magnetic separation, and they can be recycled [114].

Heterogeneous catalyss highly desirable for commercial applications and has over

the last decade, a variety of new types of nanocatalysts have been investigated,
including welldefined magnetic nanocatalysts, singtem catalysts, corehell and

yolki shell nanocatalysts, gb-based hybrid catalysts, and graphéased materials
[115-119].

1.6.1.3Quasi Homogenous atalysis

Quastheterogeneous/homogeneous catalysts are baswaliyres of a homogeneous
catalyst and a heterogeneous catalyst which would act as a bifunctional catalyst.
Quasthomogeneous catalysts are made of talieeensional free metal nanopatrticles

in solvents and protected by a stabilizer. catalytic performance may be afigdtes

21



Chapterl

preparation method, stabilizer, temperature which controls the size and morphology of
nanoparticlesNowadays, quadiomogeneous catalysis has been applied to various
reactions, e.g., hydrogenation, oxidation-CCcoupling reaction, etc., exhibiting
excellent catalytic performance (e.g., high activity and high select[{Li2g).

Palladium nanoparticles stabilised by BINARoether derivatives have also been

used in the (quasi)homogenousOoupling reactions [121Fjg. 1.9.

coe COyMe
5 S
BusSn Cg-BINAP-Pd NPs
) == |
THE rt \
Yield = 91%
Ce-BINAP-Pd NPs o
Br (HO)B >
THE KF, 1t \ /
Yield = 90%

Figure 1.6 (Quasi)i homogenous carboncarbon coupling reactions undertaken

by BINAP thioether-derivatised palladium nanoparticles

1.7 FUNCTIONS OF TRANSITION METAL NANOPARTICLES
IN CATALYSIS

Transition metal Au, Ag, and Cu, are commonly used as homogeneous and
heterogeneous catalysts in majority of chemical reactions [122,123]. The main reason
for this is the variable oxidation states offered by them and good adsorption properties
essential foheterogeneous catalysis. These two properties enable the transition metal
nanoparticles to act as electron channel for the reactants adsorbed on the surface of the
transition metals, specifically precious noble metals such as Ptji,Pd, V, Fe, Rh,

and Ru.

The broad range of applications in the synthesis of different compounds, which is
crucial in the pharmaceutical, agrochemical, polymer, and natural product sectors,
makes transition metdlased nanocatalysis relevant in many catalysis domains

[124,125]. Tansition metals are ideal for catalysis because of their high melting and

22



Chapterl

boiling temperatures, ability to exhibit a variety of oxidation states, and capacity to

form stable complexes [126].

1.7.1Different Transition metals used for making nanocatalysts

Iron, vanadium, nickel, platinum and palladium are examplesans$itionmetal
catalystsTransition metalsnd their compounds act as catalysts because their
electronic configurations permit them to temporarily exchange electrons with reacting
species.

Oxidationreduction reactions require one molecule to lose electrons and another to
gain electrons. Many oxidatiemeduction reactions proceed at a very slow rate in the
absence of catalysts as oxidative species encountering a reductive species to exchange
electrons is very low. The-shell outer electrons of transition metal catalysts are easily
lost and gained. They lend electrons to the species undergoing reduction and take
electrons from those undergoing oxidation. This facilitation of electron exchange
speeds up the reaction. Transition metals are not used up when they act as catalysts.
Rather, they undergo a temporary change in their oxidation numbers. Based on their
catalytic properties, we classified the metal nanoparticles into four groups; {1)

Cr, Mn, Zr, Nb andW (2) Fe, Co andNi (3) Ru, Rh and Ir4) Ag, Au and Cu

A,

¥

2-phenyloxirane

O OH
i AnMNPCell @

cyvelobexanona cyvclobexanol

styTens

Scheme 7: (i) Synthesis of styrene from-ghenyl oxirane

(ii) Synthesis of cyclohexanol from cyclohexanone
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Ti, V, Cr, Mn, Zr, Nb and W as nanocatalyst

AA major advantageof theseearly transition metal nanoparticlesin
catalysisis their cheapprice Ti, Zr, Nb and Mn nanoparticlesare
preparedn THF by K[BEt;H] reductionfrom metal halide precursors
[127]. Zr nanoparticleshowapplicationan spaceandis analternative
for titaniumin component®f liquid rocketengines

Aln the pastfew years, attention has been paid to onedimensional
Nb,O; including nanotubesnanowires nanofibersand nanorodsdue
to their exceptionalshapedependentphysical, chemical and optical
properties

Fe, Co and Ni

AThe nanoparticlefilms of transition metals such as iron, nickel or
cobaltmay be usedto catalysethe progressof carbonnanotube Hot
iron nanoparticlescould be usedto carve electroniccircuits out of
graphenesheetd12§. The excellentelectronicpropertiesof graphene
have promptedscientiststo try cutting it into 6 n a n o r iwhidho n s
might be usedin future electronic devices Working with nickel is
becauseit respondsto electrochemistryhas good mechanicaland
corrosionpropertiesandis cheap It is strongand easily processedn
this particularstyle

ANickel nanoparticlesould be usedin biomedicalapplicationssuchas
implantsthat dispensedrugs,thoughthe metalwould likely be coated
to preventpossibleallergicreactionsTheme t anbgheticproperties
makeit a usualchoicefor magneticapplicationd129.

-

ARutheniumnanoparticleRuNP) have attractedsubstantialscientific
attention as they have outstandingsize dependantproperties[130.
have beenextensivelyusedfor practical applicationsin many fields
suchascatalysis,biosensorsgcapacitorsand electrochemicateactions
[13]]. Rhodium nanoparticlesadsorbed on to titanium dioxide
supportsaaresynthesizedisingwaterasthe solvent[132.

AThe nobility of gold and its resistanceto surfaceoxidation makesit
ideal material for wide rangeapplicationsin nanotechnology Gold
nanoparticlesare a prevalentchoice for medicalresearchdiagnostic
testingand cancertreatment Gold nanoparticle§133 improvesthe

drug delivery efficiency of anticancerdrug Reactionsusing Au
nanoparticlg 134 arementionedScheme7].
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High electrical and thermal conductivity, chemical stability, catalytic activity,
antimicrobial activity, and improved visual qualities are only a few of the special
physicochemical characteristics of silver nanoparticles [135]. Applications for silver
naroparticles in electrical, photonic, antibacterial, and disinfection fields have made
use of these characteristics.

Cu-based nanocatalysts have found many applications in nanotechnology, including
catalytic organic transformations and electrocatalfs¥6]. Hydrotalcitesupported

gold, silver, and copper nanoparticles have been employed as catalysts for the

ecologically safe aerobic oxidation of alcohols [137].

1.8 PALLADIUM NANOPARTICLES

Palladium nanoparticles (PANPs), one of the transition metal nanoparticles are well
known for their strong catalytic activity in a range of organic transformations that are
significant for both academia and industry.

The synthesis of palladium catalyst as an organometallic complex [138] and the
synthesis of palladium catalyst as nanoparticles [139] are two major designs among the
various ways that have been used to incorporate palladium in a catalytic system. In the
first scenario, palladium salt will be utilized to build a complex with a ligand system;

in the second scenario, a reducing agent will be used to create palladium nanoparticles
from palladium salts.

Pd nanoparticles (Pd NPs) are being used as catalysts for alkylation, dehydrogenation,
hydrogenation and selective oxidation reactions of compounds for the conversion of
hydrocarbons [14Q45]. Pd nanocatalysts retain their catalytic properties when left
unsupported in an aqueous suspension [146], making them suitable to study the size
dependency of catalytic behaviour without the influence of supports based on new
oxides and ceramics. Pd NPs catalyse other reactions when they are supported on a
suitable mgerial which can interact with the metal [147,148].

Pd NPs occupy very important position in the area of biomedical applications because
of their high catalytic and sensor activities. The relatively large abundance of Pd over
other noble metals such as Au and Pt makes it a cheaper substitute for appiication
various electrochemical sensing and biosensing platforms [149].

Owing to unique electronic properties, enhanced catalytic and selective sensing

performanceseveralPd nanomaterials such as nanocomposites, bimetallic NPs, metal
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oxide nanomaterials and carbon nanomaterials with variable composition have been
examined for the detection of numerous biomarkers over the past decade [150].

The hydrodechlorination process of chloroarenesiamloroetheng151] and water

[152] can be catalyzed by Pd nanoparticles. Additionally, Suzuki, Heck, and
Sonogashira reactions were catalyzed by these palladium nanoparticles [153]. The
Ulimann reaction of an aryl chloride to produce biaryls has been catalyzed by palladium
nanoparticles154].

The palladium nanoparticles were used as catalysts for the Stille coupling reaction in
agueous solvent [155], Heck reaction of haloarenes and olefins [156] in Heck cross
coupling reactions, aerobic oxidation of different alcohols in water to form ketones,
aldehydes, and carboxylic acids [157]. The applications of palladium go beyond
catalysis. For example, the propensity of palladium to adsorb hydrogen has also led to
palladium nanoparticles being utilised in hydrogen storage [158,159] and sensing
applicaton [160,161]. The use of palladium nanocatalysts in caneb@roatom cross
coupling processes, including Buchwddartwig amination, has proven successful.
Panabhi et al. recently reported that an immobilized palladium nanocatalyst on-a silica
starch subsate (PNPSSS) has good catalytic activity and reusability and is an
effective catalyst for carbenitrogen crossoupling processes through Buchwald

Hartwig amination [162]Scheme 8].

7

Br PNP-§5§ N
+ HN/“‘;\-"}J O6mole)
K,CO;, DME
120°C, 6 h 97% yield

1 mmol 2 mmol

Scheme 8Buchwald- Hartwig animation using PNP-SSS
To create biaryls by the Ullmann homocoupling reaction of aryl iodides, Liu et al.
synthesized a number of palladium nanocatalysts supported by polyaniline. It was
found that adding electretionating groups could adjust the catalyst's activity [163]
[SchemeX].
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Y g
Pd@PANI-H
(i-Pr),NEt, NMP
140°C, 24 h

65% yield

Scheme 9: Ullmann homocoupling
A palladium nanocatalyst mounted on a magnetic-ltey@r graphene support was
recently synthesized and used in crassd homocoupling processes, according to
Rafiee et al. [164]. It was discovered that the catalyst system remained active for up to

six rurs without losing its catalytic activitySchemelQ].

Fe,0,@FLG@Pd°
al Br > cl
K,CO,, DMF

120°C

96% yield

Scheme 10: Homocoupling reactions

In the fields of catalysis, total synthesis, fine chemicals, and supramolecular chemistry,
the biaryl formation process is crucial [165]. A common feature of natural products,
colors, medications, and agrochemicals is the link between two aryl grouppulaipo
technique for creating biaryls is the coppatalyzed homocoupling reaction, although

it necessitates severe reaction conditions. Palladium nanoparticles on ndtopgeh
graphene (PMP-HNG) for an Ullmanrype homocoupling process in water were
reported by Movahed et al. [1668¢hemell].

I (HO),B PDHC-Pd
0,5 wt%
* K,CO,, dioxane

reflux, 20 h

97% yield

Scheme 11: Ullmanri type homocoupling reaction in water
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1.9 OXIDATION OF AMINO ACID

Oxidation Reactions are of fundamental importance in nature and are key
transformations in organic synthesis. Oxidation of amino acids is one of the most
prevalent forms of chemical reactions and is susceptible to modification by a wide array
of oxidants. Since the oxidation products vary depending on the oxidant, it is
interesting. These oxidation processes exhibit a variety of reaction pathways, including
decarboxylation and oxidative deamination [167]. Depending on whether an amino acid
has polar or nomgar substituents, it can undergo a variety of reactions. Since the
hydrocarbon moiety (RCHiis less reactive than the amino and carbonyl functional
groups of amino acids, these functional groups undergo chemical change.

One of the most fascinating areas in organic chemistry is the study of amino acids. They
are important for several metabolic processesluding the creation of proteins,
polypeptides, and nucleotides. Therefore, one possible topic of research is the
mechanism of nonenzymatic chemical reactions in the oxidation of amino acids [168].
In the presence of mercuric acetate, Bhargava and colleagijsiitéstigated the
kinetics of NBromosuccinimide s ( NBS) o X i d aatliaonnialacefie, ¢l y c i
phenylalnine, and other compounds in an aeamter mixture. Mushran et al. [170]
studied the oxidation of alanine and valine in which zwitter ion of the amino acid
reacted with NB$h the rate determining step to give a sHimgd unstable intermediate
which in a fast step reacted another molecule of NBS giving corresponding nitriles.
Gopalkrishan and eworkers [171] reported the kinetics of NBS oxidation of glycine,
valine and alanine as a function of pH. Amino acids exist in the protonated form and
the oxidising species HOBr and®'Br formed by nucleophilic attack of water on the
protonated NBS. A mechanism involving the formation of acyl hypobromite, its slow
decomposition to an imine and fast conversion of imine to product was proposed
[Schemel?2].

NH;-CHR-COOBr—== Bf +NH -CHR-COO—=
Br-NH;-CHR-COO %% NH, =CHRY%:% Product
Scheme 120xidation of Amino acids by NBS

In the study of Kinetics of oxidation of glycine, alanine, Leucine and arginine by NBS
in perchloric acid medium, formation of alkyl cyanides was reported by

Radhakrishnamurti and his-omorkers [172].
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Harihar et al [173] have studied the Kinetics and mechanism of NBS oxidation of L
arginine in aqueous acidic medium. A mechanism including the unprotonated NBS as
the reactive species okidanthas been propos¢8cheme 1B Neelu Kambo and co
workers [174] have reported the Kinetics of oxidation of amino acid (AA), viz. alanine,
phenylalanine and valine by NBS have been studied in alkaline medium. The reaction
in first order in NBS. The order of reaction with respect to amanid and alkali
decreases from unity to zero at higher [AA] and [Ptéspectively. The rate is
accelerated in presence of succinimide (product of NBS) at lower [succinimuthdp

that becomes independent to succinimide at higher [succinignidemechanism

consistent with kinetic data has been derived.

K4

>NBr + OH™ OBr + —NH
(NBS) (Succ)
*NH3 NH.
LK /
R—Q— H+ OH =——= R—C\— H + H,O
CcoO” COO~
(AA) (AA)
Ho NH>
/ . K / _
R—C\— H+OH =~——>= R—C‘\— H N=
coo COO-----Br
(X)
(X) —K4_p RCH==NH + CO, + Br’

RCH=NH —22» NH, + RCHO

Scheme 13Oxidation of L- arginine by N-Bromosuccinimide (NBS) in aqueous

acidic medium

A.K. Singh [175] investigated kinetics and mechanism of oxidation of aspartic acid by
N-Bromosuccinimidd NBS) catalysed iridium (I11)
The observed kinetic findings show first order reaction kinetics with respect to oxidant
catalyst and chloride ion in each case, whereas it shows zero order reaction kinetics
with respect tosubstrate. Successive addition of succinimide in the reaction shows
negative effect. On the basis of above kinetic results following reaction path have been

suggestedgcheme 14
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CH;—CO

. K, CH;—CO
—_— .
NBr +H ~———= ONH* Br
CH3 £0 CHz—_CO
K2
BrH+ H,O H,OBr"
K3
[IrCls.H,01* + CIT —= [IrCl¢]*" + H,0
(&) (&) 3.
H
] K4
[rClel> + H,0Br" e H' | [Irc16<—0<
(©) (C3) Br
nl
KS
[1rCl, <—-o< —=H [IrC16<—OBr]4'+ H*
(C3) Br (Ca)

[IrC16<—OBf]4'+ S ——— [IrCIgH]* + Product
(Cy) fast

[IrCIgHT* + H,0Br" — [IrClel* + H,0 + HBr
as

Scheme 140xidation of Aspartic acid by N-Bromosuccinimide (NBS) catalysed

by Iridium (IlI)
According to A.K. Singh and colleagues @l,/NBS oxidizes glycine and valine with
Rh (Ill) acting as a catalyst. According to the paper, the reactions with NBS and Rh
(1) follow first order kinetics. At larger concentrations, the amino acid's first order
kinetics, which were found at lower comteations, become zero order. The oxidation
of glycine and valine catalyzed by Rh (lll) showed inverse fractional order with respect
to [H]. [Hg (1], [NHS], [CI7], ionic strength, and the medium's dielectric constant
have no bearing on the rate of oxida. It has been proposed that the reactive species
of NBS and Rh (lll) chloride in an acidic media are NBS itself and [RRED)]>.
R.V. Nadh and M. Sireesha [Z[7/have investigated the kinetics of the catalyzed and
uncatalyzed oxidation of Dhalanine by NBS utilizing Ru (IIl) in aqueous acetic acid

in the presence of perchloric acid and Hg (I1). The kinetic orders found in both Ru (l11)
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catalyzed and uncatalyzed oxidations were fractional order in the substrate and first
order in NBS. As the concentration of perchloric acid increased and halide ions were
added, the rate of the reaction reduced. Regarding Ru (lll), the reactions showed
fractional order.

The exceptional chemical, physical, and catalytic capabilities of metallic nanoparticles
make them highlylesirableVarious oxidants have been used to oxidize amino acids
in the presence of various metallic nanoparticles. Hexacyanoferrate (lll) oxidation of
amino acids in an alkaline media was used to assess the catalytic activity of colloidal
iridium nanoparticle$178] [Fig.1.7].

Figure 1.7: Proposed catalytic cycle of the oxidation oGlycine in the presence of
Iridium nanopatrticles

Catalytic cycle for glycine oxidation is suggested when iridium nanoparticles are

present. In this case, iridium nanoparticles function as a more effective catalyst than an

equivalent quantity of iridiunprecursors In the presence of surfactasttbilized Au

and Ag nanoparticles, the oxidation ofducine by hydrogen peroxide as an oxidant

was investigated [19]. The kinetics of the reactions gave pseudo first order with respect

to the amino acid. Au nanoparticles exhibited very good catalytic actibiiy,

bimetallic AuAg catalysts gave higher selectivity than pure-#g1 Shikha et.al

studied the kinetics of copper nanoparticles catalysed oxidation of serdjedla®ine

[181] and threonine [18 by peroxomonosulphate in agueous medium. Very good

catalytic activity was exhibited by copper naraalystand the oxidation rate followed

first order kinetic with respect to amino respect to amino acid and peroxomonosulphate.
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Very few investigations have been conducted on the oxidative deamination of amino
acids in the presence of metal nanoparticles, based on previous observations of amino
acid oxidation. For the crucial alkylation, dehydrogenation, and oxidation processes of
the molecule for the conversion of hydrocarbons, palladium nanoparticlddREY

have been employed as catalysts3j1B5]. When left unsupported in an aqueous
suspension, Pd nanocatalysts maintain their catalgpebilitiesHowever, theré s n 6 t
much research in the literature on how NBS oxidizes amino acids when palladium

nanoparticles are present.
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ABSTRACT

This chapter describes the fundamental experimental details of the studies carried out
in this thesis. The first part deals with the details of the reagents, chemicals and their
solutions with other specifications employed in kinetic study of variousioeacthe

second part deals with the details of various characterization techmigjigksinclude

UV- Visible Spectroscopy, Transmission Electron Microscopy (TEAMD FFIR
Spectroscopyhatare important to characterize the synthesized nanocatalyst. This part
also describes the basic theories and principles of the main analytical methods, electron

microscopy and description of instrument which are used for analysis.
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2.1 PREPARATION OF SOLUTIONS

2.1.1 N- Bromosuccinimide (NBS)
An agueous solution of NBS (Blerck) was prepared afresh by dissolving a
weighed amount in doubly distilled water. The solution was standardized
iodometrically against standard solution of sodium thiosulphate using starch as
an indicator. Thesolution prepareevas stored in a blaekoated vessel to avoid

photo chemical deterioration.

2.1.2 Palladium (II) Chloride (PdCl 2)
A Pd (I) stock solution was prepared by dissolvitige known weightof
Palladium (l) chloride (Johnson Matthey) in 0.20 mol drydrochloric acid and
assayed bgomplexometric titration witiEDTA. Dilute solutionsof palladium
(I1) were maddrom the stock solution as requiradd storedn black bottle to
prevent photo chemical decomposition.

2.1.3 Perchloric acid (HCIO4)
Stock solution of HCl@was prepared by diluting 70% perchloric acidErck)
in doubly distilled water. Solution was standardized against sodium hydroxide
using phenolphthalein as an indicator. Solution of required concentration is

obtained by dissolving requisite amountatft

2.1.4 Sodium Perchlorate (NaCIlQ)
Sodium perchlorate solutions of required concentratiere prepared by
neutralizing perchloric acid with necessary amount of sodium carbonate (BDH,
AR grade) up to the pH of the resulting solution to reach ~ 6.8. The dissolved
CQ; in the solution was expelled on heating before making up the required

volume. This solution was used to maintain required ionic strength.
2.1.5Mercuric acetate[(CH3COO)zHq]

A standard solution of mercuric acetateNterck) was acidified with 20% glacial
acetic acid.
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2.1.6 Starch indicator
Place 100 mL of distilled or deionized water in a 280 beaker and bring to
boiling on a hot plate. Make a smooth paste with 1 g of soluble starch and pour
this paste slowly into the boiling water with constant stirring with the help of

glass rod. Allow the starch solution to cool to room temperature befere

2.1.7 Potassium iodide (KI) solution
Dissolve 2gramsof potassium iodide in 10 Imof deionizedwater anddilute to
100 L. Prepare fresh solution each day. Its solution was used in titrimetric

analysis.

2.1.82, 4Dinitrophenylhydrazine
Add 3 grams of 2 4lintrophenylhydrazine, 20 mL of water and 70 mL of 95 %
ethanol to a clean, dry 125 mL Erlenmeyer flask and place it on magnetic stirrer
for rapid mixing. Place the flask in an ice bath in a beaker, stir and allow the
mixture to cool. When the temperature reaches @0slowly add 15 mL
concentrated sulfuric acid with constant rapid stirring, trying to avoid boiling. If
the temperature goes above @0stop adding till the temperature goes back to
10 C. When all the sulfuric acid hasén added, turn off the stirrer, remove the
ice-bath and keep the flask on a stirhatplate. Stir and warm the flask until the
2,4dintrophenylhydrazine stops dissolving or the temperature reach€s 60
whichever comes first, then continue stirring without heating. When the solution

has cooled, filter through a funnel, if necessary.

2.1.9 Sodium Hydroxide (NaOH)
The solution of sodium hydroxide was prepared by dissolajpyroximately
weighed pellets of NaOH (BDH, AR grade) in doubly distilled water. The
solution was standardized by titrating its known aliqguot sample against the oxalic
acid solution using phenolphthaleji] as an indicator. However, sodium
hydroxide solutions werealways used after standardizing because their

concentratiorchange®n standing at ambient temperature.
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2.1.10 Phenolphthalein Indicator (C20H1404)
Phenolphthalein (BDH, AR grade) was used as an end point indicator for acid

base titration.

2.1.11 Sulphuric acid [H2SO4]
Solution of sulphuric acid was prepared by dissolving the requisite volume of
concentrated sulphuric acid (Ranbaxy, gfdg in doubly distilled water and
standardizechgainst prestandardized solution of sodium hydroxide employing

phenolphthalein as an indicator.

2.1.12 Oxalic Acid [COOH)2]
Oxalic acid (BDH, AR grade) is a primary standard and yields a stable solution

in doubly distilled water. It is used to standardize sodium hydreatigions

2.1.13 Preparation of Sodium Thiosulphate Solution
Dissolve required amount of sodium thiosulphate pentahydrat&Q5H.0)
in small quantity of distilled water and shaking for approximately 15 minutes.

Make up the desired volume.

2.1.14 Valine [NH2CH (COOH) (CH3)2 CH]
The solution was prepared by dissolving the required amount of valine (s d fine
chem., AR grade) in doubly distilled water to obtain the solution of desired
concentration. The lesser solubility of valine in water was avoided by preparing
its solution in presence of 0.1 mol dmerchloric acid.

2.1.15 Aspartic acid [COOH CH2 CH(NH?2) (COOH)]
The solution was prepared by dissolving the required amount of aspartic acid (s
d fine-chem., AR grade) in doubly distilled water to obtain the solution of desired

concentration.

2.1.16 Serine[NH2CHCH20H(COOH)]
Solution of required concentration of serine was prepared by dissolving the
requisiteamount ofserine (s dfine-chem., AR grade) in a known volume of

doubly distilled water.
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2.1.17 Arginine [H2N(HN) CN(H)(CH 2)sCH(NH2) COzH]
Aqueous solution of arginine was prepared by dissolving requisite weighed
amount (s d fie-chem., AR grade) in doubly distilled water. It is a wateluble

amino acid.

2.2 EQUIPMENT & TECHNIQUE

2.2.1 Electronic balance
Citizen electronic balance (modelCX 220) was used for weighing. The least
count of balance is 0.00thg, andthe maximuncount of balance is 220 gm.

2.2.2 Thermostat
Serological water bath (Macro scientific) temperature rangd 30°C was used.
The thermostat is a rectangusdainlesssteeltank withdouble walled convection
heating phenomenofhe tank was filled with water, stirred continuously and
heated electricallyThe unit is provided witla topopening cover made of steel
with steel concentric ring&ll kinetic studies were done usirtgermostatsat
temperaturesarying from 30°C to 50°CTemperature inside our water bath is
controlled with a sensitivity af 0.50F°C (With PID Controller)

2.2.3pH meter
Systronicdigital pH meter, model 335 was used for the determination of pH of
the reaction mixture and synthesized nanoparticles with the maximum uncertainty
in pH of £0.01 unit. Before using the pH meter, first calibrate it using buffer
solutions of different pH such as 740, 9.2. Wash the pH electrode thoroughly
between measurements with distilled water to avoid carryover impurity of the
tested solutions. Softly wipe the electrode vtislsuepaper to remove the excess

rinse water and do not rub the bulb to avoid bujdstatic charge.

2.2.4Magnetic stirrer with Hot Plate
Magnetic stirrer with hot plate was used for the synthesis of nanoparticles{MSW
313, MAC) at 600 rpm (RangeI200 rpm). The stirrerused 220/230 volts AC

supply and temperature range wasl0D°C. The synthesis process of
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nanoparticles and size of nanoparticles are affected by speed of stirring and the

reaction tem perature.

2.2.5lodometric Titration
lodometry, also known as iodometric titration, is a method of volumetric
chemical analysis. This type of titrationaslerivative ofredoxtitration where
the appearance or disappearance of elementary iodine indicates the end point. The
indicator that is usually chosen for titrations involving iodine is starch.
Potassium iodide (KI) oxidizes the iodide ion in acidic medium to equivalent
amount of iodine. The iodine formed in the reaction oxidizes sodium thiosulphate
(Na&S0s) to sodium tetrathionaten and the end point is detected by starch
solution.
As the sodium thiosulphate (hypo) solution is added from burette drop by drop,
the iodine solution in the conical flask gradudidscomegpale yellow as the end
point is approached. We add two drop stawclution;the reaction mixture turns
dark blue to indicate that iodine is still present. Now we can continue to add
sodium thiosulphate drop by drop until the blue colour disappears completely

indicating that all the iodine has just reacted.

2.2.6 Transmission Electron Microscopy
Transmission Electron Microscopy (TEM) is one of the most effi¢emitniques
available for studying the morphological characteristics of nanoparticles. TEM
provides images obtained by a beam of electrons transmitted through a thin
specimen, thus allowing the detailed visualization of the interior of the sample.
TEM is a suitable method to directly assess nanoparticle size, grain size, size
distribution and morphology.
TEM consists of an emission source or cathode, which may be a tungsten filament
or needleor a lanthanum hexaboride (LgBingle crystal sourd®]. The gun is
connected to a high voltage source-880 KV) and given sufficient curref],
thegun will begin to emit electrons either by thermionic or field electroission
into the vacuum. After it leaves the gun, the beam is classically accelerated by a
series of electrostatic plates till it reaches its final voltage and enters the next part

of the micoscopeThe Condenser lens syst¢ [Fig. 2.1].
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Figure 2.1: Schematiadiagram of a TransmissionElectron Microscope

The lenses of a TEM are what gives it its flexibility of operating modes and ability
to focus beams down to the atomic scale and magnify them back up to get an
image on a camera. A lens is usually made of a solenoid coil nearly surrounded
by ferromagnetianaterials. When an electron enters and leaves the magnetic
field, it spirals around the curved magnetic field lines in a way that acts very much
as an ordinary glass lens does for liglttis a converging lens. A TEM consists

of three stages of lensingondenser lenses, the objective lenses, and the projector
lenses. The condenser lenses are responsible for primary beam formation, while
the objective lense®cus onthe beam that comes through the sample itself. The
projector lenses are used to expand the beam onto the phosphor screen or other
imaging device, such as film.

The magnification of the TEM is due to the ratio of the distances between the

specimen and the objective lenses image p[&@heThe magnified image is
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recorded on inflorescent screen or CCD. The high contrast image is called Bright

field image[Fig. 2.2].
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Figure 2.2: Ray diagram of a Transmission Electron Microscope for

imaging and diffraction modes

Also, it mustbe noted that the bright field image obtained is purely due to the
elastic scattering (no energy change) i.e., due to transmitted beam alone.
Nowadayghere is increasing demand to produce images with atomic resolution
so that the lattice arrangemewtishin crystalline materials can be visualized. One
well known technique for this is high resolution TEM (HRTEM). A very high
magnification is necessaty obtain a higkresolution atomic image. HRTEM
gives information on the crystalline structure, defects, grain boundaries, particle
shape/structure/ distribution. First, TEM column alignment needs to be carried
out as accurately as possible, which includesten gun and condenser lens
alignment, plus astigmatism correction of condenser lenses and objentes
Secondly, inHRTEM, an atomic image of a crystal is only possible if certain

conditions are satisfied, one of which, choosing the optimum fecasycial.
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For the work presented in this thesis, transmission electron microscope iModel
FEI Techni G2S2 Twin with CCD camera and plate film camera instruameht

200 KV has beemsedwhich islocatedat Universityof Kochi, Kerala (ndia) to

get information regarding particle size, shape and determining the size
distribution of palladium patrticles.

Samples for TEM were prepared by dissolving a palladium nanoparticle
suspension in ethanol and placing a drop of the obtained mixture onto a-carbon
coated copper grid, followed by the natural evaporation of the solvent at room

temperature.

2.2.7 Fourier Transform Infrared (FTIR) Spectrometer
Fourier Transform Infrared (FTIR) spectrometer is an important technique that
provides an easy way to identify the presence of certain functipoapsin an
organic molecule. FTIR spectrometers are widely used in organic synthesis,
polymer science, petrochemical engineering, pharmaceutical industry and food
analysis. FTIR can be a single purpose tool or a highly flexible research
instrument. FTIR speameter offer speed and sensitivity that was impossible to
achieve with earliewavelengthi dispersiveinstrumen{6].
FTIR is a technique based on the vibrations of the ataths1 a molecule. When
exposed to infrared radiation, sample molecules selectively absorb radiation of
specific wavelength which causes the change of dipole movement of sample
molecules. Consequently, the vibrational energy levels of sample molecules
transfer fom ground state to excited state. The frequency of the absorption peak
is determined by the vibrational energy gap. The intensity of absorption peak is
related to the change of dipole movemandl the possibility of the transition of
energy level. Therefore, by analyzing the infrared spectrum, one can readily
obtain abundant structure information of a molecule.
The commonly wused region for infrared a
"1 because the absorption radiation of most organic compound and inorganic ions
is with in this region.
A common FTIR spectrometer consists of a source, interferometer, sample
compartment, detector, amplifier, A/D converter and a comptfelhe source
generates radiation whicpasses thesamplethrough the interferometeiand

reacheshe detector. Then the signal is amplified and converted to digital signal
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by the amplifier and analdgo i digital converter, respectively. Eventually, the

signal is transferred to a computer in which Fourier transform is carrigBigut

2.3].
/f;'

Interferogram
.

Sample Chamber

Figure 2.3 Block diagram of a Fourier Transform Infrared (FTIR)

Spectrometer

2.2.8 Ultraviolet T Visible Spectrometer
UV-Vis spectroscopy, also known as ultravieletible spectroscopy, is a
subtype of absorption spectroscopy that specifically deals with the absorption of
ultraviolet (UV) and visible range of the electromagnetic radiation spectrum. The
absorption wavelggth mainly ranges from 16000 nm. Ultravioletvisible
spectroscopy is considered an important tool in analytical chemistry. In fact, this
is one of thenost usedechniques in clinical as well as chemical laboratories. This
tool is used for the qualitatvanalysis and identification of chemicals
Ultraviolefi visible spectroscopy offers a relatively straight forward and effective
way for qualitatively characterizing both organic and inorganic compounds.
Identificationis doneby comparingthe absorptiorspectrunmwith the spectreof
knowncompoundsUV-Vis spectrophotometes a laboratorytechniqueusedin

the measuremenof absorbancef light acrossultraviolet and visible regions.
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Whenthe incidentlight strikesthe samplejt is usuallyreflected transmittedor
absorbed Absorbanceof light causeghe transitionof moleculesfrom ground
stateto excitedstate.

Mo | e c ul e seledray ar nogponding electrons ¢(electrons) which are
excited to higher antbonding molecular orbitals may absorb the energy in the
form of wultraviolet or visible | +tght.
Tx s *n0vandnd*) which can belbr-@len®ed as
n-" * .

This techniques usedto detectthe presencer absencef a functionalgroupin

the compound.The absencef a bandat a particularwavelengthis regardedas
evidenceof the absenceof particulargroup. Kinetics of reactioncan also be
studied using UV-Vis spectroscopyUV/Vis radiationis passedthrough the
reactioncell, andtheabsorbancehangexanbeobserved.

The designof the UV-Visible spectrophotometencludesboth the partsof the
spectrometeandphotometefFig. 2.4]. Thespectrometecontainsalight source,
samplecell, monochromatoandslits. Themicrocontrollercontrolsgratingin the

monochromator,whereasthe photometer part consists of a photo diode,

Electric | Computer

preamplifier,anddataacquisitionsystem.

. Light Current | for Signal
Szghcte Sample W]DEtEHDf}—’ Pmcefsing

ur
& Qutput

Figure 2.4: A simplified schematicdiagram of the main components in a

UV-Vis spectrophotometer

UV spectrophotometer principfellows the BeeiLambert Law. This law states
that whenever a beam of monochromatic light is passed through a solution with
an absorbing substance, the decreasing rate of the radiation intensity along with
the thickness of the absorbing solutiopieportionalto the concentration of the

solution and the incident radiation.
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This law is expressed through this equation:

A=log (l/l)=Uc |
A stand for the absorbanceréfers to the intensity of light upon a sample dell,
refer to the intensity of light departing the sample cellstands for the
concentration of the solutestands for the length of the sample cell &hefers
to the molar absorptivity. Based on the Beambert law, it has been established
that the greater the number of the molecules that are capable of absorbing light at
a certain wavelength, the greater the extent of the absorption of light.
Visible (Systronicsl66) and Double beam spectrophotometer (Systr&t#08)
were used for spectrophotometric measuremenk®e spectrum range was set
from 200 nm to 800 nm in double beapectrophotomete6Spectrophotometer
can be used to determine kinetics and the rate constant of a chemical reaction and
optical characterization of the synthesized metallic nanoparticles. The rate
constant of a particular reaction can be determined by measuring visible
absobance at specific time intervallt. also helps @ study growth of metal
nanoparticles in polymeric network or growth of polymeric network around metal
nanoparticle core. Thabtained UV spectra of our sample were first done baseline
by reference to nullify other reagent peaks, after the spectra of reaction mixture
was obtained. Spectra were plotted between wavelength v/s absorbance.
All other reagents were either of Anala R or guaranteed reagent grade and used
as supplied. Further details regarding their preparations etc. are mentioned in the
respective chapters. Doubly distilled water, prepared from ultrapure water
purification systen (Millipore Elix Model), was employed in all the preparations
and kinetic studies. The glass vessels employed for storing the sokhnidits
kinetic studies were either of Corning or Borosil make. ifBumentsliscussed
earlier were frequently useas and when desired in kinetic studies. Kinetic
procedure methodolog§] adoptedor the monitoring of kinetics and analysis of

the kinetic results is given in concerned chapters.
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ABSTRACT

This chapter gives an overview of the development and involvement of nanoparticles
synthesiswhich is a rapidly developing area of research that covers a wide range of
applications. It plays a very important role in developing novel methods for creating
new products that are compatible with existing production equipment, restructuring
materials ad chemicals to elevate performanamjnimizing energy, material
consumption and reduce environmental impact. Nanopatrticles are considered one of
the most promisig areas of recent research and can be synthesized using various
techniques, broadly classified into bottap and topdown approaches, as
documented in the literature. The properties of palladium nanoparticles are highly
dependent on the synthesis methexiployed. This chapter presents the experimental
procedures involved in the synthesis of palladium nanoparticles using the chemical
reduction method. The synthesized nanopatrticles are subjected to morphological and
structural characterization using variougchniques, including UWisible

Spectroscopy, FIR Spectroscopy and Transmission Electron Microscopy (TEM).
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3.1 INTRODUCTION

Nanotechnology represents one of the major breakthroughs of modern science,
enabling materials of distinctive size, structure and composition to be formed.
Nanotechnology is the science of the small; the very small. It is the use and
manipulation of matter at a tiny ae. At this size, atoms and molecules work
differently andprovide a variety of surprising and interesting uses in academic, research
and industrial applications. Nanotechnology represents the design, production and
applicationof atomic, molecular and reseomolecular scaleg® produce new nanosized
materials [1].

Nanoparticlesorm the foundationof NanotechnologyNanoparticles are extremely
small particles, typically measuring between 1 and 100 nanomatersrecomposed

of materials such asarbon, metal, metal oxide or organic matter [2]. In this size range,
the nanopatrticles exhibit unique physical, chemical and biological propertidh(8].
phenomenon arises from the relatively large surface-tarealume ratio of
nanoparticles, which gives rise to properties such as enhanced electrical and thermal
conductivity, lowered melting points, stronger magrem and distinctive optical

characteristics [4].

3.1.1 Classification of Nanoparticles

The key element of nanotechnology asnomaterialsNanomaterials are defined as

materialshavingone of theidimensions irthe nanoscale, ilessthan 100 nm [5].

[1] Zero i dimensional nanomaterials (@D) - All the three dimensionarein the
nanoscale range. Exampl@uantum dots, Fullerenes and nanoparticles.

[2] Onei dimensional nanomaterials (1D) -They have one dimensions outside
the nanoscaleange Example Nanotubes, nanofibers, nanorods, nanowires and
nano horns.

[3] Two 1 dimensional nanomaterials (2D) - They have platélike shapes and
include graphene, nanofil ms, nanol ayer.

[4] Threei dimensional nanomaterials(3-D) - Thesematerials are naestrictedto
the nanoscalen any dimension.They contain bulk powders, dispersion of
nanoparticles, arrays of nanowires and nanotubes etc.

The nanoparticles are generally classifiedsorganic, inorganic and carbon based
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3.1.1.10rganic nanoparticles Few known organic nanoparticles adendrimers,
micelles, liposomes ferritin and polymeric nanoparticles. These are
biodegradablenontoxic and some particles such as micelles and liposomes
have avoid core.[Fig. 3.1]. Theyare alsaeferredto asnano capsulethat are

sensitive to thermal and electromagnetic radiatictudingheat andight [6].

Figure 3.1: Organic nanoparticles (a) Dendrimers (b) Liposomes and

Micelles (c) Ferritin.

3.1.1.2 Inorganic nanopatrticles- Particleswhich are not made up of carbon. Metal
and metal oxidéased nanoparticles arkassifiedas inorganic nanoparticles.

(@) Metal NPs- Metal nanoparticles are prepared from metal precursors and can be
synthesized by chemical, electrochemical or photochemical methdus.
resultant nanomaterials can adsorb small molecules and have high surface energy.
Metal nanoparticles are utilized across several research fields, including detection
and imaging of biomolecules and in environmental and bioanalytical
applications.

Nanoparticles can be synthesized from almost all md#@lsThe widely used
metals for nanoparticles synthesiglude Aluminium (Al), Cadmium Cd),
Cobalt Co),Copper Cu),Gold (Au), Iron (Fe),Lead Pb),Silver (Ag) andZinc

(Zn). Nanoparticles can have spherical or cylindrical shapesshad distinct
properties such as color, reactivity and sensitivity to environmental factors like
air, moisture, heand sunlight

(b) Metal oxide based The metal oxiddased nanoparticles are synthesized to
changethe property of their respective mebased nanoparticles. Metakide

nanoparticles arpreparedmainly due to their increased reactivity and effg
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[8]. The commonly synthesizaethnoparticlesire Aluminum oxide (AiOs), Iron
oxide (FeOs), Silicon oxide (SiQ), Titanium oxide (TiQ) and Zinc oxide (ZnO).

3.1.1.3Carbon based This comprises nanoparticles that gmeparedonly from
carbon atoms [9]. Famous exampleglude fullerenes, carbon black

nanoparticles and quantum dfEsy. 3.2].

Figure 3.2: Different form of Fullerenes (A) C60 and (B) C70.

Carbonbased nanoparticles (NPs) combine the unique properties;-biylspdized

carbon bonds with the exceptional physicochemical characteristics observed at the
nanoscaleOwingto thar remarkableslectrical conductivity, higmedanicalstrength,
electron affinityanddistinctiveopticaland thermaproperties [10, 11jcarboni based

NPs areutilized in a wide range of applicatisrsuch as drug delivery [12], energy
storage [13], bioimaging [14], photovoltaic devices and environmental sensing to

monitor microbial ecology

3.1.2 Classification of Techniquesfor synthesis of Nanoparticles
The synthesis of nanomaterials and nanostructures is an important aspect of
nanoscience and nanotechnologyew physical properties and application of
nanomaterials are only possible when nanostructured materials are made available with
desired size, shape, morphology, crystal structure and chemical composition.
Nanoparticles can be synthesized using two general approaches, as illustfitgd in
3.3&3.4]

(&) Top-down approach

(b) Bottom- up approach
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The methods begin with larger particles which are reduced to nanopatrticles after

a sequence of operations performed over them. The methods are quite expensive

and not suitable for larggcale productionl his method is suitable for laboratory

experimentation. The approach is based upon the grinding of materials. A

diagrammatic representation of this method is givdfim 3.3][15, 16].

B = Bulk
material
B B
g
a
Powder
a
|
e o o Nanoparticles

Figure 3.3: Top i down approach

Methods in Top-down approach:

i

]
]
a
a

Physical vapour deposition
Chemical vapour deposition
lon implantation

Electron beam lithography
X-ray lithography
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3.1.2.2Bottom-up approach
Bottomup approaches of production of nanomaterials comprise the
miniaturization of materials constituents to the atomic level with the additional
procedurethat leads to the development of nanostructuregs methodology
fundamentally relies on the concept of molecular recogni#odiagrammatic

representation of this approach is givefHiy. 3.4][17, 18].

o o
Atoms
o o
= Clusters
= D
o o

Figure 3.4: Bottom i up approach

Methods in aBottom-up approach:
a Solgel synthesis
i Colloidal precipitation
a Hydrothermal synthesis
a Organometallic chemical route
a Electrodeposition
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Figure 3.5: Application Hierarchy

3.1.3 Synthesis of nanoparticles
There are three kinds of approacteproducenanoparticles. These methods are listed
in [Table 1.

1. Physical Methods

2. Chemical Methods
3. Biological Methods
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Table 3.1: Synthesis ofNanopatrticles

Physical methods Chemical methods Biological methods
1. Mechanical Method 1. Solgel Method 1.SynthesidJsing
Microorganisms

2. Pulse Laser Ablation 2.Sonochemical
Synthesis 2. Synthesis Using Plant

3.Pulsed Wire Discharge Metho Extracts
3.CoprecipitationMethod

4.Chemical Vapor Deposition 3. Synthesis Using Algae
4. Inert Gas Condensatiq

5. Laser Pyrolysis Method

6.lonizedClusterBeam 5.Hydrothermal Synthesi

Deposition

3.2 PALLADIUM NANOPARTIC LES(PdNPs)

Palladium (Pd) is anajorconstituentof many catalysts. Nanoparticles (NPsyvidea
significantly larger surface areas compared to bulkmaterials With the five-fold
increase inPalladiumcoss in the last 10 yeardPd nanoparticlegPd NP$ are in
increasing demand due tleeir novel and enhanced physiochemical properties at the
nanoscale. Pd NRee widdy appliednot only in chemical catalysis, but alsofields
such asydrogen sensing and storagewell as in medicirde for photothermal therapy,
antibacterial treatments, and anticancer applicatiOnsan industrial scale, Pd NPs are
currently synthesized using a variety of chemical and physical methods

Pd nanopatrticles have beeidely studiedand employedshighly efficient catalysts
for thevariouscatalytic reactions afifferentcompound$19-26]. The catalytic activity
strongly dependsn bothparticlesize and shape. Pd nanoparticleth well-defined
sharp shapes exhib&énhancedcatalytic performancdor organicreactionssuch as
Suzuki, Heck and Stille couplingactiong21,23. Notably theyretain their catalytic
propertieseven in agueous suspension, which makesdeal to study thesize
dependence ofcatalytic behavior[23,24. Currently, significant research is
concentrated on controlling the size and shape of Pd nanoparticles using the polyol

method, that aims to optimize their synthesis for catalytic applications
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3.2.1 Synthesis Method of Palladium nanparticles (PANPs)

Chemical Reduction method

The chemical reduction of metal salts is one of the most widely used methods for
synthesizing transition metal nanoparticles [27, 28]. In thethod the metal salt
dissociates into metal ions, which are subsequently reduced by a reducing agent to form
metal nanopatrticles. These nanoparticles are typically stabilized by a stabilizing agent.
Frequentlyused reducing agents include solvents such as alcoh®B1R%alts such

as sodium borohydride [B35] and sodium citrate [36, 37] and gases such as carbon
monoxide [38] and hydrogen [39, 4Dhe alcoholsmost commonlyused for the
reduction of metal salts include ethanol, methanolismgropanol and they abbth as

a reducing agent and solvent. The transition metal nanoparticles are formed by the
reduction of metal salts in refluxing alcohdlring whichthe alcohois oxidized toits
corresponding carbonyl compoundsg. methanol to formaldehydand ethanol to
acetaldehyde). The size distributionresulting metal nanoparticleslependson the
structure and quantity of the alcohol, tbeoice of stabilizing agentthe metallic

precursorthe reactiortemperature and the baseployed29-31].

3.2.2 Synthesisof PVP StabilizedPalladium nanoparticles

The Palladium nanopatrticles were synthesized usinghbenicalreduction method
described previously [444]. The Palladium precursor solution ;RdCL) was

prepared by adding 0.0887g of Pd@hd 6 ml of 0.2 MHCI anddiluting it to 250 ml
usingdoubly distilled wateto prepareH.PdCh solutionhavingconcentration of 2mM.

The entire volume was transferred to a flask, refluxed for 3 hours, and then allowed to

age for 2 days. The resulting product typically exhibited a-ypallew colour.Then, 15

mL of 2 mM H PdClI solution was mixed wi't
g of PVP and 4 drops of 1 M HCdoonashdhe mi X1
solution began to reflux, 14 ml of ethanol was added. The solution was then refluxed

for 3hourswhich resultedn a darki brown suspension of Pd nanopartidiesy. 3.9).

Thus the reduction of EPdCL by ethanalwhich actsbothas asolvent and reducing

agent occurredAs a result, palladium nanoparticles were formed and effectively
stabilized bypolyvinylpyrrolidone PVP) that acted as a capping ageho evaluate

their charactestics various volumes of Pd solution were centrifuged at 15p00for

30 min by a Sigma 3K308ubota centrifuge, separated and precipitatednadding

triple volume of acetoneTheresultingmixture was centrifugedgainand redispersed
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in 3ml of ethanolsingan ultrasound generator at 20@Wd37 KHz for the generation
to facilitatePd nanoparticlebormation For washingPd nanoparticles, 9ml of hexane
was addedollowed by centrifugation atLt5000 rpm for 5min. The product widsen
washed three times with ethanol and hexanmemove residual impurities.

Figure 3.6: Image shows the color change from palladium nanoparticle

3.2.3 Steric Stabilization

Stabilization of metal nanoparticles by high molecular compounds presents a major
branch of modern polymer colloidal scien€apping agents are frequently used in
colloidal dispersions to precisely control the growth, agglomeration, and
physicochemical properties of nanopatrticles [45].

The capping agent is an amphiphilic moleatd@sistingof a polar head group dra

nonpolar hydrocarbon thjFig. 3.7].
—pHydrophobic tail of capping agent

Hydrophilic head of capping agent

Nanoparticles

Figure 3.7: Nanoparticles covalently bound with capping agents
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Varioustypes of capping agents have been used in nanoparticles synti@saing
surfactants, small ligand, polymers, dendrimers, cyclodexridgolysaccharides. All
theseagentshave been successfulynployedo induce subtlehanges in nanoparticle
properties contributing to significant therapeutic potential and environmental

remediation effects [46]Fig. 3.§ illustrates the different types of capping agents.
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Figure 3.8 Different types of capping agents utilized in nanotechnology

The stabilization of metal nanoparticles can also be achiesid macromolecules
such as polymers or oligomers [47, 48pst utilizedpolymers include PVP [492],
polyacrylate [53, 54¢tc. The bulky group of PVP will form a protective layer around

the surface of nanoparticles there by preventing the aggregation of the particles.

3.2.4 PVP (Polyvinylpyrrolidene)

PVP, also known as povidone or polyvidone, isaersolublepolymer (GHoNO) n.
PVP issynthesized byhe ofpolymerization othe monomer N vinyl pyrrolidone. It
appears aa light, flaky and hygroscopic powddénat absorbsipproximately 40% of
water by its mass. PVP with itsiiquephysicachemical properties like solubility
both water and organic solvents, biocompatibilifyemical stabilityand nortoxicity
makes ita promising biomaterial for a wide range ofmedical and nomedical
applications

PVP is extensively used imany medical products, cosmetics, and hair care

formulations Among availablepolymers, PVP i®ne of the most widelyseddueto
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its low cost and & ability to stabilize nanoparticles withigh surface areas in polar
solvents such as watdiowever, PVP does not completely passivate the nanopatrticle
surface, allowing for catalytic activity to be retained.

It has been employed to stabilize spherical nanoparticles of platinum [53], palladium
[49, 50, 55], and rhodium [56]. PV#&tabilized nanoparticles hawhown effective
catalytic activity in various chemical reactions

PVP is one of thefficientcapping agents that have been utilized in nanotechnology to
mitigate thedrawbackdinked with classicaimethods osynthesi®f nanoparticles such

as toxicity, size and agglomeration. Hence ecofriendlyo formulationgre obtained
using PVP having more applicability [57,58]. In varisesearchPVP has beensed

as a capping agent around metal nanopatrticles such as Iro8i\ex)(Ag), Gold (Au),

Zinc (Zn)etc.[59].

3.2.5 Application of Palladium nanoparticles

El-Sayed and Gavorkers reportedhat Palladiunmanoparticles stabilized by P\&et

as efficient catalyst®r SuzukiCross Coupling reactiongd]. They reported that by
verifying the PVP / metal ratio, the size of the nanoparticlebeanaried [6]. They

have also shown that the decrease in palladium nanoparticle size down to 3 nm
improved the catalytic activity in the Suzuki reaction [53,

Miyake and Ceworkers reported that the size of palladium nanoparticles can be
controlled byaltering the amount of the protective polymer, PVP and the kind or
concentration of alcohol used [29,30]. The smaller sized palladium nanoparticles were
preparedn case of reduction of #*dCl with increase in the amount of the polymer.
Also, the sizeof particlesand standard deviation became smaller during the reduction

of PACb in the presence of sodium hydroxide and methanol [31].

3.3 CHARACTERIZATION OF NANOPARTICLES

Nanoparticles are generally characterized by their size, miogyhand surface charge,
using advanceadicroscopictechniques sucls scanning electron microscopy (SEM),
transmissiorelectron microscopyTEM) and atomic forcenicroscopy AFM). The
average particle diameter, size distribution and surface charge significantly influence
the physical stability and in vivo distribution of nanoparticlEctron microscopy

techniques are highly effective for determining the overall shape of polymeric
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nanoparticles,which may determine their toxicityThe surface charge othe
nanoparticlegnfluencesphysicalstability, dispersibilityof the polymer dispersioand

theirvivo performance.

3.3.1 TransmissionElectron Microscopy (TEM)

The Transmission electron microscope (TEM) is the perfect instrument for structural
and chemical characterization at the nanoschiansmission electron microscopy
(TEM) is one of the most suitable techniques for determining the size and shape of
nanomaterialsSTEM is a technique that uses an electron beam to image a nanoparticle
sample, providing much higher resolution than is possible Ngttii based imaging

techniqueTEM gives informatiorabout internal structure, which SEM cannot provide.

Figure 3.9 TEM images of major shapes and various sizes of Pd
nanoparticles. TEM images of Pd nanopatrticles with scale bars: (a) 100 nm
(b) 50 nm (c) 20 nm(d) 10 nm(e, f) 5 nm(g) 2 nm and (h) 1 nm
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The results show the electron microscopy characterization of palladium nanopatrticles
(NPs) obtained by the polyol [61,62] method at different temperaturefHG3]3.9].

The TEM images were obtained on JEOL JEMO Xll instruments operatingt an
acceerating voltage of 200 kwsamples folfEM analysisvere prepared by dispersing

Pd nanoparticles in ethanol followed by dmapating ona copper gridcoated with
carbon film.From the TEM images, we can infer the following:

1. Morphology

The nanoparticles are mostly polyhedral in shape (hexagonal, cubic and irregular
faceted particleshut a few spherical particles are also present, but faceted shapes
dominate suggesting crystalline naur

2. Size

The Size distributiorseemgolydisperse (not uniformyomeparticles aras small as

1i 20 nmwhile others are 20+ nnSomeparticles arenonodispersefuniform in size)

also.

3. Dispersion

The nanoparticles amguite well separated, witlvery lessclusteringwhich suggests
nucleation followed by aggregati@mound a seed particle.

4. Crystallinity

The faceted morphology of the larger particle suggests crystalline growth with distinct
planes while the saller ones are too small to see facets clearly but likely crystalline

as well.

3.3.2 UV-Visible Spectrophotometer

UV-Vis spectrophotometer was used to record the optical absorption spectra of the Pd
nanoparticles thin films. UWisible spectral analyses were carried out on a double
beam spectrophotomet2203Systronicy. Theformation of Pdnps was monitored in
220-600 nm range. The reaction mixture changes gradually from pale ytelldark
brown due to surface plasmon vibratiojsg. 3.10] shows the absorption peaks at 310
and 410 nm that attribute to [PdiZ1, while the peak at 256 nm and 315 nm corresponds
to PVRstabilizedPdNPs using ethanol as reductant. This is ascribed to ligand (Cf
metal (Pd?) charge transfer transition of Pd (I1) iof29,64. The disappearance of the
absorption peak after IBinutesis due tathe completeeduction of metal ions Ptito

Pd. After 30 minutesthecolour intensity of the reaction mixture changes leading to

an increasé the absorbance of the solution.

75



Chapter3

3,198
2543 |
1.888 |

ABS

1.233 |

0.578 |

R s —

I I I I I I
220.0 274.3 328.6 gz 4371 4914 45,7 00,0

-0.077

WAVELENGTH (nm)

Figure 3.10:UV1i Vis spectra of PVRprotected Pd NPs in the range 22600 nm
Redi H P d, Gieen-0min, Bluei 5 min., Grey - 15min., Black i 30 min.

3.4 CONCLUSION

Pd nanopatrticles with uniform shape were prepared by chemical reduction method at
45°C. The current results shawat chemical reduction methaglan easy and efficient
method for synthesizing nanoparticles and modifying the kinetics of atoms to assemble,
grow and generate particle shapHse reduction of EPdCl is doneby ethanol, which

acts both as a solvent and reduciagent The TEM image shows ultramall
nanoparticles (mostlyi® nm) along with a few larger faceted particles {~20nm),
polydisperse, with some aggregation. The larger faceted papticies crystalline

nature, while clustering suggests possible secondary growth

76



Chapter3

REFERENCES

1.

10.

11.

12.

Hagens, W. |, Oomen, A. G., de Jong, W. H., Cassee, F. R., & Sips, A. J. (2007).
What do we (need to) know about the kinetic properties of nanopatrticles in the
body?Regulatory Toxicology andniarmacology49(3), 217229.

Hasan, S. (2015). A review on nanoparticles: their synthesis and RgeesJ.
Recent S¢277, 2502.

Cho, E. J., Holback, H., Liu, K. C., Abouelmagd, S. A., Park, J., & Yeo, Y.
(2013). Nanopatrticle characterization: state of the art, challenges, and emerging
technologiesMolecular Fharmaceutics10(6), 20932110.

Nagarajan, R. (2008). Nanoparticles: BuildiBjocks for Nanotechnology.
American Chemical SocietWashington, DC

Kolahalam, L. A., Viswanath, I. K., Diwakar, B. S., Govindh, B., Reddy, V., &
Murthy, Y. L. N. (2019). Review on nanomaterials: Synthesis and
applicationsMaterials Today: Proceeding48, 21822190.

D. K., Behari, J., & Prasenijit Sen, P. S. (2008). Application of nanoparticles in
wastewater treatmeniWVorld Applied Science Journal, 817433.

SalavatiNiasari, M., Davar, F., & Mir, N. (2008). Synthesis and characterization
of metallic copper nanoparticles via thermal decomposiRoiyhedron27(17),
35143518.

Tai, C.Y., Tai,C. T., Chang, M. H., & Liu, H. S. (2007). Synthesis of magnesium
hydroxide and oxide nanoparticles using a spinning disk redcthrstrial &
EngineeringChemistryResearch46(17), 55365541.

Ealia, S. A. M., & Saravanakumar, M. P. (2017, November). A review on the
classification,characterizationsynthesis of nanoparticles and their application.
In IOP conference seriedlaterials Science andengineering 263 (3), 032019.

IOP Publishing.

Khan, I., Saeed, K., & Khan, I. (2019). Nanoparticles: Properties, applications
and toxicities Arabian Journal of Chemistry 12(7), 908931.

Mauter, M. S., & Elimelech, M. (2008). Environmental applications of carbon
based nanomateriaEnvironmentalScience &Technology42(16), 58435859.

Oh, W. K., Yoon, H., & Jang, J. (2010). Size control of magnetic carbon
nanopatrticles for drug deliveriomaterials 31(6), 13421348.

77



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chapter3

Liu, M., Zhao, F., Zhu, D., Duan, H., Lv, Y., Li, L., & Gan, L. (2018).
Ultramicroporous carbon nanoparticles derived from metghnic framework
nanoparticles for higiperformance supercapacitokdaterials Chemistry and
Physics211, 234241.

Chandra, S., Das, P., Bag, S., Laha, D., & Pramanik, P. (2011). Synthesis,
functionalization and bioimaging applications of highly fluorescent carbon
nanoparticlesNanoscale3(4), 15331540.

Siwach, O. P., & Sen, P. (2008). Synthesis and study of fluorescence properties
of Cu nanoparticleslournal of Nanoparticl&kesearch10(Suppl. 1),107-114.

Mufoz, J. E., Cervantes, J., Esparza, R., & Rosas, G. (2007). Iron nanoparticles
produced by higtenergy ball millingJournal of Nanoparticle Research, 945

950.

Doyle, M. E., & Glass, K. A. (2010). Sodium reduction and its effect on food
safety, food quality, and human healflamprehensivReviews inFood Science
andFood Safety, 9(1), 4456.

Rangarajan, M., Vasanthakumari, R., & Vikram, S. (2014). Superparamagnetic
iron oxide nanoparticles from coprecipitation: composition, size, and
magnetizationNanoscience Nanotechnolqdgy(1), 1-9.

Yang, C., Wan, C., & Lee, C. (2004). Encyclopedia of nanoscience and
nanotechnology (Vol. 8). Valencia, CAmerican Scientific Publisherp 397
Skrabalak, S. E., & Xia, Y. (2009). Pushing nanocrystal synthesis toward
nanomanufacturindACS Nang3(1), 1615.

Pacardo, D. B., Sethi, M., Jones, S. E., Naik, R. R., & Knecht, M. R. (2009).
Biomimetic synthesis of Pd nanocatalysts for the Stille coupling reaét©8.
Nanag 3(5), 12881296.

Shiju, N. R., & Guliants, V. V. (2009). Recent developments in catalysis using
nanostructured material&pplied Catalysis A: Generad561), 1-17.

Kim, S. W., Park, J., Jang, Y., Chung, Y., Hwang, S., Hyeon, T., & Kim, Y. W.
(2003). Synthesis of monodisperse palladium nanopartidbaso Letters3(9),
12891291.

Zhang, Q., Xie, J., Yang, J., & Lee, J. Y. (2009). Monodisperse icosahedral Ag,
Au, and Pd nanoparticles: size control strategy and superlattice fornre@in.
Nang 3(1), 139148.

78



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chapter3

Piao, Y., Jang, Y., Shokouhimehr, M., Lee, I. S., & Hyeon, T. (2007). Facile
agueousphase synthesis of uniform palladium nanoparticles of various shapes
and sizesSmal| 3(2), 255260.

Choo, H., He, B., Liew, K. Y., Liu, H., & Li, J. (2006). Morphology and control

of Pd nanoparticleslournal of Molecular Catalysis A: Chemic@d4(1-2), 217

228.

Guzman, M. G., Dille, J., & Godet, S. (2009). Synthesis of silver nanoparticles
by chemical reduction method and their antibacterial activitiernational
Journal of Chemical and Biomolecular Engineerin@)2104 111.

Khanna, P. K. (2007). Reduction of transition metal salts by SFS: synthesis of
copper and silver sulphideSynthesis and Reactivity in Inorganic and Metal
Organic Chemistry37(10), 805808.

Teranishi, T., & Miyake, M. (1998). Size control of palladium nanoparticles and
their crystal structure€hemistry oMaterials, 10(2), 594600.

Teranishi, T., Miyake, M., & Hosoe, M. (1997). Formation of monodispersed
ultrafine platinum particles and their electrophoretic deposition on
electrodesAdvanced Material9(1), 6567.

Yu, W., Liu, M., Liu, H., & Zheng, J. (1999). Preparation of polyratabilized
noble metal colloidsJournal ofColloid andInterfaceScience 210(1), 218221.
Baykal, A., Toprak, M. S., Durmus, Z. E. H. R. A., Senel, M., Sozeri, H., &
Demir, A. (2012). Synthesis and characterization of dendréneapsulated iron

and ironoxide nanoparticleslournal of Superconductivity and Novel
Magnetism?25, 1541£1549.

Zhao, M., & Crooks, R. M. (1999). Homogeneous hydrogenation catalysis with
monodi sper se, dendri mer encAnmmenaridiat ed
Chemie International Editiar88(3), 364366.

Zhao, M., Sun, L., & Crooks, R. M. (1999, March). Dendrireecapsulated
transitionmetal nanoclusters: Synthesis, characterization, and applications to
catalysis.Abstracts of Papers of the American Chemical Society, @524.
Washington, DC: American Chemical Society.

Chechik, V., & Crooks, R. M. (2000). Dendrimmencapsulated Pd nanoparticles
as fluorous phassoluble -catalystslournal of the American Chemical
Society1226), 12431244.

79

P



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Chapter3

Harriman, A., Thomas, J. M., & Milward, G. R. (1987). Catalytic and structural
properties of iridiurAaridium dioxide colloidsNewJournal ofChemistry,11(11-

12), 757762.

Furlong, D. N., Launikonis, A., Sasse, W. H. F., & Sanders, J. V. (198&4inal

of the Chemical Society, Faraday Transactions 1: Physical Chemistry in
Condensed Phases, (80, 571 588.

Kopple, K., Meyerstein, D., & Meisel, D. (1980). Mechanism of the catalytic
hydrogen production by gold sols. Hydrogen/deuterium isotope effect
studies.The Journal of Physical Chemist84(8), 870875.

Tan, C. K., Newberry, V., Webb, T. R., & McAuliffe, C. A. (1987). Water
photolysis. Part 2. An investigation of the relative advantages of various
components of the sensitisefectron relaymetal colloid system for the
photoproduction of hydrogen from veat and the use of these systems in the
photohydrogenation of unsaturated organic substrddesnal of the Chemical
Society, Dalton Transaction§s), 12991303.

Yu, W., & Liu, H. (1998). Quantity synthesis of nanosized metal
clusters Chemistry of Mterials, 10(5), 12051207.

Narayanan, R., & EGayed, M. A. (2003). Effect of catalysis on the stability of
metallic nanoparticles: Suzuki reaction catalyzed by JP¥Radium
nanoparticlesJournal of the American Chemical Socjet®527), 83408347.
Szczyglewska, P., Feliczakuzik, A., & Nowak, I. (2023). Nanotechnolagy
general aspects: A chemical reduction approach to the synthesis of
nanoparticlesMolecules 28(13), 4932.

Li, Y., Boone, E.,, & ElISay e d, M. A (2002) . Si
nanoparticles on the catalytic Suzuki reactions in  aqueous
solution.Langmuir, 18(12), 49214925.

Saldan, I., Semenyuk, Y., Marchuk, I., & Reshetnyak, O. (2015). Chemical
synthesis and application of palladium nanoparticlearnal of Materials
Science50(6), 23372354.

Niu, Z., & Li, Y. (2014). Removal and utilization of capping agents in
nanocatalysisChemistry of Materials26(1), 7283.

Radini, I. A., Hasan, N., Malik, M. A., & Khan, Z. (2018). Biosynthesis of iron

nanoparticles using Trigonella foentgraecum seed extract for photocatalytic

80

Z €



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Chapter3

methyl orange dye degradation and antibacterial applicationsnal of
Photochemistry and Photobiology B: Biolodg3 154163.

Napper, D. H. (1983). Polymeric stabilization of colloidal dispersidnademic
Press:London

Astruc, D., Lu, F., & Aranzaes, J. R. (2005). Nanopatrticles as recyclable catalysts:
The frontier between homogeneous and heterogeneous catAlygswvandte
Chemie Internationakdition, 4448), 78527872

Sanchez, M., Ritacco, H. A., & Sanchez, M. D. (20&)rmation of palladium
nanoparticles by the polyol method: influence of alkaline condition&nates
(Asociacion Fisica Argentina33(4), 103111.

Li, Y., Hong, X. M., Collard, D. M., & ElSayed, M. A. (2000). Suzuki cress
coupling reactions catalyzed by palladium nanoparticles in aqueous
solution.Organic Letters2(15), 23852388.

Hirai, H., & Yakura, N. (2001). Protecting polymers in suspension of metal
nanoparticlesPolymer Advanced Technologies(1H 12), 724 729,

Borsla, A., Wilhelm, A. M., & Delmas, H. (2001). Hydrogenation of olefins in
agueous phase, catalyzed by polympertected rhodium colloids: kinetic
study.Catalysis Today66(2-4), 389395.

Narayanan, R., & ESayed, M. A. (2004). Effect of nanocatalysis in colloidal
solution on the tetrahedral and cubic nanoparticle shape: elédrsier
reaction catalyzed by platinum nanoparticlEsurnal of Physical Chemistry

B, 108(18), 57265733.

Ahmadi, T. S., Wang, Z. L., Green, T. C., Hengle#n, & El-Sayed, M. A.
(1996). Shapecontrolled synthesis of colloidal platinum
nanoparticlesScience272(5270), 19241925.

Farag, J. W., Khalil, R., Avila, E., & Shon, Y. S. (2025). Catalytic Activity of
WaterSoluble Palladium Nanoparticles with Anionic and Cationic Capping
Ligands for Reduction, Oxidation, and CC Coupling Reactions in
Water.Nanomaterials15(5), 405.

Yan, N., Yuan, Y., & Dyson, P. J. (2011). Rhodium nanoparticle catalysts
stabilized with a polymer that enhances stability without compromising
activity. Chemical Communicationd7(9), 2529.

Goodarz Naseri, M., Saion, E., & Khalil Zadeh, N. (2013). The amazing effects
and role of PVP on the crystallinity, phase composition and morphology of nickel

81



58.

59.

60.

61.

62.

63.

64.

Chapter3

ferrite nanoparticles prepared by thermal treatment methtmtnationalNano
Letters 3, 1-8.

Pandey, G., Singh, S., & Hitkari, G. (2018). Synthesis and characterization of
polyvinyl pyrrolidone (PVPXoated Fe 3 O 4 nanopatrticles by chemical co
precipitation method and removal of Congo red dye by adsorption
processinternational Nano Letters3, 111121.

Li, H., & Yang, X. (2015). Bovine serum albumaapped CdS quantum dots as
an inneffilter effect sensor for rapid detection and quantification of protamine
and heparinAnalytical Methods7(19), 84458452.

Li, Y., & ElI-Sayed, M. A. (2001). The effect of stabilizers on the catalytic activity
and stability of Pd colloidal nanoparticles in the Suzuki reactions in agueous
solution.The Journal of Physical Chemistry B)537), 89388943.

Chen, L. J., Wan, C. C., & Wang, Y. Y. (2006). Chemical preparation of Pd
nanoparticles in room temperature ethylene glycol system and its application to
electroless copper depositiatmurnal ofColloid and InterfaceScience 297(1),
143-150.

Yue, H., Zhao, Y., Ma, X., & Gong, J. (2012). Ethylene glycol: properties,
synthesis, and applicatiorShemical Society Reviewkl(11), 42184244,

Hei, H., Wang, R., Liu, X., He, L., & Zhang, G. (2012). Controlled synthesis and
characterization of noble metal nanopartic&sft Nanoscience Letterg32, 34

40.

Nemamcha, A., Rehspringer, J. L., & Khatmi, D. (2006). Synthesis of palladium
nanoparticles by sonochemical reduction of palladium (ll) nitrate in aqueous
solution.The Journal of Physical Chemistry BL(Q(1), 383387.

82



CHAPTER 4

KINETICS AND MECHANISM OF
PALLADIUM () CATALYSED OXIDATION
OF VALINE BY N - BROMOSUCCINIMIDE
IN PERCHLORIC ACID MEDIUM



Chapter4d

ABSTRACT
The kinetics oPd () catalysed oxidation of dvaline by NBromosuccinimidéNBS)

wasstudiedin thepresencef perchloricacidandHg (Il) at35°C.Therateof reaction
decreased witlan increasén perchloric acid concentration. Theaction shows first
order kinetics with respect to NBS aRd (l). The first order kinetics with respect to
amino acidobtained at its lower concentratimhangeto zero order at itisigher
concentrationVariationin [Hg (I)], [NHS], [CI] and ionicstrength has no effect on
the rate of reaction. NBS itsedfind [PdCl]> have been postulated as the reactive
species oNBS andPd (I) chloride in acidic medium respectively. Thein oxidation
productsof the reactiorhave beenidentifiedas isebutyraldehyde and ammonia. A
mechanism supported kKinetic and spectrophotometriclata has been proposed.
Various activation parameters have been calcukateldbased orthese parameters, a

suitable explanation of theaction mechanismasbeen given.
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4.1 INTRODUCTION

Oxidationreactionof aminoacid areone of the mostrelevantbiochemicalreactions
because such reactions serve as models for protein oxidati®hSeveralincatalyged
[4-10] and catalyged[11-16] kinetic studies have been reported on the oxidation of
amino acids byifferent oxidantsuchasN-Bromosuccinimidediperiodatoargentate
(1), hexacyanoferrate (lll) etcThe oxidation of amino acids is of interest as the
oxidation products diffefor different oxidants[17-19]. These oxidation reactions
display diverse reaction mechanisnexidative deaminationand decarboxylation.
Thus, the study of amino acids becomesimportant because of their biological
significanceand selectivityfowards theoxidant.

N-BromosuccinimidegNBS) has been used as a brominating and oxidizing agent in
synthetic organic chemistry as well as analytical reagent especially in acid medium [20
26]. Though there are several reports-287 on the oxidation of amino acids byHdlo
compounds, no inforation is available where the use of chloro compleRaf(l) as
catalyst has been made in the oxidation of amino acids-Byolshosuccinimidan
acidic mediumPd () is known as a catalyst for many reactions-g821) but the nature

of its active form in such reactions remains obscure ldihel is known about the
mechanism of reactions involvirRg (I) as a homogenous catalyst.

The above literature survey shows that oxidation of aminotesteen studied using
various oxidants but catalyzed oxidation using transition metals as catmpst been
studied in detail by using oxidants like-lomosuccnimide. This prompted us to
undertake systematic study of kineticsaff (1) catalyzed oxidation of valine by acidic
solution of NBS with a view to formulate the mechanistic steps and to know the active

form of Pd (1) and NBS in acidic medium.

4.2 EXPERIMENTAL

4.2.1 Material s

An aqueous solution of NBS (Elerck) was prepared afresh by dissolving a weighed
amountin doubly distilled water. The solutiomasstandardizetbdometrically against
standardsolutionof sodiumthiosulphate (Hypousingstarchasan indicator[35-36].

The reactionmixture wagpreparedin a blackcoated vessdio avoid photochemical
deterioration A Pd (I) stock solutionwasprepareddy dissolvinga known weight of

palladiumchloride (JohnsorMatthey)in 0.20mol dm? hydrochloricacid andstored
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in blackbottleto preventphotochemicadecompositionHCIO4 (E. Merck) was used
as a sourceof hydrogenion. NaClQs (E. Merck) was used to maintain required ionic
strength. Aqueous solution of amiraeids was prepared by dissolving a weighed
amount in doubly distilled water. A standagdlution of mercuric acetate (Elerck)
was acidified with 20% acetic acid. All other reagamgsdwere of analyticalgrade

andthe highesavailablepurity.

4.2.2Kinetic Procedure

The reaction was carried out in stoppered Erlenmeyer flasks immaraesater bath
thermostated at3 N 0. 1 unl ess where stated ot he
reagents except NBS were introducao reactionvesseland equilibratedat 35°C. A
measuredvolume of NBS solution already equilibrated separately at the same
temperature was rapidly poured into the reaction ve$bel.progress of the reaction

was followed by measuring the unconsumed NB&ometricaly using starchas

indicator.

4.2.3 Stoichiometry and Product Analysis

Reaction mixture containing an excess [NBS] over [amino acid] used here in different
ratioswereallowedto equilibrateat 35°C for48 hoursandthenanalysedEstimation

of unconsumed NBS indicated that two moles of NBS were consumed to oxidise one

mole ofvaline.Accordingly, thefollowing stoichiometricequations mapewrittenas

(CHa), CHCH(NH,) COOH+ 2NBS+H 0sP8415  2NHS+CQ +Br + N +(€) LHCHO
1)
The mainreactionproductswere succinimide jso-butyraldehydeammoniaand CO..
Liberatedammoniawasidentifiedby N e s sslreagemiyherea brownishcolourwas
observed indicating a deamination reacf85]. CO, was identified by freshly prepared
lime waterand thesolution turned milky, indicating decarboxylatiomeaction36].
Iso-butyraldehydevasconfirmedby the IR spectrunof the correspondinghydrazone
[Fig.4.1]. The reaction mixture was treated with acidified 2J@NP solution which
yielded ahydrazoneAn Iso-butyraldehyde hydrazone typically showstrong C=N
stretch at1 6 1 7 cimd sireichaM ound ~ 8n8 @Ryl CicHmstrétch at
297 0/ 2 8 Futher; atdehyde group was confirmed with qualitative test such as
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Tol | en Njg37].rTeea gaeluct has also been confirmed by-\¥ spectra
[Fig.4.2. Thereaction was carried out and spectra taken at different time intervals. The
formation of the complex wdsnetically proven by Michaeli#lenten plot that is nen
zero intercept of the plot of 1/rate W4 Val]. Thecomplexformationbetweeroxidant

andreductanis also reportedin literature[38].
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Figure 4.1: IR Spectrum of Iso-butyraldehyde Hydrazone

Kinetics of oxidation of valine using chloro complexRaf (1) as homogeneous catalyst

in acidic medium have been investigated at 3946 rate of reaction of each kinetic
run wasdetermined by the slope of the linear plot of log [NBS] vs time. The value of
pseudo firsbrderrateis constant

-d[NBS]/ dt 5
ObS:—[NBS] (2

4.2.4 Spectroscopic analysis
The spectrum[Fig.4.2l shows strong UV absorption
transiti ons ofar-UWiBtrSsicaranditionsBd (l) conepéiexes can show

chargetransfer transitions in the nedlV region (300350 nm) when ligands with
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donor atoms (like N from valine or NBS) coording&& 328 nm, this could be a ligand
to-metal charge transfer (LMCT) from N or O donor atoms of vabinBIBS to the

empty Pd (I) orbitals. After 5 min, the main UV band near 2ZB0 nm begins to
decrease slightly and a small feature around 328 nm appears (very weak). This indicates
consumption of NBS and the formation of a newdedtaining complexAround 15

min, 328 nm approachegateauandthe 220 nm band falls further. This suggests the
intermediates reaching aonstantconcentratiorand mostof the NBS is consumed.

After 55 min the 328 nm band decreases and 220 nm is Ewwingthe reaction

mowving tovardscompletion
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Figure 4.2: Spectral changes during the oxidation of Valine by NBS in aqueous

perchloric acid medium at35°C
[NBS]=5x 10 mol dm®  [H*] =0.1 mol dm?® [Val]=5 x 102 mol dm3

[ Pd (1] =5 x10° mol dm3, Time scan Redi 0 min, Green-5 min,

Bluei 15 min, Grey i 30 min,Black 1 55 min.
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4.3RESULTS

4.3.1 Effect of NBS concentration

The effect of NBS concentration on the reaction was studied between the
concentration range of 0.75 xi@ 5.0 x1 mol dm?® at fixed concentration of
[Valine] = 2.0 x1& mol dn3, [Pd(Il)] = 2.0 x16° mol dm?® [H*] = 0.1 moldm?, [I] =

0.25 mol dm?and temperature 308 K. Increase of concentration of NBS yields constant
pseudo first orderate confirming the first order dependence on NiBgTable 4.1].

When log [NBS{was plotted against time, linear @@tereobtained which also proves

first order with respect to [NBSFjg.4.3]. Results are given ifTables 4.3.

18
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14 et
— 1.2
[%)]
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o
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+
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0.6
0.4
0.2
0
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Figure 4.3: Pseuddfirst order plots for the variation of NBS at 35
[NBS] = (1) 0.75 x10° mol dm™ (2)1.0 x10° mol dm™

(3) 2.0 x10® mol dm® (4)3.0x 10°mol dm™

(5)4.0 x10® mol dm3 (6)5.0x 103 mol dm-3
[Val] = 2.0 x10? mol dm™ [H*] =0.10 mol dn3
[Pd (1] =2.0x 10° mol dm3 [I] = 0.25 mol dm
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Table 4.1: Effect of variation of [NBS], [Val], [Pd (I1)] and [H *] on the Palladium
(1) catalysed oxidation of Valine by NBS at 3%C

10° [NBS] 10°[val] 10°[Pd (11)] [H*] 10* (Kobs)
mol dm-3 mol dm-3 mol dm- mol dm-3 sect
0.75 2.0 2.0 0.10 3.76
1.0 2.0 2.0 0.10 3.72
2.0 2.0 2.0 0.10 3.74
3.0 2.0 2.0 0.10 3.74
4.0 2.0 2.0 0.10 3.76
5.0 2.0 2.0 0.10 3.72
2.0 0.50 2.0 0.10 1.54
2.0 0.70 2.0 0.10 1.90
2.0 1.0 2.0 0.10 2.50
2.0 2.0 2.0 0.10 3.74
2.0 3.0 2.0 0.10 4.10
2.0 4.0 2.0 0.10 4.25
2.0 5.0 2.0 0.10 4.31
2.0 2.0 0.50 0.10 0.99
2.0 2.0 1.0 0.10 1.92
2.0 2.0 2.0 0.10 3.74
2.0 2.0 3.0 0.10 5.66
2.0 2.0 4.0 0.10 7.61
2.0 2.0 5.0 0.10 9.40
2.0 2.0 2.0 0.05 4.75
2.0 2.0 2.0 0.075 4.25
2.0 2.0 2.0 0.10 3.74
2.0 2.0 2.0 0.20 2.25
2.0 2.0 2.0 0.30 1.25
2.0 2.0 2.0 0.40 0.58
2.0 2.0 2.0 0.50 0.50
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Table 4.2: Variation of NBS

[Pd (ID] =2.0 x 10°mol dm [Na2S203] = 2.0 x 16mol dm3
[Val] =2.0x 16 mol dm3 [ = 0.25 mol dm?
[H*] = 0.10 mol drr? Temp. =35°C
10° [NBS], mol dm-3 0.75* | 1.0+ | 20 | 3.0 | 40 | 50
Time (minutes) Volume of the titrant (ml)
0 12.5 16.7 10.0 7.5 10.0 | 125
5 11.0 14.8 9.0 6.6 8.9 | 10.9
10 9.9 13.3 8.0 5.9 7.9 9.7
15 8.8 11.9 7.1 5.3 7.0 8.7
20 7.8 10.7 6.4 4.7 6.3 7.9
30 6.3 8.5 5.1 3.8 5.0 6.3
40 4.9 6.9 4.1 3.0 4.0 5.0
60 3.2 4.4 2.6 19 2.5 3.2
80 2.0 2.8 1.7 1.2 1.6 21
100 (95) 1.4 1.8 1.1 0.8 1.0 1.3
10* Kobs(sec?) 376 | 3.72| 374 | 3.74 | 3.76 | 3.72

[Na2$203] * = 3.0x 10*mol dm3
[Naz2$203] ** = 1.0x 102mol dm3

Figures in parenthesis denotes time in minutes.

4.3.2 Effect of [H"]

Hydrogen ion concentration was varied from 0.05 to 0.50 mof® @i fixed
concentration of all other reactants. According to results it was found that the rate of
reaction decreases with increase of perchloric acid concentration in Pd (Il) catalysed
oxidation. The rateonstantkons decreased with the increase in*Jldoncentration
[Fig.4.4). The plot of log kbsversus log [H] is linear with a fractional slope. Results

are given ifTables 4.3]
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Figure 4.4: Variation of Hydrogenion

[NBS] =2.0 x 16°* mol dm-3 [Val] =2.0 x 102 mol dm™
[Pd ()] =2.0 x 1 mol dm™3 [11=0.25mol dm? Temp.=35°C

Table 4.3 Variation of [H"]

[NBS] =2.0x 16 mol dm= [Na2$203] = 1.0 x 16°mol dm™
[Val] =2.0x 1¢° moldm3 [I] =0.25 mol dm?®
[Pd (1] = 2.0 x 16° mol dm3 Temp.=35°C
[H*], moldm3| 0.05| 0.075 | 0.10 | 0.20 0.30 0.40 0.50
Time (minutes) Volume of the titrant (ml)
0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
5 8.8 8.7 9.0 9.4 9.6 9.7 9.8
10 7.6 7.7 8.0 8.7 9.3 9.6 9.7
15 6.7 6.8 7.1 8.1 8.9 9.3 9.5
20 5.9 6.0 6.4 7.6 8.6 9.1 9.3
30 4.4 4.7 51 6.6 7.9 8.9 9.1
40 3.3 3.6 4.1 5.7 7.4 8.7 8.8
60 1.9 2.2 2.6 4.4 6.4 8.1 8.3
80 1.1 1.3 1.7 3.4 55 7.5 7.7
100 0.6 0.7 1.1 2.6 4.7 7.0 7.3
10*kobs(sec) | 4.75| 425 | 374 | 225 | 125 | 058 | 0.50
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4.3.3 Effect of Valine

The concentration of valine acid was varied from 0.50%d®.0 x16 mol dni®at
constant [NBS], [H], [Pd (II) ] and mercuric acetate at different initial concentration

of valine at three temperatures 30umd, 35
v/s log [Val] was a straight line with fractional slojpgg.4.5]. The results show first

order dependence of the reaction on amino acid at low concentration, which shifts

towards zero order at its higher concentration. Results are giy&€abtes 4.4.
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Figure 4.5 Variation of Valine
[NBS] =2.0 x 16°* mol dm-3 [H*] =0.10 mol dm?
[Pd(ID] =2.0 x 1@ mol dm-3 [1 ]=0.25mol dm= Temp.=35°C

4.3.4 Effect of Palladium (Il) catalyst

The reaction rates were measured by varying [Pd (1)] from 0.50 t018.0 x1& mol

dm? at fixed concentration of all other reactants. First order kinetics with respect to
[Pd (I)] is evident from the observed values efskvhich show increase in the same
proportion in which the concentration of [Pd (Il)] is increafeéd.4.6]. The line does

not pass through origin indicating the reaction proceed without catalyst also but at a

very slow rate. The Results are giverjTiables 4.3.
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Table 4.4 Variation of Valine
[NBS] =2.0x 16 mol dm= [Na2S203] = 1.0 x 16® mol dm3
[H*] =0.10 mol drr¥ [I] = 0.25 mol dm®
[Pd ()] =2.0 x 1 mol dm3 Temp. = 35°C

1C%[Val], mol
dm? 0.50 | 0.70 1.0 2.0 3.0 4.0 5.0
Time (minutes) Volume of the titrant (ml)
0 10.0 | 10.0 10.0 | 10.0 10.0 10.0 10.0
5 9.6 9.5 9.2 9.0 8.9 8.8 8.7
10 9.1 8.9 8.6 8.0 7.9 7.8 7.6
15 8.7 8.6 7.9 7.1 7.0 6.8 6.6
20 8.3 7.9 7.4 6.4 6.3 6.1 6.0
30 7.6 7.1 6.3 51 5.0 4.7 4.2
40 6.9 6.3 54 4.1 4.0 3.6 3.3
60 5.7 5.0 4.1 2.6 2.5 2.2 21
80 4.8 4.0 3.0 1.7 1.6 1.3 1.1
100 4.0 2.8 2.2 1.1 1.0 0.9 0.8
10* kobs(sec?) 1.54 1.90 2.50 3.74 4.10 4.25 4.31
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Figure 4.6: Variation of Palladium (II)
[NBS] =2.0x 10°mol dm™ [Val] =2.0x 10%2mol dm™

[11=0.25 mol dm® Temp. = 3%C

Table 4.5:Variation of Palladium (lI)

[NBS] = 2.0 x 1 mol dm™ [Na2$203] = 1 x 103mol dm™3

[Val] =2.0 x 10° mol dm3 [I] =0.25 moldn?
[H*] =0.10 mol dm?® Temp. = 35°C
1?;[3%2:_)3]’ 0.50 1.0 2.0 3.0 4.0 5.0
Time (minutes) Volume of the titrant (ml)
0 10.0 | 10.0 | 10.0 10.0 10.0 10.0
5 9.7 9.5 9.0 8.5 8.2 7.5
10 9.5 8.9 8.0 7.2 6.6 5.8
15 9.1 8.3 7.1 6.0 5.3 4.4
20 8.9 7.9 6.4 5.1 4.2 3.2
30 8.3 7.1 5.1 3.6 2.7 1.8
40 7.9 6.3 4.1 2.6 1.7 1.0
60 7.1 5.0 2.6 1.3 0.7 0.4
80 6.2 4.0 1.7 0.7 (65) 0.6| (65) 0.3
100 55 3.1 1.1 | (90)0.5|(75)0.4| (70)0.2
10 kobs(sect) | 0.99 | 1.92 | 3.74 5.66 7.61 9.40

Figures in parenthesis denotes time in minutes.
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4.3.5 Effect of lonic Strength
The effect of ionic strength on the rate of reaction was studied) sodium perchlorate

(0.05 to 0.25 mol drf) at fixed concentration of [NBS)] =
2.0x 10° mol dm?, [Val] = 2.0x102 mol dm?, [Pd(I)] = 2.0x 10° mol drm® and [H]
= 0.1 mol dn? at L. lonic strength had no effect on the rate of reaffig.7].

Results are shown {Table 4.4.
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Figure 4.7: Variation of lonic Strength

[NBS]=2.0x 10°mol dm= [Val] =2.0x 10?2mol dm-3
[H*] =0.10mol dm [Pd ()] =2.0 x 10°mol dm?3  Temp. = 35°C
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Table 46: Variation of lonic Strength

[NBS] =2.0 x 1 mol dm [Na2S203] = 1.0 x 16 mol dm3
[Val] =2.0x 1¢° moldm3 [H*] = 0.10 mol dm?
[Pd (I1)] = 2.0 x 16°mol dm3 Temp.= 35°C Aliquot = 5.0 ml
[1], mol dm-3 0.10 0.15 0.20 0.25 0.30 0.35
Time (minutes) Volume of the titrant (ml)
0 10.0 10.0 10.0 10.0 10.0 10.0
5 9.0 8.9 8.9 8.8 8.8 8.7
10 8.0 8.0 7.9 7.9 7.8 7.7
15 7.1 7.0 7.0 6.9 6.9 6.8
20 6.4 6.3 6.3 6.2 6.2 6.1
30 51 5.0 5.0 4.9 4.9 4.8
40 4.1 4.1 4.0 4.0 3.9 3.9
60 2.6 2.6 2.5 2.5 2.4 2.4
80 1.7 1.6 1.6 15 15 14
100 1.1 1.1 1.0 1.0 0.9 0.9
10* kobs(sec?) 3.74 3.78 3.80 3.84 3.87 3.90

4.3.6 Effect of Temperature

The effect of temperature on the rate of reaction was studied in the ran§é 363
[Table 2] and various activation parameters computed. Activation energy is determined
from the slope of a plot between 1/T and logrig[ 4.9. Ea= 26.80KJ mol?, qolil =
24.24KImolt, S =-147.20J Kt molt andop G = 69.57KJ mot?,
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Figure 4.8: A Plot of logk versus 1/T

4.4 DISCUSSION
Before formulating the reactionmechanisnfor the reactionunderinvestigation,it is
necessary to ascertain the reactive species of RB3$l) chloride and amino acid in

acidicmedium

4.4.1 Reactivespecieof NBS

It is reported that the nature of halogen atom, the groups attached to the nitrogen, pH of
the mediumand the reactionconditionsplay avery importantrole in knowing the
actuakeactive species of NBS. In the present study, the pH of the reaction was
maintained betweef to 3. In acidic media, NBS is known to exist in three different
forms[39-41] NBS itself, Bf or N"BSHin the followingway.

NBr+H" = N*HBr (3)
(NBS) (N*BSH)

NBr+H" = NH+Br" 4
(NBS) (NHS)

Theobservedinetic resultsshownegligibleeffectof succinimidewhich rulesoutthe
possibility of Bf being the reaction species. The negative effect of acid on the reaction
raterules out NBSH as the reactive species. Thus, NBS speeiesinas the reactive
species ofNBS. This conclusion finds support from WIS spectra obtained for
various solutions oNBS with different [H] wherea single peakwasobtainedat 220

nm.
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4.4.2 ReactivespeciesPd (II) chloride in acidic medium

In moststudies usingPd (1) chloride as a homogeneous catalytstas been employed

in the form ofPd (I). Pd (I) chloride is rather insoluble in agueous solution but soluble
in HCl and existaas[PdCL]? accordingo theequilibrium[42-44].

PdCL, +2CI = [ PdC}]* (5)

Such species usingd (I) chloride has also been reported in the oxidation of amino
acids byCerium (V) [45], ChloramineT [46], N-bromophthalimid¢47], acid bromate
[48] and some sugars by dBromosuccinimidg¢49] andN-bromoacetamidfs0] and
oxidation of EDTA byNBS[51].

4.4.3 Reactivespeciesamino acid inacidic medium

The chemistryof aminoacidsconsistof transformatiorof a functionalgrouppresent

in the molecule.Thereis high reactivity ofthe functionalgroupsrelativeto inertness

of thehydrocarbon chain. The amino acid is known to exist in the following equilibrium

in agueousolution.
RCHNH,COOH <= RCHNH COO +H = RCH N§ COO (6)
Amino acid 8) Anion (S) Zwitterion ()
The dissociationof amino acid dependsuponthe pH of the solution. In a strong

acidic or alkaline solution, amino acid dissociatesshewnbelow.

+ +
"_. RCHN HCOO ==

+H +H

Cation(S" H) Zwitterion (%) (7

RCH" NH,COOH RCHNEH COO

Underthe experimentaktonditions,the concentratiorof anionform will be very low,

and thepossible reactive reducing species may either be the cationicform,
zwitterionic form of amino acid or simple amino acid. Ift$is the main reactive
species, then Hon should sho¥irst order dependence, but our results are contrary to
it so the only possible active spectemtrollingthe rate obxidation seems to bhaline

itself.
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4.4.4 Spectral study of variouscomplexesformed during the studied reactions

To ascertain the formation of possible complexes during the course of regpéotra
were obtained using Systronics BXIS Spectrophotomete2203. Spectra for NBS
solution with two different concentrations of Hsuch as 0.1 and 0ol dnt® was
studied. It is evident from thepectra that with the increaseconcentratiorof hydrogen
ion there iddecrease in thabsorbance from 2.724 to 2.6[F6g.4.9. This supports the

inverse dependence of hydrogen ion concentration
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Figure 4.9 Spectral study of variation of Hydrogen ion

[NBS] =5.0x 103mol dm [Val] =2.0x 102mol dm™
[H*] = 0.5mol dm3 (Red), 0.1 moldm=2(Green),
[Pd ()] =1.0x 10°mol dm3 Temp. = 35C

UV-Vis spectra of NBS andtsolutions with three differerdoncentrationsf Pd (11)
chloride showsan increasein absorptionfrom 2.54,2.71,2.90 [Fig. 4.10] As [Pd]
increaseslJV absorptionalso increasedHigher Pd concentration produces more of
the Pdcontaining intermediate/complex that gives rise to the-bBdatband This
confirmstheformationofcomplex(a) formed through equilibrium between [P§i&hd
a NBS molecule that shifteowards the right with more and more formation of

[PACL.NBSF complexwhich is the solefactor for theincreasén absorbance
NBS +[ PdC}] 2 = [ PdG) .NBF”
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Figure 4.10: Spectral study of variation of catalyst Pd (Il)] variation

[NBS] =5.0x 10°mol dm™ [Val] =2.0x 10%2mol dm™
[H*] =0.10mol dm™ Temp. = 35C
[Pd (I)] =1.0x 10°mol dm™ (Red) 3.0x 10°mol dm3 (Green)

5.0x 10°mol dm (Blue)

Further, when the spectrum of NBS] Bnd PdCI> solution was compared with the
spectrumof NBS, H* andPd (I) chloridewith threedifferentconcentrationsf valine,
anincrease in absorbance frotn48 to 2.60 and 2.65 wawted [Fig. 4.11]. This

indicatesthe formation ofunseble activated complex.
[NBS.Pdd 4. NH3CHCH(CH3)2 COOH |

Further, the spectraof the reactionmixture at different time interval were studied
at 3 5 NBS concentration decreased gradually with t[fig. 4.12] and there is a
sharp decrease inoncentrationwith the product formation when the catalyst
concentratiorwas increasecdto 5x 10* indicating the fast completion of the

reaction with the increasein catalyst concentration.
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Figure 4.11:Spectral study of variation ofValine
[NBS] =5.0x10%mol dm3 [H*] = 0.10mol dm™
[Pd ()] =1.0x 10°mol dm3 Temp. = 35C
[Val] =1.0x 102mol dm3(Red), 3.0x 10°mol dm= (Green),
5.0x 10°mol dm3 (Blue)
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Figure 4.12: Spectral evidence for the formation of complexeguring reaction at
different time interval at 35°C
[NBS] =5.0x 103mol dm™ [H*] =0.10mol dm™3
[Pd ()] =1.0x 10°mol dm3 [Val] =5.0x 10%2mol dm™
1.Red-0min. 2.Greenl0 min. 3.Bluei 30 min.
4.Grey1 lhour 5 Blacki 2hours
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The possibility of formation of 1:1 complex between NBS and [PdEl was
ascertainedby o kplot§ 52] where l1lueaeA val uesg”imhere pl o
oxidation of valineA straight line was obtained with positive intercept egxjs which

proves formation of 1:tomplex.

On the basisof the abovespectralevidenceand kinetic results,a probablereaction

mechanism hakeen proposed fd?d (I) catalysed oxidationaline byNBS inacidic

medium.

N K
NH, - CH(R) -COOH——= NH, -CH(R) - COOH +Hi

N (8)
[AA] [pA]
PACl] % +NBS—1= [ Pdq| .NBE? -
[Pact] o= [Paci.nep o
() (C)
[PdCl .NBY 2 +NH, -CH(R)-COOH%;/%KI? [ Compldx

(C1) (AA) (C2) (10)
Cp+3H,0%5%5% NHSH PdGh (B 03] +NH +RCHO+2CI +BF (11)
Br' + NBS- NHS +Bg (12)

Schemel

Since all the kinetic studies are conducted in the presence of mercuric acetate, the
liberated Bs during the course of reaction can be removed in the form of HgBr

HgBr. complexes becaus#g(OAc). acts as a scavenger for Birmed in the reaction

[53].

d[NBS]

rate = =2k[G] [AA] (13
On applying the law of chemical equilibrium, we get
K = AAIH
[AA]™
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(aa) = PAIH )

or K (14
On applying steadgtate approximation to [f; we have
Gl _ i i -

i K4INBS][C]-K _{C {-K[C {[AA]=0 (15)
or Kq{NBS][C]=K _{C {+K[C {[AA]

=[C1] [(Kg+KAA]) ]
or C _ KyINBSJ[C] (16)
K-l + k [AA]

Substituting the value of [Ffrom Eq. (L6) to Eq. (B) we get Eq. 17).
rate =-9INBS] _ 2kK;[NBS][C][AA] (17)

dt K1+ K[AA]
The total concentration of Pd (I1) i.e. [Pd (h)&t any time in the reaction can be given
by
[Pd (ID]T =[C] +[C4] (18)
In reaction C >>> g so concentration of [C] can be taken as equal to total
concentration of [Pd (I1)]. i.e. [Pd (1I}] Thus Eq. 17) can be written as:

-d[NBS] _ 2kK4[NBS][Pd(Il)] T[AA]
da K.y +K[AA]

(19

According tothe schemgthe total concentration of amino acid [AAdan be given as
[AA] T=[AA] + [AA ] (20
Substituting the value of [A4 from Eqg. (2) to Eq. (7).

g =lpng+ PR

K+[H"]
K

KIAA] 1

K+[H]

[AA] T=[AA]
or [AA]= (21

Substituting [AA] from Eq. 21) to Eq. 19).
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-d[NBS] _ 2kKK;[NBS][Pd(ll)] T [AA] T

te =
e dt K_qK + (H )1+ kK[AA] T
e = ~GINBS] _ 2kKK4INBS][PA(IN] T[AA] T 22
dt KK 1+ K _{H 1+ kK[AA] T
or rate= ~4INBS] _ 2KKK [NBS][Pd(IN] 7 [AA] T 23

dt K_qH 1+ K[K .1+ K[AA] T

Under reaction conditions, the k [AA}> K.1, so Eq. 23) changes into Eq24).
-d[NBS] _ 2KKK3[NBS][Pd(Il)] T[AA] T
dt K_qH 1]+ KK[AA] T

(24)

Equation (11) clearly confirms our experiment results i.e. first order with respect to
[NBS] [Pd ()]t and [AA}r at lower concentration of amino acid as well as inverse
order with respect to [H.

_ -d[NBS]/dt
obs~ —[NBS]
Kops= 2 kKK1[+F’d(ll)] TIAAl T (25)
K_1[H T+ KKIAA] 1
K = 2kKK1[(AA) 1] (26)

K.1[H T+ KK[(AA) ¢

Where kbsis the first order rate constant and k' is the second order rate constant.
A plot of [k v/s [AA]r wasmade fromegn. (13) and a straight line withon-zero
intercept[Fig. 4.13]was obtained yielding the value of ¥ be 12.5% 104,14.7 x 1¢*
and17.2 x10*mol'dnm’sectat3 0 , 35 and 40 respectivel:
guantities were evaluated from the plot of Kogv/s 1/T which were Ea=24.12 Kdol
1L opH =2156 KImol, 'gpS144.50 I K molta n d ' 466.06 KJ mot.

The kinetic data shows the increasing rate of reaction on increasing temperature. The
fairly high v a suggest thdbrmatien gofantore \orelereek &ctivation
complexwhereas the high positivalue of the freeenergy ofa ct i v a It) jamdn ( &G

enthalpy of activation aéb-lindicates that the transiti@tateis highly solvated [54].
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The catalyst Pd (Il) alters the path of the reaction by lowering the energy barrier i.e. it

provides an alternative pathway which lowers activation parameters for the reaction.

0 0.05 0.1 0.15 0.2 0.25
102[1/AA], moltdm3

Figure 4.13 Variation of valine at three different temperatures

[NBS] = 2.0 x103mol dm™ [H*] = 0.10 mol dn®
Temp. (%) 30°C, (4) 35°C and (s ) 40°C
[Pd (ID] =2.0x 10°mol dm™ [I ]=0.25mol dm3

Rate increaseswith increasein temperaturendicating the reactionis endothermic
whichis consistentwith &@H ¥t moderatevalue of & &hdasS favours electron
transfer procesdt is known fact55] that for the reaction between ions of opposite
charge, there is generally amcrease in entropy in going from reactant to activated

complexes and for ions of like charglsyeis an entropydecrease.

4.5 CONCLUSION

From the above study, we concluded that the NBS oxidation of valine in perchloric acid
medium has the stoichiometry 2:1 in oxidant to reductant. The reaction is very slow at

room temperaturep u t the reaction occurs i n measu
presence oPd (I) catalyst. The order w.r.t. to oxidant and catalyst is one and fractional

order is seen with theubstrate. Inverse order is found in the case of hydrogen ions. The
reactive species are valiféBS, PdClL?. The decompositiorof complexin the slow
stepfollowed by fast stepleads tathe products. Thelerivedmechanism igonsistent

with all experimentatesults.
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ABSTRACT

The Kinetics of Pd (l) catalysed anduncatalysedoxidation of serine by N
BromosuccinimidéNBS) was studied ithe presence of perchloric acid and (1) at
35°C. Inboth Pd (1) catalysec&anduncatalyseaxidations, théinetic ordersvere first
order inNBS and fractional order in substrate. The rate of reaction decreased with the
increase in perchloric acid concentration and chloride ion. The reaction rate increases
with the increase inPd (l). However successive addition of mercuric acetate,
succinimide (NHS) and variation of ionic strength of thedium did not bring about
significant change in the rate of thmeaction.[PdCI4% and NBS itself have been
postulated as the reactive species of palladium (1l) chloride aBcbMosuccinimide
in acidic medium respectively:laydroxyethanal was identified as the main oxidation
product of the reaction. On the basis of the experimental findings, a suitable mechanism
has been proposed. Activation parameters for the slow and rate determiningits¢ep o
proposed mechanism have been obtained fturate mesurements a80°C, 35°C
and 40°C. The rate law conformitgthe observed kinetic resultas been derived as:

kKK o[NBS]+[Ser]
1+Kq[H ]+ K JSer]

Rate =
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5.1 INTRODUCTION

Amino acid residues are the main constituents of proteins and the study of its sensitivity
towards oxidationopensa new area to understand the mechanism involved in the
protein and amino acichodificationg[1]. Manyuncatalyzed2-8]andcatalysed9-14]

kinetic studies have been reported on the oxidation of amino acid by different oxidants.
Though there are sevenaports L518] on the oxidation of amino acid by-halo
compound, no information is available where the use of chloro compled ¢f) as
catalyst has been made in the oxidation of amino acid -bBrbimosuccinimiden

acidic medium.

Palladium [I) chloride is quite soluble in HCI anekists [L9] primarily as [PdCi|%.
Variousmononuclear complexes, namely [Pd]CI[PdL2Cl2], [PALCI]* and [PdLs]?*

(where L represent amine, phospine, thioether etc) are well kritalladium (1) has

shown a strongatalytic P0-24] as well asnhibitor [25-27] effect on the rate of various
homogenous redox reactions but the nature of its active form in such reactions remain
obscure.

The diverse nature of the chemistry ehilocompoundf28-32] is due to their ability

to act as asource of halogenonium cations, hypohalite and nitrogen anions species
which act as both bases and nucleophile&rdimosuccinimidgNBS) is a source of
positive halogen and has been selectively used as an oxidant for a vasighgtodtes
[33-38] in both acidic and alkaline solutions. This potent oxidising agent has been
extensively used in the determination of number of pharmacecicgdounds39-40].

The role of NBS as an oxidant in the oxidation of a large number of substrates has been
probed using Ru (lIj41, Pd (II)42-44], Pt (V)[45] and Rh () [46,47] as
homogeneous catalyst. However, little information is available in the literature on NBS
reactions, particularly w.r.t the oxidation kinetics of bioacto@mpounds. This
prompted us to undertake the present investigation which constitutes the studies of
kinetics and mechanism B (I) catalysed NBS oxidation of serine in perchloric acid

media in presence of mercuric acetate.
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5.2 EXPERIMENTAL

5.2.1 Material s

The reagents employed were-Bomosuccinimide(G.R Merck), Palladium (II)
chloride (Johnson Matthey, London), Mercuric acetate (G.R. Merck). H(HO
Merck) is usedas a source of hydrogen ions and NagE Merck) used to maintain
required ionic strength. Aqueous solution of amino acids was prepared by dissolving a
weighed amount in doubly distilled water. A standard solution of mercuric acetate (E.
Merck) was acidified with 20% acetic acid. Other reagents used were of analytical
grade. All solutions were prepared with doubly distilled water. Ssodktions of N
Bromosuccinimidevere prepared arstandardized iodometricall¢8].

5.2.2 Kinetic Measurements

A thermostatted water bath was used to maintain the desired temperature to within
0.1°C. All the Kineticmeasurementa/ere carried out at constant temperature 35°C
under pseudo first order conditions with a large excess of amino acid over NBS. The
reaction was initiated by rapid addition of NBS to the reaction mixture containing
appropriate quantities of amino acid, Py ¢hloride, perchloric acid, mercuric acetate
and water and mixing them by vigorous shaking. The progress of the reaction was
monitoredby estimating the amount of unconsumed NBS at regular time intervals
iodometrically.

5.2.3 Stoichiometry and Product Analysis

The Stoichiometrpf the reaction was ascertained by equilibrating the reaction mixture
containing an excess of NBS over amino acid (in varying ratios) at 35°C for 48 hours
and estimations of residual NBS in differesgits showedhat 1 mole of amino acid

consumes two moles of NBS according to the stoichiometric equation.

Serine +2NBS+H 0% 2 NHS+CO +Br +NH +2 Hydroxyetta

The product analysis was carried out under kinetic conditions. In a typical experiment,
serine (0.05M) and NBS (0.01M) were magbeto100 ml and the reaction mixture was
allowed to stay in the dark for about one day to ensure completion of the reaction. The
main reaction products were succinimide, 2 hydroxyethanal, ammonia and carbon
dioxide. Liberated ammonia was identifiedM¥ye s s teagené G@was identified by
freshly prepared lime water where the solution turned milky indicating a

decaboxylatiomeaction [49].
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The solution was then treated with an excess of saturated solution of 2,4 DNP in 2M

HCI and kept overnight in a refrigerator. The precipitated 2,4 DNP was filtered off,

dried, weighed, recrystallised from ethanol. The DNP was found to have identical
melting point and spectral data as the DNP -dfiyg@loxyethanal.

2-hydroxyethanal was confirmed by the Hpectrum of the correspondihgdrazone.

The IR peaks at 3323.91 ¢in3108.36, 2922.22 chand 1614.84 crhare attributed
toTOH,iNH, T CH and 1T C=N s [Fig.&.1].cclwrthenthe aldehgdp e c t 1 Vv
group was confirmed with a qualitative test sucfi as | | reageditd50and spotest

[51].

3323.91 3108.36 292222 161484

T T T T

Figure 5.1 FT-IR Spectraof final product of Oxidation of Serine

5.3 RESULTS AND DISCUSSION (Uncatalysed Reaction$

5.3.1Effect of NBS
For uncatalyzed reaction, the concentration of NBS was varied from
0.5 x 10° to 5.0 x 10° mol dn at [Ser] = 2.0 x 102 mol dm?,
[H*] = 0.1 mol dmPand [1]=0.25 mol dr at temp.= 3K, Firstorder dependence
in NBS was followed at all initial concentration of NBS. Pseudo first order rate
constants (ks were calculated firm the slopes of lgg-x)-time plots Fig. 52].
The first order kinetics w.r.t NBS are also verified by the constant valuessof k
obtained at various initial concentration of NB@&ble 5.7. Results are given in
[Table 5.2].
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Table-5.1: Effect of variation of [NBS], [Sel, [Pd ()] and [H *] on the Palladium

(1) catalysed oxidation of Serine by NBS at 35C

10]NBS] | 10?[Serine] | 10°[Pd (1) ] [H'] Catalysed Uncatalysed
mol dm3 mol dm3 mol dm= | mol dm?3 | (10*kesssec?) | (10% KopsSect)

0.5 2.0 2.0 0.10 3.78 2.89
0.75 2.0 2.0 0.10 3.76 2.84
1.0 2.0 2.0 0.10 3.74 2.82
2.0 2.0 2.0 0.10 3.78 2.80
3.0 2.0 2.0 0.10 3.72 2.83
4.0 2.0 2.0 0.10 3.79 2.86
5.0 2.0 2.0 0.10 3.76 2.88
2.0 0.5 2.0 0.10 1.74 1.28
2.0 0.75 2.0 0.10 2.18 1.62
2.0 1.0 2.0 0.10 2.61 1.90
2.0 2.0 2.0 0.10 3.78 2.80
2.0 3.0 2.0 0.10 4.76 2.88
2.0 4.0 2.0 0.10 5.15 3.01
2.0 5.0 2.0 0.10 5.25 3.10
2.0 2.0 0.0 0.10 2.87 2.80
2.0 2.0 0.50 0.10 3.0 -

2.0 2.0 1.0 0.10 3.25 -

2.0 2.0 2.0 0.10 3.78 -

2.0 2.0 3.0 0.10 4.26 -

2.0 2.0 4.0 0.10 4.70 -

2.0 2.0 5.0 0.10 5.20 -

2.0 2.0 2.0 0.05 5.00 4.00
2.0 2.0 2.0 0.075 4.26 3.45
2.0 2.0 2.0 0.1 3.78 2.80
2.0 2.0 2.0 0.2 2.45 2.44
2.0 2.0 2.0 0.3 1.93 1.96
2.0 2.0 2.0 0.4 1.65 1.61
2.0 2.0 2.0 0.5 1.41 1.42
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4 + log [NBS]

1.8
=¢=Seriesl
1.6
== Series2
1.4
== Series3
1.2
== Series4
1
== Seriesb
0.8
=@ Series6
0.6 -
=t Series?’
0.4 -
0.2 -
0 T T T T 1
0 20 40 60 80 100

Time (minutes)

Figure 5.2: Psuedo first order plots for theVariation of UncatalysedNBS
[Ser] = 2.0x 102 mol dm™ [H*] = 0.10 mol dn3
[1]=0.25 mol dm? Temp. = 33
[NBS] = (1) 0.50x 103 mol dm?3 (2) 0.75% 103 mol dm™®
(3) 1.0x 10 moldm3  (4) 2.0x 10° mol dm-3
(5) 3.0x10°mol dm=  (6) 4.0x 103 mol dm
(7) 5.0x 10° mol dm™
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Table 5.2: Variation of NBS (uncatalysed

[Ser] = 2.0x 102 mol dm™ [I] = 0.25 mol dm
[Na2$203] =2.0 x 16°mol dm3  [H*] =0.10 mol dm?
Temp. =35 °C
10*[NBS], mol dm3 0.50* | 0.75* | 1.0* | 20 | 3.0 | 40 | 5.0
Time (minutes) Volume of the titrant(ml)
0 8.3 125 | 16.7 | 10.0 7.5 | 10.0| 125
5 7.5 11.7 | 15.5 9.1 6.9 9.1 | 11.3
10 6.8 105 | 142 | 8.5 6.2 | 84 | 104
15 6.2 9.6 129 | 7.7 6.0 | 7.7 | 95
20 5.8 8.9 120| 7.1 53| 7.1 | 88
30 4.8 7.4 10.0| 6.0 45 | 6.0 | 74
40 4.0 6.2 8.4 51 3.8 | 50| 6.2
60 2.9 4.5 6.0 3.6 27 | 35| 43
80 2.0 3.1 4.3 2.6 19 | 25 | 3.0
100 14 2.2 3.0 1.8 1.3 18 | 2.2
10* kobs(sec?) 2.89 284 | 282 | 2.80 | 283 | 2.86 | 2.88

[NazS:03* = 3.0x 10%mol dm
[Na2S:03] **= 1.0x 103mol dm
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5.3.2 Effect of Serine

The concentration of serine in uncatalyzed reaction was varied from 0:5tg @M x

102 mol dn® at [NBS] = 2.0x 103, [H*] = 0.1 mol dn?[I]= 0.25 mol dn? at 35C. A

plot of i dc/dt versus serine shows first order dependence of the reaction on amino acid
at low concentration, which shifts towards zerdesrat its higher concentrati¢Rig.

5.3]. The plot of log kbs versus log [Ser] was a straight line with fractional slope

confirming fractional order w.r.t serine. Results are giveTables 5.3.

3.5

N
N o

10%(Kype), SEC
=
(2}

0.5

0 1 2 3 4 5 6
10?[Serine], mol dm?

Figure 5.3: Variation of Serine(uncatalysed)
[NBS] = 2.0x 103 mol dm™ [H*] = 0.10 mol dm?®
[I] = 0.25 mol dm? Temp. = 38C
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Table 5.3: Variation of Serine (incatalysed
[NBS]=2.0x 102 mol dm?3  [I] = 0.25 mol dm

[H*]= 0.1 mol dm? [Na2$203] = 1.0 x 16° mol dm3
Temp. =35°C
10?[Ser], mol dm3 050 | 0.75| 1.0 2.0 3.0 4.0 5.0
Time (minutes) Volume of the titrant(ml)
0 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
5 9.5 9.3 9.2 9.1 9.0 8.9 8.7
10 9.1 8.9 8.7 8.5 8.1 7.9 7.5
15 8.9 8.5 8.3 7.7 7.4 7.2 7.0
20 8.5 8.1 7.9 7.1 6.7 6.5 6.4
30 7.9 7.6 6.9 6.0 55 5.3 5.7
40 7.4 6.9 6.1 51 4.7 4.6 4.4
60 6.4 5.6 4.9 3.6 3.2 3.1 3.0
80 5.6 4.8 4.0 2.6 2.3 2.1 1.9
100 4.9 4.0 3.1 1.8 1.7 14 1.3
10* kobs(sec?) 128 | 1.62 | 190 | 2.80 | 2.88 | 3.01 | 3.10
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5.3.3 Effect of Acid
The hydrogen ion concentration was varied from 0.05 to 0.5 mol émploying

perchlaic acid at fixed concentration of [NBS 2.0 x 10° mol dnt3, [Ser] = 2.0 x 10
2 mol dn, [I] = 0.25 mol dn¥ at 38C€. The first order rate constants decreased with
the increase irperchloric acid concentratiorfig.54]. The order of reaction w.r.t

hydrogen ions was determined as 0.63 from the slope of the plot ofJoank log
[H']. Results are given ifTables 5.4.

4.5

3.5

2.5 *

10%(K,pe ,SEC
N
2

15

0.5

0 0.1 0.2 0.3 0.4 0.5 0.6

[H*], mol dn3

Figure 5.4: Variation of Hydrogen ion (uncatalysed)
[NBS] = 2.0x 102 mol dm™ [Ser] = 2.0x 102 mol dm™®
[I] = 0.25 mol dm3 Temp. =35
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Table 5.4 Variation of [H*] (uncatalysed

[NBS] = 2.0x 102 mol dm [Ser] = 2.0x 102 mol dm™
[I] = 0.25 mol dm3 [Na2$203] = 1.0 x 1Fmol dm3
Temp. =35 °C
[H*], mol dm3 0.05 | 0.075| 0.1 0.2 0.3 0.4 0.5
Time (minutes) Volume of the titrant(ml)
0 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
5 8.7 8.9 9.1 9.3 9.5 9.7 9.8
10 7.9 8.0 8.5 8.7 8.9 9.1 9.3
15 7.1 7.4 7.7 7.9 8.5 8.7 8.7
20 6.4 6.6 7.1 7.4 7.9 8.3 8.5
30 51 54 6.0 6.4 7.1 7.6 7.7
40 4.1 4.2 51 55 6.1 6.7 7.1
60 2.6 2.8 3.6 4.1 4.9 5.6 6.0
80 1.7 1.8 2.6 3.1 3.8 4.7 5.0
100 11 1.2 1.8 2.3 2.9 3.8 4.9
10* kobs(sec?) 4.00 3.45 2.80 2.44 1.96 1.61 1.42
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5.3.4 Effect of lonic Strength

The effect of ionic strength on the rate of reaction was studied ssitigm perchlorate
(0.05 to 0.25mol dm?) at fixed concentration of [NBS)]= 20107 mol dn1®, [Ser] =
2.0x 102 mol dn, [H*] = 0.1 mol dn?® at 35C. lonic strength had no marginal effect
on the rate of reactidirig.5.5]. Results are shown {Table 5.5.

3
2.95
2
2.9 .
2.85 *
2.8
o
]
® 275
2
&£ 27
S .65
2.6
2.55
25
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
[1], mol dm3
Figure 5.5: Variation of lonic Strength (uncatalysed)
[NBS] = 2.0x 102 mol dm™ [Ser] = 2.0x 102 mol dm™
[H*] = 0.10 mol dm? Temp. =35¢C
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Table 5.5: Variation of lonic Strength (uncatalysed)

[NBS] =2.0 x 1 mol dm3 [Na2$203] = 1.0 x 1 mol dm™
[Ser] =2.0x 16 mol dm3 [H*] = 0.10 mol dm?
Temp. =35C Aliquot = 5.0 ml
[1], moldm™3 0.10 0.15 0.20 0.25 0.30 0.35
Time (minutes) Volume of the titrant (ml)
0 10.0 10.0 10.0 10.0 10.0 10.0
5 9.1 9.0 9.0 9.0 8.9 8.9
10 8.5 8.4 8.3 8.2 8.2 8.1
15 1.7 7.6 7.6 7.5 7.4 7.4
20 7.1 7.0 7.0 7.0 7.0 7.0
30 6.0 6.0 5.9 5.8 5.7 5.6
40 5.1 5.0 5.0 5.0 5.0 5.0
60 3.6 3.5 3.4 3.3 3.2 3.2
80 2.6 2.5 2.4 2.3 2.2 2.1
100 1.8 1.7 1.6 1.5 14 14
10* kobs(sec?) 2.80 2.85 2.89 2.92 2.93 2.95
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5.3.5Effect of Added Salt
The effect of Clwas studied by successive addition of KCI in the reaction mixture.

Addition of CI showed alecrease in the rate constafg[5.6].

(6]

10* (k,pe), SEC!
N

w

0 0.5 1 15 2 25
[KCI], mol dn?

Figure 5.6: Variation of Chloride ion (uncatalysed)
[NBS] = 2.0x 103 mol dm™ [Ser] = 2.0x 102 mol dm™®
[H*] = 0.10 mol dm? Temp. =35°C

It was observed that the change in the concentration of added mercuric aadtate h
negligible effect on the rat¢s2]. The function of added mercuric acetate is to fix up
Br formed in the course of the reaction as HgBrHgBL?. It suppresses completely

the oxidation by Bf, which would have been formed by the interaction of HBr and

NBS. Mercuric acetate thus ensuocesdationpurely through NBS.

5.3.6 Rate and activation parameters

The reaction was studied at differé@mperature$30-40°C) at fixed concentration of
[NBS] = 2.0x 103, [Ser] = 2.0 x 18 mol dm®, [H*] = 0.1and I= 0.25 mol dri¥. From
the linear Arrhenius plot of logols vs 1/T[Fig.5.7] values of activation parameters,
energy of activation (£, enthalpy ofactivation ed-li), entropy of activationa@i) and
free energy of activatiore€3' ) for the composite reaction were calculated.
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0.74
072 |

0.7
0.68 .

0.66

4+ |Og |6bs

0.64

0.62

0.6

0.58
3.18 3.2 3.22 3.24 3.26 3.28 3.3 3.32

108 (1/T), K

Figure 5.7: Arrhenius plot of log kobsvs 1/T

5.3.7 Mechanism

K
NBS + H' =—%= NBSH'

K
NBS+ Serine—=%= Complex(C

Complex(G )1/2;%\}(2 CH (OH)C(COOH) = NH+Br +Succinimne
Z

CH, (OH)C(COOH) = N2 92%  CH, (OH)CH(

Rate = k Complex(¥ (D)
= k K2[NBS] [Ser] (2)
[NBS]r = NBS + [NBSH] + complex(G) 3
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=NBS + K [NBS][H'] + Kz2[NBS] [Ser] (4)
= NBng Ky [H*]+ Ko[Se] (5)

NBS [NBS]t
1+Kq[H']+K JSer] (6)

From (2) and (6)
kK Z[NBS]T[SGI']

Rate =
e 1+Kq[H']+K JSer] (")

The above rate law explains the first order in oxidant, fractional order in substrate and

inverse order in acid. Further

Rate _ _ kK o[Ser]
Rate _\ -
INBS] %% 14K [H*]+K JSer]

(8)
The mechanism of scheme 1 and the rate law may be verified by rearranging it in the

+
1 _ 1 KgHT 1

form =
kops KK 4Ser] kK {Ser] k

)
Accordingto equation (9) the plots of Lk versus 1/[Ser] and 1dis versus [H] are

linear with nonzero intercepts which are verified[irig.5.8 & 5.9] . From the slopes

and intercepts of such plots k; End kekv al ues are obtaineld at
s?, 193.92 mot dm?® and 2100mol*dm?. This not only proves the validity of rate law

but also gives support to the proposed reaction schente fair degree of closeness

in k values 4.76 x 1®sec! obtained fronfFig.5.8 and 4.74 x 18 sec! from plot
[Fig.5.9 also supports the validity of proposed mechanism. The values of%aires
were found to be 4.0 x 04.76 x 1¢*, 526 x1¢ at30 ,35 and 40
respectively. The activation parameters were evaluated from the plot of log k versus
1/T which are as followsEa = 20.87 KJ mdi, aH' =18.30 KI mot, &S

-240.50 J K molta n d " =8822 KJ motl.
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10%(1/k ), SEC
© 00900 o0oO
w b 01O N 0 ©
\\\

0.1
0
0 0.5 1 1.5 2 2.5
102[1/Ser], mot dm?
Figure 5.8: Plot of 1/kobsversus ISer
[NBS] = 2.0x 103 mol dm™ [H*] =0 .10 mol dm?
[11 = 0.25 mol dm?® Temp. =35°C
0.8
0.7
0.6
Q
® 0.5
"2
S 0.4
2 ®
T 0.3
—
0.2
0.1
0
0 0.1 0.2 0.3 0.4 0.5 0.6
[H*, mol drmr3
Figure 5.9: Plot of 1/kobsversus[H*]
[NBS] = 2.0 x 16 mol dm™ [Ser] = 2.0 x 1 mol dm™3
[1]1=0.25 mol dm?® Temp. =35°C

An insignificant effect of ionic strength on the rate is also in the favour of rate

determining step in which a neutral species is invo[8&j The entropy of activation
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in each case was found to mhegative feduction of the entropy of syst@nsuggesting

the compactness of the transition stateas compared to the ground state.

5.4 RESULTS AND DISCUSSION (Catalysed Reactions)

5.4.1Effect of variation of concentration of NBS

For catalyzed reaction, the concentrabdBS was varied from 0.3%3to 5.0x10

3 mol dm? at [Ser] = 2.&10?, [H*] = 0.1moldm™and [Pd(Il)]= 2.0 x 16 mol dm?®

and[l] = 0.25 mol dn? at temp.= 3% The reaction is first order in NBS as evidenced

by the lineaplots of log(ax) versus timgFig 5.10]. Increase in concentration of NBS
yields constant first order rate constants confirming the first order dependence on NBS
[Table 5.1]. Results are givein [Table 5.6].

1.8 == Seriesl
1.6 == Series2
1.4 == Series3
g 12 == Seriesd
Z 1 .
o == Series5
2 0.8 .
:r —0— Series6
0.6 )
Series?7
0.4
0.2
O T T T T T 1
0 20 40 60 80 100
Time (minutes)

Figure 5.10: Psiedo first order plots for the Variation of CatalysedNBS
[Ser] = 2.0x 102 mol dm™ [H*] =0 .10 mol dm?

[1] = 0.25 mol dm?® Temp. =35

[NBS] = (1) 0.50x 103 mol dm2(2) 0.75x 10° mol dm®

(3) 1.0x 10 mol dm™ (4) 2.0x 102 mol dm (5) 3.0x 10° mol dm®

(6) 4.0x 103 mol dm™ (7) 5.0x 103 mol dm3,
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Table 56: Variation of NBS (catalysed

[Ser] = 2.0 x 1 mol dm™ [I] = 0.25 mol dm3
[Na2S:03] = 2.0 x 18*mol dm?®  [H*]=0.10 mol dm3
Temp. = 35°C [Pd ()] =2.0 x 10° mol dm™®
10*[NBS], mol
dm-? 0.50* | 0.75* 1.0 | 2.0** 3.0 4.0 5.0
Time (minutes) Volume of the titrant(ml)
0 8.3 12.5 16.7 10.0 7.5 10.0 12.5
5 7.4 11.0 14.8 8.7 6.6 9.0 10.9
10 6.6 9.8 13.2 7.7 6.0 8.1 9.9
15 5.8 8.7 12.0 7.1 5.3 7.1 8.6
20 5.3 7.8 10.6 6.3 4.7 6.3 7.7
30 4.2 6.3 8.5 5.1 3.8 5.1 6.2
40 3.3 5.0 6.8 4.1 3.0 4.0 4.9
60 2.1 3.2 4.4 2.7 1.9 2.5 3.0
80 1.4 2.0 2.8 1.7 1.2 1.6 19
100 0.8 1.3 1.8 1.1 0.8 1.0 1.2
10 kobs(secl) | 3.78 | 3.76 | 3.74 | 3.78 | 3.72 | 3.79 | 3.76

[Na25:03] * = 3.0x 10*mol dm-
[Na2$203] ** = 1.0x 103mol dm™
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5.4.2 Effect of variation of concentration of Serine

The concentration of serine in palladium (I) catalyzed reaction was varied from 0.5 x
102 to 5.0 x 1& mol dnt at fixed concentration of [NBS]= 2.0 x #@nol dni®, [H]

= 0.1 mol dr?, [Pd(I1)] =2.0x10° mol dni® and[l] = 0.25 mol dm® at 38C.The rate

of reaction increased with the increase concentration of 4&imé.11]. The order in
substrate was computed from the slopes of leg \ersuslog (substrate) which

indicated a fractional order dependence on serine. Results are gilabla 5.7].

10% (K,p), SEC

10? [Serine], mol dm?

Figure 5.11: Variation of Serine (catalysed)
[NBS] = 2.0x 103 mol dm=  [H*] = 0.10 mol dm?3
[Pd (1] = 2.0 x 10°mol dm® [I] =0.25 mol dm® Temp. =35°C
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Table 5.7: Variation of Serine(catalysedl

[NBS] = 2.0x 102 mol dm™ [I] = 0.25 mol dm3
[Pd ()] =2.0x 10°mol dm [Na2$03] = 1.0 x 16*mol dm3
[H*] = 0.10 mol dm3 Temp. =35°C
1% [Ser],
0.50 0.75 1.0 2.0 3.0 4.0 5.0
mol dm3
Time (minutes) Volume of the titrant(ml)
0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
5 9.3 9.1 8.9 8.7 8.3 8.5 8.3
10 8.9 8.7 8.5 1.7 7.2 7.2 7.1
15 8.5 8.1 1.7 7.1 6.4 6.3 6.0
20 8.1 7.6 7.2 6.3 5.6 5.4 5.2
30 7.2 6.7 6.1 51 4.2 4.0 3.6
40 6.6 5.9 54 4.1 3.2 2.9 2.7
60 54 4.6 3.9 2.7 19 1.6 14
80 4.4 3.4 2.9 1.7 1.1 0.9 0.7
85 85 85
100 3.5 2.7 2.1 1.1 (89) (89) (89)
0.9 0.7 0.61
10* kobg(sect) 1.74 2.18 2.61 3.78 4.76 5.15 5.25

Figures in parenthesis denotes time in minutes.
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5.4.3 Pd(ll) Catalysed Reactions

The concentration gballadium (1) variedfrom 0.5 x 1 to 5.0 x 1 mol dm? at
[NBS] = 2.0 x 16 mol dm?, [Ser] = 2.0 x 18 mol dm® and[H*] = 0.10 mol dr® and

[I] = 0.25 mol dm?at 35C. It was observed that with increasiRgl (1) concentration,
the first order rateonstanin NBS increased linearly. The plot ofukversus [PdCJ
was linear with an intercefFig. 5.12] indicating uncatalysedeaction along with
catalysed one. The value ofpkobtained in absence of palladium chloride. i.e
[PdCb=0], was matching with the intercept of the plot efskersus [PdC]. Results
are given i Table 58].

0 1 2 3 4 5 6
108 [Pd(ll), mol dr?

Figure 5.12: Variation of Palladium (Il) (catalysed)
[NBS] = 2.0x 102 mol dm™ [Ser] = 2.0x 102 mol dm™
[H*] =0.10 mol dm? [11=0.25moldm® Temp. = 35eC
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Table 5.8 Variation of Pd (ll) (catalysed)

[NBS] =2.0x 10° mol dm™
[Ser] =2.0x 102 mol dm™

Chapter5

[Na2$203] =1.0 x 1 mol dm™

[I] = 0.25 mol dm?®

[H*] = 0.10mol dm™ Temp. =35°C
1C°Pd [l ], mol
dm? 0.50 1.0 2.0 3.0 4.0 5.0
Time (minutes) Volume of the titrant(ml)
0 10.0 10.0 10.0 10.0 10.0 10.0
5 9.1 8.9 8.7 8.7 8.3 8.2
10 8.3 8.1 1.7 7.6 7.2 7.1
15 7.6 7.4 7.1 6.7 6.3 6.0
20 6.9 6.7 6.3 5.9 55 54
30 5.7 5.6 5.1 4.6 4.1 4.0
40 4.8 4.7 4.1 3.4 3.1 3.0
60 3.3 3.1 2.7 21 1.8 1.7
80 2.3 2.2 1.7 3.1 1.1 0.9
100 1.6 15 1.1 0.8 0.6 0.8
10* kobs(sec?) 3.00 3.25 3.78 4.26 4.70 5.20
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5.4.4 Effect of variation of concentration of Hydrogen ion

The hydrogen ion concentration was varied from 0.05 to 0.5 mol émploying
perchlaic acid at fixed concentratiasf [NBS]= 2.0 x 16 moldni®, [Ser] = 2.0 x16

mol dnt [Pd(Il)] = 2.0x10° mol dnt® and | = 0.25 mol drd at 35C.The rate constant
decreases with the increase in theaamtration of perchloric aciérig. 5.13]. The plot

of log kebsversus log IH™] is linear and yields a fractional sloped{ 63) caforming
inverse dependence oH. This inverse effect of hydrogen ion indicates free serine

molecules as the predominant species. Results are giy€alle 59].

0 T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6

[ HY], mol dnv3

Figure 5.13: Variation of Hydrogen ion (catalysed)
[NBS] =2.0x 103 mol dm=  [Ser] = 2.0x 102 mol dm™
[Pd (ID] = 2.0 x 10°mol dm2 [I] =0.25 mol dm® Temp. =35°C
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Table 5.9: Variation of [H*] (catalysed)

[NBS] = 2.0x 10° mol dm™

[Pd ()] =2.0x 10° mol dm3

[I] = 0.25 mol dm3
[Ser] = 2.0x 102 mol dm™

Chapter5

[Na25203] =1.0 x 13*mol dm™ Temp. =35°C
[H*], mol dm3 0.05 | 0.075| 0.1 0.2 0.3 0.4 0.5
Time (minutes) Volume of the titrant(ml)

0 100 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0

5 8.5 8.6 8.7 9.1 9.2 9.3 9.5

10 7.2 7.4 7.7 8.5 8.7 8.9 9.1

15 6.4 6.7 7.1 7.7 8.3 8.5 8.7

20 55 5.9 6.3 7.4 7.9 8.1 8.3

30 4.1 4.6 51 6.4 7.1 7.4 7.6

40 3.1 3.5 4.1 55 6.3 6.6 7.1

60 1.7 2.2 2.7 4.1 5.0 5.5 6.1

80 0.9 1.3 1.7 3.1 4.0 4.7 5.1

100 0.5 0.79 11 2.3 3.2 3.6 4.3

10* kobs(sec?) 5.00 4.26 3.78 2.45 1.93 1.65 1.41
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5.4.5 Effect of variation of 1 onic Strength

The effect of ionic strength on the rate of reaction was studied using sodium perchlorate
(0.05 to 0.30 mol drf) at fixed concentration of [NBS)]= 2102 mol dm?, [Ser] =
2.0x102 mol dnt, [Pd(Il)] = 2.0x 10° mol dnt® and [H] = 0.1 mol dn? at 35C.

lonic strength had no effect on the rate of reacfiog. 5.14] . Results are shown in

[Table 5.10].

4.1

w
©

10* (Kope), SEC
w
(o]

w
\I

3.6

3.5
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

[I], mol dm3

Figure 5.14: Variation of lonic Strength (catalysed)
[NBS] =2.0x 103 mol dm=  [Ser] = 2.0x 102 mol dm,
[Pd (D] =2.0 x 10°mol dm?3 [H*] =0.10 mol dm® Temp. = 3%
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Table 5.10Q Variation of lonic Strength (catalysed)
[NBS] =2.0 x 16°mol dm™ [Na2$203] =1.0 x 1 mol dm3
[Ser] =2.0 x 16? mol dm™ [H*]=0.10 moldm?3

[Pd (I1)] = 2.0 x 16°mol dm3 Temp. =3%°C Aliquot = 5.0 ml
[1], moldm™3 0.10 0.15 0.20 0.25 0.30 0.35
Time (minutes) Volume of the titrant (ml)

0 10.0 10.0 10.0 10.0 10.0 10.0
5 8.7 8.6 8.5 8.4 8.4 8.3
10 7.7 7.6 7.6 7.5 7.5 7.4
15 7.1 7.0 7.0 6.9 6.9 6.8
20 6.3 6.2 6.2 6.1 6.1 6.0
30 51 5.0 5.0 4.9 4.8 4.7
40 4.1 4.1 4.0 4.0 3.9 3.9
60 2.7 2.7 2.6 2.6 2.5 2.5
80 1.7 1.6 1.6 1.5 15 14
100 11 11 1.0 1.0 0.9 0.9
10* kobs(sec?) 3.78 3.82 3.88 3.92 3.95 3.98
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5.4.6 Effect of Chloride ion

The effect of chloride on the rate @faction wastudied by the successive addition of

sodium chloride; the observed rate constants decreased wjtfHGI5.15].

9
8
7
d) 6
3
- 5
"2
X 4
£ 4
= 3 *
2
1
0
0 0.5 1 1.5 2 2.5
[CL], mol dm'®

Figure 5.15: Variation of Chloride ion (catalysed)
[NBS] = 2.0x 103 mol dm™ [Ser] = 2.0x 102 mol dm®
[Pd (1] = 2.0 x 10° mol dm3 [11=0.25 mol dm® Temp.=35°C

Table 5.11-Variation of Chloride ion

10°[NaCl] 10" K obs)
mol dm-3 sect
0.25 7.80
0.5 5.60
1.0 3.78
15 2.83
2.0 2.29
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5.4.7 Various complexes formed during the course of reaction

To ascertain the formation of possible complex or complexes during the course of
reaction, spectra were obtained by ussygtronics UWVis Spectrophotomete2203

for different acidic solutions of NBS, Rtl) and serineseparatelyandin the form of
mixture. In the first case NBS concentration was fixed and acid ganed,and the
spectra recorded indicates decrease in abearptith increase in acid concentration
where a single peak was obtained at 227nm[[5g. 5.16].

Further,Pd (l)chloride solution of three different concentrations such as 5.0°x7L0

x 10°and 9.0 x 18 were added to the acidic solution of NBS, it was observed that
there is an increase in absorbance which can be assigned to the existence of equilibrium
step (Egn. 11)Complex @) proposedn the reaction schemfrig. 5.17]. Again
keeping the conc. of NBS, Pd(Il) and acid constant and varying the serine conc.
indicates increase in absorption which shows that the complex formed between NBS,
Pd(Il) and serine increases wittetincrease in conc. of seriftgg. 5.18].This indicates

the formation of an unstable activated complex C3 in the reaction under investigation

as shown in the rate determining s(epn. 12) of reactionScheme 1.

i

1146 |
LBS
0.710 |

2.016

1.5581

y
()
[

0,275 | \\__h_

-0.160

I I I I I I
200.0 228.6 2571 285.7 314.3 34z2.9 3714 400.0

WAVELENGTH (nrm)

Figure 5.16: Spectra study ofVariation of Acid
[NBS] = 2.0x 103 mol dm?®  [H*] = 0.1 mol dm? (Red), 0.5mol dm (Green)
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2529
1,998 |
1467 |

ABS

0,937 |

0406 |

0125 | | | | | |
200.0 2286 2571 2897 314.3 34249 3714 400.0

WAYELENGTH {nm)

Figure 5.17: Spectra study ofVariation of Serine
[NBS] = 5.0x 10 mol dm™3, [Pd ()] = 5.0 x 10° mol dm3, Temp. =35°C
[Serine] = 2.0x10?mol dm3 (Red), 3.0x 102mol dm= (Green), 4.0x 102mol
dm=3(Blue), 5.0x 10Z2mol dm=3 (Grey)

2532 ‘
1,993 |

1454 |
ABS
0916 |

0377 |

—

0,162 | | [ | I I
2000 228.6 2571 85,7 4.3 428 74 400.0

WAVELENGTH (nm)

Figure 5.18: Spectra study ofVariation of [Pd(ll) ]
[NBS]=5 x 10* mol dm3, [H*] =0.1 mol dm?, Temp. =35°C, [Pd (Il)] = 5x 10°
mol dm3(Green), 7 x 10° mol dm?3(Blue), 9 x 10° mol dm3(Grey)
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On the basis of observed kinetic orders, spectroscopic information collected for the
possible formation of complex or complexes in the reaction, a probable reaction path

can beproposed.

Ser+ H =1~ Sep H'
. 10
[AA] [AA] (10)
[PdCI, & + NBS% [PdC} .NBSJ* +CI-
-2
11
. c, (11)
HOCH, CHNH, COOH+ G %% Complex(C,
Cs (12)
(@]
i
Complex[Cls %854 [PdC} (OH) ¥ + NH, CHCOBr+NHS +Cl  2H
|
R (13)
0
NH, CHCOBr»% %25 NH,= CH +co, Bf
| |
! . (14)
NH,=CH %%3% NH, ®RCHO #
|
R (15)
[PACL, (OH), ]+ 2CI Y% %[PdC|, - +20H (16)
20H +2H* Y14 2H,C an
H* +Br~ Y%%HBr (18)
Br +NBS %1 NHS +Bp (19)

Scheme 1

The negligible effect of succinimide concentration on the rate of reaction is obvious,

as it does not appear in the rate law.
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The above rate law explains the first order in oxidant, fractional order in substrate and

inverseorder in acid.

_ SerH K. = [AA]T
L [Ser]H'] YU AAJH
=2l qNBSIIC] - K C JICI T KAATIC 1, 0=
(20)
KINBS][C,] =K _JC J[CI T KAAJC ], (21)
=C,8K,[CI"] KAA] (22)
c,= K, [NBS][C] (23)
K_,[CI"] +k[AA]
-d[I\ItBS]ZZK[Cz][ AA] _2kK2[NI?S][C1][AA] (24)
K_,[Cl™] +k[AA]
_ 2kK2[NBS_][Pd(II)][AA] (25)
Pd(Il) =C1 K_J[CI"] +k[AA]
[AA] T = [AA]+ [AA] *
=[AA] + K1 [AA] [H *]
[AA] T = [AA] {1+K 1[H*]}
(AA] = [AA] 1 ]
1+ Ky[H]
- d[NBS] _ 2kK,[NBS][Pd(IN][AA] ; )
dt K_Z[Cl-] + I([AA\]T
1+K, HT @
e u
+ 2kK,[NBS|[Pd(IN][AA
1+ Kl[H ] = 2[ ][ ( )][ ] T (27)

KACITE+K[H T #KAAT 1
1+ KqH™]
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2K, [NBS][P(IN][AA] 1

TKACII @K | gKRAT ¢ )
Cd(NBS)/dt _ 2Kk, [Pd(INIAALL

(NBS) K_Z[CI']gH KIH T 8(AA I (29)
%: - 2KK,[AA] 1

K — (30)

Pd(lI) K_ACITE+KIH T KA AL,
1 K_Z[Cl']gI.+K{H i &_ K[AA]
K KAl 2KKJAA L 5D
KACITEHKHT @ 4
TTOKKGAAL 2K, (32)

_ Ko[Cl] K KHICI] 1 3

1
K 2KK,[AA];  2kK JAA] ¢ 2K,

Equation (32) suggests that 1ilersus 1/[AA} at constant [ and [CI] should be
linear plots with positie intercept as shown [fig.5.19]. The value of Kk comes out

to be 18.52 mol dm? from the intercept equal to 0.02Zquation (33) suggests that

1/k versus [H] at constant [C] and [AAr] should yield good linear plots shown in
[Fig.5.20]. A high positive value of free energy of activation indicates that the transition
state is highly solvated while negative value of entropy of activation suggests formation

of an activated complex with a reduction in the degree of freedom of reacting

molecues.
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0.14
0.12

0.1
0.08 P

0.06

(k"1), mol dm?® sec

0.04

0.02

0 0.5 1 15 2 25

102 [Ser}i, mot! dm3

Figure 5.19: Variation of 1/k versus 1/[2r]
[NBS] = 2.0x 163 mol dm= [Pd (II)] = 2.0 x 10° mol dm3,

[11 = 0.25 mol dm?® [H*] = 0.10 mol dm?® Temp. =35°C
0.16
0.14
0.12
g 01
LE 0.08 *
E
T 0.06
0.04
0.02
0
0 0.1 0.2 0.3 0.4 0.5 0.6
[H*], mol dm -3
Figure 5.20: Variation of 1/k versus [H']
[NBS] = 2.0x 102 mol dm™ [Ser] =2.0x 10°mol dm
[Pd ()] = 2.0 x 10° mol dm-3 [11=0.25 mol dnm?® Temp. =35°C
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5.5 CONCLUSION

It is concluded that oxidation of serine byBYomosuccinimiden perchloric acid
medium has the stoichiometry 2:1. The reaction is slow at room temperature but
becomes fast in the presencePaf (1) catalyst. The order with respect to NBS ddl
(1N is one and fractional order with respect to amino acid. The rate of reaction decreased
with increase in perchloric acid and chloride ion concentration. The derived mechanism

is consistent with all the experimental results.
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SYNTHESIS, CHARACTERIZATION AND
CATALYTIC APPLICATION OF PALLADIUM
NANOPARTICLES ON OXIDATION OF
ASPARTIC ACID IN ACIDIC AQUEOUS MEDIUM
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ABSTRACT

Palladium nanoparticles are synthesized through a single route chemical reduction
method using synthetic polymer such as polyiig/I pyrrolidone (PVP) stabilizer.

The synthesized palladium nanoparticles (Pdnps) were characterized-tigible
spectrophaimeter and Transmission Electron Microscopy (TEM) analysis. The
particle size of palladium nanoparticles was found to be 1nm to 50 nm and spherical
in shape at the optimal experimental conditions. The synthesized palladium
nanoparticles are used as a oatiafor the oxidation of Aspartic acid by-Bromo
succinimide in aqueous medium. The effect of palladium nanoparticles on the rate of
oxidation has been studied at differeamperaturesThe palladium nanoparticles
exhibited very good catalytic activity. The kinetics of the reaction was found to be
first order with respect to [NBS]and Pdnp and fractional order with respect to Aspartic
acid. Increase in [H decreased the reaction rate. The main oxidation product of
Aspartic acid has been identified as #ldehyde which is confirmed by the FTIR
spectrum of a corresponding hydrazone. The palladium nanoparticles catalyst
exhibited better catalytic activity than equal amount of palladium precursor. Various
activation parameters have been calculated on the basis of these parameters, a

suitable explanation of theaction mechanismasbeen given.
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6.1 INTRODUCTION

Amino acids play an important role in metabolism and in protein synthAsisio

acids find a number of applications in biochemical research, metabolism, microbiology,
nutrition, pharmaceuticals and fortification of foods and fe€merally,only the

amino and carboxyl functional groups in RCH®HCOOH undergo chemical
transformations whilethe hydrocarbon moiety remains intact. This property is
attributed to the higher reactivity of the former compared tadRartic acid is an amino

acid useful in maitaining solubility and ionic character of proteins [1]. Aspartic acid
facilitates normal cell function and increases endurance and resistance to fatigue by
producing immunglobulins and antibodies and reportedly removes highly toxic
ammonia from centralarvous system [1Dxidation of aspartic acibas been reported

with different oxidants like cerium (IV) [2], N chloro saccharin[3],
dihydroxydiperiodato argeate [4], hexacyanoferrath], manganes@ll) [6].

Potassium permanganate [7hexacyanoferraie peroxomonosulfate [8], N-
bromobenzenesulphonamifd, molybdenumoxime-ligand[10], Gold [11].
N-Bromosuccinimide(NBS) is a mild and selective oxidant for many organic
compounds. lis a source of positive halogen and has been used as oxidant for a variety
of substrates in both acidic and alkaline medid®]j.[The nature of active oxidizing
species and the mechanism depends on the nature of the hatogeithe groups
attached to the nitrogen and the reaction condition. The active oxidizing species may
be different depending on the pH of the medium. It has many applications in organic
transformations 13-18], synthesis of drugs and pharmaceuticAlthough the NBS
oxidation of a number of amino acids have been studied, there seems to be no report on
oxidation in presence of Pd nanocatalyst.

Metal nanoparticles are gaining importance in fields of physics (quantum optics),
chemistry (catalyst) and nanotechnology. Chemical and physical properties of
nanoscale metal clusters are quite different from those of bulk metals. The field of
nanocatalys has undergonexplosive growth during the past decades both in
homogenous and heterogenous catalysgs2(l]. Since nanoparticles havelarge
volume ratio compared to bulk materials, they are attractive to use as caZily&?k |

Now it is possible trepare soluble analogues of heterogenous catalysts which are
intermediate between those of the bulk metal and single metal particle (homogenous)

catalysts. The major difficulty in working with nanoparticles is their undesirable
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agglomeration to form large particles. To prevent formation of such agglomerates,
surfactants23-24], ligand exchange material23-26] and polymeric carriers[7] are

used extensively. Several studies onuheatalysednd catalysed oxidation of amino
acids have been reported8{31] but with the emergence of metal nanoparticles
processing appreciable stability and high surface area per patrticle, their potential use as
catalyst for organic biochemical reactions stands well documented in recent3gears |
33]. Nobel metals like Pt34], Pd [35], Ru [36] and Au B7] nanoparticles have been

used as a catalyst in electron transfer and oxidation reactions. Nobel metal nano crystals
play an important role in different fields of science, such as catalysis, medicine,
electronics etc. For most of these applications, they shape and size distribution of
metal nanoparticles constitute the key factors. Not many studies on the oxidation of
amino acids by Pd nano catalyst have been rep@tedhe present study deals with

the synthesis, characterization of palladium natabgst and their application on

oxidation of aspartic acid by NBS catalysed by palladium nanopatrticle.

6.2 EXPERIMENTAL

6.2.1 Materials

Analytical grade chemicals such as Pg@lspartic acidHCIOs, Mercuric acetate and

NBS were obtained from E. Merck. Other reagents used M@teethanoland PVP.

The mol. wt. of PVP is 40 KD. A fresh solution of NBS, KI, hypo and starch was
prepared before starting the experiment. All chemicals were used as received without
further purification. Double distilled water was used for the st&dgck solutions of

N-Bromosuccinimidevere prepared and standardized iodometrically

6.2.2 Synthesis of Pd\Nanoparticles

The chemical reduction method

The metal salts dissociate to form metal ions. The metal ions are then reduced by a
reducing agent to form metal nanoparticles that are stabilized by a stabilizer.

The palladium precursor solution {PdCl) was prepared by adding 0.0887 gms of
PdCb and 6 ml of 0.2 M HCI and diluting it to 250 ml with doubly distilled water. A
solution containing 15 ml of 2 kh of H2PdCL.21 ml of doubly deionized water, 0.0667

gms of PVP and 4 drops of 1M HCI was heated. When the solution began to reflux, 14

ml of ethanol was added. The solution was then refluxed lfmuBs,and this resulted

155



Chapter6

in a dark brownsuspension of Pd nanoparticlgdg.6.1]. Thus, the reduction of
H>PdCL by ethanol (as both solvent and reducing agent) occurred and

Polyvinylpyrrolidone (PVP) stabilized Pd nanoparticles of various shapes.

6.2.3 Characterization

UV-Visible spectrum is an effective method to investigate whether the metal precursors
are completely reduced or n@d. Palladium concentration effects on the conversion

of Pd? to nano P8and preliminary estimation of palladium nano particle synthesis
were investigated by UW¥isible spectrophotometer (ible beam spectrophotometer
2203).

/

Figure 6.1: Photograph of Ralladium nanoparticle formation

The morphology of palladium nanoparticles stronglgpendson the reaction
conditions like temperature, duration, pH and the type of metallic precursor and
stabilizer. The palladium particle size distribution of the colloidal solution decreased
with increasing pH has been reported by Thieb3@jt The morphological study of the
palladium nano particle was carried out with scanning of Transmission electron
microscope by employing JEQIEM-2010XIl TEM at 200 kV. TEM images were
recorded to confirnthe sizeand shape of newly synthesized palladium nanoparticles.
The oxidation product was monitored by FTIR (ALPHABruker).

6.2.4 Kinetic Measurements
In a typical experiment, glass stoppered Pyrex round bottom flask was used.
Appropriate amount of the amino acid solution in acidic form, mercuric acetate,

NaClOy (lonic Strength) and water (to keep the volume constant) were taken in the
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flask. Thetemperature was maintained a3y circulating thermostated wateath

An NBS solution kept in the thermostat separately was added to initiate the reaction.
The progress of the solution was monitored by iodometric determination of the
unreacted NBS in a measured weight of the reaction mixture at different intervals of
time [40]. The rate constants were complfeom the linear plots of log [NBZ{gainst

time.

6.3 RESULTS AND DISCUSSION

6.3.1 Pd Nanoparticles Characterization Results

The reduction of Pd to Pd naroparticles was monitored by UVisible spectroscopy

in the range of 220 600 nm.[Fig.6.2] shows the absorption spectra of solutions at
different times of reduction. The solution before the redudsquale yellow colour
showing the peak at 310 nm in the spectrum. This is due to a charge transfer transition
of the (PdQ)? ions K1-42). During the reduction reaction, the consecutive
disappearance of the absorption peak is attributed to tffer@tliction completely
reduced after 15 minutes. The colour intensity changes resulting in the increase in

absorbance of the solution.

6.3.2 Stability of nanoparticles dispersion

The stabilization of metal nanoparticles is achieusthg macromolecules such as
polymers. PVP is mostly used because of its low cost and its ability to stabilize
nanoparticles with accessible surface area in polar solvents such as water. One part of
PVP chairabsorbgo the surface of the nanoparticles and the other part suspends freely
in solution forming a protective layer. The Pd nanopatrticle solution remains stable for

more than 2 months

6.3.3 Spectra at different time of preparation

Show in[Fig.6.2] the absorption peaks at 310 and 410 nm that attribute to4P¢Cl

while the peak at 256 nm and 315 nm corresponds todatilised Pd NPs using
ethanol as reductant. These Pd NPs are stabilised by PVP polymer. Then, PVP polymer
can bind preferentially to the {1 1 1} and {1 0 0} planes of metal Nanoparti¢&s [

157



Chapter6

3,198
2543 |
1888 |

ABS

1233 |

0575 |

0077 | | | | | |
' 220.0 2143 328.6 Ja2.0 4371 491 4 5457 &600.0

WAYELENGTH (nm)

Figure 6.2: UVi Vis spectra of PVRprotected Pd NPs in the range 220600 nm

The spectroscopic studies indicate that PR@Pinteraction occurs through the carbonyl
group of the pyrrolidone ring. In our synthesis process, Pd NPs in the size r&dge 1

nm in diameter have been obtained from aqueous solutions of iRdix presence of

PVP. They exhibit the most typical characteristics of Pd NPs synthesized in alcohol
reduction. In general, cubic and octahedral Pd NPs have {1 0 0} and {1 1 1} planes. It
is seen that Pd NPs of big size and sharp shape were obsenedmgdrtant
conclsion is that most of the large sized Pd NPs with tetrahedral, octahedral and cubic
shapes have been found due to the aggregation of the smaller seeds of spherical Pd NPs
that areformed It is clear that their sizes astiapesre not controlled, and their sizes

are large. Theris a lot of aggregation and clustering of small Pd NPs possibly leading
to the big Pd NPs. It has been known that the major shapes of nanopatrticles include
cube, octahedron, tetrahedron, decahedron and icosahedrons, and stracaiiahs

from cubic to octahedral through cubotahedral nanocrystals. Noble metals have a
facecentred cubic (fcc) lattice with different surface energies for different crystal
planes, such as the combinations of the-lmgkex and/or highndex {1 11,1 0 0} and

{1 1 0} planes #4-46].
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Figure 6.3: TEM images of major shapes and various sizes of Pd nanoparticles.
TEM images of Pd nanoparticks with scale bars: (a) 100 nm (b) 50 nm (c) 20 nm
(d) 10 nm €, f) 5nm(g) 2 nm and @) 1 nm

In [Fig.6.3] (a)i (h), various shapes of Pd nanoparticles are spheres, cubes, tetrahedrons,
octahedrons, twinned nanopatrticles of twinned decahedral and icosahedral shapes, and
other irregular shapes that are characterized by the formation of Pd nanoparticles by
alcohol reduton [47].

6.3.4 Stoichiometry and Product Analysis

The stoichiometrpf the reaction was ascertained by equilibrating the reaction mixture
containing an excess of NBS over amino acid (in varying ratios) atf8b 48 hours

and estimations of residual NBS in differessts showedhat 1 mole of amino acid
consumes two moles of NBS according to the stoichiometric equdttm.main
reaction product was identified-d&opropanoic acid which was confirmed by
guantitative test and further 2g¢dnitrophenyl hydrazone derivategrealso obtained
which is confirmed by FTIR spectrufiig.6.4]. The IR Spectra shows the band at
1632.07 crtt due to CH stretching frequency of the carboxylic group and the band at
3449.28 crt due toi OH stretching frequency of the carboxylic OH groAmmonia
identified by Nesslerdés reagent, browni
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reaction, CQwas identified by freshly prepared lime water and the solution turned
milky indicating decarboxylation reaction.

Pd(II)/H*
RCH(NH,)COOH + 2NBS+H,0 *RCHO + 2NHS + CO, + Br, + NHy 1

Where R=-CH,-COOH

100

80 3

60 -

Transmittance [%)]

20 e

3449.28 1632.07

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm)

Figure 6.4: FT-IR spectra of the hydrazone derivative from the reaction mixture

of Aspartic acid andNBSin the presence opalladium nanoparticles

6.3.5 Effect of NBS concentration

The Palladium nanoparticle catalysed oxidation of aspartic acid was studied at different
concentration of NBS varying from 1x3@ 5 x10°mol dnt® at fixed concentration

of [Aspartic Acid] = 2 x1F mol dm?, [Pdnpg = 2 x10°mol dnt [H*]=0.1 M, [I] =

0.25 mol dm? and temperaturg5 °C.First order dependence in NBS was followed at

all initial concentration of NB$Table 6.1]. Pseuddirst order rate constantsqg¢ were
calculated from the slops# log (ax) versus time plotg=ig.6.5] The first order kinetics

with respect to NB&realso verified by the constant values efsobtained at various

initial concentrations of NBSResults are given ifTable 6.2.
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Table 6.1 Effect of [NBS], [Asp], [Pdnps] and [H*] on oxidation of Aspartic acid

by NBS in perchloric acid malium in the presence of Pd nancatalystat 35¢C

1C°[NBS] 1% [Aspartic 1C°[Pd nano [H*] 10*Kobs

mol dm-3 Acid] mol dm=2 | catalyst] mol dn® | mol dm=| sec!
1.0 2.0 2.0 0.10 6.06
2.0 2.0 2.0 0.10 6.70
3.0 2.0 2.0 0.10 6.25
4.0 2.0 2.0 0.10 6.64
5.0 2.0 2.0 0.10 6.10
2.0 0.50 2.0 0.10 2.01
2.0 0.75 2.0 0.10 2.80
2.0 1.0 2.0 0.10 3.61
2.0 2.0 2.0 0.10 6.70
2.0 3.0 2.0 0.10 8.60
2.0 4.0 2.0 0.10 9.81
2.0 5.0 2.0 0.10 10.0
2.0 2.0 0.5 0.10 4.30
2.0 2.0 0.75 0.10 4.70
2.0 2.0 1.0 0.10 5.12
2.0 2.0 2.0 0.10 6.70
2.0 2.0 3.0 0.10 8.21
2.0 2.0 4.0 0.10 9.82
2.0 2.0 5.0 0.10 11.40
2.0 2.0 2.0 0.05 8.12
2.0 2.0 2.0 .075 7.31
2.0 2.0 2.0 0.10 6.70
2.0 2.0 2.0 0.20 5.50
2.0 2.0 2.0 0.30 4.32
2.0 2.0 2.0 0.40 3.21
2.0 2.0 2.0 0.50 2.40
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Figure 6.5 Variation of NBS

[Asp] =2 x102mol dm3

[H*] = 0.10 mol dm™

Temp. =35°C

[NBS] = (A) 1 x 103mol dm
(C) 3 x 106°mol dm-3
(E) 5 x 16°mol dm™

[Pdnps] = 2 x1 mol dm-3
[I]= 0.25 moldm™3

(B) 2 x 103mol dm™
(D) 4 x 103mol dm®
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[Pdnps] = 2.0 x 1 mol dm™3 [Na2$203] =2.0 x 16*mol dm™
[Asp] =2.0x 1& moldm3 [1] = 0.25 mol dm?
[H]  =0.10 mol dr Temp. =35°C
10° [NBS], mol
dm-3 1.0* 2.0** 3.0 4.0 5.0
Time (minutes) Volume of the titrant (ml)
0 16.7 10.0 7.5 10.0 12.5
5 14.8 8.1 6.3 8.3 10.4
10 14.3 6.7 5.2 6.6 8.7
15 9.8 55 4.3 5.5 7.2
20 8.3 4.5 3.5 4.6 6.1
30 5.6 3.1 2.5 3.0 4.2
40 3.8 2.1 1.7 2.0 3.0
50 2.6 14 1.1 1.4 2.1
60 1.8 0.9 0.8 0.9 14
70 (65)0.4 | (65)0.8 | (65)0.6 | (65)0.7 | (65) 1.2
10* kobs(sec?) 6.06 6.70 6.25 6.64 6.10

[Na2$03]* = 3.0x 10*mol dm-3
[Na2$203] **= 1.0x 10°mol dm

Figures in parenthesis denotes time in minutes.

6.3.6 Effect of Aspartic Acid

The effect of aspartic acid concentration was studied by varying concentration from

0.5x10%to 5x10°mol dni®at constant [NBS], [H, [Pdnps], [I] and temp.The kinetic
runs were carried out with initial concentration of aspartic acid. A pl&twiversus

[Aspartic aci§l shows first order dependence of the reaction on aspartic acid at low

concentration, which shifts towards zero oraldts higher concentratidkig.6.6]. The

plot of log kos versus log [aspartic acid] was straight line with fractional slope

confirming fractional order with respect to aspartic acid. Results are giVdialie

6.3.
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Figure 6. 6 Variation of Aspartic acid

[NBS] =2 x103mol dm™
[H*] = 0.10 mol dm™

[Pdnps] = 2 x1 mol dm-3
[I] = 0.25 mol dm3

164

Chapter6



Table 6.3: Variation of Aspartic acid

Chapter6

[NBS] =2.0x1¢mol dm? [Na2S,03] = 1.0 x 16®mol dm3
[Pdnps] = 2.0 x 16 mol dm™ [I] =0.25 mol dm?®
[HY = 0.10 mol dmd Temp. = 35 °C
10?[ Asp], mol dm3| 0.5 | 0.75] 1.0 2.0 3.0 4.0 5.0
Time (minutes) Volume of the titrant (ml)
0 10.0| 10.0| 10.0| 10.0 10.0 10.0 10.0
5 95|92 91 8.1 7.9 7.7 7.4
10 89| 85| 83 6.6 6.0 5.6 5.6
15 81| 77| 7.6 54 4.6 4.1 4.1
20 78| 72| 7.0 4.0 3.7 3.2 3.1
30 6.9 6.0 6.0 3.0 2.2 1.7 1.8
40 6.1 | 56| 5.0 2.0 1.3 0.9 (35) 1.3
60 4.7 | 3.6 | 3.6 | (50) 1.3| (50) 0.8 (45) 0.7| (40) 1.0
80 3.7 | 2.6 | 2.5 | (60) 0.9] (60) 0.5/ (50) 0.5 (45) 0.6
100 29| 1.9 | 1.8 | (65)0.7| (65) 0.4| (60) 0.3| (50) 0.5
10* kobs(sec?) 2.01|2.80|3.61| 6.70 8.60 9.81 10.0

Figures in parenthesis denotes time in minutes.

6.3.7 Effect of Pd nano catalyst

The effect of Pd nano catalyst was studied by varying the concentration from 0.5 to 5

x10% mol dm? at fixed concentration of all reactants [NBS] = 2 R1fiol dni?,
[Aspartic acid] = 2 x18mol dm?, [H*]= 0.10 mol dm?, [I] = 0.25 mol dn? at three

temperature 3J0°C, 35°C, 40°C). The rate of reaction increases with increasing

concentration of palladium naparticles [Table 6.]]. The catalytic activity of

palladium nanoparticles is shown by plotting a graph &k kersus palladium

nanoparticles. The straight line indicated that the rate of reaction directly depends on

concentration of palladium nanoparéis[Fig.6.7]. Results are given ifirable 6.4.

So, itis evident that thencatalyseaxidation of aspartic acid by NBS is also possible.
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Figure 6.7: Variation of [Pdnps] at Different Temperature
Temp. = (A)30°C (B) 35°C (C)40°C

[NBS]=2x103mol dm=  [Asp] =2 x10?mol dm™
[H*] = 0.10 mol dm* [I] = 0.25 mol dm?3
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Table 6.4: Variation of Palladium nanoparticle

[NBS] =2.0x 16 mol dm= [Na2$03]  =1.0 x 16*mol dm™
[Asp] =2.0x 16 mol dm3 [1] = 0.25 mol dm?3
[H*] =0.10mol dm3 Temp. =35°C
1C° [Pdnps],
ldms | 08| 075 ] 10 | 20 | 30 4.0 5.0
Time (minutes) Volume of the titrant (ml)
0 10.0 10.0 10.0 | 10.0 10.0 10.0 10.0
5 8.9 8.7 8.5 8.4 7.9 7.4 7.0
10 7.9 7.5 7.2 7.2 6.2 5.7 5.0
15 6.9 6.1 6.3 6.3 5.0 4.2 3.4
20 6.0 5.7 5.5 5.4 3.8 3.1 2.5
25 5.2 4.9 4.6 4.5 3.0 24 1.7
30 4.5 4.2 4.0 3.9 24 1.8 1.2
40 3.4 3.1 30 | 2.8 | (35)1.8| (35)1.4|(35)0.9
60 2.0 1.8 1.6 | 1.5 | (40)1.4| (40)1.0| (40)0.6
80 1.2 1.0 09 | 0.8 | (50)0.9 | (45)0.7 | (45) 0.5
10* kobs(sec!) | 4.30 | 4.70 | 512 | 6.70 | 8.21 9.82 | 11.40

Figures in parenthesis denotes time in minutes.

6.3.8 Comparison of rate between Palladium Nangarticlesand Palladium(ll)

Species

The comparison of Pd nanoparticlesand Pd(ll) rateswas studied by varying the

concentratiorof palladium nanparticlesfrom 0.5 to 5 x1 mol dn®and Palladium
(1) from 0.5 to 5 x1Gmol dni®at fixedconcentration of all reactants [NBS}x103
mol dn®, [Aspartic acid] = 2 x1@mol dnt®, [H*]= 0.10 mol dn?, [I] = 0.25 mol

dm?
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The results showhatpalladium nanoparticles catalyst exhibited better catalytic activity
than palladium precursffig.6.8].
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Figure 6.8: Comparison of[Pdnps] and [Pd (II) ] catalytic activity
[NBS]=2x103mol dm=  [Asp] =2 x10°mol dm= [H*] =0.10 mol dm?®
[I] = 0.25 mol dm® [Pdnps] = Blue Pd () =Red

6.3.9 Effect of Temperature

The effect of temperature on the rate of
35 , 40 r kespm@ coricentratidn pf other reaction ingredieatsstant
viz. [Asp] =2.0 x 10° mol dni®, [NBS] =2.0 x 16*mol dnm®, [Pdngs] = 2.0x10° mol
dm3, [H*] = 0.10 mol dr¥, | = 0.25 mol drif. The observed rate constants increased
with an increasen temperatur¢Table-6.4).

By applying Arrhenius equatiotogk = logAT Ea/2.30RT, (2)

the logarithm of observed rate constanb{ksec’) wasplotted against 1/T in &vin™
that yielded a straight lin€&ig.6.9]. From theslope of the graptEa/2.303Rthe energy

of activation (E) for oxidation ofaspartic acidby NBS was calculated to b26.48+ 2

kJ moll. From the activation energyarious activation parameters were calculated

[Table -6.5].
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Table-6.5: Activation parameters of the reaction

[NBS]=2 x103mol dm?3  [Asp] = 2 x10?°mol dm-3

[Pdnps] = 2 x10%mol dm= [H*] = 0.10 mol dm™ [I] =0.25 mol dm?
Temperature | 10%Kobs | Ea(KJ gH' g8 (JK- qG' (KJ
(K) (sech) mol™) (KJmol-1) mol?) mol™t)
303 591
308 6.70 26.48 23.92 -220.01 91.68
313 7.51
0.9
0.85
2
0.8
X
[@)]
2 0.75
+
:
0.7
0.65
0.6
3.18 3.2 3.22 3.24 3.26 3.28 3.3 3.32
103 (U/T), K

Figure 6.9: Variation of Temperature
[NBS] =2 x103mol dm?®  [Asp] = 2 x10?mol dm™
[Pdnps] = 2 x1mol dm?3 [H*] =0.10 moldm®  [I] = 0.25 mol dm3
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6.3.10 Effect of [H"]

A change in the rate of the reaction with the change in the concentratiof] a¥dbl
observed in the present investigation at constant concentration of all other reactants.
The rateconstankonsdecreased with the increase inToncentratiorfFig.6.10]. The

plot of log kbs versus log [H] is linear with a fractional slopéresults are given in
[Table 66].

10% (Kope), SECt

0 0.1 0.2 0.3 0.4 0.5 0.6
[H*], mol dn3

Figure 6.10: Variation of Hydrogen ion
[NBS] =2 x10°mol dm=  [Asp] =2 x10°mol dm™
[Pdnps] = 2 x1®mol dm? [I] =0.25 mol dm® Temp.=35°C
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Table 66: Variation of [H”]

[NBS] = 2.0 x 1 mol dm™ [Na2S$03] =1 x 10°mol dm3
[Asp] = 2.0 x 1* mol dm3 [1] =0.25 mol dm?
[Pdnps] =2.0 x 1@ mol dm3 Temp. =35°C
[ H*], mol dm™
0.05 | 0.075 0.10 0.20 0.30 0.40 0.50
Time (minutes) Volume of the titrant (ml)
0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
5 7.9 8.0 8.1 8.3 8.7 9.3 9.3
10 6.2 6.4 6.6 7.0 1.7 8.3 8.7
15 4.7 5.2 54 6.3 6.7 7.6 8.0
20 3.6 4.3 4.4 5.2 6.0 6.9 7.5
25 2.8 3.5 3.6 4.4 5.2 6.1 6.9
30 2.2 2.8 3.0 3.8 4.6 5.6 6.4
40 1.3 19 2.0 2.7 3.6 4.5 5.5
50 0.8 1.2 1.3 2.0 2.8 3.7 4.8
60 0.5 0.8 0.9 1.3 2.2 3.1 4.2
10* kobs(sec?) 8.12 7.31 6.70 5.50 4.32 3.21 2.40
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6.3.11 Effect of lonic strength

Thevariation of ionic strength on the reactisatewas studied usinijaCIlQs (0.05 to
0.25 mol dr¥) at fixed concentration of [NBS)]= 220103 mol dm®, [Asp] = 2.0x10

2 mol dm?, [H*] = 0.1 mol dn?® at 35C. lonic strength had no effect on the rate of
reaction[Fig.6.11]. Results are shown {Table 6.7].
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Figure 6.11 Variation of lonic Strength

[NBS] = 2.0 x 1 mol dm™ [Asp] = 2.0 x 16* mol dm3
[H*] = 0.10 mol dm3 Temp. = 35C
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Table 6.7: Variation of lonic Strength

[NBS] =2.0 x 1 mol dm [Na2$03] =1.0 x 1 mol dm™3
[Asp] =2.0x 16 mol dm3 [H*] =0.10 mol dr¥
Temp. =35°C Aliquot = 5.0 ml
[1], moldm™ 0.10 0.15 0.20 0.25 0.30 0.35
Time (minutes) Volume of the titrant (ml)
0 10.0 10.0 10.0 10.0 10.0 10.0
5 8.4 8.4 8.3 8.3 83 8.3
10 7.2 7.2 7.1 7.1 7.1 7.1
15 6.3 6.3 6.2 6.2 6.2 6.1
20 5.4 54 53 5.3 52 5.2
30 4.5 4.4 4.4 4.4 4.3 4.3
40 3.9 3.9 3.8 3.8 3.7 3.7
60 2.8 2.8 2.7 2.7 2.7 2.7
80 15 15 14 13 13 13
100 0.8 0.7 0.7 0.6 0.6 0.5
10* kobs(sec?) 6.70 6.72 6.76 6.78 6.80 6.80

6.3.12 Mechanism

Catalysis by metal nanoparticles can be regarded as a form ehesrogeneous or
guasthomogeneous catalysiplaced at the interface between homogeneous and
heterogeneous catalytic processd8].[ We have usedPalladium nanoparticles in
solution medium which has advantagjéigh dispersiorthatleads to maximum surface
accessibilityandbetter interaction wittNBS, and substrate compared to heterogeneous
systems.[49]. Due to the high surface area andlevatedsurface energy, metal

nanoparticles readily adsorb other molecules on their surfdats. nanopar ti cl €
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electron mediators, transferring electrons from the amino acid (reductant) to NBS
(oxidant). This facilitates electron flow and lowers activation endf&fjj. The
remarkable increase in the rate of oxidation of amino acids-Byoshosuccinimide
(NBS) in the presence of palladium (Pd) nanocatalysts in homogeneous nmeayum
belinked tovarioussynergistic mechanistic effects. Firstly, Pd nanoparticleease

the activation of NBS by promoting the cleavage of tii@Noond, rapidlyproducing
reactive el ectr ophi that servd asothnei pnireary pdantsi e s
Simultaneously, amino acidsdue totheir zwitterionic naturé readily coordinate to

the Pd surface through their carboxylate or argmoups.This surface adsorptialigns

the substrate optimally fayxidation weakensadjacentCi H or Ni H bonds through
coordination, facilitating Fabstraction or electron transfer

The system effectivelyworks asa dualcomponent oxidative relay: with Pd acting as
an electrortransfer mediator and structural activator, while NBS functions as the
terminal oxidan{Scheme L The deamination of the amino group in aspartic acid to
NHs occurs in the presence of palladium nanoparticles by W&l8ing aldehyde(2-
Formylacetic acilwhile NBS changes to succinimide.

CO: y /

N{(l'll('()()ll
NH;
Step 1: Activation of NBSby Pdnp

Pd (on nanophBS [WBIH+S]csinimide ace) +

active oxidant

Step 2: Substrate Binding
Aspartic acid COOH CHi CH(NH2)i COOH) adsorbs onto g surface

Y through NH | one pair coordination
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Step 3: Oxidation of Aspartic acid
Br at-tactken Uor functional group of an
intermediatgimine)
Pd] accept saspaticaca¥t rPodn s rfergpermer at ed
Step 4: Product Release and Catalysegeneration
Oxidized amino acid2-Formylacetic acid COOHCH>-CHO) released from Pd
surfaceandP d surface restored
Net Reaction:
COOH CHi CH(NH,)i COOH+ NBS +PdhpsY COOHCH,-CHO + Succinimide +
NH3+ CO: + Pdhps
(Recycled
Scheme 1

6.4 CONCLUSION

Pd nanoparticles were successfully synthesized by the reductioaPoiChl using
ethanol as a reductant in theesencef PVP polymer. It was seen that the parameters
of the supply rate of the precursor, temperature and time of synthesis reactions have
been employedto make Pd nanoparticles by the chemicaduction method. In
addition, the homogeneity of the solvent for the preparation of the stock solutions to
synthesize and control the size and morphology of the Pd nanoparticles is very
important in oupreparatiormethod The catalytic activity of palladium nanoparticles
was investigated through the oxidation of aspartic acid in aqueous acidic ntadium
drasticallyreduceghe activation energy of the reaction angblainsandthe observed
catalytic acceleratianThe results of the study indicatiest order dependenceavith
respect to NBS and palladium ngaaticle and fractional order with respecaspartic

acid. Comparing the rates of Pdnp and Pd (Il), wetfiedreactions proceed at a much
faster ratavith PdnpthanPd (I). The study will be helpfulor biochemical labeling or

studying oxidative stress effects.
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ABSTRACT

The paper describes the prepamatiof Palladium nanoparticle (Rg) through
chemical reduction method using palladium chloride (Pd&1d stabilizer PVP (Poly

vinyl pyrrolidone). Characterization of the palladium nanoparticle was done by UV
VIS Spectrometer and TEM. The range of the particle size was from 1 to 100 nm.
Palladium nanoparticles of various shapes and sizes have beerdlmaireduction

in ethanol with HCI catalyst addition. The synthesized palladium nanoparticles are
used as a catalyst for the oxidation of basic amino a&igjnine by N
Bromosuccinimide in aqueous medium. Treaction shows first order kinetics with
respect to NBS and fractional with respect to arginine. The rate increases with the
increase in Pdnps and retarding effect of perchloric acid was observed. Various
activation parameters have been calculated on the basis of these parameters, a

suitable explanation of theaction mechanismasbeen given.
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7.1 INTRODUCTION

Nanoparticles prepared from noble metal have valuable importance due their distinctive
physical chemical properties such as catalytic, electronic, magnetic and optical
properties and uses in the different fields of catalysts, medicine, electronics, ¢hemica
synthesis, fuel cell and oil refining processes. The size, shape and size distribution of
metal nanoparticles constitute the major role. So concentration is focused on the
preparation of noble metal nanoparticles with veelhtrolled morphology [1-6].
Compared to PGM (Platinum grougetals), Palladium is attractive because of its lower
cost and high activity towards oxygen reducti@actions 7]. Palladium Pd) is
interestingmaterial forresearch duw its hydrogen storagpreparatiori8] .

The role ofnanoparticledas increased in the fields of chemical, nanotechnology and
physics. Their properties are different when compared with those of bulk metals. Both
homogenous and heterogenous cataljaieegrown during the last many years. The
majorproperty that makeis very efficient isthe excessurface to volume ratio.

Many studies about the Pd catalysed oxidation of amino acid havedpeeted 9-

11] but with the development of metal nanoparticles having high stability, their use as
catalyst forbiochemicakeactions are well documented in recgears [2-14].

Palladium nanoparticles can be prepared through different method such as ion
exchange/ adsorbtidd5], microwaveplasmg16], sonochemicaleduction[17], sok
gelprocesg18] etc. All these methods are complex and costly, so matalparticles

can be made by simply loading some liquid polymeric matrices.

Amino acids are the building blocks of essential biomolecules such as proteins,
hormonesenzymes19-20] etc.Amino acids are basically derived frgoteinsin diet

or degradation inintracellular proteins.They lose their amino group through
transamination or oxidative deamination:Akginine plays an importantrole in
metabolism of any organism as it is precursor for synthesis of protein and other
important biologicamoleculesFor youngorganismsit should beprovidedfor optimal

growth and proper delopment. For adults it is essential in case of trauma, burn injury
and renal failure. tArginine improvesimmuneand digestive functions and plags
crucialrole in carcinogenesis and tumour growth.

In this manuscript,we presenta oné step polyol method for synthesis ofPd

monodisperse@dnd gooeshaped nanoparticlassing ethanol as reducing agent and
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PVP Poly vinyl pyrrolidone) as the capping agent and their application on the oxidation

of amino acidArginine byN- Bromosuccinimiden aqueous medium

7.2 EXPERIMENTAL

7.2.1 Materials

Palladium (Il)chloride(PdCb 99.9%) werepurchased frondohnsorMattheyand PVP

(Poly vinyl pyrrolidone), Mw 400000 useds stabilizer. NBS (BMerck), Arginine (E.

Merck) and ethanalereof AR grade used as solvent and reducing agent and was used
as received without further purification. All glassware was cleaned asjog regia
subsequently rinsed with double distilled water and dried before use. Fresh solutions of
NBS, KI, Hypo and Starch were prepared before the experimental set up. For Palladium

nanoparticles synthesis, chemical reduction method was used.

7.2.2 Synthesis of Palladium nanoparticle

Typically, 0.0887 gm of PdGJ 6 ml of 0.2 M HCI and 250 ml of distilled water were
mixed to get 2mM concentration oPdChL solution. Then 15 ml of 2mM ##PdCl,

21 ml of doubly deionized water, 0.0667 gm of PVP ardieps ofl M HCL were
mixedin a reflux condenser assembly. As the solubeginsto reflux, add 14 ml of
ethanol. Reflux the solution for 3 hours which results in a dark brown solution, so

H2PdChk reduction occurs by ethanehich acts asavent and reducing agent both.

7.2.3 UV-Visible spectrum of palladium nanoparticles and TEM Analysis

UV-Visible spectral analyses were carried out on a double beam spectrophctometer
22038ystronic3. The formation of Pdnps was monitored in 880 nm range. The
reaction mixture changes gradually from pale yellow to dark brown due fiacsur
plasmon vibrations[Fig.7.1] shows the absorption peaks at 310 and 410 nm that
attribute to [PdCJ]?, while the peak at 256 nm and 315 nm corresponds to- PVP
stabilised Pd NPs using ethanol as reductemis is ascribed to ligand (I Y met al
(Pd) charge transfer transition of Pd (ihns [21-22]. The disappearance of the
absorption peak after IBinutesis due tathe completeeduction of metal ions (P§).

The colour intensity of the reaction mixture changes leadingntancreasan the

absorbance of the solution.

183



Chapter7

3,198
2.543 |
1.868 |

ABS

1.233 7|

0.578 |

-0.077 T T T T T T
220.0 274.3 328.6 382.9 437.1 491.4 545.7 a00.0

WAYELENGTH (nm)

Figure 7.1: UV1vis spectra of PVRprotected Pd NPs in the range 22600 nm

The morphological study of the palladium nano particle was carried out with scanning
of Transmission electron microscope by employing JEEM-2010XIl TEM at 200
kV. TEM images were recorded to confitime sizeand shape of newly synthesized

palladium nanopatrticles.

7.2.4 The influence of precursor concentration and metal/ PVP ratio.

At a given temperature, the size of the palladium nanopatrticles (Pd np) can be arranged
optimally by changing the #dCk concentration from 1 to M. Similarly, the PVP
amount added was changed from 1: 5 (metal / PVPRth $athe size of nanoparticles

could be changed by changing the metal precursor concentration and PVP/ metal ratio.
PVPactsasan efficientstabilizer and protecting agent which prevents the aggregation
of particles. The optical precursor concentration taken was 2mM and PVP fatietal

1:10.

PVP also helps in the reduction of metal in ethanol speeding up the rate of particle
formation. PVP and Palladium nanoparticles (Pd np) complexes by coordinate bond
between N and O atoms of PVP and surface sites of Palladium nanoparticle (Pdnp)
which cause reduction in the free metal nanoparticles concentration decreasing the
electrode reduction potential of Pd ion and then increased the rate of reduction of metal
ions duringprocess of the growth gfarticle[23]. The increase in concentration of
PVP minmizes the diffusion of Palladium nanoparticles leadingaggregationje

increasing the Pdnp size.
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According to spectroscopic studies, HV# interaction occurs through the carbonyl
group of the pyrrolidone ring. In our synthesis process, Pd NPs in the size rafge 1

nm in diameter have been obtained from aqueous solutions of iRdix# presence of

PVP. The major outcome is that most of the large sized Pd NPs with spherical,
tetrahedral, octahedral twinned decahedral icosahedral and cubic shapes have been
found due to the aggregation of the smaller seeds of spherical Pd NR® {hiatvad.

Noble meals have a faceentred cubic (fcc) lattice with different surface energies for
different crystal planes, such as the combinations of tharldex and/or highndex
{111,100}and {1 1 O}planeq 24-26].

Figure 7.2: TEM images of major shapes and vaous sizes of Pd nanopatrticles.
TEM images of Pd nanoparticles with scale bars: (a) 208m (b) 50 nm (c) 20 nm
(d) 10 nm (e, f) 5 nm(g) 2 nm and (h) 1 nm

7.2.5 Kinetic Measurements

Appropriate amount of Arginine in acidic form, mercuric acetate, NaQi&ic
Strength), Pdnp and water (to keep the volume constant) were taken in the Erlenmeyer
flask. Mercuric acetate [Hg (OAg) acts as a bromide ion scavengEnetemperature

was maintained at58C by circulating thermostated wateath.NBS solution kept in

the thermostat separately was added to start the reaction. The progress of the solution

was monitored by iodometric determination of the unreacted NBS in a measured weight
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of the reaction mixture at different intervals tohe [27] The rate constants were
computel from the linear plots of log [NBSjgainst timeThe order of reaction with
respect to any reactant can be obtained from agblimtg kobs versus log [Reactant]
utilizing the following equation: logdks= log k + m log [Reactant]. The plot exhibits

a straight line with positive slope which represents the order of reaction.

7.2.6 Stoichiometry of the reaction

Different sets of reaction mixtures containing amino acid (arginine) and an excess of
NBS were left to stand for 48&hrsat 3BK. After completion ofreaction,it showed

that one mole of amino acid (arginine) consumes two moles of NBS as shown in
stoichiometry(Eqn.1) given below. The oxidation reaction product was identified by
gualitative test. Ammonia was identified
gualitatively detected by passing the gas into lime water.

PA(IT)/H*
RCH(NH,)COOH + 2NBS+H,0 = RCHO + 2NHS + CO, + Br, + NH; (1)

R=-CH>- CHz- CH2-NH-C (NH2) =NH

7.3 RESULTS AND DISCUSSION

7.3.1 Effect of NBS concentration

The concentration of NB@ariedfrom 1x10%to 5 x10° mol dm®atfixed concentration
of [Arginine] = 3 x10? mol dm?®, [PdnpskE 3 x10°mol dnt® [H*] = 0.10 mol dm?, [ |

] = 0.25 mol dri? and temperatur85°C. Pseudo first order rate constants,dkwere
calculated from the slope of log-%& versus time plots and were found to be
independent of initial concentration of NBS indicatfirst order w.r.tNBS [Fig. 7.3,
Table -7.1]. Results are given ifTable 72].
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Table-7.1 Effect of [NBS], [Arg], [Pdnps] and [H*] on oxidation of Arginine by

[NBS] in perchloric acid medium in the presence of Pd nano catalystt 35°C

10°][NBS] | 107 Arginine] 10°[Pdnp] [H*] 10* (Kobs)
mol dm-3 mol dm-3 mol dm- mol dm-3 sect
1.0 3.0 3.0 0.1 5.17
2.0 3.0 3.0 0.1 5.12
3.0 3.0 3.0 0.1 5.10
4.0 3.0 3.0 0.1 5.16
5.0 3.0 3.0 0.1 5.13
3.0 1.0 3.0 0.1 2.20
3.0 2.0 3.0 0.1 3.40
3.0 3.0 3.0 0.1 5.10
3.0 4.0 3.0 0.1 6.30
3.0 5.0 3.0 0.1 7.60
3.0 6.0 3.0 0.1 7.85
3.0 7.0 3.0 0.1 7.95
3.0 3.0 1.0 0.1 1.67
3.0 3.0 2.0 0.1 3.24
3.0 3.0 3.0 0.1 5.10
3.0 3.0 4.0 0.1 6.25
3.0 3.0 5.0 0.1 7.78
3.0 3.0 6.0 0.1 9.63
3.0 3.0 7.0 0.1 11.58
3.0 3.0 3.0 0.1 5.10
3.0 3.0 3.0 0.2 3.59
3.0 3.0 3.0 0.3 2.78
3.0 3.0 3.0 0.4 2.26
3.0 3.0 3.0 0.5 1.97
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4+log[NBS]
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Figure 7.3 Variation of NBS

[NBS] = (1) 1 x103mol dm (2) 2 x10°mol dm™
(3) 3 x103mol dm3 (4) 4 x10°mol dm™
(5) 5 x10°mol dm3
[Arg] =3 x10°2mol dm3  [Pdnps] = 3x1®mol dm3
[H*] = 0.10 mol dm= [I] = 0.25 moldm= Temp. =35°C.
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Table 7.2: Variation of NBS
[Pdnps] =30 x 10°mol dm3 [Na2$03] =2x 10°mol dm3

[Arg] = 3.0 x 10> mol dm™ [1] = 0.25 mol dm?3

[H*] = 0.10 mol dr# Temp. = 35°C Aliquot = 5.0 ml

10*[NBS], mol dm-3 1.0* 2.0** 3.0 4.0 5.0
Time (minutes) Volume of the titrant (ml)

0 16.7 10.0 7.5 10.0 12.5
5 14.1 8.3 6.7 8.7 10.7
10 12.1 7.2 5.7 7.4 9.3
15 10.3 6.1 4.9 6.3 7.9
20 8.7 5.4 4.2 5.5 6.7
30 6.5 3.9 3.1 4.1 5.0
40 4.8 2.9 2.4 3.0 3.6
60 2.6 1.6 1.3 1.6 2.0
80 14 0.9 0.7 0.9 11
100 0.8 0.5 0.4 0.5 0.6
10* kobs(sec?) 5.17 5.12 5.10 5.16 5.13

[Na2$03] * = 3.0x 10*mol dm™
[Na2S03** = 1.0x 108 mol dm
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7.3.2 Effect of Pd nano catalyst

The concentration of Pd nano catalyatiedfrom 1x106to 7 x10° mol dm? at fixed
concentration of alleactants§IBS] = 3 x10° mol dn, [Arginine] = 3x1¢ mol dnt?,

[H*] = 0.10 mol dnt® and, [ 1 ] = 0.25 mol dmat 35°C. A plot of concentration of Pd
nano catalyst versus rate constant shows the catalytic activity of palladium nano
catalyst. The straight line indicated that the rate of reaction directly depends on
concentrabn of palladium nanoparticled=ig.7.4]. The straight line does not pass
through the origin, so it is evident that tnecatalyzedxidation of arginine by NBS is

also possibleThe plot of log kos versus log [Pdnps] is linear with a slope of .81

[Fig.7.5]. Results are given ifTable 73].

14

104 (Kyyo), SEC

0 1 2 3 4 5 6 7 8

108 [Pdnps], mol dn?
Figure 7.4: Variation of [Pdnps]

[NBS] = 3 x16°mol dm3 [Arg] = 3x10?mol dm3
[H*]=0.10 mol dm*® [1]=0.25 mol dnr® Temp. = 35°C

190



1.2

0.8

0.6

4+|Og lfnbs

0.4

0.2

2 4 6 8
6+log [Pdnps]

Chapter7

y=0.0811x + 0.21

10

12

Figure 7.5: A plot to find out the order of the reaction with respectto Palladium

nanoparticlesconcentration at35°C.
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Table 73: Variation of Palladium Nanopatrticle (Pdnp)

[NBS] = 3.0 x 103mol dm3 [Na2$203] = 1.0 x 1*mol dm3
[H*] =0.10 mol dm?® [I] = 0.25 mol dm3
[Arg] =3.0 x 10> mol dm™ Temp.=3%°C Aliquot = 5.0 ml

10°[Pdnps], mol dm?
1.0 20 | 3.0| 4.0 5.0 6.0 7.0

Time (minutes) Volume of the titrant (ml)
0 10.0 | 10.0 | 10.0| 10.0| 10.0 10.0 10.0
5 9.5 9.1 | 85| 83 7.9 7.6 6.3
10 9.1 83 | 74| 6.9 6.3 5.6 51
15 8.5 76 | 6.3 6.0 5.1 4.3 3.5
20 8.1 6.7 | 56| 48| 4.2 3.1 2.6
30 7.4 56 | 42| 34 2.7 1.8 1.6
(35)

40 6.6 46 | 32| 23 1.8 1.0
1.2
45 45 40
60 5.6 31 | 18| 12 (43) (43) (40)
14 0.8 0.8
50 50 45
80 4.4 21 | 11| 05 (50) (50) (43)
1.2 0.4 0.6
60 55 50
100 3.7 14 | 0.6 | 0.3 (50) (53) (50)
0.8 0.3 0.4
10* kobs(sech) 1.67 | 3.24 |5.10| 6.25| 7.78 9.63 | 11.58

Figures in parenthesis denotes time in minutes.
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7.3.3 Rate comparison between Palladium Narmarticles and Palladium (lI)
Species
The comparison of Pd naparticlesand Pd (Il) rates was studied by varying the
concentration of palladium naparticlesfrom 0.5 to 5 x16 mol dnm®and Palladium
(1) from 0.5 to 5 x1@ mol dniat fixed concentration of all reactants [NBS} <10
3mol dm®, [Argining] = 3 x10?mol dm?®, [H*]= 0.10 mol dr?, [I] = 0.25 mol dn¥.
The results show that palladium nanopatrticles catalyst exhibited better catalytic activity
than palladium precursfFig.7.6].

10% k,ps Sect

0 1 2 3 4 5 6 7 8
108 [Pdnps],10°[Pd(l1)] mol dm?3

Figure 7.6: Comparison of [Pdnps] and[Pd (II)] on reaction rate

[NBS] = 3 x10®mol dm=  [Arg] = 3x102mol dm?  [H*] =0.10 mol dm?
[1]=0.25 mol dm® Temp. =35°C [Pdnps]i Blue [Pd (ll)] - Red

7.3.4 Effect of [H*]

Hydrogen ion concentration was varied from 0.1 to 0.5 motainfixed concentration
of all other reactants. The rat®nstantkons decreased with the increase in*TH
concentratiofFig.7.7]. The plot of log kbsversus log [H] is linear with a fractional
slope[Fig.7.8]. Results are given ifTable 74].
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N

10* (K,pe), SEC
w

N

0 0.1 0.2 0.3 04 0.5 0.6
[HY, mol dm3

Figure 7.7: Variation of Hydrogen ion
[NBS] =3 x103mol dm?®  [Arg] = 3 x10°mol dm™
[Pdnps] = 3 x1®mol dm= [1]=0.25 mol dn1® Temp. =35°C,

0.8

4+|Og l8bs

0.2

0.1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

1+log [H]

Figure 7.8: A plot to find out the order of the reaction with respect to

Hydrogen ion concentrationat 35°C.
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Table 7.4: Variation of [H ]

[NBS] =30 x 103mol dm™ [Na2S203] = 1.0 x 16®mol dm™
[Arg] =3.0x10?mol dm?3 [I] = 0.25 mol dm
[Pdnp] = 3.0 x 10°mol dm™ Temp. = H°C Aliquot = 5.0 ml
[H], mol dm-3 0.1 0.2 03 | 04 | 05
Time (minutes) Volume of the titrant (ml)
0 10.0 10.0 10.0 10.0 | 10.0
5 8.5 8.7 8.9 9.1 9.3
10 7.4 8.1 8.3 8.5 8.7
15 6.3 7.4 7.5 1.7 8.3
20 5.6 6.6 6.9 7.2 1.7
30 4.2 54 5.6 6.0 6.9
40 3.2 4.3 4.7 5.1 6.1
60 1.8 2.8 3.1 3.6 4.9
80 1.1 1.8 2.1 2.6 3.9
100 0.6 1.2 1.4 19 3.0
10* kobs(sect) 5.10 3.59 2.78 226 | 1.97

7.3.5 Effect of Arginine

The concentration of arginine wakeredfrom 1x103to 7 x10° mol dm?®at constant
[NBS], [H'], [Pdnps] and tengrature.The kinetic runs were carried out with initial
concentration of arginine. A plot &f»sversugArgining shows first order dependence
of the reaction on arginine at low concentration, which shifts towards zerp airds
higher concentratiofFig.7.9]. The plot of log ks versus log Arginine] was straight
line with fractional slope confirming fractional order with respect to arginine
[Fig.7.10].. Results are given jfTable 75].
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104(K,,o), sect
SO P N W A 01 O N 00 ©

3 4 5 6 7 8
1% [Arg], mol dm?

o
[EEY
N

Figure 7.9: Variation of Arginine
[NBS] = 3 x16*mol dm3 [Pdnps] = 3 x1° mol dm3
[H*] =0.10 mol dm3 [1]=0.25 mol dnv3 Temp. =35°C

y = 0.707.8x +

0.9

0.2
0.1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
2+log [Arg]

Figure 7.10: A plot to find out the order of the reaction with respect to

Arginine concentration at 35°C.
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[NBS] =30 x 10°mol dm™ [Na2S203] = 1.0 x 1 mol dm3
[H*] = 0.Dmol dm3 [I] =0.25 mol dn73
[Pdnp] =3.0 x 10°mol dm3 Temp. = F°C Aliquot = 5.0 ml
1% [Arg], moldm3| 1.0 | 2.0 | 3.0 | 4.0 5.0 6.0 7.0
Time (minutes) Volume of the titrant (ml)
0 10.0| 10.0| 10.0| 10.0 10.0 10.0 10.0
5 93| 9.1 85 8.3 8.1 1.7 7.6
10 87|81 74 6.7 6.6 6.1 6.0
15 81| 74| 6.3 5.7 5.2 4.9 4.7
20 76| 6.6 | 5.6 4.8 4.2 3.9 3.6
30 6.6 | 55| 4.2 3.3 2.8 2.4 2.2
40 59| 43| 3.2 2.3 1.8 14 1.3
60 44| 29| 1.8 1.1 0.8 0.6 0.5
80 34(19| 11| 06 |(75)0.4|(65)04 0.3
100 2.6 | 1.3 | 0.6 | (95) 0.3| (80) 0.4| (70) 0.3| (70) 0.2
10% kobs(sect) 2.20| 3.40|5.10| 6.30 7.60 7.85 7.95
Figures in parenthesis denotes time in minutes.
7.3.6 Effect of Temperature
The temperaturgariationon the reactiomatewa s st udi ed at three t

35 40
102 mol dni®, [Arg] = 3x102mol dni®, [Pdnp] =3 x10° mol dni®, [H*] = 0.10 mol
dm3, | = 0.25 mol drf. From the linear Arrhenius plot of logdsvs 1/T[Fig.7.11],

respectively at caotsviz. [NBS+3.0xoncent

various activation parametergiz. energy of activation (£ enthalpy ofactivation

(aEHi ), entropy of activatiore(ési) and free energy of activatioaa((éi) for the composite
reaction were calculatday the following formuladEqn. 2-4) [Table 7.9).
aH' = Eai RT 2
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In A =InkT/h +Inas' /R

&G =aH'i TasS
Where;

k: Boltzmann constant

h: Planck constant

Table 7.6: Activation parameters of the reaction

[NBS] = 3 x103mol dm3
[Pdnps] = 3 x1mol dm™

[Arg] = 3 x102mol dm3
[H*] = 0.10 mol dm?

Chapter7

©)
(4)

[I] =0.25 mol dm?

Temperature | 10°kobs | Ea(KJ oqH' qS (JK- | gG' (KJ
(K) (sech) mol™Y) (KJmol 1) mol?) mol)
303 412
308 5.10 20.85 18.28 -24851 94.82
313 6.32

0.78
0.76
0.74
x 0.72
(@]
L 07
+
~ 0.68
0.66
0.64
0.62
3.18 3.2 3.22 324  3.26 3.28 3.3 3.32
103 (1/T), K

Figure 7.11 Variation of temperature
[NBS]=3x103mol dm=  [Arg] = 3 x10?mol dm=3 [Pdnps] =3 x10°mol dm™
[H*] = 0.10 mol dm? [I] =0.25 mol dm?
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The enthal py |'(),fentrcz‘apxz Dfiawtiwaﬂioi(qﬁir) and feeél energy of

act i va'twereaso obtaiBeds 28 kJ moll,-24851 JKmoltand94.82 kJ mol

! respectively.Moderate valuesf both favouedthe electrortransfer process. The high
positive values of flyeandnenghabpylaoti aa
depictthe highly solvatedransition stat¢28] while the negative values of entropy of

act i v a tindicatestheé fprBiation of more ordered transition stidiat decreases

thedegree of freedom of the molecules.

7.3.7 Mechanism
NBS is a positive source pbsitive halogenit remains ashe reactive specidsr the
oxidation of amino acid in acidic mediuamd explains the inverséactional order in
H* and nil effect in NHF29]. NBS initiates the reaction by electrophilic bromination
of the amino nitrogen group forming antXomamine. The N-bromination of the
aminoacid as reported by Ramachandsial. [30]
Palladium nanoparticles are prepared in homogemoedium and remainin zero
oxidation statesothe definitemechanism of metal nanoparticles catalyzed oxidation
of arginineis not clear. Although we identify the formation of transition species through
certain physicameasurementst is ratherdifficult to isolate and characterize from
homogeneous mixtur&he proposedcheme for thexidation of arginine by NBS in
the presence of palladium nano particgeshown[Schemel]. The deaminatioof the
amino group to NHE occurs,while NBS changes to succinimide. The plausible
mechanism in support of the observed kinetics is given in schheMarious Steps
involved in oxidation of Arginine by NBS in the presence of Palladium nanoparticles:
Step 1: Activation of NBS
Pd d o nat e s-Bremosuccinimiden(sIBS}, deavihg thei Rr bond
and generating Br (or BrA) and succini
Step 2: Substrate Adsorption
The amino acid binds to the Pd surface via carboxylate or amine coordination,
positioning reactive sites close to the activated bromine species.
Step 3:Process of Oxidation
Br abstracts hydrogen or electrons fr

product (imine, aldehyde).
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Step 4:Redox Regeneration
El ectrons from the oxidation step redu
catalytic surface.

Step 5: Reuse o€Catalyst
Pd is available again to activate ano

maintaining high turnover and reaction rates.

NH, g NBS
P @ N o

@ o

\{(I'u('()()ll
NH,

Schemel: The plausible route of palladium nanopaticles catalysed oxidation of

arginine by NBSin aqueous medium

2NBS + Pd+ H,O Y 2 NHS8 + Pd
Pd?2+ Br'+R-CH(NH) COOHY RCHO 3+ COI HBr, + P

2NBS + RCH(NH) COOH+H.O0 Y RCHO + 2#NI®&5Bm NH
Where R=CH>- CH,- CHx>-NH-C(NHz) =NH

Schemel

7.4 CONCLUSION

In this paper we investigated the catalytic effect of synthesized palladium nano catalyst
through the oxidation of arginine in aqueous acidic medium. The results of the study
showedirst order with NBS, inverse fractional order with hydrogen foational first

order kinetics with respect #rginine and first order with respect to palladium nano
particles.The catalytic rateef Pdnp andPd (l) were comparedand it was found that
palladium nanoparticlecreased thesaction rate many times comparson toPd (l).
Activation energy wasalculated bystudying the émpeature variation a80, 35 and

4 0 andusingthis other thermodynamic parametesre studied.
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CONCLUSION

The reaction of oxidation of amirecids usingN-Bromosuccinimiden presencef

Pd (1) catalyst and palladium nanoparticles in agueous acid meaiooeedsmoothly

and demonstrates significant advantages in terms of reaction effici¢adyave used

Pd (Il) and Palladium nanoparticles as catalysts. For this we synthesised Pd
nanoparticle by chemical reduction met and characterised it by Wisible
Spectrophotometer and Transmission Electron Microscopy (TEM) analysis and used
it for studying the kinetics of oxidation of four amino acids viz. Valine, Serine,
Aspartic acid and Arginine by NBS in acidic mediuhineTEM image shows ultra

small nanoparticles (nstly 2/ 5 nm) along with a few larger faceted particles @®

nm), polydisperse, with some aggregation. The larger faceted particle confirms
crystalline nature, while clustering suggests possible secondary growth

The results indicate that the oxidation reaction follows first order kinetics with respect
to NBS and catalyst, fractional and negative order w.r.t amino acid and acid
respectively and the observed rate constants significantly increase in the presence of
catalyst as compared to aqueous meditimas found that Pd nanopatrticles increased
the rate at a much faster spéean PdIl). The prepared nanoparticles remained stable
for a long periodThe main products are aldehydes, succinimide, ammonia and carbon

dioxidecharacterized by FIR and other tests
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The oxidations of aaminm acidsahave teen gpsabjettiofc ul ar
interest for the last four decades and the oxidants of varied thermodynamic
potentialities have been employed both in acid and alkaline medium. The metal
complexes of amino ait$ play very important role in many biological systems.

The interactions between transition metals and various amino acids have been
extensively investigated, with the stability of the resulting complexes determined
using various electrometric techniques. The oxidation of amino acids has prominent
importance, bth chemically and in understanding the mechanisms underlying amino
acid metabolism. Some studies have reported the formation of aldehydes via
hydrolysis of an imine intermediate, while others suggest that the imine undergoes
further oxidation to yield nitles. In addition to aldehydes and nitriles, the formation

o f -ketd acids has also been reported as a product of amino acid oxidation"

NBS are sources of positive halogens, and these reagents have been used as oxidant
for a variety of substrat@s solution and mechanistic details are also available in many
cases. This reagent has been selectively used as an oxidant for a variety of substrates
in both acid and alkaline media. This compound also serves as a key oxidizing agent
in the oxidation of arious coordination complexes and biochemical substances. Its
strong oxidative properties have been effectively utilized in the transformation of

esters, alcohols, and ketones.

Palladium is a soft silver white metal. It is least dense and has the lowest melting point
of the platinum group metals. Common oxidation states of Pd are (0), (+1), (+2) and
(+4). The field of nano catalyst has sustained an accelerated surge duringtthe pa
decades, both in homogeneous and heterogeneous catalysis. Nanoscale inorganic
materials have received much more attention because of their high chemical inertness,
non-swelling effect, high purity and rigidity. Since nanoparticles have a large surface
to-volume ratio compared to bulk materials, they are compelling to be used as catalyst.
With the improved developments in nano chemistry, we can prepare soluble analogues
of heterogeneous catalyst that might have properties intermediate between those of the
bulk metal particle (homogeneous) catalysts. Pd nanopatrticles have been used as a

catalyst in electron transfer and oxidation reaction.
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Summary

This thesis comprises seven chapters. The summary of work embodied in
chapters is given below.
CHAPTER 1: INTRODUCTION

The first chapter briefly gives an overview of chemical Kinetics, NBSB(bdimo
succinimide), Kinetics studies of NBS with different Compounds, Amino acids,
Palladium (1), Review of Pd (Il) studies, Metal nanoparticles, Nano catalysis, Role of
the Transiton Metal Nanoparticles in Catalysis, Palladium nanoparticles and
Oxidation of Amino Acids.

CHAPTER 2: MATERIALS AND METHODS

This chapter describes the details of varichemicalsa nd r eagent s, equi
preparation of variousolutions kinetic measurements used for analysis of the
products and determination of stoichiometry. It also describes various spectral
techniques for identification of intermediates which includeWsible Spectroscopy,

Transmission Electron Microscopy (TEM) and-FR Spectroscopy.

CHAPTER 3: SYNTHESIS AND CHARACTERI ZATION OF PALLADIUM
NANOPARTICLES

This chapter gives an overview of the development and involvement of nanoparticles
synthesiswhich is a rapidly developing area of research that covers a wide range of
applications. It plays a very important role in developing novel methods for creating
new products that are compatible with existing production equipment, restructuring
materials ad chemicals to elevate performance, minimize energy, material
consumption and reduce environmental impact. "Nanoparticles are considered one of
the most promising areas of recent research and can be synthesized using various
techniques, broadly classifiethto bottomup and topdown approaches, as
documented in the literature. The properties of palladium nanoparticles are highly
dependent on the synthesis methods employed. This chapter presents the experimental
procedures involved in the synthesis of mdllan nanoparticles using the chemical
reduction method. The synthesized nanoparticles are subjected to morphological and
structural characterization using various techniques, including-VisWle

spectroscopy, FIR spectroscopy, and Transmission Electsioroscopy (TEM).
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CHAPTER 4: KINETICS AND MECHANISM OF PALLADIUM (I
CATALYSED OXIDATION OF VALINE BY N -BROMOSUCCINIMIDE IN
PERCHLORIC ACID MEDIUM

The kinetics of Pdll) catalysed oxidation of Valine by N Bromaosuccinimide
(NBS) wasstudiedin the presencef perchloricacidandHg (1) at 35°C.Therateof
reactiondecreased with increase in perchloric acid concentrationteEtation shows
first order kinetics with respect to NBS aRd (II). The first order kinetics with respect
to amino acidobtained at its lower concentration changes to zero orderhaghts
concentrationVariationin [Hg (11)], [NHS], [CI], ionic strength has no effect on the
rate of reaction. NBS itsetfnd [PdCl]?> have been postulated as the reactive species
of NBS and Pd (Il) chloride in acidic medium respectively. Thain oxidation
productsof the reactiorhave beenidentifiedas isebutyraldehyde and ammonia. A
mechanism supported kKinetic and spectrophotometriclata has been proposed.
Various activation parameters have been calculatedl on the basis of these

parameters, a suitable explanation ofréection mechanisimasbeen given.

CHAPTER 5: MECHANISTIC STUDY OF PD(Il) CATALYSED OXIDATION

OF SERINE BY N-BROMOSUCCINIMIDE IN PERCHLORIC ACID MEDIUM

The Kinetics of Pd (Il) catalyseand uncatalysed oxidation oéidhe by NBromo
succinimide (NBS) was studied in the presence of perchloric acid and Hg (1) at 35°C.
In bothPd (ll) catalysed and uncatadgsoxidations, the kinetic orders were first order

in NBS and fractional order in substrate. The rate of reaction decreased with the
increase in perchloric acid concentration and chloride ion. The reaction rate increases
with the increase in Pd (ll). Howew successive addition of mercuric acetate,
succinmide (NHS) and variation of ionic strength of the medium did not bring about
significant change in the rate of the reaction. [ RFCand NBS itself have been
postulated as the reactive species of palladium (II) chloride aéBibio succinimide

in acidic medium respectively-RRydroxyethanal was identified as the main oxidation
product of the reaction. On the basis of the experimemainQs, a suitable
mechanism has been proposed. Activation parameters for the slow and rate
determining step of the pposed mechanism have been obtained from the rate
measurements at 30, 35 and 40°C. The rate law conforming to the observed kinetic
results

has been derived as:
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kK 2[N BS] T[SEI’]
1+Ky[H ]+ K JSer]

Rate =

CHAPTER 6: SYNTHESIS, CHARACTERIZATION AND CATALYTIC
APPLICATION OF PALLADIUM NANOPARTICLES ON OXIDATION OF
ASPARTIC ACID IN ACIDIC AQUEOUS MEDIUM

Palladium nanoparticles are synthesized through a single route chemical reduction
method using synthetic polymer such as polyiig/I pyrrolidone (PVP) stabilizer.

The synthesized palladium nanoparticles (Pdnps) were characterized-tigiblg
spectrophaimeter and Transmission Electron Microscopy (TEM) analysis. The
particle size of palladium nanoparticles was found to be 1nm to 50 nm and spherical
in shape at the optimal experimental conditions. The synthesized palladium
nanoparticles are used as a gathafor the oxidation of Aspartic acid by-Bromo
succinimide in agueous medium. The effect of palladium nanoparticles on the rate of
oxidation has been studied at different temperature. The palladium nanopatrticles
exhibited very good catalytic activityThe kinetics of the reaction was found to be
first order with respect to [NBS]and Pdnp and fractional order with respect to Aspartic
acid. Increase in [H decreased the reaction rate. The main oxidation product of
Aspartic acid has been identified as #ldehyde which is confirmed by the FTIR
spectrum of a corresponding hydrazone. The palladium nanoparticles catalyst
exhibited better catalytic activity than equal amount of palladium precursor. Various
activation parameters have been calculated on the basis of these parameters, a

suitable explanation of theaction mechanismasbeen given.

CHAPTER 7: PALLADIUM NANOPARTICLES SYNTHESIS AND THEIR
CATALYTIC APPLICATION ON OXIDATION OF ARGININE IN
AQUEOUS ACIDIC MEDIUM

The paper describes the prepanmatiof Palladium nanoparticle (Rg) through
chemical reduction method using palladium chloride (Pd&2id stabilizer PVP (Poly
vinyl pyrrolidone). Characterization of the palladium nanoparticle was done by UV
VIS Spectrometer and TEM. The range of the particle size was from 1 to 100 nm.
Palladium nanoparticles of various shapes and sizes have beerdlgaireduction

in ethanol with HCI catalyst addition. The synthesized palladium nanoparticles are
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used as a catalyst for the oxidation of basic amino acid, Arginine by N
Bromosuccinimiden aqueous medium. Theaction shows first order kinetics with
respect to NBS and fractional with respect to arginine. The rate increases with the
increase in Pdnps and retarding effect of perchloric acid was observed. Various
activation parameters have been calculated on the basis of these parameters, a

suitable explanation of theaction mechanistmasbeen given.
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ABSTRACT

The kinetics of Pd(I) catalysed oxidation of L-valine by N-
bromosuccinimide(NBS) was studied in the presence of
perchloric acid and Hg(Il) at 35°C. The rate of reaction
decreased with increase in perchloric acid concentration. The
reaction shows first order kinetics with respect to NBS and
Pd(I). The first order kinetics with respect to amino acid
obtained at its lower concentration changes to zero order at its
higher concentration. Variation in [Hg(Il)], [NHS], [CI],
ionic strength has no effect on the rate of reaction. NBS itself
and [PACL]* have been postulated as the reactive species of
NBS and Pd(IT) chloride in acidic medium respectively. The
main oxidation products of the reaction have been identified
as isobutaldehyde and ammonia. A mechanism supported by
kinetic and spectrophotometric data has been proposed.
Various activation parameters have been calculated and on
the basis of these parameters, a suitable explanation of the

reaction mechanism has been given.
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INTRODUCTION

Oxidation reactions of ¢ —amino acid are one of the most relevant biochemical reactions

because such reactions serve as models for protein oxidations*?. A number of uncatalyzed*™
and catalyzed'' ™ kinetic studies have been reported on the oxidation of amino acids by
different oxidants. The oxidation of amino acids is of interest as the oxidation products differ

for different oxidants'”"

such as N Bromosuccinimide, diperiodatoargentate(II),
hexacyanoferrate (IIT) etc. These oxidation reactions display diverse reaction mechanisms,
oxidative deamination and decarboxylation. Thus, the study of amino acids becomes

important because of their biological significance and selectivity towards the oxidant.

N-Bromosuccinimide(NBS) has been used as a brominating and oxidizing agent in synthetic
organic chemistry as well as analytical reagent especially in acid medium®®?®. Though there

are several reports®’ %

on the oxidation of amino acids by N-halo compounds, no information
is available where the use of chloro complex of Pd(Il) as catalyst has been made in the
oxidation of amino acids by N-bromosuccimimide in acidic medium. Pd(IT) is known as a
catalyst for many reactions’™ but the nature of its active form in such reactions remains
obscure and a little is known about the mechanism of reactions involving PA(TI) as a

homogenous catalyst.

The above literature survey shows that oxidation of amino acid have been studied using
various oxidants but catalyzed oxidation using transition metals as catalyst have not been
studied in detail by using oxidants like N-bromosuccenimide. This prompted us to undertake
systematic study of kinetics of Pd(II) catalyzed oxidation of valine by acidic solution of NBS
with a view to formulate the mechanistic steps and to know the active form of Pd(IT) and

NBS m acidic medmm.
MATERIALS AND METHODS

An aqueous solution of NBS (E.Merck) was prepared afresh by dissolving a weighed amount
in doubly distilled water. The solution was standardized iodometrically against standard
solution of sodium thiosulphate using starch as an indicator. The reaction mixture was
prepared in a black- coated vessel to avoid photochemical deterioration. A Pd(IT) stock
solution was prepared by dissolving a known weight of palladium chloride (Johnson
Matthey) in 0.20 mol dm® hydrochloric acid and stored in black bottle to prevent

photochemical decomposition. HCIOQ, (E.Merck) was used as a source of hydrogen ions.
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NaClO4 (E.Merck) was used to maintain required ionic strength. Aqueous solution of amino
acids was prepared by dissolving a weighed amount in doubly distilled water. A standard
solution of mercuric acetate (E.Merck) was acidified with 20% acetic acid. All other reagents

used were of analytical grade and highest available purity.

An electrically operated thermostated water bath was used to maintain the desired

temperature to within +£10°C. Requisite volumes of all reagents except NBS were introduced
into reaction vessel and equilibrated at 35°C. A measured volume of NBS solution already

equilibrated separately at the same temperature was rapidly poured into the reaction vessel.
The progress of the reaction was followed by measuring the unconsumed NBS iodometrically

using starch as indicator.

Reaction mixture containing an excess [NBS] over [amino acid] used here in different ratios
were allowed to equilibrate at 35°C for 48 hours and then analysed. Estimation of
unconsumed NBS indicated that two mole of NBS were consumed to oxidise one mole of

valine. Accordingly, the following stoichiometric equations may be written as-

.
(CHy), CHCH(NH,)COOH +2NBS+ H,0 — P, 2 NHS+CO,+Br,+ NH, 1+(CH; ), CHCHO

The main reaction products were succinimide, iso-butylaldehyde, ammonia and CO,.
Liberated ammonia was identified by Nessler' s reagent where a brownish colour was
observed indicating a deamination reaction®. CO, was identified by freshly prepared lime

water and the solution turned milky, indicating a decarboxylation reaction®.

Iso-butylaldehyde was confirmed by the IR spectrum of the cormresponding hydrazone.
(Fig.1). The reaction mixture was treated with acidified 2,4 - DNP solution which yielded a
hydrazone. The IR spectrum of the hydrazone was superimposed on the spectrum of a
corresponding hydrazone of a standard sample of iso-butylaldehyde. The IR value for -CO
group stretching is 1617 cm™ and for the two —C—H stretchings one at 2970 cm ™ and the
other at 2871 cm™. Further, aldehyde group was confirmed with qualitative test such as
Tollen's reagent *’. The product has also been confirmed by UV-Vis spectra (Fig.2). The
reaction was carried out and spectra taken at different time interval. The product appears near
320 nm.
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