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Abstract

Theexistence of heavy metals from water sources is a serious environmental concern around
the globe which is caused by an increased in industrial activities and urbanization expansion
leading to detrimental state of the environment, including the pollutidanof and water.
Noxious heavy metals are the existing toxic contantina the watercourses anandfills

through improper waste management from industries, inadequate faimalnts, and
metallurgicalengineering and processing. Most of the heavy mékaldead and nickel are

highly toxic, cancerous and could pose grave danger to life of human beings and aquatic
organisms. Hence, finding efficient approaches to monitor and remove heavy metals from the
environment is of great importance and has receprechinentattention of scientists. The
existing practices available to remove noxious heavy metahminatiorhave a potential set

back; however, adsorption is one of the most suitable techniques for the removal of heavy
metals.

Over the last decade, mamaterials are providing lasting solutions in many fields like
environment, food sector, and agricultural practices. Nanotechnology is an emerging field
which is gaining prominent attention and various nanomaterials have been developed for
removal of heay metals from polluted water bodies such as metal and metal oxides
nanoparticles which is due to their intrinsic features such as high surface area, high adsorption
potential and excellent optical properties.

In this report, metal nanoparticles baseditvesand gold nanoparticles are synthesised using

the greener routes and the traditional routes, and characterized by Fourier Transform Infrared
spectroscopy, UWisible spectroscopy, thermal Analysis, elemental analysis, SEM and TEM
and powder Xray diffraction. The metal nanoparticles were applied towards interaction and
adsorption of heavy metals from aqueous solutions. Comparative studies were carried out on

the interaction results and adsorption results of each metal nanoparticles synthesized.
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citric acids silver nanoparticlasasava

ascorbic acids stabilized gold nanoparticles
ascorbic acidsGold-cassava nanopatrticles
Green tea extracts

green tea stabilized silver nanoparticles

green tea stabilized gold nanopatrticles
driedaqueous fraction of cassava flesh extracts
dried organic fraction of cassava flesh extracts
dried aqueous fraction of cassava peel extracts

dried organic fraction of cassava peel extracts
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AIM OF THE THESIS

The aim of this thesis is to synthesise nanoparticles in a green manner, primarily those made
from Ag and Au, fully characterise them, and assess their interacttbntrace levels of
dissolved metals. This is a first step to developing sensors which can be used to monitor easily
and quickly levels of contamination of water, which is a recurring and frequent problem
globally. Nigeria is faced with water pollution fplems as there exist lacks of monitoring and
waste implementations body, industrial waste, sewagesmihdopogeni@ctivities of man

have been left to find their way to the river body which have a detrimental effect on the aquatic
life and the food been grown in the area and thereby having drastic effects on the chain of any
man that consume the foods.

The nanopartiés will be synthesised initially using existing lab procedures, which typically
involve the use of a reductant such as sodium borohydride, along with a stabilising agent, often
cysteine in the case of Ag and Au. Characterisation will involve a numbeclofigeies to
assess the particle size, optical properties, quantity of stabiliser present, and nature of the
metallic centre. Having done this, the nanopatrticles will be used to adsorb a range of dissolved
metal ions, with different counterions, and the keyetic and thermodynamic parameters of

the adsorption measured. This will be carried out by-\Usible spectroscopy; if there are
specific features of the adsorptioand.,the appearance of a new band, or a distinct shift in
LSPR position, then this clilibe a feature that would directly allow sensing of a specific ion.

If there is adsorption, but no specific features in the\Usible spectrum, then this does not

rule out the potential for this adsorption to be measured by other techniques, such as

eledrochemical sensing, although this is outside the scope of this project

Where positive results are achieved, we will look at greener alternatives to the synthetic routes,
avoiding reagents such as borohydride, and focussing etiebived reductants tabilisers

such as green tea extracts, which are phenol and oligosacetehidad may serve as suitable
reductants. Similarly, cassava is a very common crop in Nigeria (and more widely in Africa)
and as such utilising cassava waste (peels / damagepdtea source or reductants / stabilisers

is also investigated and the detectors and the adsorptive property will also be investigated.
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1.0 Introduction

Nanoparticles are materials having one dimension in the rat§6 am in the minimum, and

they tand to possess physicochemical properties that differ to the bulk matéaabmaterials

can be traced to the Roman era by accidental colouration of glass by throwing coins into melts.
Due to the unique property of nanomaterials such as intrinsiclpaiie and high surface to
volume area, they found profound applications in the fields of science, industry, biomedical
science and medicinéS.Nanomaterials are generally categorized based on the dimensions of
the materialin zeradimensionahanomaterials all the dimensions are measured within the

nanoregion, nanoparticles is popular example.

In onedimensionahanomaterials, one of the dimensions is at the external region in the
nanoregion, popular examples are the nano@dsimon examplesf 2D nanomaterials are

nanolayers and nanofilms as this involved the two of its dimensions are outside the nanoregion.

Threedimensionahanomaterials (3D): these are classes of nanomaterials that cannot be
compressed to the nanoregion in any dimensiomr@on examples include the nanotubes and
multi-nanolayers.

1.1 Localized Surface plasmon resonance

One of the fascinating properties of nanomaterials is the existence of localized surface plasmon
resonance (LSPR) in the neafrared and visibleegion of the absorption spectrum which

makes them excellent candidates for bioimaging and sehsors.

The existence of LSPR in noble metal or transition metal nanoparticles is an extensive feature
that occurs as a result of the availability of free d ebastrin the transition metals, that are
readily available to transition through the metallic lattices of the materials. The dimension in
noble metallics nanoparticles such as silver is 50 nm on average. Thus, for a nanoparticle with
a dimension less than 5@im, no scattering is expected from the bulk and as a result the
interaction of light is only with the surface of the material. A standing resonance is usually
obtained if the nanoparticles are less than the incident light. The incident photons are usually
in resonance with the oscillation of nanoparticle surfaeagsult which enforces the available

d electron to oscillate with the frequency of the light thereby giving rise to the standing
oscillation! This phenomenon causes the nanoparticles to histieotive colours; this unique
feature is responsible for the optical properties of the metal nanoparticles. The sizes and shapes

of metal nanoparticles strongly affect the positions of the LSPR in the visible region or near
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infrared region, informationetating to the particles size range of metal nanoparticles can be

obtained by observing the shape of the localized surface plasmon resthance

Metal nanoparticles synthesised using different traditional routes are often associated with
different LSPRowing to the different choice of reducing agents, stabilizing agents and different
synthetic routes. Ahange in the LSPR of metal nanoparticles is an impopaimeter used

in monitoring the response of the interaction of the heavy metal with the sieithenetal
nanoparticles. A summary of different localised surface plasmonic resonance for each metal

nanoparticles using differeayntheticroutes are highlighteish Table1 which shows ranges of

LSPR values for each metal NPs.

Metal nanoparticles | LSPR Reference
Silver nanosphere | 400-480nm 10
Silver Nano prism | 600-700nm 10,11
Silver array 500-600nm 12
Silvernano cubes | 430nm 13
Gold Nano star 647-700,783nm 14
gold nanorods 700,653846nm 15,16
Gold nanoring 10581545nm 17
Gold nanosphere | 520nm 18,19
Gold Nano shel{ 680nm 18
hollow

Gold nanoccubes 538nm 16
Copper nanoarrays | 540-680nm 20
Copper nanosphere| 570nm 21,22
Copper naneube 580nm 14
copper nanosphere | 337nm,340nm 23,24
Nickel nanosphere | 384nm,365nm 2529
Nickel nanosphere | 515nm 30
MoS; Nanosheets | >340nm 31
MoS; nanoparticles | 538nm,811nm 32

Table.1: LSPR values of some selected metal nanoparticles
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12 Applications of Nanomaterials

1.2.1 Nanomaterials as biosensors

Nanomaterials can be used to detgotogical analytes as they sense and progigentitative
information regarding the biomolecules. Biosensor generally contains a sensing object,
transducer and a catalyStA biosensor has the ability to rapidly responds and simultaneously
sense the bioolecules. The biosensor found potential applications in the area detection of soil
and water borne pathogens, food microorganisms, or drug metalbolddseavy metalghe

major challenges faced with biosensors is the low detection limit coupled withiagteand
sensitivity generally lows. The major setbacks of biosensors include detection of another
analyte alongside with the analytes of interest especially when the analytes are present at low
concentration or in a complex matrix. Biosensors desigsed) metal nanoparticles proffer a

rapid response and selectivity.

1.2.2 Nanomaterials in environmental remediation

The world is in dire need of a pollution free environment as it is crucial for the quality of life,
pollution from various class suels urbanization and extensive anthropogenic activities of man
are the major cause of our environmental deteriordfian.petrochemical industries,
agricultural and other industries which involve the high usage of chemicals and fertilizers in
the course fogeneration of product;®” some of the pollutants released are noxious and toxic

in nature and environmental. Many physiochemical approaches are devised to get rid of these
noxious environmental pollutants, such as air stripping, adsorption and menfittration.

Many of these methods are expensive, long time for pollutants degradation, and may release
of secondary byroducts to the immediate environment, which brings additional
environmental problem®&*° Recently, the photocatalytic technique Hzeen used in the
degradation of many netegradable organic pollutants. Photocatalysis accelerates the
photoreaction rate in the presence of a catafylgsing photocatalysis, the harmful organic
compounds disintegrate te® and CQ, reduces toxic metabns to nontoxic states, kills the

microorganisms, and degrades air pollutants like.RO

1.2.3 Adsorption

The major application of NPs covered in this thesis relates to the adsorption of trace metal ions

from solution, as a first step towards developing a sensor to detect the ions rapidly and cheaply.
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An understanding of the adsorption process is therefoedeand this section discusses the

various models that can be used to develop that understanding.

Adsorption process involve the retainment of atoms, ions or molecules from a gas, liquid or
dissolved solid to a surface of a solid material rather in theds the materiaf! This process

thus creates a film of the adsorbate on the surface of the adsorbent. This process differs from
absorption, in which the adsorbate is dissolved by or permeates the ad&@btsnitption is

a surface phenomenon and this@bate does not penetrate through the surface and into the
bulk of the adsorbent, while absorption involves transfer of the adsorbate into the volume of
the material, although adsorption does often precede absoffttom.term sorption
encompasses bo#dsorption and absorption, and desorption is the reverse of adsorption.

In a bulk material, all the bonding condition such as ionic or covalent bonding of the

c o n st iatomseaf thedmaterial are fulfilled by the other atoms present in the material.
However, surface atoms on the adsorbents are surrounded by other adsorbent atoms and thus
can attracts among the adsorbates, the true nature of the bonding depends on the details of the
ions involved. Adsorption are characterized by physisorption or cheri@ognd can also

occur due to electrostatic force of attractitftf> The adsorption typaffectsthe structure of

the adsorbate¥.

Adsorption is widely used in industrial applications such as heterogeneous céféfysts,

synthetic resins and wateunification.

1231 Adsorption isotherm Models

The adsorption of solutes and gases are described through adsorption isotherms, i.e., the
amounts of adsorbed ions or atoms on the adsorbents as a function of its pressure for gas
molecules oconcentration for liquid phases sorbates at constant temperature. To date up to 15

different adsorption isotherm models have been de¥fsed

1232 Freundlich isotherm model

In 1906, Freundlich and Kluster was the first to publisheththematical fit to an isotherm a

purely empirical formular for a gases adsorbates:

x/m=kP"
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wherex is the adsorbate mass,isnthe adsorbent magsis the pressure of adsorbed ion (this
can be changed to concentration if investigagotution rather than gas), akdand nare

empirical constants for each adsorbenisorbate pair at a certain temperature.

1233 Langmuir isotherm model

Irving Langmuir derived a scientifically based adsorption isotherm in 1918 fasthie design
a mathematical modé&iThe model is applicable adsorption of gas molecules to a solid surface
to gases adsorbed on solid surfaces. It is It is based on four assumptions:

1. All of the adsorption sites are uniform, and only one molecule cacd@mmodated
at each site.

2. The adsorbent surface is homogeneous, and adsorbates do not interact.
3. Phase transitions do not occur.

4. Adsorption occurs on localized sites on the adsorbent surface and not with other

adsorbed molecules. At the adsorption maximaointy a monolayer is formed.

Langmuir assumes that adsorption occur via this mechanism: A+88Where A is a gas

molecule, and S is an adsorption site. The direct and inverse rate constants
K=k/k-1=0/(1-A) P

are k and k711, | f we def i ne aslsorptiorasitesccupiedy er a g e
whereP is the partial pressure of the gas/ the molar concentration of the solution. For very low
pressures. A=KP, and for high pressures. A=1.

1234 Temkin isotherm model

The Temkin adsorption model assumes that the heat of adsorption decreases linearly with
additional increase in the surface coverage due to adsiaidatebent interactiotfThis is
likely to be a more realistic assumption that that in the Langmuirgsathlremkin adsorption
isotherm is valid only for a fairly low to medium range of concentrattbagsorption model

in a nonlinearform is expressed below:

Qe=RT/b (In ACy)
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Its linearized form can be obtained as
Qe=RT/b LnA+(RT/b) In G

B =RTb.

Qe=RTBInAr+ RTBINC:

whereAr (L /g) is the Temkin isotherm equilibrium binding constdnt)/ mol) is the Temkin
isotherm constanR s the universal gas constaifitis the temperature, arglis the constant
related to the heat of adsorption. The Tengkdrameters can be obtained by a plot of adsorption
capacity at equilibriumce) versud @Ge and the Temkin parameters (b) aid)(are obtained
AS the slope (b) and intercepgtr from the plot*>3

1.2.35 The Dubinini Radushkevich isotherm model

The Dubinin Radushkevich isotherm model expresses that the process of adsorption is related
to the volumes of pores in the adsorbents. In the DR model, the pores structures in adsorbent
are considered and it is appredéafor heterogeneous surfacés® The DR isotherm model is
popularly used to describe physical or chemical adsorption pro®ésEes.corresponding

equation is:
Qe =g m KfxR
DR=RT(1+1/G)

where gm, DR is the maximum adsorption capacity of thesbfRerm model, KDR is constant
of the DR isotherm model (mk¥) , UDR i s Pol anyi potedtial DI

12.3.6 Henry adsorption model

Henry adsorption isotherm model is the most basic adsorption isotherm for liquid and gaseous
systens, respectively/The Henry adsorption constant is the constant appearing in the linear

adsorption isotherm, which formally resembles Henry's law; assalt, named Henry
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adsorption isothernit described as the simplest form of adsorption isotherm in that the amount
of the adsorbate present at the surface of the adsaesh@niportionato the partial pressure of

the adsorptive gas or concentration for a solution
QE=KunCe

QE=KnnP

where Kin is defined as the Henry adsorption constant

124 Adsorption kinetics

In addition to the equilibrium data obtained from isotherms, the rate of adsorption/ equilibration
is also an important factor. Kinetics of adsorption are typically presented by constructing plots
of the adsorbed quantity as a function of time. The natiilee adsorption processusually
indicated by the shapes of the plot. Adsorption kinetics have been analysed by-figseudo

order and pseudsecond order models.

1241 Pseudofirst -order kinetics

The pseuddirst order equation shown by eqn (2)syaroposed in 1898 by Lagergréand is
still widely applied for characterizing adsorption procesSes:

(Loggeqt) :|que(Kl/2.303)t

In the above equation gt (mg /g) and ge (mg /g) represent the adsorbed species concentration
at time t (min) and equililum, respectively. k1 (mg /g/min) represent the psefirdborder
reaction constant. Ho and McKay have discussed two important aspects of this equation: the
adsorption kinetic parameter does not give information on the number of adsorption sites. The
log(ge) term does not equate the log value of the adsorbed material equilorum concentration
(ce)8° The pseuddirst order model has been discussed extensively by Azizian in his work on
activated adsorption/desorptfdras well as by Rudzinski anBlazinski in their work on
statistical rate theory derivati®nto reconcile the physical meaning corresponding to
adsorption kinetics and the various parameters in the equation. Rudzinski and Plazinski have
discussed that the pseufist order model carbe derived for both intraparticle diffusion
controlled processes and surface reaetiomtrolled processes but, the physical meaning of the
rate constants is not the same in the two process typeizian's report states that the pseudo

first order modebnly holds in scenarios where the change in the bulk solution concentration

of the adsorbate is negligible.
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1242 Pseudesecond orderkinetic model

The pseudsecond order model has been applied on several metals adsorption data for Metal
based adsoris®3% eqn as proposed by Blanchard et®alhows the rate equation for the

pseudesecond order.

Dqt/dt=Kz(ge-qt)

1/qt=1/ge +1/q&

Here K (g/mg/ min)- the pseudeecond order apparent rate constant.

The use of the pseugsecond order equation have been used extensively in the context of
polymer, and heavy metal removal from polluted water sy$téhi*The adsorption kinetic by

pseudo seand-order fitting suggest surfageaction limited adsorption proces$®

125 Adsorption thermodynamics

Adsorption thermodynamids an important parameter in the adsorption study and essentials
in adsorption mechanismAccording to the laws dhermodynamics, the standard change in

Gi bbs free energy (&GA) is directly calcul at

Y@ YYOdQgéééeéeéee. eq. 1

0IOAN YOrY'&éééééeq. 2

Y@ 'O 'Weéééeée. ... eq.3

Assuming @HA aenndd epSA oifs tiemmpep at ure, the re
parameter and the others (@HA and @SA) is ex

Y o
VIOAN ——— YIYééééeq. 4

After Eq. 2 had been substituted into Eq. 1 thelnannear f or m of the vanbo
obtanedasEQ.3**. I n this case, the standard changes
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were directly calculated from Eq. 2. Similarly, (Eg. 3) was obtained by substituting Eg. 1 into
Egn 3. From this |linear f or mlope anHliAtereept df theeS A we
plot of InK against 1/T (Eq. 4), respectively.

YOy p
G eA vIRA N ) Y

where R is the universal gas constant; T is the absolute temperature in kelvin (KyCanid

the standard thermodynamic equilibriuonstant of adsorption which is dimensionless.

The thermodynamic equilibrium constant is defined in Eq/*%Z3 and its derivation was

reported in the literaturé.

0L GEQUBAIOQI €1 OOOQ

vJan [ WQI €1 wwo Q

where K Model(L/mol) represents for the equilibrium constant of the adsorption isotherm
model; IH Qi € | @dl/h)® the adsorbate standard concentration] abd i £ | i®©tEkd Q

adsorbate activity coefficient which is dimensionless.

13 Svynthesis olhanomaterials

There are two generic approaches -dtows§gnahedsi
fi b otupdm a p’plm wttokrp.synthetic approach, the atoms, molecules or other sub
nanometre species assemble together to genbmteanoparticle. In contrast, thep-down

approach involves the dissociation of bulk solids with large particle size into nanoscale pieces
provides the route to nanoparticle formation. The two different synthetic routes play a
significant role for diffeent applications. This variety is very important for different
application fields, for example, in engineering, science, and medicine. Latter approaches play

key role in current industrial nanotechnology. In each of these generic approaches,
nanomaterialsan be synthesized using different synthetic route: mechaniepiecpitation

chemical, hydrothermal and pyrolysis etc.
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131 Top-down synthetic route

The topdown approach involves the production of the nanoparticles starting with larger
molecules/crystals/materials and crack/rupture these down to different molecules in the Nano
region to obtain the material in nanoregion. To obtain nanoregion fornoletcules in this
method, first, a bulk material that is 2 to 3 times bulkier in one or two dimensions than the
nanoregion demanded is synthesized and then nanopatterning methods are inarbledo

obtain a smaller bite. Tegown synthetic approach wantroduced firstly by and have been

used in semiconductor industry. Several options are available.
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Figure 1.1.7 Schematic of bottomup synthetic routes

This type of synthesis approach involves the construction of nanomaterials from smaller units
such as atoms, clusters or molecules, and building them up to make the nanomaterial. The
process of bottorup include gastate and liquigstate approach. For twgynthetic methods,

the synthesis of nanoparticles growth can be controlled starting from the individual atom or
group of atoms. Selissembling of atom is a crucial method that need to be considered when
optimising the growth of bottorap assembly of thmaterials in the nanoregion into other form

of nanomaterials such as tubes and nanoelectréhics

14 Characterization of Metal Nanoparticles

In order to establish the structure of metal nanoparticles, they are analysed using several

physiochemical techgues which will be discussed in detalil

1.4.1 UV-Visible spectroscopy

The UV-Vis spectrophotometer is widely employed to confirm the formation of nanomaterial

in a colloidal solution using the localized surface plasmon resonance phenomenon of metal
nanoparticles, Nanomaterial is associated withexistence of LSPR in the visiblegron of

the UV/Visible spectroscopy and this makes UV/Visible spectroscopy as a suitable
characterization technique for investigating the existence of LSPR and monitors the changes

in the LSPR resonance barihese optical features of the material depemthe size, shape,
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concentration, and agglomeration state of the nanopatrticles, thivadible spectroscopy can

be used to provide information on these parameters.

UV-Visible spectroscopy deals with electronic transitions of an electron, once a molecule

ion absorbs UV light the electrons are excited from the ground state to an excited state. The
operation of this analytical tool is straight forward as it involve a prism or difrating grating are
used toseparates beamof UV or Visible light source ird its component wavelength, each
individual wavdength beam is further splitted into two equal beahstensity by a hak

mirrored device

One beam, the sample beam, passes through a small transparent container usually cuvette
containing a solution of thcompound to be analysed in a clear solvent. The other beam, the
reference, passes through a similar cuvette usually containing only the solvent used in the
preparation of the compound to be analysed. Electronic detectors are used in the measurement
of the intensities of the two light beams and compagésiusually sued for the representation

of the intensity of the reference beam, The intensity of the sample beam is defined as I. Over a
short period of time, the spectrometer automatically scans all the component wavelengths in
the manner described. Thegion of 2006400 nmis usually used to described the ultraviolet
region and a igon of 4006800nm are used to describe the visiglgion. wherthe intensity of

the samplequalghe intensity of the referensample l.e.l = 1oit shows there is nabsobtion

of light by thesample ina given wavelength and when the intensity of sample less than the
intensity of referencee. I> 1o it indicateshe absorbtiorof light by thesample, thelifference

in these resultsanbe ona grapthof absorbance versuwsavelength. Lighabsorbances usually
presented as Transmittance (T =)lbr absorbance (A = log lo/l). and T = 1.0, A=0 in the

absence of absorption.

1.4.2 Fourier transform infrared spectroscopy

Infrared Spectroscopy is techniques that deals witlaniaéysisof interaction of infrared light
with a sample molecule, this interaction is usually interpreted in three ways by measuring,
emission, reflection and absorption. These techniques found optsage in inorganic and
organic field of chemistry and are been used by scientist to investigate the existence of

functional group present and the type of functional group present in a sample compound. IR

47



Spectroscopy measures the vibrations of grouggarhs, and based on this it is possible to
determine the functional groups. Generally, stronger bonds and light atoms will vibrate at a
high stretching frequency (wavenumber). The condition necessary for a molecule to absorbed
infrared light include the @nge in dipole moment of the molecule during the vibration must

be nonzero and also the energy of light impinging on the molecule must equal the difference
in vibrational energy levels in the molecule. Molecules that satisfy these conditions are said to
be infrared activé

Infrared light is guided through the sample, the distribution of IR light that passes through the
interferometerare usally alter by a moving mirror inside the instrumerdpparatus
“interferogram (the signal directly recorded) igepresentation of the light outputs as a
function of the mirror position with the absorptigiotted as a function of time .A data
processor called Fourier transform turn this raw data into the desired result, which is
absorbance versus frequency: the elisye method is another methods used in the taking of
spectra ,here single wavelength passes through the sample at a time .These methods is more
pronounced in the UWisible spectroscopy and less pronounced in the infrared than the
Fourier Transforminfrared spectroscopy. Thenuch more rapid Fourier transform method
allows for multiple scans to be added together before processing. This improves the signal to
noise ratio and gives better spectra. This could be done with the dispersive method but it takes

far longer®?

143 Powder x-ray powder diffraction

Powder diffraction is a technique that employs electnenfon and xray on sample (usually
powder) in order to establishstructurefor the sampleompound. Diffractograrare used for
therepresentation d?XRD data and arebtained; thentensity diffracted is shown either as a
function of the scatteringector orscattering angle A’Electromagneticadiation associated
with a specific frequency and wavelength are uguallease by the diffractometer and are
generally determined by the source of theax Common sources include electrons and
neutrons. When a sample is exposed-tayxand the electromagnetic waves reach the sample,
it either the beam is been reflectdtitbe surface or can enter lattice and be diffracted by the

group of atoms present in the sample

When the electromagnetic waves reach the sample, the incoming beam is either reflected off

the surface, or can enter the lattice and be diffracted by thterslus atoms in the sample.
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If the groups of atoms are arranged symmetrically with a separation distance d (as in a crystal
lattice), constructive interference will only occur when the difference inlpahn gt h 2 ds i nc
equal to an integer multiple dfé¢ wavelength, leading to a diffraction maximum in accordance

with Bragg's law. Destructiviaterferenceoccursat points between the intersections where the

waves are out of phase, and lead to rough spots in the diffraction Fattern.

1.44 Transmission electron microscopy (TEM)

Transmission electron microscopy (TEM) is analytteahniqueghat involves the passage of
electronbeams through auitra-thin specimeras, itpasses it interacts with the particles present
in the specimen the imageproduced as a result of the interaction between the electron and
the atom of thespecimen. Asensor such as chargeuple device(CCD) camera or the beam
can be focused oftuores@nt screen to provide an imag®ane of the optimum condition
required to obtain a betténage is the specimen needs to be very thin generally lower than
100nm inthickness.The best sample for transmission electron microscopy for nanoparticle
size analsis is one with a higher quantity of single particles in nanoregion within the desired
transmission electron microscope micrograph field of view, without huge number of
agglomeration or nanoparticles crowding. Transmission electron microscopy pederman
features are usually affected by the phyghiemical attribute of the nanomaterial such as
structure and textureTransmissionelectron microscopic often produces 2D images of
nanomaterials from these images nuriesed size distributions can be proshilicor
generated, but nanoparticles have all three external dimensions on the narfdmegiarally,

the estimated sizes are expressed as a sphere diameter that the particle has the same projected
area as the projected image. In order to get a cleargeintae sample preparation is usually

elaborated and is slow with few particles being anal§f$ed.

1.45 Scanning electron microscope

A scanning electron microscop8EM) is a techniquethat generate image of a sample by
passing docusedoeam of electnos to scan the surface of the sample as it scanning the sample
there exist amnteractionwith the electron and the sample atoms and gainerating signals

with information regardingthe morphology of thesurfaceand sample composition. The
electron beam is scanned in a raster scan pattern, and the inteniséysiginal detecteand
beamposition is combined to generate an image. In contrast to TEM, SEM quantify sample by
measuring the scattered radiation from the sample surface, ratheéh#t which is transmitted

through the sample.
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The types of signals produced by SEM are derived from secondary electrons, back scattered
electrons, characteristics-pdys light such as cathode luminescence, specimen current and
transmitted electrons. The types of signals required specialized detectors. Secondary electron
detectors are common in all scanning electron microscope but no single machine would have
detectors for all possible signals. The signals result from interaction of the electron bleam wi

atoms at or near the surface of the sarfiple.

Scanning electron microscope functions on voltages betw&@nk¥ and its beam diameter

that scans the specimen sample is in the range of-b Aing m. Secondary and
electrons are classified awding to their energies. When the energy of the transmitted
electrons is less than about 50 eV, it is referred to a secondary electron and backscattered
electrons (BSE) are often used in analytical scanning electron microscopy along with the
spectra maddérom the characteristics -¥ays. BSE images provide information about the

distribution of elements.

1.4.6 Thermal analysis

Thermal analysis provides information regarding the physiochemical features of a sample
compound and are typically measured asretion of elevating temperature (with constant
heating rate), or as a function of time. Likewise. TGA is commonly used to investigate selected
properties of materials that exhibit either mass loss or gain due to decomposition, oxidation, or
loss of volaties:#In the process of the thermogravimetric analysis, the mass of the sample is
examined as a function of the heating suffered, and the result shows a decomposition curve
whose analysis gives the loss of volatiles upon thermal decomposition (in atimesphere)

or the oxidation temperature (in air) and the residual mass of the sample. For nanomaterials,
the volatiles are generally the organic stabilisers on the surface, and the residual mass could be
(largely) due to inorganic residues (for exampbddgnanoparticles are not volatile over the
temperature range typically used in TGAp to 90°C), residual involatile components from

the synthesis of the material (e.g.B species if borohydride has been used), carbonaceous
residues form the organic cooments, or contaminant inside the sample. Thus, mass loss can
be used to estimate the quantities of stabilising organic groups on the surface, or adsorbed
contaminants. Thermal analysis under air can be used to measure the thermal resistance to
oxidation &The most significant drawbacks of Thermal Gravimetric Analysis are that it is a
destructive technique whose sample cannot be retrieved back after the analysis, and it can be

excessively costly.
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15 Literature review on various synthetics routes of metahanoparticles

151 Silver nanopatrticles (AgNPs)

Silver nitrate AGNOz has been employed a@secursorsalt of Ag, which can be reduced to

silver nanoparticles using different reducing agents such as sodium citrate, sodium
borohydride hydrazine and a range of alcolidP® NaBHs, which is a one of the stronger
reducing agents, results in NPs of smallee sBuitable stabilizing or capping agents include
surfactants, ligands, or polymeric surfactants such as polyvinylpyrrolidone (PVP), sodium
oleate and collagen are added to control the growth of the NPs and to form the desired

shapeg?®%192

The citrate anopatrticles reduction approach has been the widely used methods used in the
fabrication of silvemanoparticlesthe methods reduced the silver nitrate to zerovalent silver,

in this approach the citrate ion plays a dual function of reductiostabdizing the zerovalent
silvert®1%4Fyrthermore, these methods of silver nanoparticles result in the production of silver
nanoparticles of various diverse shapes and s&iese then, a broad range of fabricating
approaches that make use of hydrogad greener chemicals as reducing agents have been
reported for the synthesis of AgNF810

Puntes and cworkers devised an effectives and kinetically controlled seeded fabricating
approach that involves the cleavage of two reductant, such as sothat® and tannic acid,

to produce monodisperse AgNPs in the size range from 10 to 280thim synthetic steps has
also lead to production of stable AgNPs with narrow size distribution ,which allows for further
functionalization with other groups antius making them a better fits in the field of
biomediciné®®1%Another synthetic approach devised by Creighton et al., has been frequently
used for the fabrication of nassilver using NaBH as a reductartt® The elucidation of the
mechanistic route fothe synthesis of AQNPs by NaBk$ accredited to Van Hyning and
Zukoskil'NaBH;, as the reducing agent resulted into AgNPs with narrow size distribution. In
this context, Emmerling and a@orkers successfully demonstrated a wet chemical synthetic
methodfor a sizecontrolled synthesis of AgNPs, in this approach ,silver perchlorate (AyYCIO
was reduced by NaBHwith various kinetically controlled reaction parameters that eventually
affected the growth mechanism of the AgNP$his profound mechanistic uatstanding
enabled the authors to produce, for the first time, well directed andsim®lled AgNPs with

the radius ranging from 4 to 8 nm, this being carried out without the involvement of any

stabilizers.
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152 Gold NPs

Like other systemsAuNPs demonstrate a greater flexibility permitting appropriate size
selections, structure and assembly. This unique feature of AUNPs allows for thenfirgeof

NPs properties which leads toa wide range of applications. Synthetic methods used for AUNPs
production have been devised and employed since antiquity to make coloured glasses. In 1908,
the different colour of gold colloids is explained by Mie by correlating the optical absorption

of spherical objects with their dimensioh® Therefore, the freqency of plasmon resonance
can be wutilized to estimate NPs6 di mensions.
AuNPswereovercome with the advents of electron microscopes, which directly visualized the
fabricated NPs, this allows for the cheaakiof results of different synthetic methods and

conditions.

The electron microscope was widely employed by Turkesical to estimate the AuNPs
produced by reducing tetra chloroauric acid using different redut¢temgain a better particle

size control, Fren®t al.revised the Turkevich method by selecting the optimal citrate/gold
concentration$* However, the dispersibility and stability of gold colloid NPs were still
challenging, preventing extensive scafe of the production process. In 90 Brustet

al. proposed a new fabricating approach based on using alkanethiols as staftlieiss.
approach is scalable and led to a narrow distribution of AUNP sizes peaki3ghat. Next,

other strategies were proposed to improve the Au colloidodlispersity, such as digestive
ripening. Small monodisperse AuNPs are produced at the expense of sizeable polydispersed

gold colloids!'®

A wide range of other shapes of AUNPs can be obtained besides the common spherical shapes
using the gold metal salt$’The first example of the synthesis of anisotropic AUNPs dates back

to 1989 when Wiesner and Wokaun producedgioagped AuNPs by adding Au seeds to
solutions of gold(lll) chloride (HAuG).1*8In 2001, the Murphy group described the synthesis

of gold nammrods (AuNRS) by the addition of citratapped AuNPs to Au(l) obtained from the
reduction of Au(lll) using ascorbic acid in the presence of cetyltrimethylammonium bromide
(CTAB).!'°Besides seethediated methods used to synthesize specific shapes whh hig
yields, bulk solution methods are also possible, although low yields are obtained for specific
shapeg?%Popularly known methods such as electrochemical and sonochemical methods using

templates, and othét’ Nevertheless, the optical properties are @saeto qualify anisotropic
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AuUNPs. The Mie theory can be extended to anisotropic NPs, where a spherical shape leads to

the absorption of longer wavelengtiis.
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Chapter two

2.0 Materials and methods

All chemicals were ofanalytical grade and were used as obtagirsdgter nitrate {isher
chemica), gold chloride, cysteinesodium citrate tribasic, magnesiuritrate, coppenitrate
trinydrate, sodium chloride sodium borohydride, sodiumchloride, nickel sulphate
hexahydrate, citricacid, were source from Sigma Aldrich, sodium chloride anhydrous
(ARGOS),nickel nitratetrinydrate Alfa Aesar)andEDTA (Fluka analyticalAhmad Jasmine
Green tea bag was sourced from a friend which giftspaeseent. Cassava was dh&d from

Amazon. Solvenincludesdeionized water and ethanol

2.1 Chemical synthesis of metal nanoparticles

2.1.1 Synthesis of cysteine stabilized silver nanopatrticles (in agueous solvents)

silver nitrate(0.068g,0.0004 mmol) in 800ml of deionized water, sodium borohydride
(0.0379,0.0009mmol) in 100ml deionized water and cysteine(0.08g, 0.06%@ol) in 100m|
deionized water all were added in the following order to in a 1L round bottom flask stirred at
800 rpm 0.0004mmol silver nitrag followed by the addition of 0.0008nmol sodium
borohydride and 0.006@mol cysteine at a room temperature and stirred for 5 minutes, The
addition of sodium borohydride changed the solution from colourless to yellow, addition of
cysteine the reactant mixture increased the intensity of the yellow colour towards a reddish
brown whth indicate the formation of cysteine stabilized silver nanopartiéiéise resulting
cysteine stabilized silver nanoparticles in aqueous solvents were analysed using UV/Visible

spectroscopy

2.1.2 Synthesis of cysteine stabilized silver nanoparticlesn(iorganic solvents)

AgNO3(0.0168g,0.001mmol) in 800ml of ethanol in a 2 round bottom flask was placed in

an ice bath and stirred for 4Binutes after which Bnl of 0.0008mmol of cysteine solution
(0.01g, 0.0008 mmol) are added No visuathanges were observed and the stirring was
continued for another 5 minutes after which On@8ol NaBHs (0.1342g,0.03mmol) in 200

ml of ethanol was added to the solution. Dropwise addition oh®$®lium borohydride to

the mixture solution change from colourless to yellow and after all the sodium borohydride
was added, the solution turns to lighack, theresulting cysteine stabilized silver nanoparticles

were analysed using UV/Visible spectroggo

54



2.1.3 Svynthesis of cysteine stabilized gold nanoparticles

sodium citrate tribasic (5.8@.02 mmol) was dissolved in 994 ml of deionized water and
heated at 108C until it started boiling. Then @1l of gold(lll) chloride (0.02g6.6x10° mmol)

in deionized water was added drop wise to the solution till a purple red colour was observed
and 1ml of 0.008mmol cysteine solutiorf0.01g,0.0008mmol) was then added at a stirring

rate of 800 rpm. The intensity of the puroésl increased as tloysteine was added and was

left stirring for 5 minutes and the heating was stopgp&bhe solution was then analysed using

UV/Visible spectroscopy.

2.2 Green synthesis of metal nanopatrticles using tea bags

221 Green Synthesis of golaghanoparticles using jasmine green tea extracts

To a 1000mL round bottom flask was added 6@Q of doubly deionized water, followed by

the addition of Bag of jasmine green tea leaves. The reaction mixture was stirred continuously
at roomtemperature, after which the extract of the green tea was allowed to cool down and
then filtered. To the stirred mixture was added 100 mL gold(lll)chloride solution (0.02g,
6.6x10° mmol) in deionised water. The colour of the mixture turned pumgiefran pale

yellow within 5 minutes after the addition indicating the formation of gold nanopatrticles. The
reaction mixture was stirred. The colloidal jasmine green tea stabilized gold nanoparticles were
then freeze dried for the collection of the proddtt

2.2.2 Green Synthesis of silver nanoparticles using jasmine green tea extracts

The method used by Ajithet al.}?* was slightly modifiee, To a 1000 mL vessel was added

600 ml of doubly deionized water (DI), followed by the addition of 5 bags of green tea leaves
(Green Tea). The reaction mixture was stirred continuously at elevated temp@&dt00e"C)

for 5 min, afer which the hot green tea extract was allowed to cool and filtered through a filter
paper ,100 ml of the tea extract was stirred on the hot plate stirrer and into the stirred mixture
was added 100 mL of AgNolution (0.068g0.0004mmol) at 60°C for 60 minutes. The
colour of the mixture turned light yellow to pale brown instantly indicating the formation of

silver nanoparticles. The reaction mixture was stirred for an additional 5 minutes.
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2.3 Green synthesis of metal nanoparticles using cassawvaste peels and

cassava flesh

2.3.1 Extraction of the cassavaextracts

50 g of chopped cassava flesh were extracted in 150 ml deionized water %@ ®060

minutes. The extract is allowed to cooled down before decantation.
The same procedure was eaped for the extraction of cassava peel.

2.3.2 Svynthesis of silver nanoparticles using cassava flesh extracts

10 ml of cassava flesh extract are stirred and boiled tC1@fr 30 minutes,10 ml of aqueous
AgNOs3(0.068g,0.0004nmol) was added witlfurther stirring and heating for 30 minutes. The
synthesized silver nanoparticles thus formed were collected by freeze drying method and stored

for analysis.

2.3.3 Svynthesis of silver nanoparticles using cassava peels extracts

10 ml of cassava peels exdtare stirred and boiled at 180 for 30 minutes,10mlof aqueous
AgNO:s (0.0689g,0.0004nmol) in deionized water was added with further stirring at 800 rpm
and further heating for 30 minut&S.The silver nanoparticles thus formed were collected by

freeze dried method and stored for analysis.

2.34 Synthesis of gold nanoparticles using cassava flesh extracts

10 ml of cassava flesh extract are stirred and boiled iC1afr 30 minutes.,10mlof aqueous
AuCl3(0.02g 0.00007 mmol) in deionized water was added with further stirring at 800 rpm
and heating for 30 minuté® The gold nanoparticles thus formed were collected by freeze

dried method and stored for analyzation.

2.35 Synthesis of gold nanoparticles using cassava peels extracts

10 ml of cassava peels extract are stirred and boiled &CLE0 30 minutes,10 mlaqueous
AuCl3 (0.02g 0.00007mmol) in deionized water was added with further stirring at 800 rpm
and heating for 30 minuté® The gold nanoparticles thus formed were collected by freeze

dried method and stored for analyzation.
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2.4 Separation of the aqueous fraction of the cassava extracts

50g of cassava flesh were extracted in 150 ml deionized water €100 60 minutes, the
agueous extract was extracted with 50 ml ethyl acetate for the separation and purification of
the extract, The organic fractions and the aqueous fractions weqraraed, dried and
collected for further characterization and use. The dried aqueous fraction is referred to as DA
CFE, and the dried organic fraction as{OBE

The same procedure was repeated for the separation of aqueous fractions of cassava peel
extrads giving, DACPE and DGCPE.

241 Svynthesis of silver nanoparticles using the DAFE

0.01 g of DACFE were dissolved in 30 ml deionized water and boiled at@®@r 30 minutes
,0.00004mmol, AgNOs3 (0.068g,0.00004mmol) solution was added with furthestirring,
heating and visual observatiéit The silver nanoparticles thus formed were collected by freeze

dried method and stored for analyzation

2.4.2 Synthesis of silver nanoparticles using the DAPE

0.01 g of DACPE was dissolved in 30 ml deionized water and boiled &2 ®6r 30minutes,
AgNOs (0.068g, 0.00004 mmol) was added with further stirring, heating and visual
observationt??The silver nanoparticles thus formed were collected by fréeed method and

stored for analyzation

2.4.3 Svynthesis of the AUNPs using the DAFE

The method used by Adelaet al.!*>were optimized during the synthesis of the gold
nanoparticles 4 ml of gold(lll) chloride (0.03g0001mmol) and1.5 ml of prepared DACFE
(0.01 g in 10 ml) was added and left standing with visual monitéfithe gold nanoparticles

thus formed were collected by freeze dried method and stored for analyzation

2.4.4 Synthesis of the AUNPs using the DAPE
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4 ml of gold chloride (0.03¢0.0001mmol) and 1.5 ml of prepared aqueous phase of cassava
peel extracts (0.01g in 10 ml) was added and left standing with visual monftSiihg.gold
nanoparticles thus formed were collected by freeze dried method and stosedlf/zation

2.5 Green synthesis of metal nanoparticles with the involvement of auxiliary

reagents (citric acid and ascorbic acid)

251 Svynthesis of citric acid assisted cassavAuNPs and citric acidcAuNPs

2 ml of citric acid (0.192g0.001 mmol) ,4 ml of goldlll) chloride 0.03g,0.0001mmol) and
0.5 ml of a solution of 0.125 g of cassava dissolved in 10 ml deionized water are added into a
10 ml glass vial are left into standing for 1 hour without any perturbation, The solution colour

changes from light yellow to purple red aftehdur reactionimes?

25.1.2 Svynthesis of citric acid AUNPs

2 ml of citric acid (0.192g0.001mmol) ,4 ml of gold(lll) chloride (0.03g).0001mmol) are
added into 10 ml glass vial and left into standing for 1 hour without any perturbation, The

solutionmixture changes from light yellow to purple red aftdraur reaction time&®

2521 Synthesis oftitric acid assisted cassavaAgNPs

2 ml of citric acid (0.192¢).001mmol),4 ml of silver nitrate (0.068@.00004mmol) and 0.5
ml of agueouphase of cassava extracts are added into 10ml glass vial and left standing for 1
hour without any perturbation, The solution colour changes from colourless to radius brown

after 2 hours reaction timé®

2.5.2.2 Synthesis ofcitric acid -AgNPs

2 ml of citric acid (0.192g0.001mmol) and 4 ml of silver nitrate (0.0689,00004mmol) are
added into 10 ml glass vial and left standing for 1 hour without any perturbation, The solution

colour changes from colourless to reddish brown after 2 hours reaatietfti

2531 Svynthesis of ascorbic acid assistedhgNPs

1 ml of ascorbicacid (10.63, 0.06 mmol) and 12 ml of silver nitrate (0.0689.00004mmol)
were added into 10 ml glass. The solution colour changes from colourless to yellow after 5
minutes of reaction time. The solution is then analysed Wiy isible spectroscopif®
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253.2 Svynthesis of ascorbic acid assistedA\gNPs

1 ml of ascorbic acid, (10.6@.06 mmol) 12 ml of silver nitrate 0.068g,0.00004mmol) and
0.5 ml of aqueous phase of cassava extract were added into 10 ml glass vial are left into
standing for 1 hour without any perturbation. The solution colour changes from colourless to

yellow and the solution were then analysed usiMgV isible spectroscopif®

2.5.3.3 Svynthesis of ascorbic acids assisteAuNPs

12 ml of gold (Ill) chloride (0.03g,0.000timol) and 1ml 0f(10.6g,0.06nmol) ascorbic acids
were made in a glass vial. The solution colour changes from light yellow to pink red after the

addition of ascorbic acid. The solution was analysed u$iny isible spectroscopy?®

2534 Svynthesis of ascorbic acids assisteAuNPs-cassava

12 ml of gold(lIl) chloride (0.03¢).0001mmol), 1 ml of(10.69,0.06mmol) ascorbic acid and
0.5 ml of cassava extract were mixed in a glass vial. The solution colour changes from light
yellow to pink red after the addition of ascorbic acid. The solution is analysed Dé&gsible

spectroscopy?®

2.6 Heavy metal detection bysynthesized green tea metal nanoparticles

The colorimetric measurement of heavy metals such as copper nitrate trihydrate, nickel
chloride anhydrous and gold(lIl) chloride are carried out by prepar@@ Zom solution of

each heavy metal. From it 2 ml afah heavy metal concentrations were added to a 20 ml glass
vial and 2 ml of the synthesized metal nanoparticle solution were added and left to stand for 5

minutes after which the solution was analysed ubixgV isible spectroscopy.
This procedure waadopted for all the sensing experiments by each metal nanoparticles.

2.7 Adsorption experiments

The adsorption of heavy metals by metal nanoparticles was carried out using 0.1 g of the
synthesized metal nanoparticles .1000 ppm of the stock solution of each metal ion was
prepared and from it different concentration ranging from20.5ppm were pigared by

successive dilution with deionized water into these solutions was added 0.1g of synthesized

metal nanoparticles was added and agitated in orbital shaker at room temperature for 2 hours
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after which the solution was centrifuged and the supernataaiyzed using VU/Visible

spectroscopy. The same procedure was used for each metal nanoparticle.

2.7.1 Complexation of the Ni(EDTA)
1M stock solution of the thremetal salt of nickel namely nitra{@s36g, 1M) sulphate$2.62g,

1M) andnickel chlorideanhydrous (1.3glM) were prepared and transfer into conical flask
after which a pinch of Murexide powder was added to the solution and @DAmmonium
chloride solutiof0.5g, 0.1IM) were also added after which the solution was titrated with
EDTA(3.36g, 1M)solution and as the titration progress another 10ml of 0.1M Ammonium

chloride solution was added and the titration was stopped at the enéfpoint.

2.7.2 Physiochemical parameter study

2.72.1 The influence of initial concentration of heavy metals on the adsorption of

heavy metal

0.5-20 ppm of each metal ions was prepared by successive dilution with deionized water after
which 0.1 g of cysteine stabilized silver nanoparticles was added to the solution and agitated
in the shaker for 2 hours after which the solution was filtered and the supernatants analysed
using UV/Visible spectroscopy. The same procedure was repeated for all other metal
nanoparticles adsorption of heavy metals. The optimal contact time was determiaadhfo
heavy metal. This is defined as the time at which the adsorbent had sufficiently removed the
adsorbate from the solution and no further adsorbate could be remove by the material after this

time.

2.72.2 Effect of contact time

A range of differentnitial concentration of each metal ions was prepared and 0.1 g of cysteine
stabilized silver nanoparticles were added and agitated-1#46 minutes after which the
solution was filtered and supernatants was analysed usifgisible spectroscopy. The sam
procedure was repeated for all other metal nanoparticles adsorption of heavy metals. The
optimal contact time was determined for each heavy metal by using the following equation
Qe=0¢ 0 Qo

wW
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Where Co is the initial concentration, Ce is the alguim concentration at time T(minutes),

V is the workingVolume andw is the weight of the adsorbent.

2.72.3 Effect of adsorbent dose

Optimal initial concentration of each metal ions was prepared for optimal time of respective
metal ions and the doses of cysteine stabilized silver nanoparticles ranging fre@n06.@{L
were added and agitated for the optimal time of each respectivecatdal. At the end of the
experiment, the solution was filtered and analysed usivij)/isible spectroscopy. The
optimal dose of adsorbent was determined for each heavy metal .by using the following

eqguation

Qe=(CoCe)V
wW

Where Co is the optimal ithal concentration, Ce is the equilibrium concentration at time
T(minutes), V is the working Volume and W is the weight of the adsorbent.

2.72.4 Effect of pH

optimal initial concentration was prepared for all the metal ions for the optimal time and dose
of each metal ions across a pH range-G23the solution pHvasadjusted using 0.1 M HCI

and 0.1 M NaOH solution and optimal dose of cysteine stabilized silver nanopatrticles for
respective metal ions were added and agitated for the optimal time ofmegahion, after
which the solution was filtered and the supernatant were analysed USiNgisible

spectroscopy.

2725 Effect of temperature

optimal initial concentration was prepared for all the metal ions at optimal dose of respective
metal ion solution and optimal pH and agitated for the optimal time of each metal ions across
a temperature ranging from 3G-90 °C, after the incubation timihe solution were filtered

and analyse using\WVisible spectroscopy.

2.8 Characterization of the synthesized metal nanoparticles
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All metal nanoparticles sample were obtained in colloidal state and were freeze dried in order
to obtain thepowdery form, except for the\JVisible spectroscopy characterization which
was performed directly on the aqueous solution of each metal nanopatrticles (with appropriate

dilution where necessary).

2.8.1 UV1i VIS spectrophotometric analysis

An UVi VIS spectropotometer (vision lite model) was used to identify the presence of LSPR

in the synthesized cassava metal nanoparticles. For each of the cassava metal nanopatrticles, the
sample was diluted with deionized water and taken in a small plastic corvettes ¢k# for
recording the UVVIS absorption spectrum at wavelength of 38@0 nm.

2.8.2 X-ray diffraction (XRD) analysis

Powder XRD was used to identify the crystalline phase and particle size of the prepared
material. The sample was placed on a grid of XRErumsent and the diffraction patterns were

recorded at 48V and 40mA of vol t age wi t hrajdiffractiagnicanee 1D f
used to determine the size of crystal with phase certain. The determination refers to the main
peaks of the pattern difframgram through approach Debye Scherrer's equation formulated in

Equation below.
D=kKat AT10O

where D is the crystallite size, K is the Scherrer constant (0.9nm)the wavelength of the
X-rays used (0.154,is the Full Width at Half Maximum, radians), ahds the peak position
(radians)g?

2.8.3 Fourier transform infrared (FT -IR) analysis

The functional groups that stabilize the metal nanoparticles surfiecebserved using FTIR,

FT-IR spectra of synthesized cassava metal nanoparticles and both fractions of crude cassava
peels and flesh extract were recorded.IRBpectra of the samples were recorded from 650 to
4000cm' twith a FFIR ATR Spectrometer (OPUSoftware application.) Resolution was 4

cm-1 and 10 scans were carried out as standard.

2.8.4 Thermogravimetry analysis

Thermogravimetric analyses were performed using Stanton Red croft STA 625 under nitrogen

atmosphere in a low flow rate, and at a heatate of 10 C / min.
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2.85 Scanning electron microscopy

5 mg of each metal nanoparticles were submitted to the Imaging and cytometry department,

University of York for analysis of the morphology and structure of each metal nanoparticles.

2.86 Transmission electron microscopy

5 mg of each metal nanoparticesre submitted to the Imaging and cytometry department,
University of York for analysis of the morphology and structure of each metal nanopatrticles.
Each of the nanoparticlebs coll oids suspende
agents wasleposited and air dried on the specimen grid and observed with a transmission
electron microscope (TEM: JEQLJEM 1010). Transmission electron microscope specimens
consist of carbon or collodion coated copper grids. Transmission electron microscope image

have been recorded with a JEOL standard software.

2.87 HPLC analysis

5 mg of the cassava peel, cassava flesh and aqueous phase of the cassava peel and cassava
flesh are dissolved in 1/l of deionized water and submitted for HPLC analysis in GCCE

chemistry department University of York.
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CHAPTER THREE
Results and discussion on cysteine stabilized silver nanoparticles (AgNPs) and application
towards the detection and removal of heavy metals from aqueous solutions

Cysteinestabilised silver nanoparticles were prepared following a literature pro¢&toth
in aqueous solution (leading to-agsAgNPs) and in ethanolic solution (eoys-AgNPSs)

3.1 Cysteine stabilized AgNP in agueous solvents

The synthesized AgNPs weefreeze dried in order to obtain the nanoparticles in the solid state.
Structural analysis of the axysAgNPs were carried out usingMWVisible spectroscopy,
microanalysis, FTIR, TGA, PXRD, SEM and TEM. The resultingcgsAgNPs were used
for the adsorption and interaction of heavy metals in agusmuson. Theaddition of cysteine
solution to the reduced silver atom furthecreasesthe intensity of the colour of the

synthesized silvemanoparticles.Rigure.3.0)

Figure 3.0: Synthetic process of aecysAgNPs in aqueous solution

3.1.1 UV/Visible Characterization of agcys-AgNP in agueoussolvents

TheresultingagysAg NPs wer e characterized using Uv/ vi
aliquots of the agys-AgNPs in agueous solvent were taken in single vials and thi&/13Wle

absorption measurements are recorded. The LSPR appears at 401 nm and tends to be stable
over time (Figure 3). The W/Visible spectra were recorded atrmhinute intervals for 100

minutes in order to assess the stability of the nanoparticles.
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The reductia of the silver ions to the elemental state was primarily by sodium borohydride as
indicated in thdJV/Visible spectra of the (silver sodiurbprohydride therehas also been a

shift in the absorption spectra of the aq. Aghler the reduction steps (fro268 nm to 388

nm) depicted inFigure 31-3.2 The stabilization of the nanoparticles by cysteine leads to a
significant change in the size of the LSPR (FiguB}. Buch an effect is generally considered

to relate to an increase in NP size of theegs|AgNPs. According to previously published

works of Paramelle et &8 and Alula et al?®, smaller sized nanoparticles, approximately

10 nm in diameter, produce a maxi mum absorp

nanoparticles suchasthd® nm i n di ameter exhibit absorpt
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Figure.3.1: W/Visible spectra of Ag. AQNQ
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Figure.3.2: W/Visible spectra of AQNQ-NaBHa4

——— aq-cys-AgNPs(Fresh)
——— aq-cys-AgNPs(10 min)
——— aq-cys-AgNPs(20 min)
——— aq-cys-AgNPs(30 min)
ag-cysAgNPs(40 min)
ag-cysAgNPs(50 min)
ag-cysAgNPs(60 min)

8 ——— aq-cys-AgNPs (70 min
& I aq-cysAgNPs(80 min)
g I aq-cysAgNPs(90 min)
% ag-cysAgNPs(100 min)
0.2 —
0.1 —
0 -
T T T T T T T 1
300 400 500 600 700

wavelength (nm)

Figure.3.3: W//Visible spectra of agcysAgNPs in aqueous solvent with absorbance
stability over time (10-100 minutes) at 10 minutes interval
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Figure.34: A plot of ag-cysAgNPs LSPR peak height versus time

3.1.2 Fourier transform infrared spectra of ag-cysAgNP

The binding of cysteine on the surface of thecggAgNPs was confirmed by FIR
measurements. The HR spectra of free cysteine and-egsAgNPs are displayed in figure

3.2. The band observed at 2554t the figure may be attributed toett&H vibration of
cysteine?°, However, this band was not observed fecggAgNPs. It indicates the possibility

of binding of cysteine to the surface of theag-AgNP via the thiol group. The weak carbonyl
band at 1754 crhin the cysteine spectra fishifted to 1732crhin the spectra of agys

AgNPs. The weak band at 1524¢in the band of cysteine also shifted to 1558'@nd now

more intense in the spectra of-egsAgNPs. Characteristic spectra of cysteine are found in
the finger print regiomf the spectra of cysteine stabilized AQNPs suggesting the presence of
cysteine in the synthesized nanopatrticles., There is a complex hydrogen bonding network of
cysteine on the surface of the NPs which leads to the broad and strong band centred on 3047
cmit and this differs from the complex-bbnding of cysteine in the solid state and this is
consistent with the shift in C=0 vibration noted earlier.
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Figure.35: Fourier transform infrared spectra of cysteine andag-cysAgNPs

3.1.3 Thermal analysis of agcys-AgNPs

The thermal decomposition of -@gsAgNPs is depicted in figure @ This result revealed a
decomposition pattern consisting of an overall mass loss ofl@%een room temperature

and 600°C, consisting of two distinct mass losses sharp loss between ca. 1%85and ca.
200°C, a broader mass loss from ca. 2to ca 350,°C, followed by a very gradual loss up

to 600°C. As silver is not volatile in this temperature range, the result show that there is a high
amount of cysteine or cystenuerived organics at the surface of thecggAgNPs. While

TGA itself does notidentify the volatile species, the first mass loss is consistent with
decarboxylation (expected mass loss 14 % compared to the measured 15 %). This is consistent
with the thermal decomposition of pure cysteine reported by Weiss et al. over the r&@§e 50
°C, where CQwas the only volatile reportéd* In our case, the mass loss is at a significantly
lower temperature, possibly indicating loss of stability due to a lack of crystallinity of the

cysteine, or perhaps a destabilising role of Ag.
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Figure 3.6: Thermal analysisof ag-cysAgNPs

3.1.4 Elemental composition of agcysAgNPs.

The CHN microanalysis of the fabricated AgNP in aqueous solvents revealed that the
percentage organic material, consistent with cysteine (15.79 % C, Mg134 % S) was
found to be 39.84 %, corresponding to 53.23% cysieltgH-NO.S, while the remainder (Ag

and O) was found to be 60.156 % (TableTheresults were found to be in good agreement

with the thermogravimetry analysis result, and suggestdhbes is residual organics left at
60C°C.

sample %C %H %N %S %0 %Remainder

agcysAgNP 15.79 3.044 7.61 13.393 - 60.156

Table.2: Microanalysis of agcysAgNPs

3.1.5 Powder xray diffraction of ag-cysAgNPs.

The powder xray diffraction dataesult (Figure &) implies that the agysAgNP were highly

crystalline, the patrticle sizes estimated using Debgieerer equation and was found to be 48

69



nm, consistent with the LSPR position. The 2
reflections were observed at 38:525.8, 64.93 and 77.2which correspond to the indexed

planes of crystals of Ag (111), (200), (220) and (3#1Yhe cell parameter was found to be

in good agreement with the database of JCPDS Card ¥ &8F>1%3, There was no evidence

of cysteine crystallites on the surface of the NPseMteBragg reflections observed between

20P-37° could be attributed to the peaks of cysteine as this was compared to the diffractogram

of ET-OH-cysAgNPs where fevamountsof cysteine were present at the surface of the ET
OH-cysAgNPs. Figure.3.7)

3000

1000

-1000 20 30 40 50 60 70 80 90

Figure 3.7: PXRD of ag-cysAgNPs

3.1.6 Scanning electron microscopy (SEM) oda-cysAgNPs

TheSEMr result (Figure 8 and 3.9 revealed the bulk morphology of tagcysAgNPs to be
predominantly dominated by cluster of smaller particles. The nanoparticles also show a degree

of aggregation in the structure.
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Figure 3.10: SEM of ag-cysAgNPs (LOH D)

3.1.7 Transmission electron microscopy (TEM) ofag-cys-AgNPs.

The transmission electron microscopy (FigurElBagcysAgNPs revealed the morphology
of the agcysAgNPs to be spherical like. Tmanoparticles also show a degree of aggregation

in the structure.
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Figure 3.11: TEM of ag-cysAgNPs (LO0H D)

Thus, in summary, a range of analyses have demonstrated the successful fabricatoys-of aq
AgNPs, with particle size in the range4B nm, with UV/Visible spectroscopyPXRD
suggesting particle size in 3M nm which is consistency with ti€EM, The TEM image

shows some large NPs consistent with the\U¥ and pXRD data (around 40n) but also

much smaller NPs, typically 5 nm can be geen -cps\gNPs possessrganic content of ca.

50 mass %. TGA, microanalysis and FTIR suggest the cysteine remainandas likely to

bound to the Ag surface via Ag bonds. pXRD shows the presence of crystallinity in the Ag
but not in the adsorbed cysteine. There is evidence for a bimodal distribution of nanoparticle

size.
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3.1.8 Potential structure of the ag-cysAgNPs.

FTIR spectra suggest the coordination of the thiol group witladgfeysAgNPsand also the
presence of organic molecules in the synthesized cysteine stabilized silver nanomaterial which

is also confirmed by the miganalysis and the thermal analysis. (Figui.3.

0 0 0
NH, NH, NH,
0 0
NH, NH,
0
NH,

/ (0] (0]
NH, NH,
(0] (0] (0]
/\H}\OH /\H}\OH OH
NH, NH,

Figure 3.12: Suggested structure of agcysAgNPs

NH,
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3.2 Heavy metal ion determination using colorimetric technique

3.2.1 Adsorption of Cu(ll) and Ni(ll)

For the colorimetric detection approach, 2 ml e2@Bppm of copper nitrate trihydrate and
nickel(ll) chloride anhydrous solutions were prepared into two different 10 ml glass vials after
which 2 mL of synthesized axrysAgNPs was added., The mixéuwas allowed to stand for 5

min equilibration and the reaction progress was monitored by the spectral behaviour of the
suspension from 200 to 800 nm using a U\é/ spectrophotometer. Other metal ions such as
(Cd(11), Ni(Il), Cu(ll), Pb(ll) and Ni(IHlEDTA)were also exposed to cysteine stabilized AQNP

in agueous solvents at a concentration-6f @m to compare and quantify the selectivity of

the detection techniques. After 5 minutes, a golden yellow colour appears for Ni(ll) and Cu(ll),
the intensity of tk yellow colour for Cu(ll) increasing as the concentration increases 1#{y.3.
Surface plasmon resonance in the case of Cu(ll) shifted from 46218mm. (figure.33)
whereas a slightly red shift in the surface plasmon resonance (402 to 405 nm)evascios

Ni(ll) with peaks becoming broader in this case. A possible rationale behind the observed
behaviour is that the association of NPs into larger clusters with bridgitigphs (that results

in the for mat i d)cap ¢auséhe dhift in Puefacé masnon reserance. On
such a premise, the first part of the curve in Figut8.8presents the slow formation of a
small lattice of silver NPs in the presence of low concentration of Ni(ll) (the lag phase, low
sensitivity region). Neix as the Ni(ll) concentration increases, a mild tendency towards
agglomeration of a higher number of additional nanopatrticles is seen. This phenomenon results
in a superlattice that is associated with fairly or no change in the absorbance spectrus and les

sensing ability of the detector at the range of metal ion concentration tested.

Next, upon further increase in Ni(ll) concentration, the I{NIR#) cluster reaches a critical

mass and these leads to collapsing of the superlattice.

It has been reported iliterature that the colour of nanoparticles depends on their shape,
dimension, composition, and dielectric const&ntand differencesin the degree of
agglomeration of metal nanoparticles; the interparticle distance beaggmerateshifts in

the suface plasmon absorption band (SPAB) with respect to monodispersé®éiieghe
principle for detection of heavy metals via a colorimetric sensor developed by metal

nanoparticles is based on the dependence of SPAB on the degree of aggloriération.
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Figure.3.13: UV/Visible spectra of detection of Ni(ll) by agcysAgNPs and nickel (820
ppm)
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Figure.3.14: UV/Visible spectra of detection of Cu(ll) by agcysAgNPs andcopper (8-20
ppm)

3.2.2 Detection of Qu(ll), Ni(1), Cd(Il), Pb(ll) and NIEDTA (2 -6 ppm) by agcysAgNPs

The detection of Cu(ll), Cd(ll), Pb(ll) and NiEDTA by -agsAgNPs at 26 ppm shows a
slight bathochromic shift for each metal ion tested (Figuts-3.17)
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Figure.3.15: UV/Visible spectroscopy o&g-cysAgNPsand copper, nickel, cadmium, lead
and NiEDTA at 2 ppm
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Figure.3.16: UV/Visible spectroscopy oag-cysAgNPsand copper, nickel, cadmium, lead
and NiEDTA at 4 ppm
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Figure.3.17: UV/Visible spectroscopy otg-cysAgNPsand copper, nickel, cadmium, lead
and NIEDTA at 6 ppm

3.2.3 Detection of gold by agcysAgNPs

The detection of gold by acysAgNPs shows an intense yellow coloration after 5 minutes,

the intensity alsalecreases as the concentration increases. The appearance of the shape of the
LSPR of the new batch of axysAgNPs retains the narrowness but tends to be slightly broader
towards a higher concentration of gold ions, and a slight red shift is also ob&emegiB8

nm to 391 nm in the spectridure 3.B)
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Figure.3.18: Detection of gold (220 ppm) by agcysAgNPs byUV/Visible spectroscopy

3.3 Quantitative analysis of the adsorption of heavy metals by agysAgNPs

Out of all the heavy metals analysed two of the metals were selected for the majority of the
adsorption experiments, copper amckeldue totimefactor. Theconcentration tested for each
metal are in the range of 20 ppm.The range of metals concentrations investigated for each

of the metal salts and gave a suitabfer&lue.

3.3.1Effect of initial concentration

The quantity of Cu(ll) and Ni(ll) ions addmed by aecysAgNPs increases linearly with the
initial concentration at room temperature at pH of 4.65 for copper and 5.60 for nickel
(figure.3.8). The ge values are calculated usingftieula. Figure.3.19)

Qe=((CeCe) V) =W

Where Co-is the initialconcentration of the metal ions, Ce is the equilibrium concentration
obtained from the calibration curve results, V is the working Volume and W is the weight of

the adsorbents.

78



10 —=— Cu(ll)
] e Ni(ll) ﬂ

qe(mg/g)

0 5 10 15 20
Co(PPM)

Figure. 3.19: Effect of initial concentration of Cu(ll) and Ni(ll) by ag-cysAgNPs

3.3.2 Effect of contact time at optimal initial concentration 20 ppm

The adsorption of copper by-a§sAgNPs occurs at a rapid time, being essentially complete
after 5 minutes, but then drifts slowly upmis to reach equilibrium at 60 minutes.
Subsequently, the quantity of copper ions adsorbed then remains stable over 24 hours. The
adsorption of nickel by aqysAgNPs tends to be slower, reaching equilibrium at 20 minutes
with a lower ge (mg/g) compared the ge value of copper at 60 minutes and then remains
stable till 24 hours.Rigure. 320)
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Figure. 320: Effect of contact time of Cu(ll) and Ni(ll) by ag-cysAgNPs ove 60

minutes(top) and 1440minutes (down)all experiment runs at initial concentration of 20

ppm

3.3.3 Effect of nanoparticle dose at optimal initial concentration of 20 ppm

The quantity of metal ions adsorbept) decreasdsr both copper and nickel (Figure2l) as

the number of NPs increases due to all the metal absorbing with the lowest amount of
adsorbent, so adding more has no effect as there is nothing left to adsorb, this was confirmed
by treating the ETOHYysAgNPswith high amount of metal concentration and the results
revealed optimal adsorption at 400 ppm with 0.01 g of the ET@AgNPSs, leading to a
maximum ge of 111.76 mg/g.
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Figure. 321: Effect of nanoparticle dose of Cu(ll) and Ni(ll) by ag-cysAgNPsat initial
concentration of 20 ppm

3.3.4 Effect of pH at optimal initial concentration of 20 ppm

0.1M HCIl and 0.1M NaOH are used for the tuning of the pH. The quantity of Ni(ll) removed
by agcysAgNPs increases as pH increases which is common for metal cations owing to the
improving electrostatic interaction between unlike charges in the surface oftlye AgNPs

and the N(II) (Figure 322). The point of zero charge (PZC) foysteine is 5.3, and Sangeetha

et al.2013!" has demonstrated that the PZC of cysteine supporteds iranoparticles is

very similar (between X and Y). Thus, it is expected that cysteine capped AgNPs will be
positively charged below pH 5.3 and incregmnegatively charged above this pH. The
speciation of Ni(ll) in dilute aqueous solution has been describ&hbgeetha et al.201%¥

They showed that increasing pH up to around 9 retains predominantly positively charged Ni
species; largely Ni(ED)e?* until close to pH 9 where some Ni8&)sOH* occurs. At the
highest pH, significant participation from Ni(OH}p seen, which has limited solubility, and

can precipitate onto the NPs, consistent with the significant rise in adsorption seen at the
highest pH.The relatively low drop in adsorption at low pHexpected as the NPs should be
predominantly positively charg&dnay be due to either the presence of sufficient carboxylates
even at pH 3 (there is a large excess of cysteine to Ni(ll)) or to the albithg increasing Cl

ion concentration at low pH leading to ligation of chloride, reducing the charge on Ni.
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Copper, on the other hand has a relatively uniform and relatively high ge across the whole
range. The higher affinity of Cu for amine ligandsnpared to Ni, may be partly responsible

for this behaviour, meaning that carboxylate and amine can both participate, possibly

ismoothingo the variation in surface chemist
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Figure. 322: Effect of pH on the adsorption of Cu(ll) and Ni(ll) by ag-cysAgNPs at

initial concentration of 20 ppm

3.35 Effect of temperature at optimal initial concentration of 20 ppm

The quantity of Ni(ll) adsorbed by arysAgNPs increase with temperature; thkame
behaviour is seen in the ge values for Cu(ll), albeit it is much less prono(ifigede. 323.)
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Figure.3.23: Effect of temperature of Cu(ll) and Ni(ll) by ag-cysAgNPs at initial

concentration of 20 ppm

3.3.6 Adsorption thermodynamics

Thermodynamic parameters such as standard free ergf@ystandardenthalpy 3O and
standard entropygdy provide information regardintpe inherenenergetic changes associated

with adsorption. The values gfQ “YamdgiOare calculated by using
LnK=-aH/ RT+a&®S/ R ééééeééeééééeéeéeéeéeée. é. (1)

,,,,,,,,,,,,,,,,,,,,,,,

FH=-—xrHaeSeeééeéeéeeééeeéeéeeceéeeceéeee. (2)

The adsorption thermodynamics of Cu(ll) and Ni(ll) adsorption bgyaAgNPs shows that

the adsorption process is spontaneous in both cases, as confirmed by the negativeqi@ues of
and theggOvalues. This suggests an exothermic reaction process, a positive valuegir the

A list of values of change in heat of enthalpg @mtropy are depicted Table. 3.2 anéfigure.

3.24. The significantly negative enthalpy suggests the formation of bonds or strong electrostatic
interactions, while the significant and positive entropy values are consistent with the loss of

some ligandsaround the adsorbed species during the adsorption process.

Metals O (kJ mol?) PY(J moltK-1) dO(kJ mol?t)
Cu(ll) -58.5 170.5 -50.9
Ni(ll) -40.0 137.2 -38.5

Table. 3.2:Adsorption thermodynamics of Cu(ll) and Ni(ll) adsorption by ag-cysAgNPs
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Figure.3.24: Adsorption thermodynamics of Cu(ll) and Ni(ll) adsorption by ag-cys
AgNPs

3.4  Adsorption kinetics

The pseudo firsorder kinetic model is based on solution concentration, and used for the initial
adsorption process or the adstown period close to equilibrium. The pseudo seeortkr

kinetic model is based on the adsorption equilibrium capacity, and it assumes that there is a
proportional relationship between the adsorption capacity and the number of active sites on the
surfaceof an adsorbent. The fitting parameters of pseudaednder and pseudo seceodler
adsorption kinetic models are listed below. The fitting degrees of the pseudo first order model
(R?) were in the range from 0.1 to 0.2. ThevRlues of the pseudo sewborder kinetic model

have been discussed in detail in Chapter 1 of the thesis and are both equal to 1, which indicates
that the heavy metal ions adsorption process fit the pseudo sexterdkinetic model very

well. Depicted inTable.3.3andFigures3.25 and 326.

metals Pseudafirst order | Pseudesecondorder
kinetic kinetic

Cu(ln 0.1174 1

Ni(Il) 0.1939 1

Table. 3.3: Table of R value of Cu(ll) and Ni(ll) adsorption by ag-cysAgNPs
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Figure.3.25: Pseudo secondorder kinetic of Cu(ll) and Ni(ll) adsorption by aq -cys
AgNPs at 560 minutes and 1440 minutes
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Figure. 3.2%6: Pseudo first-order kinetics of Cu(ll) and Ni(ll) adsorption by aq -cysAgNPs
at 560 minutes and 1440 minutes

3.5 Adsorption isotherm
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Adsorption models are used for the mathematical description of the adsorption equilibrium of
the metal ions on to the @ysAgNPs. The results obtain@m the adsorption of copper and
nickel were analysed by the popularly known models given by Langmuir and
Freundlich*®*Henry142 Temkin'*®* and DubininRaduskevich*As can be seen form
Table3.4, the adsorption of Cu(ll) and Ni(ll) bygcysAgNPs fits best using the Henry
isotherm model as this model is recognised to work very well at low solute concentration.
Henry adsorption isotherm assumes that the surface adsorbate is be proportional to the
concentration of the soluté4t is typically taken as valid for low surface coverages, and the

R? Henry fitting shows that the adsorption energy is independent of the surface coverage

lack of inhomogeneities on the surface. (Table. 3.4 and Figa@®. 3.

heavy metal Henry Freundlich | Temkin Langmuir | D-R

isotherm | isothermR? | isotherm | isotherm Isotherm

R? R? R? R?
Cu(ll) 0.9666 0.1476 0.7327 0.2351 0.6508
Ni(I1) 0.9586 0.9319 0.5728 0.0001 0.2865

Table. 3.4: Table of adsorption isotherm R value of adsorption of Cu(ll) and Ni(ll) by
ag-cysAgNPs

0.3 e Cu(ll)
Ni(1)

qe(mg/g)

Figure. 327: Henry adsorption isotherm model of Cu(ll) and Ni(ll) adsorption by ag-
cysAgNPs
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3.6 Summary of results on AgcysAgNPs

Fabrication of cysteine stabilized silveanomaterial in agueous solvents was successfully
achieved by bottorup synthesis using sodium borohydride as reductant, and cysteine as the
surface coating. Characterization revealed the presence of significant amounts of surface bound
cysteine in the faification of cysteine stabilized silver NPs in agueous solution, with the
nanoparticles being in the range 80 nm, with some smaller (ca. 5nm) NPs also being evident

by TEM. The nanoparticles were shown to adsorb copper and nickel ions very effectinely fr
solution, with reductions in SPR intensity as a function of initial metal ion concentration. The
strong and rapid adsorption shows that the NPs could potentially be used as a sensor for copper

and nickel.

3.7 Discussion on cysteine stabilized AgNP syngsised in ethanol (EtOHcysAgNPs))

Cysteine stabilized AgNP were synthesized using ethanol and characterized using several
analytical techniques, the synthesized EAGQIAgNPs were used for the adsorption study of
heavy metals and interaction of the EtO¥$AgNPs in organic solvent with the heamgtals.

Thisis section here to havecamparisorwith the one in the aqueous solvents.

3.7.1 Synthesis and physical appearance of EtOldysAgNPs

The addition of cysteine solution to the silver nitrate didaaatse any significant change in
the UV/Visible spectra of silver solutiqirigure.3.283.29)- the dramatic change is observed
upon addition of the sodium borohydride to the mixture. (Figud®)3This leads to the
appearance of the LSPR which tends tatable after 10 minutes of synthesis. (Figura0)3.

Addition of sodium borohydride to the mixture solution caused an initial yellow coloration and
subsequently to light black. The resulting solutions were analysed us¥iyidible
spectroscopy.Figure. 330), The colloidal solutions were dried at 8D in order to obtained

the nanoparticles in solid form.
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EtOH-cysAgNPs

Figure. 3.28: JPEG of synthetic process of EtOFcysAgNPs

3.7.2 UV/Visible characterization of EtOH-cysAgNPs

The resulting EtOFtysAgNPswere characterized using Uv/visible spectroscopy. Typically,

5 ml al i g u o-tysAgNP$ weteliaken i si@ld vials and the-Uig absorption
measurements recorded. The localizeaface plasmon resonance appears at 410 nm as
observed previously. It tends to be broader, compared to the aqueous syste/\isélg
spectroscopy were recorded at 10 minutes interval for 100 minutes in order to assess the
stability of the synthesizesllver NPs. U\Vis and stability data are shown in Figur&13.The

initially formed NPs are less stable, with LSPR intensity dropping significantly in the first 10

minutes, but then being relatively stable.

Comparing theUV/Visible spectroscopy of theanoparticles synthesised in water and in
ethanol, it is distinctly clear that the medium has influence on the particle size formation of the
cysAgNPs and it could be concluded from t¥/Visible spectra results that the Et@is
AgNPs are dominated bylarge particle size compared to theadgAgNPs.
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Figure 3.30: UV/Visible spectra of EtOH-cysAgNPs and its absorbance stability

measurements with time
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Figure 3.31: A plot of absorbance maximum of EtOHcysAgNPsagainst time

3.7.3 Thermal decomposition of EtOH-cysAgNPs

Thermogravimetric analysis was undertaken to evaluatéhtrenal stability of the EtOH
cysAgNPs. The thermogramBigure. 332) revealed significantly less weight loss over the
studied temperature range than the NPs produced in aqueous solvents, indicating significantly
lower amounts of organic material presahthe surface of the NPs. The weight loss at the
transition from room temperature to 120 °C is most likely to the evaporation of physically
adsorbed water molecules or ethanol, followed by decarboxylation a loss of organics. These

account for 4% weight s and remnant of 96% remnants.

102 - c
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Figure. 3.32: Thermogram of EtOH-cysAgNPs

The weight loss from 200 to 430 °C might be assigned to the organic compounds. Additional

weight loss between 500 and 600 °C may be due to the gradual decomposition of organic
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fragments. It is significant to consider that the higher residual organic wegjhthe
synthesized nanoparticles were attributable to the functionalized AgNP because the metal
nanoparticles are not anticipated to volatilise at the subjected temperatures. The thermal
analysis confirmed the present of ca. six percent organic compoeseht in the nanoparticles
(significantly lower than the ca. 63% present with the aqueous synthesis) and this is also
consistent with the very weak Fourier transform infrared spectroscopy spectra of the
synthesized AgNPs (Section 3.7.5).

The thermal angbis of EtOHcysAgNPs revealed that the synthesized nanoparticles contain
little organic materials and this was also confirmed by the elemental analysis. The thermogram
suggests ca. 6% of the cysteine stabilized AgNP in organic solvents and 94% inorganic
presumably silver atoms This is in contrast with theysAgNP with 63% organic material

at the surface.

3.7.4 Microanalysis of EtOH-cysAgNPs

The microanalysis results (Table. 3.5) revealed the elemental composition of the synthesized
EtOH-cysAgNPs contains 0.3% S and 0.14% N, suggesting that there is a very small amount
of cysteine on the surfadethe ratio of N:S is correct, and would suggesty 17 1.5%

cysteine. The %C is much higher, suggesting some other organic species (probably EtOH) is
present. Given this, the remainder (Ag plus O associated with the organic component) would

suggest around 85% Ag.

Thus, microanalysis of both cysteistabilized nanoparticles in aqueous and organic solvents
confirms the presence of gar less cysteine in the EX@tthesised nanoparticles compared to

the aqueous product. This is consistent with the FTIR spectra and TGA as well as the different
signal $repgths for the pXRD patterns of both nanoparticles.

Sample % C % H % N % S %

Remainder
EtOH - 8.01 2.01 0.18 0.3 89.5
cysAgNPs

Table 3.5: Microanalysis of EtOH-cysAgNPs

3.7.5 Fourier Transform Infrared Spectroscopy of EtOH-cysAgNPs

The infrared spectroscopy of the cysteine and Et@$AgNPs shows the incorporation of

trace amounts of organic molecules in the spectra of the EYSHNgNPs. It also shows that
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the -S-H- band presat in the cysteine spectra has disappeared in the spectra of the cysteine
stabilized AgNP and these suggest possible coordination at the thiol sites and the formation of
Ag-S bonds, although the low cysteine incorporation and the relatively weakaBd nakes

this less definitive as with the aqueous system. Characteristics spectra of the cysteine can be
found in the finger print region of the spectra of cysteine stabilized AQNP suggesting the
presence of cysteine in the synthesized AgNP but are weak.hdhenarrow NH band at

3149 cmtin the spectra of cysteine wiasno longer visible as a discrete band and now forms
part of the larger OH / NH band, consistent with the TGA suggesting significant water / EtOH
contentn the spectra oEtOH-cysAgNPs. The broad-8- band at 2949 crhin the spectra of
cysteine has moved to 2972 ¢érand appears to be relatively sharp in the spectra of £tOH
cysAgNPs. It is likely that this band also indicates the presence of EFigidre. 333)

Consequelty, the spectra of aqysAgNPs revealed the presence of higher number of organic
molecules which might be as a result of the higher concentration of synthetic process while the
spectra of EtOFtysAgNPs suggest the incorporation of trace amounts of orgasiecules

in the spectra and which is as a result of the lower amount of cysteine used in the fabrication

process.
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Figure. 333: FT-IR of cysteine and EtOHcysAgNPs

3.7.6 Powder X-ray Diffraction of EtOH -cysAdgNPs

The powder xay diffraction spectrum analysis of the AgNP showed four Bragg reflections at
2— 38.24, 44.46, 64.85, and 77.98dgure 334). These reflections correspond to the facets
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of the facecentred cubic crystal of AGNP and it in good agreemerit thi¢ results published

by (Prakash et al. 2013) and (Jyoti et al.28836. The particle size is estimated by the Debye
Scherer equation and estimated to be 4 nm. The diffractogram demonstrate absent of additional
peaks between 287° due to the few amounts of cysteine used during the fabrications of the
EtOH-cysAgNPs.
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Figure.3.34: PXRD of ETOH-cysAgNPs

3.77 Scanning electron microscopy of EtOHcysAgNPs

Scanning electron microscopy was done to study physical appearance of the synthesized AgNP

and gives structural morphology of the synthesized nanoparticles, and the study revealed that

the samples contained regular agglomerates of particles arouDQB0N in size. Figure
3.35)

Figure.3.35: SEM of EtOH-cysAgNPs at 0.6, « ® H O
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3.7.8 Transmission electron microscopy of EtOHcysAgNPs

The TEM images showed features which were spherical and of relatively uniform size ranging
from 4-10 nm, consistent with the size calculated above using the D8bijerer equation
(Figure. 336). In the literature, transmission electron microscope of cysteine capped silver
nanoparticle suggested to have diameter ranging from-8hnm and spherical geometry.
Khan et al. reported that those were prepared by chemical reduction methodaysitegnie

as a capping agelt. (The structure of the cysteine stabilized AgNP appears to be-mono
distributed which might be as a result of the lower amounts of orgahecuhes at the surface

of the nanopatrticles therefore the cysteine stabilized AgNP are majorly dominated by the silver
itself, and less by organic ornamentation on the suxface

100¢ &

Figure.3.36: SEM of EtOH-cysAgNPs at 108, 0++- ®  HO

Thus, in comparison to the aqueous route, the ethanol route provides AgNPs with much lower
organic surface ornamentation, but with a relatively uniform size and morphology, while the
agueous route has a much higher organic surfacenemtation predominantly much larger
nanoparticle

3.8 Detection of heavy metals using EtOFtysAgNPs

The detection of Cd(ll), Cu(ll), Ni(ll), NIEDTA, Mg(ll), Na(l), (Na+Pb),(Mg+Pb) at 2 ppm of
each metal ion by cy8gNPs (in organic solvents) was investigated. EDTA was also included

as a control, in order to probe the variation in behaviour between &ioretand its EDTA
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complex. Similarly, Pb(ll) was tested alone and in the presence of Mg and Na ions to simulate

fresh and brackish water samples.

There exists a change in LSPR for all the metal ions investigated, a blue shift in the LSPR for
Cu(ll), NIEDTA, Mg, Na, EDTA and Cd(ll), the LSPR shifting from 414 nm to 386 nm, 384
nm ,386 nm, 385 nm, 392 nm and 384 nm respectively. The LSPR underwent a red shift for
Pb(Il), Ni(ll), (Na+Pb ) and (Mg+Pb ) to 484 nm, 428 nm, 471 nm and 505 nm resbheati

2ppm.

System LSPR (nm) Blue shift Red shift
Alone 414 n/a

+ Cd(ll) 384 -30

+ Cu(ll) 386 -28

+ Ni(ll) 428 +14
Ni(INEDTA 384 -30

+Mg(ll) 386 -28

+Na(l) 385 -29

+ Na/Pb(ll) 471 +57
+ Mg/Pb(ll) 505 +91
+EDTA 392 -22

Pb(ll) 484 +70

Table 3.6 summary of changes in LSPR position on addition of metal ions

The addition of Pb(ll) to the solution of magnesium and sodium drags the LSPR towards a red
shift suggesting the dominant influence of lead in-m@&tal systemgontaining Na(l) and

Mg(ll) ions by EtOHcysAgNPs and also the presence of Na(l) and Mg(ll) ions would not be

a major issue for looking for lea8ligure. 337). Similar trends were noted at 4 ppm and 6 ppm
concentrations of the variosalts Figure.3.383.39). Overall, however, trends are hard to see,
with most M(ll) ions giving very similar blue shifts, while Ni(ll) and Pb(ll) give significant

red shifts. (Figures 377 3.39)
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Figure. 337: UV/Visible spectra of heavymetals at 2 ppm and EtOHcysAgNPs
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Figure. 338 UV/Visible spectra of heavy metals at 4 ppm and EtOidysAgNPs
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Figure. 339: UV/Visible spectra of heavy metals at 6 ppm anBtOH-cysAgNPs

The detection experiments of Cu(ll) and Ni(ll) by Et@ifsAgNPs was extended to 20 ppm

while all other metal ions stopped at 6 ppm of detection, after 5 minutes-grdgrkolour

appears for nickel and thé//Visible spectroscopy showed there is a red shift and appearance

of new surface plasmon resonance at 526 nm for nickel (Figd0g Bor copper the intensity

of the colour for copper increases as the concentration increases. Surface plasmon resonance
shifted from380 nm to 572 nnmHjgure. 341). The colour changes from light black to red after

5 minutes of reaction.
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Figure. 340: UV/Visible peak height of nickel (820 ppm) of EtOH-cysAgNPs with Ni(ll)
at 393 nm
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Figure. 3.41: A plot of peak heightof copper (820 ppm) of EtOH -cysAgNPswith copper
at 572 nm

3.8.1 Adsorption of Cu(ll), Cd(Il), Pb(ll) and Ni(ll) by EtOH -cysAgNPs

Effect of initial concentration

The result of adsorption of copper, cadmium, lead and nickel shows the same trend in their
adsorption pattern and similar quantities of each metal ion are adsorbed byciEAHNPS,
increasing approximately linearly over the range studied (BR).3.

= cu(l)

10 A e Ni(ll) e
—A— Ph(ll) -
() N

ge(mg/g)

initial concentration (ppm)

Figure. 342: Effect of initial concentration of heavy metals orequilibrium adsorption by
EtOH-cysAgNPs
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3.8.2 Effect of contact time at optimal initial concentration of metal ions

The adsorption of copper and nickel, cadmium and copper by EyOAgNPs is fast at the
beginning and reaches equilibrium at 40 minutesafothe metal ions and tends to be stable
subsequently from 60 minutes till 24 hours. After 40 minutes, the value of ge became relatively
constant (the second stage), indicating that equilibrium was reached. The phenomena of this
two-stage adsorption mighe attributed to the available active sites on the E¢@$AgNPs.

(Figure. 343). Except for lead whose adsorption is quite slow initial and then rapid as the
adsorption is not quite finished after 40 minutes and then remain stable till 24 Hrs or It could
also be that there is a rapid adsorption, followed by a slower process that gradually frees up
more sites.
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Figure. 3.43: Effect of contact times of heavy metals at 20 ppm hbigtOH -cysAgNPsup to
60 minutes
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3.8.3 Effect of dose at optimal initial concentration of metal ions

As adsorbent dosage increases, Cd(ll), Pb(ll), Ni(ll) and Cu(ll) ion uptake per unit mass
decreases as shown in fiigure. 344which simply means that 0.01g of the Et@i¥sAgNPs

is enough to adsorb all metal ions over the concentration of the metédste.
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Figure. 344 Effect of dose of heavy metals at 20 ppm by EtOtdysAgNPs

3.8.4 Effect of pH at optimal initial metal concentration of metal ions

The ge value for each metal ion increases with the pH. As the pH was varied from 3 (with HCI)
to 12 (with NaOH), adsorption efficiency increases as showfigare 345 for all species

except Cd, which showed the opposite trend.
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Figure. 345: Effect of pH on adsorption of heavy metals at 20ppm by EtOFysAgNPs

Optimum pH was at 12 for all other metal ions and all other experiments were done at this pH.
As pH increases the surface of Et@i#s-AgNPs become momgegatively charged. This causes
increased attraction between the positive charge of the metal cations anaySA§NPs.

Hence the removal efficiency increases with increase in pH. Except for Cd(ll) which exists
predominantly as a negative Cd(@QH®n in solution, thereby being repelled from the surface

of the EtOHcysAgNPs thereby leading to a decrease in the ge adsorbed. This result is
consistent with results reported by Ozer et al. for the adsorption of cadmium on sugar beet
pulp*“8where they found # optimum pH was 6.3. Bhattachary and Venkobachar also found
the optimum pH was 6.6 for removal of cadmium on Gridih ‘€baMathialagan and
Viraraghav® observed that the optimum pH for cadmium adsorption by perlite was 12. The
decrease in the adsommi capacity in the range of pH from 6 to 11 might be attributed to the

formation of Cd(OHY ions taking place as a result of dissolution of Cd(©OH)

The effect of pH on the other three ions are qualitatively similar to each other. While all the
species wi tend to move from positive (+2) charge to +1 and 0 as hydroxide competes as a
ligand, this is less pronounced than with Cd, which forinsharged species at unusually low
pH.
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3.8.5 Effect of temperature

The ge value increases for all the médals as the temperature is increased from3a3 K.
The maximum ge values of Cu(ll), Cd(ll), Pb(Il) and Ni(ll) ions adsorbed by Etg3FRAgNPs
are 8.4 mg/g, 9.3 mg/g, 9.86 mg/g and 12.1 mg/g respectively (Figdsg. 3.
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Figure. 3.46: Effect of temperature on the adsorption of heavy metals at 20 ppm and

optimal pH of eachmetal by EtOH-cysAgNPs

3.8.6 Adsorption thermodynamics

The thermodynamics of adsorption were measured at temperatuB6303 and suggest a
spontaneous adsorption process for Cd(ll), Cu(ll), Pb(Il) except for Ni(ll) ions which progress
via a nonspontaneous process with a positive value for entropy. (Table.3.7and figjre.3.
these are generally similar to those found for they@eAgNPs sygem might suggests a similar

mechanism of adsorption, given the vastly different amounts of cysteine.

metals Yq (kI/mol) | Y@ mol! | ¥4 (kI/mol) slope intercept
K1)

ca( 156.79 2195 122,17 6831 | 26.399

Cu(ll -51.03 197.9 -109.95 -6139 23.803

Pb(ll) -31.31 151.2 -76.36 -3767 18.187

Ni(Il) 10.28 29.6 1.45 1228.8 3.5672
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Table. 3.7: adsorption thermodynamic parameters for Cd(ll), Cu(ll), Pb(ll) and Ni(ll)
adsorption by EtOH-cysAgNPs

9
y =-6831x + 26,399 Y =1228.8x +3.5672 e cd()
8 R? = 0.9459 R2=0.4115
- Cu(ll)
e,
. Pb(Il)
y ’ ... ® Ni(l)
=6 T, y=3767.5x +I8ARTCT L Linear (Cd(ll))
... R2=0.7314
5 Tees eeeeeeen Linear (Cd(ll))
Linear (Cu(ll))
4 i
y =-6139x + 23:803§ Linear (Cu(ll)
, R2=0.9208 Linear (Cu(ll))
0.0027 0.0028 0.0029 0.003 0.0031 0.0032 0.0033 0.0034 Linear (Pb(I1))
1/T(KY Linear (Pb(ll))

Figure. 3.47: Adsorption thermodynamics of Cd(Il) and Cu(ll) adsorption by EtOH -cys
AgNPs

3.9 Adsorption kinetics

The adsorption kinetics were carried out at 298 K and pH 12 on 20 ppm solutions. As was seen
for the agcysAgNPs, the data fit better to pseuslecondorder kinetics than pseuddrst

order kinetic model for all ions studied. This is consistent with the process of adsorption being
a chemisorption. Table of?Rralues for adsorption of Cd(ll) and Cu(ll) ions by Et@ys

AgNPs are highlighted iffalde. 3.8, and graphs in Figure38. PKlI) is the least welfitting

to pseudo second order, and was significantly slower in uptake than the other three ions, as was

evident in Figure 38

metals Pseudafirst -order Pseudesecondorder
kinetics kinetics

Cu(ll) 0.203 1

Cd(ln 0.1174 0.9996

Table. 3.8: Adsorption kinetic R value of adsorption of Cd(ll), Cu(ll), Pb(ll) and Ni(ll)
at 20 ppm by EtOH-cysAgNPs

103



14 -

B Cu(ll)
e Ni(ll)
v
12 A Cd(ln °
v Pb(ll)
10
- v |
£ 1 v A
£ s- °
2
>
E gl ® =
=3
= ] A
4 [ J
J |
¢
2 <
‘ u
0 T T T T T T T T T T T T
0 10 20 30 40 50 60
Time (min)

Figure. 348: Pseudo second order kinetic on the adsorption of cadmium, nickel, lead by

EtOH -cysAgNPs at 60 minutes

3.10 Adsorption isotherm model of adsorption of Cd(ll), Ni(Il), Cu(ll) and Pb(ll) by
EtOH -cysAgNPs

The adsorption data was fitted to several isotherm models- éingl results of Rvalues are

listed inTable 3.9 The results suggest a bettditihg with Henry adsorption isotherm for all

ions investigated, although Cd(ll) is slightly less good fit that the other three. As before, the
good performance of the Henry isotherm might simply be as a result of the low concentrations
ranges of the hegvmetal ions being adsorbed on the EtOf$-AgNPs as the linearity of the
Henry isotherm can be used to describe the initial part of many practical isotherms which has
been typically taken as valid for low surface coverages, with the adsorption energy bein
independent of the coverage/lack of inhomogeneities on the surface in this range. Other
Isotherms such as Langmuir, Freundlich, Temkin and Duliaidushkevich isotherm have
been used to describe the adsorption process and prove not to be suitabR? aalthes fall

well below the expected ranges. (Table. 3.9 and Figut8-3)
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heavy mHenry Freundl|Temkin |[Langmu|{D-R i sot/
i sot h®er|i sot h®er|i sot h®er|i sot h%e|R?

Cu(ll) |0.9734 |0.8805 ([0.7534 |0.1664/0. 45514
0.9804 |0.1267 |0.6557 |0.4047|0.0439

Ni (1 1)

Pb(1 ) |0.9932 0.786 0.7866 0.663 0.65

cCd(1l 1) |09342 0.7632 0.5167 0.3571 0.5331

Tables.3.9: R? values of Adsorption isotherm model for Cu(ll), Cd(lIl), Pb(ll) and N(II)
ions adsorption by EtOH-cysAgNPs
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Figure 3.49: Langmuir isotherm plot of Cd(ll), Pb(ll), Ni(ll) and Cu(ll) adsorption by

EtOH -cys’AgNPs in organic solvents
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Figure 3.50: Henry isotherm plot of Cd(ll), Pb(ll), Ni(ll) and Cu(ll) adsorption by EtOH -
cysAgNPs in organic solvents

3.11 The influence of chelating agent on the adsorption of Ni (N&», NiCl2 and NiSQy

and their respective EDTA chelates

EDTA often remains in the washed soil and impacts the effectiveness and mobility of toxic
metals. Therefore, attention should be paid to the residual EDTA in soil after remediation,
especially their forms and lability. &hy previous studies have studied EDTA adsorption
behaviour on the watenineral interface in the EDTA solution system, or single rieT A
chelate system, where [mgtalEDTA] = 1:1. However, the stoichiometrically excessive
chelating agent is generallsed in soil washing practices, where the free EDTA and metal
EDTA chelates coexist. In this study, adsorption of NigNONICl> and NiSQ and their
respective EDTA chelates dftOH-cysAgNPswere studied. The formation of the chelate
were carried out birtration of nickel salts (nickel nitrate. trinydrate, nickel sulfate hexahydrate
and nickel chloride against 1M of EDTA solution, 12.6 ml of EDTA were used for complete

complexation of nickel nitrate with EDTA, 12.8 ml were used for complete complexation
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nickel sulphate hexahydrate and 13.1 ml of EDTA were used for the complete chelation of
nickel chloride with EDTA.

Suitable plot of absorbance versus initial concentration was carried out in order to know the
suitability of the metal salt for the adption results, a Rvalues ranging from 0.92.97 were

obtained for each metal.

3.11.1 Effect of initial concentration on adsorption of Ni {nitrate, chloride, sulfate} and
Ni {nitrate, chloride, sulfate}-EDTA by EtOH -cys-AgNPs

The adsorption of Nsalts by EtOFcys AgNPs increases as the initial concentration increases.
The maximum adsorption capacities of Ni{fl(5Q%, Cl,’} were 9.6 mg/g, 10 mg/g, and 9.5
mg/g respectively,Higure.3.40 similar behaviour were seen with the RIDTA systems over

the same range of concentrations {28 ppm) and Ni{N@, SO, Cl,’}-EDTA EtOH-cys
AgNPswere 17.5 mg/g, 18.4 mg/g and 17.5 mg/g respectively, i.e. approximately double that
of the uncomplexed ions. Thus, the chelation of the metal with EDTA adsortredsed
guantity of metal ion adsorbed for all the three salts. (Fius).
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Figure. 3.51:Effect of initial concentration on adsorption of Ni {nitrate, chloride, sulfate}
and Ni {nitrate, chloride, sulfate}-EDTA by EtOH -cysAgNPs

3.11.2 Effect of contact time

Adsorption of Ni salts byetOH-cysAgNPswere practically complete after 40 minutes with
ge values of 2.9 mg/g, 5.9 mg/g and 5.6 mg/g for sulphate, chloride and regpéetively
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and 19.2 mg/g, 19.4 mg/g and 19.2 mg/g for the corresponding EDTA complexes. The
adsorption of Ni {NQ@, Cl, SQi} -EDTA appeared to reach equilibrium slightly faster than the
uncomplexed systemFigure. 352). The EDTA systems continue to increase beyond 60

minutes compared with the system without the EDTA systems.
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Figure. 352: Effect of contact time onadsorption of Ni {NOs, Cl2, SO} and Ni {NOg3, Clz,
SO4}-EDTA by EtOH -cysAgNPs at 560 minutes

3.11.3 Effect of Dose

For the Ni{NGs, Cl2, SO} and Ni{NO3, Cl2, SOy} -EDTA adsorption by EtOHysAgNPs the
guantity of metals decreases with increasing do&t@f-cysAgNPs(Figure 353). A similar
observation was made for the adsorptioNgNO 3, Cl,, SQi} -EDTA adsorption by EtOH
cysAgNPs at 24 hours whose time of equilibrium extends to 1440 minutes.
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Figure. 3.53: Effect of dose on adsorption of N{NQ, Clz2, SO} and Ni{NO3, Cl2, SQu}-
EDTA by EtOH -cysAgNPs

3.11.4 Effect of pH

The quantity of N{NQ,Cl>,SQi} adsorbed by by EtOHysAgNPs increases with the pH
more so for the sulfate and nitrate than chloride, #sl increase is consistent with an
electrostatic interaction of metal cation and the E«yBIAgNPs (Figure &4). The adsorption

of the corresponding NEDTA complexes by EtOHysAgNPs is less pH dependent, with
significant adsorption at relatively lopH values, in contrast to the uncomplexed cations. This
much more constant adsorption behaviour may be attributed to the anionic behaviour of
NiEDTA? over a wide range of pH and thus getting higher adsorption at a low pH due to NPs

carrying some positiveharge at these pH values.
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Figure. 3.54: Effect of pH on adsorption of Ni{NOs, Clz, SQu} and Ni{NOs, Cl2,SQu}-
EDTA by EtOH -cysAgNPs

3.11.5 Effect of temperature

Increasing the temperature has been found to enhance the adsorption of a range of metals onto
the AgNPsthisbehaviour was also seen here, although the temperature dependence was much
lower for the EDTA complexesFi{gure 355)
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Figure. 355:; Effect of temperature on adsorption of N{NG, Cl2, SQu} and Ni{NOs,
Cl2,SQu}-EDTA by EtOH -cysAgNPs
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3.11.6 Adsorption thermodynamics

The adsorption processes are spontaneous for the JN8{@} and Ni{Cl,,SQi}-EDTA
adsorption byEtOH-cysAgNPs as confirmed by the negative values of the Gibbs free energy
and there exists an increase in randomness in the adsorption process for all the metals as
confirmed by the positive values of the entropy of the system .The adsorption ofsNi&@N®

Ni{NO 3,Cl>,SQi} -EDTA (24Hrs) are characterized by a spontaneous adsorption process but
with an exothermic reaction process except for nitrate which is endothermic reaction process.
Values of the adsorption thermodynamics parameters are highlighitatlan3.10 and the plot

of LnK versus 1/T are depicted in Figures6s.

Metals  -Ni | ¥q kd/mol | ¥5 kd/imol | ¥{ J moI'l K- | slope intercept
(I !

NOs -8.63 10.36 29.2 1246.5 3.5103
NOs-EDTA -41.02 -25.96 138 -3123 16.65
Clz -100.95 -91.22 338.37 -10972 40.709
Cl>-EDTA -102.89 -95.66 347.6 -11507 41.481
SOy -88.42 -76.91 296.46 -9251.1 35.659
SQ-EDTA -82.13 -72.45 275.54 -8714 33.142

Table. 3.10 Adsorption thermodynamic of Ni{NOz -, CI, SO+?} and Ni{NO3,Cl2,SQu}-
EDTA by EtOH-cysAgNPs

13 y =-9251.1x + 35.659 |
° R2 = 0.8656 ® Chloride
1 ° sulphate ¥ =8714.3x + 33.14
"""""" R2 = 0.9377
"""""" nitrate
9
nitrate+EDTA
E 7 8:::::::::::::::::::::::::::‘.'-:g.,:‘.:.;.:.:."-u_::: ------- :u::::::::::::'.a ® sulphate+EDTA
~ ° ............ o chloride+EDTA
5. Y= 1224§.5x +3.5103 CTnarsator 16655
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Figure. 356: Adsorption thermodynamics of Ni{NO3,Cl2,SQu} and Ni{NO3,Cl2,SQu}-
EDTA by EtOH -cysAgNPs
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3.11.7 Adsorption kinetics

In order to investigate the kinetics models of{NiOs~, CI, SO, 2} and Ni{NOs", CI, SO:%
}-EDTA adsorption by EtOHysAgNPs, the linear pseudo first order and pseselmond

order kinetics models were tested to fit the experimental data. The kinetics of the adsorption of
the six s byetOH-cysAgNPsare presented in Figurg57) and fitted bythe pseuddirst- and
-secondorder kinetic models. As shown, the corresponding adsorption reaction could approach
adsorption equil i br i usmCrw$SGh and reaties atisamption n N i
equilibrium at 60 minutes with of ININOs ", CI, SQ:2}-EDTA by EtOH-cys-AgNPs, kinetic
analysis was carried out on the first 60 minutes of contact time, after which equilibrium had
been reached. Based on the comparison of the fitting coefficighta(Rl Qe value the
adsorption behaviour of both the free sasnd their EDTA complexes by EtGdysAgNPs

were more consistent with the psetsrondorder kinetics model (Figurd.57 and Table.

3.1)). EtOH-cysAgNPshas a high capacity for rapid adsorption of Ni{§QGl, SO}-EDTA

in the solution, whether in theixed systems or not. However, the adsorption performance of

EtOH-cysAgNPs the single system was markedly better at a high pH.

Metal Ni (11) R?-Pseudafirstorder R%Pseudo seconarder kinetic
kinetic model-60 minutes | model60 minutes
Nickel nitrate 0.2413 0.7489
Nickel sulphate 0.4994 0.9724
Nickel chloride 0.6228 0.5939
Nickel nitrate+EDTA | 0.4601 0.9869
Nickel sulphate+EDTA 0.7455 0.9914
Nickel chloride+EDTA | 0.441 0.9941

Table.3.11 R? value of adsorption of Ni {NGs-, Cl, SO:?} and Ni {NO3z-, Cl, SQs?}-
EDTA by EtOH -cysAgNPs
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Figure. 3.57: Pseudo- secondorder kinetic model of Ni {NOs-, ClI, SO+2 } and Ni {NO3s"
, ClI', SO+%}-EDTA by EtOH -cysAgNPsat 60 minutes

3.11.8Adsorption Isotherm of Ni {NO3-, ClI', SQ:?} and Ni{NO3-, Cl, SO:#}-EDTA by
EtOH-cysAgNPs

All the adsorption isotherm of Ni{N®, CI, S&;2} and Ni{NOs", CI, SO, %}-EDTA by
EtOH-cysAgNPsfit best with Henry isotherm except for thelfate and sulfat&DTA which
also fit very well with the Freundlich isotherm and-RD isotherm, both suggesting
inhomogeneity of the surface of the Et@is-AgNPs may play a significant role in these
systems. Table.3.12andFigures3.58-3.60).

Metal(Ni (1)) | (Henry Temkin D-R Langmuir | (Freundlich
Isotherm) R? | isotherm R? | isotherm | isotherm | isotherm) R?
Plot R? R?

SQu 0.95 0.86 0.95 0.6 0.99

Cly 0.95 0.56 0.52 0.1 0.66

NOs 0.95 0.92 0.8 0.037 0.83
SO.EDTA 0.96 0.844 0.98 0.55 0.97
Cl-EDTA 0.96 0.955 0.94 0.017 0.903
NOs-EDTA 0.96 0.84 0.82 0.52 0.81

Table.3.12: Adsorption Isotherm R? values of NifNOs-, CI-, S0+2} and Ni{NO3z", CI', SO:
21.EDTA by EtOH -cysAgNPs
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Figure. 3.58: Freundlich isotherm of Ni{NO3-, Cl, SO:? } and Ni{NOg3, Cl2, SO}-EDTA
by EtOH-cysAgNPs
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Figure. 3.59: Henry isotherm of Ni{NOs-, Cl, S01?} and Ni{NOs, Cl., SO}-EDTA by
EtOH-cysAgNPs
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Figure. 3.60: D-R adsorption isotherm of N{Noz", CI, SO« %} and Ni{Nos, Clz, SO}-
EDTA by cyssAgNPs inorganic solvents

3.12 The adsorption of EDTA and NIiEDTA by EtOH-cyssAgNPs at higher initial
concentration (50 ppm) of EDTA and NIEDTA

In order to understand the adsorption behaviour of EDTA in the previous experiments further
adsorption experiments werergad out at a higher concentration of the EDTA and the
NIiEDTA using Nickel nitrate trihydrate. The adsorption of EDTA and NIEDTA by Et9#l

AgNPs was carried out at 10 ppn®0 ppm of each species. The calibration curve obtained

show the metal salt areigable for the experiments.

3.12.1 Effect of initial concentration

The quantity of EDTA adsorbed by EtGdysAgNPs increases with the initial concentration
suggesting the availability of more vacant site on EBIAgNPs. The same observation is
observe with the NIEDTA as well. From this result it can be noted that there idsmarption

of EDTA and Ni (Il) ions on the surface of EtGtysAgNPs accounting for the increase in
the ge value of NilOs~, CI, SQ:%}-EDTA adsorption by EtOHys-AgNPs inthe previous
experiments. (Figure. @L). No evidence of Ni(ll) adsorption at this concentrations as no

experiments were carried out on Ni(ll) at this concentration.
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Figure. 3.61: Effect of initial concentration of EDTA and NiEDTA adsorption by EtOH-
cysAgNPs

3.21.2 Effect of contact time

The adsorption of EDTA and NIEDTA by EtOClaysAgNPs was rapid at the initial stage of
adsorption and reaches equilibrium at 40 minutes remaining constant till 1440 minutes.
(Figure 362-3.63). Theresults explained there might be possibleadsorption of EDA by
EtOH-cysAgNPs as the ge value for EDTA increases with the time of the experiments and
reaches equilibrium at 40 minutes and became stable till 24Hrs.
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Figure. 3.62: Effect of contact times of EDTA and NiEDTA adsorption by EtOHcys
AgNPs at 5 60 minutes at 50 ppm of EDTA and NiEDTA
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Figure. 3.63: Effect of contact times of EDTA and NIiEDTA adsorption by EtOHcys
AgNPs at 5 1440 minutes at 50 ppm of EDTA and NiEDTA

3.12.3 Effect of Dose

The same trend observed in the adsorptioof &fi{NO 3", CI, SO%} and Ni{NOs", CI, SO,
21-EDTA by EtOH-cys-AgNPs was also observed maximum uptake of EDTA and NiEDTA
by EtOHcysAgNPs were 14.2 mg/g and 15.8 mg/g respectively. The ge value tends to
decrease with dose of EtG¢ysAgNPs. (Figure3.64).
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Figure. 3.64: Effect of dose of EDTA and NiEDTA adsorption byEtOH -cysAgNPs

3.12.4 Effect of pH

The adsorption of EDTA and NiIEDTA by EtG¢ys-AgNPs increases with PH and there exist
a little change in the adsorption of NIEDTA by Et@ks-AgNPs (Figure.35)
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Figure. 3.65: Effect of pH of EDTA and NiEDTA adsorption by EtOH -cysAgNPs
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3.12.5 Adsorption thermodynamics

Increasing temperature increases adsoeption for both EDTA and NIiEDTA with quantity of
metal adsorbed (FigureGs).
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Figure. 3.66: Effect of pH of EDTA and NiEDTA adsorption by EtOH-cysAgNPs

The values of Gibbs free energy and enthalpy are both negative for EDTA and NIEDTA
adsorption byEtOH-cysAgNPssuggesting a spontaneous process with a positive values for
entropy.( Tableg.13and figure3.67).

species Y7 (k3/ mol) | ¥5 (kJ/mol) Y{@ mol | slope intercept
1K—1)

EDTA -89.63 -41.25 162.35 -4962.2 | 19.527

NIEDTA -64.3 -24.37 134.3 -2932 16.154

Table. 3.13: Adsorption thermodynamic of EDTA and NIEDTA adsorption byEtOH -cys
AgNPs
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Figure.3.67: Adsorption thermodynamic of EDTA and NiEDTA adsorption by EtOH-
cysAgNPs

3.12.6 Adsorption kinetics

The adsorption kinetic fits best to pseudo seemmtir kinetic model with Rvalues close to 1

in contrast with 0.20.3 R values which were observed for the pseudo first order adsorption
model for both EDTA and NIiEDTA respectively. The adsorption kinetic of EDTA and
NIiEDTA adsorption byEtOH-cysAgNPs suggested that the mechanisihreaction to be
chemisorption. (Figure3.68 andTable3.14)

Adsorption kinetics R? pseudo first | R? pseudo second
order model order model

EDTA 0.2311 0.9998

NIEDTA 0.3067 0.9908
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Table 3.14 Adsorption kinetics R? values of EDTA and NiEDTA by EtOH -cysAgNPs
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Figure. 3.68: Pseudo second order kinetics of adsorption of EDTA and NiEDTA by cys

AgNPs in organic solvents at 560 minutes

3.12.7 Adsorption isotherm

The adsorption of EDTA and NiEDTA bitOH-cysAgNPsfit best to the Henry isotherm

which suggest that the adsorption energy is surface coverage independent. Other isotherm
models such as Freundlich, Temkin, DubiRaduschkevich and Langmugotherm model

were also tested and gave lowef ®alues and are highlighted in thEable3.15 and
Figure3.69.

Table of R? values

Metal Henry Freundlich | Temkin Langmuir D-R
isotherm isotherm isotherm isotherm isotherm

EDTA 0.9978 0.084 0.6406 0.762 0.2195

NiEDTA 0.9519 0.8992 0.8991 0.7241 0.6552

Table. 3.15: R? values of adsorption isotherm model of EDTA and NiEDTA adsorption

EtOH-cysAgNPs
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Figure. 3.69: Henry adsorption isotherm plot of EDTA and NIEDTA by EtOH -cysAgNPs

3.13 The influence of magnesium, sodium ions on the adsorption of lead in a binary

system containing magnesium and sodium ions by EtOklys-AgNPs

3.131 Effect of initial concentration

The adsorption of lead was investigated in the presence and absence of Naians| gigen

their likely presence in low concentrations in most water samples. As can be seen from Table
3.16, the ge values for lead adsorption remain relatively constant in the presence or absence of
Na+ and M@" Thus it is unlikely that the presencktbese ions will have much influence in

the analysis of real freshwater samples. in the activities. Shown in the tehle 3.

Metal Pb(Il) Mg(I1) Pb Pb Na(l)
containing containing
Mg sodium

ge(mg/qg) 9.4 9.4 9.35 9.82 9.4

Table. 3.16 Effect of Na* and Mg?* on the adsorption of lead and lead by EtOktys
AgNPs

3.13.2 Effect of contact time

The qe values increases for all the Pb(ll), Mg(ll), Na(l), (Pb+Mg) and (Na+Pb) and the
adsorption reaches equilibrium at 40 minutes for all the emasnined and remained constant

to 1440 minutes with similar values of ge suggesting that there is no possible interference on
the adsorption of Pb(Il) by Mg(ll) and Na(l) ion in the binary systems. (Figuré). the
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adsorption of Na+Pb increases with ¢éimnd reached equilibrium at 40 minutes and stable till

60 minutes, similar observations is observed with Mg+Pb.
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Figure. 3.70: Effect of contact time of adsorption of lead, sodium, magnesium, and lead

containing sodium or magnesium ions b¥tOH -cysAgNPs
3.13.3 Effect of dose

The adsorption oPb(Il), Mg(ll), Na(l) and (Pb+Mg) by EtO¥dysAgNPs decrease with an
increase in dose of EtOEysAgNPs suggesting that the presence of a high vacant site at low
doses. except for Na+Pb whosewgdues increase with the doses of Etoy$AgNPs and

ended up with ge of 5.1 mg/g. Thus, it can be justified that there exists a possible influence of

Na(l) ions in the adsorption of the binary system of Pb () ibigu¢e.3.71).
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Figure. 3.71:. Effect of dose of adsorption of lead and lead containing sodium or
magnesium ions byEtOH -cysAgNPs.
3.13.4 Effect of pH

The ge values increases for all the metal ions examined as expected, albeit slightly. Again, the
Na/Pb system is different in that tkas a more significant increase in adsorption over the pH

range, with a similar ge value at the highest pH (Figuii?) 3.
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Figure. 3.72: Effect of pH of adsorption of lead and lead containing sodium or magnesium
ions by EtOH-cysAgNPs.

124



3.13.5 Effect of temperature

The ge values of Pb(Il), Mg(ll), Na(l), (Mg+Pb) and (Na+Pb) adsorptidatoy+cysAgNPs

increases with temperature and the ge values for the adsorption of (Naa®lwere quite

slow as the temperature increase but later gave a ge values of 9.8 migigtsithe previous

metal cations examined. (Figufe73).
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Figure. 3.73: Effect of temperature of adsorption of Lead and Lead contain sodium and

magnesium ions byEtOH -cysAgNPs.

3.13.6 Adsorption thermodynamic

Adsorption process suggessaontaneous process for all metal examined with an exothermic

process except for Pb(ll) with a ngpontaneous positive Gibbs free energy and endothermic
heat of reaction. (Table. 3.17) and figur&43

Metals v &S (J/mol/S) slope intercept

I

Oc m

Pb (I1) 10.0 208.78 666.87 25113 -80.211
Na+Pb -88.2 -45.23 148.48 -5440 17.595
Na(l) -138.8 -68.5 236.1 -3922 16.812
Mg(ll) -73.95 -32.6 138.77 -8245.2 | 28.399
Mg+Pb -80.15 -35.78 148.48 -4304.1 | 17.86

Table. 3.17.Adsorption thermodynamic parameters ofof lead, sodium, magnesium and

lead containing sodium and magnesium ions adsorption tOH -cysAgNPs
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Figure. 3.74: Adsorption thermodynamics of lead, sodium, magnesium and lead
containing sodium and magnesium ionsadsorption by EtOH-cysAgNPs at 51440

minutes

3.14 Demonstration of maximum adsorption capacity of EtOHcysAgNPs with some

selected heavy metals

The adsorption of NiG) Ni(NOs)2 and Cd(NQ)2 by EtOHcysAgNPs was investigated at an
initial concentrations ranging from 100 ppB00 ppm in order to know the maximum extent

of adsorption.

100-800 ppm of NiCJ, Ni(NOs), and Cd(NQ). were prepared and shaken with 0.01g of the
EtOH-cysAgNPs and agated for 2 hours, after which the solution were filtered and analysed
using uvvisible spectroscopy. The adsorption behaviour was similar in their adsorptive mode
and this shows that optimal adsorption occurs at 400 ppm and drops when the adsorption
reacles 800 ppm.KRigure.375).
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Figure 3.75: Effect of initial concentration of NiClz, Ni (NO32 and Cd(NO3)2

3.15 Conclusion to chapter 3.

From the preceding, it can be concluded that AQNPs can be produced from the borohydride
reduction of AgQNQ@, and can be stabilized by the attachment of cysteinan/igg-S bond.

The amount of surface coverage by cysteine is much higher when the synthesis is conducted in
agueous medium as opposed to ethanol. The NPs formed in ethanol are smaller (ca 5 nm)
compaed to those formed in water (B0 nm, albeit with some evidence of a second
population of 35 nm). Adsorption of a range of metal ions at ppm levels was successful, and
the NPs showed excellent efficiency in adsorbing the ions present. The preserdigafedd
common species such as "N&lg?" and EDTA generally had little impact on adsorption
behaviors, and generally, if anything, tended to improve behavior. Kinetic and thermodynamic
analysis both suggested a strong chemisorption type behavior, fikelying electrostatic ion

pairing between carboxylate and the ion in question, but possibly also N ligation, both arising

from the surfacdéoound cysteine.

While there was some shift in LSPR and this varied to an extent from ion to ion, it is hard to
envisaage that UWis could reliably detect which metals were in a specific water sample, and
thus future efforts could be directed towards a different sensing metagd &n

electrochemical based approach may be able to distinguish.)
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Chapter 4

Svynthesis,characterization and application of cysteinebased gold nanoparticles (cys

AUNPSs) towards the detection and removal of heavy metal from aqueous solution.

41 Svynthetic methodology

The synthesis of cyBuNPs was coined using the method develope@urkevich 122 which
involves the refluxing of gold(lll) chloride with sodium citrate tribasic, leading to a
characteristic rubyed colouration suspension of gold nanopatrticles. At this point cysteine was
added leading to a more intense colorationysteine is knownathave a strong effect on Uv
Visible spectra of gold nanoparticle solutions, more than other amino acids, for instance lysine
151 In this work, the authors demonstrate that & WDsolution added to the colloidal gold
solutions results to a rapid broadenof the adsorption peak, andathochromicshift. And

this is as a result of the coupling of the SFFRvo adjacent NP$>°This kind of colour change

as an effect of aggregation is a wetiderstood phenomen&dWhen the interparticle distance

in the aggregates decreases to less than about the average particle diameter, the elettric dipole
dipole interaction and coupling between the plasmons of neighbouring particles in the
aggregates results in the bathochrostidt of the absorption band These results support the
observations about the interaction of cysteine with gold nanopaltfcletiere, based on the
analysis of Fourier transform infrared spectra these affirms the existence of covalent
interaction of sydhur and gold. The formation of a covalent bond3\is also proposed by
other literature repoff>'°® Furthermore, it was suggestessemblies of NPs are formed by
electrostatic interaction between the amino group andébative charge group indlother

NPs. Also, the synthesized gold nanoparticles findings agree with reported data on the

adsorption of homocysteine on gold nanoparti¢igs
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4.2 Characterisation of the cysAuNPs

421 Physical appearance otysAuNPs

On addition ofgold (lIl) chloride to the boiled sodium citrate tribasic solutions, the solution
changes to rubyed, characteristic of gold nanoparticles. Addition of cysteine to the solution
causes the intensity of colour to increase (Figh@.

Figure. 4.0. Image of gold nanoparticles (left) anccysAuNPs (right)

422 UV/Visible characterization of cysAuNPs

The UViVis absorption spectra of cysteinapped gold nanoparticles synthesized were
recorded immediately after the complete synthesis of the neaiudgsm The appearance of a
broad band LSPR was found in the absorption spectrum of th&utyBs which was absent

in the spectrum of the gold chloride, sodium citrate tribasic showing the formation of the cys
AuNPs (Figure.4.14.2). All the spectra obtained display an absorption wavelength peak at
approximately 536 nm which is attributed to the localized surface plasmon resonance mode of
spherical gold nanoparticleBigure. 42), Their stability was investigated over 100 minutes at
10-minute intervals (Figure 4.2). The initially formed e4aNPs were thus shown to be
relatively unstable, with a significant drop in LSPR intensity over around 1 hour, but then the
resultant NPs appear to be stable subsequéhityure.4.24.3)
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Figure.4.3: A plot of LSPR absorbance vs time of cy&uNPs

4.2.3 Fourier transform infrared spectroscopy ofcysAuNPs

The FTIR spectra were run on a dried sample of collagaAuNPssolution which had been

freeze dried for 24 hrs.

The Fourier transform infrared spectra of cysteays;AuNPsin the absence of, and in the
presence of sodium citrate tribasic are shown below. Bands observed in the Fourier transform
infrared spectraf I-cysteine are identified as the following: 153650 cm?! (C=0) peak of

the acids and carboxylate anion, and the corresponding symmetric stretches 1393 cm
carboxylatesymmetric stretching, 1200250 cm?! (Ci O), 3158cm’ * (Oi H / N-H), 2%68cm' !

(Ci H), 106 cm 1 (Ci NH2), 600800 cm? (Ci S) and 287 cm' 1 (Si H).1%8159The spectrum of

the cysAuNPs indicates very little evidence for the presence of cysteine. As confirmed by
thermal analysis of the nanoparticles, there is very little organic material present in the material.
The major fatures seen in the NP spectrum are likely to be residual water and some

contamination.Kigure4 4).
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Figure. 44: Fourier transform IR spectra of cysAuNPs

4.2.4 Powderx-ray diffraction data of cysAuNPs

The indexed XRay Diffraction pattern for gold nanoparticles synthesized using the Turkevich
method®%is shown in Figure.4.5 below. For gold nanoparticles, the characteristic peaks
appearing at 2 theta = 38.06, 44.31, 64.70 and 77.88 correspontlireg(id 1), (200), (220)

and (311) crystal planes of gold nanoparticles agree with the data reported in JCE@S 00
1172. The average crystallite size, determined by the Scherrer method, was observed to be 17
nm. The xray diffraction diffractogram was aagpared with that of gold as described by the
International Centre for Diffraction Data (ICDD) from the JCPDS file -0084)
(Gopalakrishnan and Raghu, 201%) These results showed that the synthesized gold
nanoparticles were crystalline in nature. Simdéfraction angles were observed by Choi et

al. (2014¥%with the use of catechin as a reducing agent. The unassigned peaks were similar to
those observed in a study by (Philip et al. 28#1yhich suggest that the stabilization of the
nanoparticles oar at the surface of the NPs. The sharpness and intensity of the peak (111)
suggests that the orientation of the synthesized nanoparticles occurs predominantly in the (111)

crystal lattice plane. Similar diffraction angles have been reported for gold aréinles
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formed using cumin and gum Arabic(Shalaby et al. 2013%°(Figure4.5
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Figure. 4.5: Powder x-ray diffraction patter of cysAuNPs

4.2.5 Transmission electron microscopy of cysteine capped gold nanoparticles

Transmissionelectron microscopyTEM) of the cysAuNPs has been measured by TEM
imaging software. From the sizes of a great number of particles, measured on the TEM images,
the following characteristics were estimated: average size (diamet&(: A, in very good
agreement with the pXRD data (17 nm avejagEM images focysAuNPsshow aggregates

of nanoparticles (Figure®). As a characteristic for theysAuNPs it is to be observed that

the nanoparticles are mostly linearly arranged, but also united in a more ordered rather complex
network and are fond to be spherical in appearance. Gold nanoparticles synthesized at
elevated temperature are not exclusively spherical but also triangular, hexagonal and trapezoid
gold nanoparticles have been obsertégeaction times of 2B0 min have also been observed

to form spherical, triangular, hexagonal, and trapezoid gold nanopatrticles. Siddigi and Husen,
2017)1%% The structure of the cysteine stabilized gold nanoparticles appears to be mono
distributed which might be as a result of the lesser number of ongatecules at the surface

of the nanopatrticles (see sections 4.2.3, 4.2.7 and 4.2.8), therefore the cysteine stabilized gold
nanoparticles are majorly dominated by gold centre.
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Figure. 4.6: TEM images of cysAuNPs (100 O

4.2.6 Scanning electron microscopy otys-AuNPs

SEM images of the as synthesized gold nanoparticles are shown in Figlnelov. SEM

image shows roughly spherical clusters of gold nanoparticles with an average size of about 200
nm. After the reduction of golidns, the gold nanoparticles are aggregated into fairly uniform
clusters in the solid state. The morphologies of the synthesized gold nanojpagticlgood

agreement with those synthesized by Mohsen et al. 2015.

Figure. 4.7: SEM images ofcysAuNPs

4.2.7Thermal analysis ofcysAuNPs

The thermal stability of the synthesized gold nanoparticles was determined by monitoring the

weight loss over time with increasing temperature. Overall, very little mass is lost (slightly less
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than 1 %, in comparison to thé&®and66 % lost in the case of/steine stabilized AgQNP. The
information provided by the TGA suggest few organic compounds at the surface of the
nanoparticles and this is consistent with the Fourier transform infrared spectra of the
synthesized gold nanoparticleBiqure 4.8)
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Figure. 4.8: Thermogravimetric analysis of cysAuNPs

4.2.8Micro analysis of cysteine stabilized gold nanoparticles

The elemental analysis results revealed that there are only trace amounts of organic molecules
at the surface of the cysteis@bilized gold nanoparticles, this result agrees with the thermal

analysis result and the Fourier transform infrared spectroscopy results. 4Table

sample %C %H %S %N %Inorganic
cysAuNPs 1.62 0 - - 98.39

Table. 4.1 microanalysis ofcysAuNPs

4.2.9 Structural summary for cyssAuNPs

TEM images show well defined and roughly spherical gold nanoparticles have successfully
been formed. Their diameters are in the rang2@0m. pXRD confirms crystallinity of the

gold core, and an average size of 17 nm, in excellent agreement with the TEM imaging. In
contrast to the Ag systems, there is no detectable cysteine on the surface. The nanopatrticles are
not stabilised by cysteine tany significant extent these fitswith the reduction in LSPR

intensity over 100 minutes to&o0, the structure is only the metal NP Given the alternative
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routes to AUNPs covered in the following chapters, the naméei®s will be retained, to

indicatethe synthetic route.

4.3 Interaction of metal ions with cysAuNPs

4.3.1 Interaction of copper, nickel and silver with cysAuNPs

The interaction of copper by eysuNPs produces a bathochromic shift in the LSPR from 524
nm to 533 nm and new, relatively wepeaks were also observed at 409 nm and 695 nm.
(Figure. 49).

The interaction of nickel with cy8BuNPs causes a slight bathochromic shift in the LSPR from
522 nm to 525 nm, an additional peak was also observed in one sample at 708 nm. (Figure.
4.10)

Theinteraction of silver by cy®\uNPs exhibit a LSPR at 533 nm and additional peak of silver
(Ag) was also observe at 413 nm. (Figurel}.1
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Figure. 4.9: UV/Visible spectra of detection ofcopper (2-20 ppm) by cysAuNPs
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Figure. 4.10: UV/Visible spectra of detection of nickel by cys\uNPs and nickel (220
ppm)
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Figure. 4.11: UV/Visible spectra of Ag(l) ions interacting with cysAuNPs
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4.3.2 Results and discussion on the adsorption of Cd(I),Cu(ll) and Pb(Il) by cy®AuNPs

4.3.2.1Effect of initial concentration

The adsorption of Cd(ll), Cu(ll) and Pb(Il) shows similar behaviour as those obtained in EtOH
cysAgNPs, the ge obtained for each nhéta increases as the initial concentration increase at
the stage there is availability of vacant sites on theAeydPs and the metal ions are able to

adsorbed onto the surface, thereby leading to an increase in the valud-a@jure4(12)

=
o

9
8
7
> 6
ks)
E 5 —e—Cu(ll)
S 4 cd(n)
3 Pb(Il)
2
1
O \ 4
0 5 100 15 20 25

initial concentration(ppm)

Figure. 4.12: Effect of initial concentration plot of adsorption of Cu(ll), Cd(Il) and Pb(ll)
by cysAuNPs

4.3.2.2Effect of contact time

The adsorption of Cd(ll) and Pb(ll) by epaiNPs shows adsorption reaches equilibrium at 40
minutes and Cu(ll) at 60 imutes remains constant from then till 1440 minutes. Similar
adsorption equilibrium time was also observed for ABIAgNPs. This is also attributed to

the availability of vacant sites on gold and silver NPs and their ability to adsorb the metal ions
quickly, though the value of the ge for each metal ion varied for the two adsorbents. The ge
values obtained for Cu(ll), Cd(Il) and Pb(ll) ions by-@&sNPs are 7.58 mg/g, 3.52 mg/g and
3.46 mg/g respectively. The ge values obtained for the Cu(ll), Cd(IRbft ions adsorption

by EtOHcysAgNPs were 6.4 mg/g,4.62 mg/g, 4.52 mg/g respectivElgu(e 4.13-4.14)
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Figure. 4.13: Effect of contact time plot of Adsorption of Cu(ll), Cd(ll) and Pb(ll) by cys-
AuUNPs at 560 minutes
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Figure. 4.14. effect of contact time plot of Adsorption of Cu(ll), Cd(ll) and Pb(lIl) by cys-
AuNPs at 5 1440 minutes

4.3.2.3Effect of Dose

The qe for Cu(ll), Cd(ll) and Pb(ll) ions adsorbed by-8y8NPs decreases as the dose of cys
AuNPs rises, and this can be as a result of the nanoparticles having enough capacity at 0.01 g
to adsorb all the metal in the system and therebthedoses increases to 0.05 g, no more ions

can be adsorbed. Similar observation is also observed with-Ey®gNPs.(Figure.4.15)
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Figure. 4.15: effect of dose plot of Adsorption of Cu(ll), Cd(Il) and Pb(ll) by cysAuNPs

4.3.2.4Effect of pH

Thequantity of Cu(ll) ions adsorbed by epsINPs increase with pH and this might be due to

the higher electrostatic interaction between ions of unlike charges. There is a slight decrease in
the ge values for Cd(ll) as the pH increases ,while for Pb(ll) simidgervation was observed

and there has been a gradual increase in the ge values for Cu(ll) has the pH increases.at a pH
of 12 there exist significant amounts of hydroxide ions in solution which might have
contributed to the adsorption results This miglsb relate to the large amount of cysteine in

the Ag system meaning that even at acidic pH, there are free amineGitésnds very well

with amines. . Here, with far fewer cysteine molecules, the charge on the NP and the Cu species
may well play a mar important part (ge is also a bit lower, which also fits with the cysteine N

playing a significant role. (Figurd.16)
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Figure. 4.16: Effect of pH on adsorption of Cu(ll), Cd(Il) and Pb(ll) by cys-AuNPs

4.3.2.5Effect of temperature

The ge values increases for Cd(ll) and Pb(ll) ions adsorption bxup&s as the temperature
increases over the range of 3B&3 K, The adsorption of Cu(ll) by cysuNPs decreases with

increasing temperaturéigure.4.17)
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Figure. 4.17: Effect of temperature on adsorption of Cu(ll), Cd(ll) and Pb(ll) by cys-
AuNPs
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4.3.2.6Adsorption kinetics

The concept of adsorption kinetic model has been fully explained in Chapter 1 of the thesis ,all
adsorption experiments by epaINPs bllows pseudo second order kinetic and a plot of t/qt

vs time gave good Ralues of 1 for all the three metal ions adsorbed byAey$Ps and thus

is consistent with the adsorption of Cu(ll),Cd(ll) and Pb(ll) by-BydPs occurring vial
chemisorption .LowR?values are obtained for the pseudo first order kinetic model, with the
exceptionof lead with a value of 0.91. Similar adsorption kinetic pattern is also obtained for
EtOH-cysAgNPs. (Table.4.2 and Figure 8.and 4.D)

Metal Pseuddfirst -order R2 Pseudo seconarder R?
Cu (Il) 0.2 1
Cd (Il) 0.39 1
Pb (Il) 0.91 1

Table. 4.2 R?values for the adsorption kinetics of Cu (Il), Cd (Il) and Pb (ll) by cys
AuNPs

0.8
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o 04 —e—Cu(ll)
= cd(ll)
8 02
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-0.4 . . )
time In minutes

Figure. 4.18: pseudo first order plot of adsorption of Cu(ll), Cd(ll) and Pb(ll) by cys-
AuUNPs at 560 minutes
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Figure 4.19: Pseudo second order plot of adsorption of Cu(ll), Cd(Il) and Pb(ll) by cys
AuUNPs at 560 minutes

4.3.2.7Adsorption isotherm of Cu(ll), Cd(Il) and Pb(ll) ions adsorbed by cysAuNPs

The adsorptio of Cu(ll), Cd(ll) and P(Il) ions adsorbed by e&aNPs follows the Henry
isotherm model best and this can be as a result of the low concentration ranges of the metal

ions examined. The Henry isotherm is considered to be more suitable for solutes of low

concentration ranges. (Table3and Figure4.20).

metal Henry Langmuir Temkin Freundlich | D-R
isotherm R? | Isotherm R? | isotherm R? | Isotherm | isotherm R?
RZ
Cu (I 0.999 0.76 0.90 0.90 0.87
Cd (I 0.92 5ES 0.72 0.86 0.72
Pb (1) 0.97 0.49 0.79 0.66 0.75

Table.4.3 Adsorption isotherm R? values of adsorption of Cu(ll), Cd(ll) and Pb(ll) by

cysAuUNPs
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Figure 4.20: Henry isotherm plot ofadsorption of Cu(ll), Cd(ll) and Pb(ll) by cys -AuNPs

4.3.2.8Adsorption thermodynamics

Thethermodynamics of Cu(ll) and Pb(Il) adsorption by-éysNPs shows that the adsorption
process occurs endothermically with a negative value of entropy suggests decrease in degree
of disorder in the adsorption process. This is significantly different to wésiseen with Ag,

and may suggest a different mechanism of adsorption (possibly reflecting the very low amounts
of organics on the surface of the Au system). The adsorption of Cd(ll)-BuNi{Ps suggests

a spontaneous process and there is an increase idigorder overall, more similar to the
majority of systems investigated with the @gNPs. (Figure4.21 and a highlight of the

values from the adsorption thermodynamics parameters are lisiefl&v.4)

metals Y7 (kdimole) | Y4 &TET i | Y5 (kd/mole) | slope intercept
TE

Cd (I1) -47.2 81.6 -22.89 -2754.5 9.8172

Pb (I1) 38.6 -61.69 20.24 2435.7 -7.4211

Cu (I) 24.1 -38.2 12.79 1539.4 -4.693

Table. 4.4 Adsorption thermodynamics ofadsorption of Cu(ll), Cd(ll) and Pb(ll) by cys -
AuNPs
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Figure. 4.21: Adsorption thermodynamics of Cu(ll), Cd(ll) and Pb(ll) by cys-AuNPs

4.4 Results and discussion on the role of chelating agents in the adsorption of Ni{fNO
SO4%, CI'} and Ni{NOs", SO, CI'}-EDTA by cys-AuNPs

4 .4 1Effect of initial concentration

The adsorption of the Ni{N&  SQ:*, CI} and Ni{NO3z~ SQ?, CI}-EDTA by cysAuNPs
increase with the initial concentration; the value of ge for NifNSQ>, CI'} adsorption by
cysAuNPs are 9.4 mg/g, 9.6 mg/g and 9.3 mgggpectively, and this suggests that the
adsorption of Ni{NGQ ", SQ*, CI} by cys-AuNPs is not significantly influenced by the other
anions present in the,. The adsorption of Ni{N@", SQ%, CI'}-EDTA by cysAuNPs show
clearly that there is a signifant influence of EDTA on the adsorption of Ni(ll) by &4sNPs
and this is very similar to what was observed with&AgbIPs in organic solvent involving the
adsorption of EDTA and NiEDTA by EtOlys-AgNPs.(Fig.4.2)
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Figure. 4.22: Effect of initial concentration on adsorption of Ni {NOs", SOs*, CI'} and Ni
{ NO3-, SOs*, CI'}-EDTA by cys-AuNPs

4 .4 .2Effect of contact time

The adsorption of NNOs SO%, CI} by cysAuNPs reaches equilibrium at 60 minutes and
remains constant to 144@inutes with ge value7.5 mg/g and 9 mg/g,8.5mg/g, and the
difference in the adsorption equilibrium time might be attributed to the different sorption
behaviours of the other anions in solution. The adsorption of Né{N&D?, CI'}-EDTA by
cys-AuNPs showthe ge value to be significantly higher than the adsorption of Ni{N&ID>

, CI'} by cys’AuNPs, although the rate of adsorption is not significantly altered. Depicted in
Figure 4.3, Similar behaviour was also observed with Et©4-AgNPs.
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Figure. 4.23: effect of contact time on adsorption of Ni{NQ@", SOs*, CI'} and Ni{NOs",
SO, CI'}-EDTA by cys-AuNPs

4.4 3Effect of dose

The quantity of Ni{NQ", SO%, Clland Ni{ NO3~ SQs*, CI}-EDTA by cysAuNPs again
decreases with the dose @fsAuNPs .Similar trends with the EtG&ysAgNPs. However,

while this phenomenon generally relates to the ability of 0.01g of NP to completely adsorb the
soluble metal specigdsmeaning ge drops by a factor of 3 and 5 respectively at the higher doses
i this is less obviously the case heFig(ire. 4.24). The adsorption of Ni{N@, SQ*, CI'}-

EDTA complex decreases with the dose(g) ofBydPs and there is a dramatic increase in
the ge values of Ni{N®, SO%, CI'}-EDTA complex showing a possibte-adsorption of Ni

and EDTA by cysAuNPs.
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Figure. 4.24: Effect of dose on adsorption of Ni{N@, SO+, CI'} and Ni{NOsz~, SOs*, CI}-
EDTA by cyssAuNPs

4.4 AEffect of pH

The ge values of adsorption of NiQs, SO, CI'} and Ni{NOs " SQ%, CI'}-EDTA by cys

AuNPs are displayed in Figuré.25. The low adsorption values of ge obtained at lower pH
values can be attributed to the higher protonation present at the adsorbent surface and thus
lower attraction to the cationic species. Broadly, the ERbAplexes are anionic over the
whole range, and thus have a flatter profile. Higher pH values yield more significant metal
adsorption, likely due to a more favourable electrostatic interaction due to fewer protons, more
substantial negative ligands on therface, and decreased competition between thand

metal cations. The ge values of adsorption of NigN&Q:*, CI'}-EDTA by cysAuNPs shows

the pH values maxima at a pH of 9 and remains constant for Ni{NED}-EDTA with ge

values of 15.2 mg/gral 17.3 mg/g respectively and a sharp Increase For Nf&EDTA at a

pH of 12 of the system, with ge values of 16.2 mg/g.(Fi§)4.2
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Figure. 4.25: effect of pH on adsorption of Ni{NQs, SO+, CI'} and N{NOs~ SQs?, CI}-
EDTA by cys-AuNPs

4 .4 5Effect of temperature

The ge values of adsorption of NiQs SO, CI} and Ni{NOs ", SQ%, CI'}-EDTA by cys
AuNPs increase with the temperature of the system. A similar trend is also observed in cys
AgNPs in organic solvent. (Figuré.26).
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Figure. 4.26: Effect of temperature on adsorption of Ni{NQ ", SOs*, CI'} and Ni{NOs",
SO, CI'}-EDTA by cys-AuNPs
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4.4 6Adsorption thermodynamics

The Gibbs free energy and the heat of formation for adsorption M® {SQ:*, CI'} and Ni

{NO3", SQ:, CI'}-EDTA by cysAuNPs are all negative for all the adsorption experiments and

this indicate a spontaneous reaction process. List of values are depicted in table 4.5, while a

plot of InK versus 1/T are shown in figude27.

Metals aG(kd/mole) aH(kJ/mole) Y| (/Mol/ | slope intercept
K)
NOs -68.77 -38.25 102.42 -4597.2 | 12.328
NO3-EDTA | -57.7 -29.96 94.38 -3604.5 | 11.352
SQy, -5.56 -4.05 5.121 -487.96 | 0.6167
SOQ.EDTA -48.72 -22.96 86.46 -2762.7 | 10.398
Clz -32.33 -16.05 54.872 -1931.6 | 6.6624
Cl-EDTA -84.87 -44.430 135.62 -5344.8 | 16.3131

Table. 4.5 Adsorption thermodynamics of adsorption Ni {NG&", SO+, Cl'} and Ni{NO3",
SO, CI'}-EDTA by cys-AuNPs
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Figure. 4.27: Adsorption thermodynamics of Ni{NOz-, SOs*, CI'} and Ni{NO 3", SOs*, CI
}-EDTA by cys-AuNPs

4.4.7 Adsorption kinetics

The adsorption kinetic model works best with pseudo seoctetr kinetic model for
adsorption of Ni{NQ", SQ?, CI'} and Ni{NOs", SQ*, CI'}-EDTA by cysAuNPs ,table of
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R2-values are depicted ifable.4.6 and figure4.28. The pseuddirst-order model again fits

very poorly. Given these results it is suggested that the adsorption data are well represented by
pseudesecondorder and the rattmiting step of Ni{fNOs, SO, CI'} and Ni{NOs~, SQi*, CI

}-EDTA ions onto cysAuNPs may be chemical adsorption or chemisorption and not physical

sorption.
Metal-Ni (II) Pseudo firstorder | Pseudo secon
kinetic order kinetics
NOs 0.458 0.9999
SO 0.5 0.9979
Clz 0.79 0.991
NOs.EDTA 0.097 1
SQ-EDTA 0.0157 1
Cl>-EDTA 0.031 1

Table. 4.6 R?-values adsorption kinetic model of Ni{NQ", SOs*, CI'} and Ni{ NO3", SOs*
, CI'}-EDTA adsorption by cysAuNPs
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Figure. 4.28 A plot of pseudo seconerder kinetics on adsorption of Ni {NQs", SOs*, CI-
} and Ni {NO3~, SQs%, CI'}-EDTA by cys-AuNPs at 560 minutes

4.4.8 Adsorption Isotherm

The Rvalues obtained from different adsorption isotherm are itemized in the table. Tis val
obtained shows that the adsorption fits best with the Henry Isotherm for all the metals ion

examined except for Ni(N€§y}-EDTA which fits best with both Henry and the Temkin
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isotherm model. Temkin isotherm model considers the effects of indirect adsorbate/adsorbate
interactions on the adsorption process; it is also assumed that the heat of adsorption of all
molecules in the layer decreases linearly as a result of increaseestoferagé®. (Table4.7
andFigure4.29)

Metals Henry Freundlich | Temkin D-R Langmuir
isotherm isotherm isotherm isotherm Isotherm
Clz 0.93 0.55 0.77 0.41 0.098
SO 0.96 0.79 0.86 0.70 0.33
NO3 0.91 0.79 0.89 0.82 0.0768
Cl>-EDTA 0.97 0.69 0.42 0.53 0.21
SQi-EDTA | 0.99 0.89 0.85 0.84 0.057
NO3-EDTA | 0.94 0.68 0.95 0.67 0.388

Table. 4.7: R?values of adsorption isotherm of Ni {NQ-, SOs*, CI'} and Ni{NO3", SOs*,
CI}-EDTA adsorption by cysAuNPs
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Figure. 4.29: Henry adsorption isotherm of adsorption Ni {NQz",SOs*, CI'} and Ni{NO3z"
,SQs?, CI'}-EDTA by cys-AuNPs

4.49 UV/Visible spectroscopy of Ni{S@ and Ni{SO4}-Na
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The UV/Visible spectroscopy of NiSCand NiSQ- in the presence of sodium ions were
measured in order to investigated any possible influence of the Na counterions of EDTA in the
adsorption process .500ppm initial concentration of Ni8&eprepared with deionized water

and another 500 ppm of NiS@ere prepared in 0.01M NaOs. The uvvisible spectra of the

two systems suggest at most minimal involvement of the Na ions in the adsorption experiments.
(Figure.430 and 431).
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Figure.4.30: UV/Visible spectroscopy of nickel sulphate (500ppm)
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Figure 4 31:UV/Visible spectroscopy ohickel sulphate-sodium (500ppm)

4 5Conclusion to Chapter 4
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Gold nanoparticles have successfully been synthesised by reduction of Au(lll) by citrate, in the
presence of cysteine. While the role of cysteine was expected to be a stabiliser, and by analogy
to the Ag systems in Chapter 3, would decorate the surface, this appeared not to be the case,
and it was not possible to detect anything but traces of organics (whetherdstigesl or
cysteine) on the surface of the nanopatrticles. Despite this, stallesAwvere formed, although

the initially formed system showed a significant (ca 40%) reduction in LSPR intensity over ca.

1 hour, being stable subsequently. the adsorption behaviour is broadly similar to what was
observed with the Ag system. The adsorptdrCu(ll),Cd(ll) and Pb(ll) by cysAuNPs ,the

effect of dose suggest that 0.01g of the dose eReN$Ps is sufficient enough to adsorbed all

the metals and this is similar to what we have htysAgNP and EFOH-cysAgNPs. Similar
adsorption behavious found in effect of pH with EDH-cysAgNPs which all the three metal

ions increase with the pH except for cadmium whose ge values decreases with pH.

The adsorption fits best in henry adsorption isotherm and this is similar to the-EROH
AgNPs adsorptin isotherm resultavhich suggeshe adsorption energy being independent of

the coverage (lack of inhomogeneities on the suyfaldee adsorption Kinetic fits best with
Pseudo second order kinetics suggesting the adsorption process progress via a physisorption

adsorption process.
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CHAPTER FIVE

Result and discussion on thegreen synthesis, structure characterization of metal

nanoparticles obtained from Jasmine green tea extracts and application towards the

detection of heavy metals from aqueous solution

5.0 Green tea silver nanoparticles (GTAgNPS)

5.1. Results and discussion on GFAgNPs

In comparison to theonventional routes to metal NPs, which typically involve reducing agents
such as NaBHkand other reagents, green routes for the synthesis of metal nanoparticles have
emerged as a promising pathway, avoiding such reductants and relying on low cost,tabundan
natural reductants and stabilisers. In green methods, natural agents such as plant extracts, tea
leaves extracts, peels and biomolecules are employed for the fabrication of nanop&ticles.

176 These biedirected approaches are ntmxic, reliable, coseffective, efficient, bie
compatible, and eefsiendly. Amongst the green methods, the uses of Tea leaves extract in
fabrication of metal nanoparticle is coveted process since it is simple, rapid, scalable and high
yielding as the synthesis of the metanoparticles with tea leaves yielded a high amounts of

the nanoparticles in a single pétdviany researchers have reported the successful synthesis
and applications of a wide variety of metal and metal oxide nanoparticles from the extract of
different pants and plant parté82 The extract of green tea leaves is a popular beverage due

to its flavour and antbxidant properties. The main constituents of tea leaves are polyphenols,
caffeine, organic acids, amino acids, terpenes, and flavanols. Tuxiatint properties of the

green tea extract are accredited to the tea polyphenols, predominantly the catechins (including
epicatechin, epigallocatechin, epicateeBigallate, and epigallocatechBigallate}®®. and

these makes them an excellent candifiatéhe reduction and stabilization of metal to it nano

sized state

5.1.1 Physical appearance

The colour of the GIAgNPs is similar to the colour of cysteine stabilized silver nanoparticles
(in agueous solvent) which is a vibrant yellow. Tiigal colour of the extract is brown and
addition of silver nitrate to the extract the solution turns yell&gure5.0)
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Figure.5.0: Physical appearance of a) jasmine green tea leaves bag b) jasmine green tea
extracts c)GT-AgNPs

5.1.2 FT-IR spectroscopy ofGT-AgNPs

Fourier transform infrared spectra of @AgNPs and dried green tea powder are depicted
(Figure.5.2). The spectra were explained by the linking of the absorption bands to the respective
functional group presents in the compounds which are responsibleefaeduction and
capping of silver nanoparticles. The spectrgreén tea Ag nanoparticles dried powder showed

a very broad peak stretching from ca.3500tto almost 2100 crhas well as sharper peaks

at, 2971, 2851, 1740, 1360, 1218, 1191, and 1006& Asmdiscussed earlier, green tea extracts
consist of a range of molecules such as polyphenols, amino acids, organic acids such as gallic
acid, catechins and caffeine. he very broad band is assigned tokhstr@tching of alcohol

in polyphenols, acidswa Ni H stretching in amines. The bands representid@isd stretching

appear at 2971 and 2851 'énThe strong sharp bands at 1740 and 136¢ ane assigned to

C=0 and GO bonds of gallate esters or free acids found in the green tea extracts respectively
184the 1191 and 1000 érhpeaks representi©i C stretching, and the strong band at 9738'cm

is assigned to aromatic C=C bending.

Changes in the spectral of chemical components of green tea driddr@ow GTAgNPs can

be recognized by comparing the&ispective infrared spectra. All the vibrational peaks in the
Green Tea dried powder spectrum were shifted in theAGNPs spectrum, they tend to be
narrower after reducing and stabilizing of the nanopatrticles. Literature study revealed that it
likely the pesence of flavonoid in the green tea plays a significant and has help in reducing the
silver from +1 states to zertases which is due to the abundance of the hydroxyl group which
makes epigallocatechin gallate (epigallocate@gallate) a powerful amxidant and a strong

reducing agent for the nanoparticles fabricafigafter the nanoparticles synthesis, the colloid
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were dried in the oven and the powder are washed with ethanol and deionized water and further

dried at 103C at this stage the epigatatechin would have dissolved away.

OH
OH

H W
0 o.y. -

OH

OH
OH

Figure.5.1: Chemical structure of epigallocatechin gallate
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Figure.5.2: Fourier transform infrared spectra of GT-AgNPsand green tea dried powder
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5.1.3 UV/Visible spectroscopy of GTAgQNPs

The LSPR was observed at 452 nm and remains stable with time. Image depicted in the figure
5.3. Thesilver nanoparticles absorption band are affected by the size of particles, dielectric
effect, and immediate chemical environméftd®® Nanoparticles sized between 2 and 100

nm, is identified with a characteristic localized surface plasmon p&ak&A study published

by Nazima et al*® concluded that the average peak for silver nanoparticles was noticed at the
range of 370430 nm. A research study conducted by Alomar et®locused on the use of a

green chemistry technique to produce-&@ndly metal nanoparticles using Peganum harmala

| eaves. UVT Vi sible Sspectroscopy wa s empl oy
nanoparticles, and a sharp peak was detected at 350 nm for neem, aloe vera, Indian mint, and
guava leaves, Alex et @PSobserve localized surface plasmon resonance bands of silver
nanoparticles at 446, 456, 443, and 347 nm, respectively. In another study, in which Al Masoud

et al.,'% prepared silver nanoparticles from ginger, an absorbance peak was observed at 434
nm, A study arried out by Rani et at’saw the use of a green approach to synthesize highly
stable spherical silver nanop &isibldspectosopy Thi s
to examine the stability of nanoparticles over three months, where a sharpetbardn 420

and 430 nm was detected. Parit et 8F conducted a further green study and reported the
existence of two distinct peaks at 363 and 426 nm when synthesizirgpherically shaped

silver nanoparticles. In this research, the localized seifégsmon resonance was observed at

441 nm which confirms the complete synthesis of the silver nanoparticles by the green tea

extracts.
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Figure.5.3: UV/Visible spectra of GTFextract, silver nitrate and GT-AgNPs and its

absorbance stability measurements with time (3200 min) at 10 minutes interval.

5.1.4Thermal analysis of GT-AgNPs

TGA of green tea extracts and @&fNPs were run under nitrogen at a heating rate €10
min, and the thermogram curve of the-BgNPs is depicted in Figure.5.4 The TGA trace of
the extracts consisted of a th&age decomposition (after a very small water loss) leading to
aresidue of 17% at 60C. The GFAgNPs lose around 6% by massothe same temperature
range, suggesting that the @QNPs contain around-5% organic material, similar to the
EtOH-cysAgNPsThe thermogram of G&xtracts shows a thermal decomposition of organics
compound in two stages with the first decomposition @asedwith decarboxylatiorand the

second decomposition accounting for loss of organic compounds
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Figure.5.4: Thermal analysis offasminegreen tea silver nanopatrticle

5.1.6 Microanalysis of GT-AgNPs

The C, H and N contents of the green tea powder and the green tea silver nanoparticles are
shown inTable.5.0, the percentage carbon hydrogen and nitrogen of the green tea silver
nanoparticle revealed that 18 % of the fabricated nanomaterials are ongar@2 &o is the
remainder component and oxygen contents. These results are in best agreement with the
Powder xray diffraction analysis of th&T-AgNPs which suggest 84% GAgNPs. The

PXRD software using match and find the percentage metal present inathened sample.

The discrepancies in the TGA and microanalysis data might be as a result of selective

adsorption of some of the carbon rich organic compounds to the exclusion of others

Analysis Remainder %C %H %N
(%)

GT-extracts 53.13 42.21 4.66 <0.3

GT-AgNPs 84 13.85 1.2 0.65

Table.5.0: MicroanalysisGT-AgNPs

5.1.7 Powder X-ray diffraction of GT-AgNPs

The Powder Xray diffraction pattern of th&T-AgNPsis depicted in th&igure 5.5 The XRD
peaks at 2d degr ee o fbeatt@hutédtotd#e41.13), 2®0, (220)a n d
and (3 1 1) crystalline planes of the face centred cubic crystalline structure of metallic silver
(JCPDS file No. 04071-4613). Besides, the peak near 31.9 implied the possible existence of
Ag20 %, The difffractogram of the drie@T-AgNPsand green tea there are appearance of
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peaks which are not in the diffractogram of the latter.The XRD of jasmine green tea AgNPs

looks strong which is consistent with low organics comtents.
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Figure.5.5: Powder xray diffraction of dried jasmine green tea (grey line) and GF

AgNPs (orange line)

5.1.8 Scanning electron microscopy ofasminegreen tea silver nanoparticle

The SEM images o6 T-AgNPs are shown ifrigure.5.65.7 and the SEM of5T-AgNPsare

made up otlusters of nanoparticles which are predominantly dispersed in the form of spheres.
The nanoparticles were very close to each other within the formed spherical range, which may
be due to the high stabilizing power of the green tea extracts. Similarly ji8&gdé of EtOH
cySAgNPs is also made of clusters of NPs.

Figure.5.6: SEM images of5T-AgNPs (10um)
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Figure.5.7: SEM images ofGT-AgNPs (20um)

5.1.9 TEM of GT-AgNPs

TEM was employed to further complement the scanning electron microscope results in order
to characterize the size, shape and morphology o6TH&gNPs The TEM images o6& T-
AgNPsdepicted inFigure.58-5.9, showsa mixture of spherical and some diamondrfs.

Green tea silver nanoparticles have particle sizes ranging from 20 to 90 nm. (R3¢ 5.

Figure.5.8: TEM images GT-AgNPs(200nm)
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Figure.59: TEM images GT-AgNPs(50 nm)

5.2  Application of green tea metalhanoparticles toward the detection of heavy metals

from agueous solution

5.2.1 Detection of Ni(ll) by GT-AgNPs

The interaction of Ni(ll) ions with GFAgNPs induces a slight bathochromic shift with a
change in the shape of the LSPR indicating the plessigtection of Ni(ll) by GTAgNPs,

similar observation was made with-agssAgNPs (Figure.5L0)
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Figure.5.10:UV/Visible spectroscopy of detection of nickel 20 ppm) by GT-AgNPs

5.2.2 Detection of Au(lll) by GT-AgNPs

the interaction of Au(lll) by GIAgNPs show a bathochromic shift in the LSPR. The visual
colour observation changes from yellow to light brick red colour, the LSPR shifted from 424
nm to 446 nm.Kigure.5.1}
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Figure.5.11: UV/Vis spectroscopy of detection of gold €20 ppm) by GT-AgNPs
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5.3  Adsorption of Cu(ll) by GT -AgNPs

5.3.1 Effect of initial concentration

The effect of initial concentration was tested on the concentration ranges betw&@h #im

and 0.1g pf the adsorbents agitated for 2 hours after which the adsorbents were separated from
the supernatant using filtration methods, the supernatant sakiéinalysed using/V/Visible
spectroscopy. The quantity of Cu(ll) ions adsorbed increased with initial concentration till 400
ppm and tends to desorbed at 800 ppigure.5.2)

0 200 400 600 800 1000
initial concentration(ppm)

Figure.5.12: Effect of initial concentration of Cu(ll) by GT -AgNPs

5.3.2 Effect of contact time at optimal dose

The quantity of Cu(ll) adsorbed by GAgNPs was rapid at instant and reaches optimal time
at 60 minutes with ge values 75mg/g at #@én of Cu(ll) concentratiorf{gure.5.B).
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Figure.5.13: Effect of contact timeof Cu(ll) by GT -AgNPs

5.3.3 Effect of dose at optimal initial concentration and time

The ge of Cu(ll) ions decreases with the dose ofAGINPs, similar trends observed in PL
AgNPs and cysAgNPs in organic solvents. (Figure.8)1
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Figure.5.14: Effect of dose of Cu(ll) by GT-AgNPs

5.3.4Effect of pH at optimal initial concentration, optimal time and dose

The ge values increases for Cu(ll) ions examined as expected, the reason can be attributed as a

result of the high pH is been dominatedrn®gative charge and the surface of the &NPs

is also negatively charged and there exist a strong electrostatic attraction of the metal cations

and the GTAgNPs as a result of these. Depicted in Figures.5Similar trendsareobserved
in GT-AgNPs and EDH-cysAgNPs.
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Figure.5.15: Effect of pH of Cu (II) by GT -AgNPs

5.3.5Effect of temperature at optimal initial concentration, time, dose andpH

The ge values increases for Cu(ll) ions adsorbed BAGNPs increases with the temperature.

Depicted inFigure. 5.8. Similar trendsireobserved in PYAgNPs and EtOFys AgNPs.
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Figure.5.16: Effect of temperature of Cu(ll) by GT-AgNPs

5.3.6.Adsorption isotherm

The adsorption isotherm fits best with Henry Adsorption isotherm and followcatipetition
with Temkin and Freundlich adsorption Isotherfiggre5.17 -5.19andTable.5.1)
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Adsorption Langmuir Henry Temkin D-R Freundlich
isotherm isotherm Isotherm isotherm isotherm | Isotherm
Cu (I 0.5448 0.999 0.9498 0.6011 | 0.9498

Table.5.1: Adsorption Isotherm R of adsorption of Cu(ll) by GT-AgNPs
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Figure.5.17: Henry adsorption isotherm of adsorption of Cu(ll) by GT-AgNPs
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Figure.5.18: Freundlich adsorption isotherm of adsorption of Cu(ll) by GT-AgNPs
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Figure.5.19: Temkin adsorption isotherm of adsorption of Cu(ll) by GT-AgNPs

5.3.7 Adsorption kinetic

The adsorption fits best using Pseudo seamadér kinetic model.Higure.520-5.21)
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Figure.5.20: Pseudo seconabrder of adsorption of Cu(ll) by GT-AgNPs
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Figure.5.21: Pseudo first-order plot of Cu(ll) adsorption by GT -AgNPs

5.3.8. Adsorption thermodynamic

The change in enthalpy values29.88kj/mole, the change in entropy values at 97.98 J/Mol/

K and the change in Gibbs free energy g&®.08kj/mole.The adsorption of Cu(ll) by GT

AgNPs suggests a spontaneous process and there is an increase in the disorder overall.
(Figure.522).
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Figure.5.22 Adsorption thermodynamics of Cu(ll) adsorption by GT-AgNPs
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5.4 Conclusion tochapter 5

The synthesis of metal nanopatrticles using jasmine green tea extracts shows the ability of the
extract to reduce and capped the metal nanoparticles as this is evidenced by the various

analytical tools used in the characteristics of the metalpzatioles.

The metal nanoparticles synthesized were exposed to various metal ions at2@vp)
concentrations. In the majority of cases there was a clear change to the LSPR, which often

diminished in intensity, and also shifted as is depicted indlf@fing,

The detection of Ni(ll) by GIAgNPs Detection of Au(lll) over the range 6 ppg® ppm by
GT-AgNPs shows a change in the yellow colour of&JNPs to a reddish brown and there
exists a change in the LSPR of the-&dNPs with a red shift.

Detectionof Au(lll), Cu(ll) and Ni(ll) by GT-AgNPs and ETOFtysAgNPs and agys -
AgNPs shows a suitable interaction with the heavy metals examined and thus no signals of
gold were shown in the wuisible spectra and thus shows the potential of the Green tea

syntresized AgNPs and GTAUNPs to be utilized for interaction with heavy metals.

Detection of Ag(l), Cu(ll) and Ni(ll) by GFJAUNPs and cysAuNPs shows an excellent
interaction property towards the detection of heavy metals and both give a better result and can
be used as greener alternative to detect heavy metals.

Adsorption of Cu(ll) by GTAgNPs shows the potential to remove heavy metals from aqueous

solutions.
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Chapter six

Results and discussion on synthesis and structural characterization of jasmiqgeeen tea

gold nanoparticles GT-AuNPs) and application towards a portable sensor for the

detection of heavy metal from aqueous solution

6.1 Physical appearance

The GT-AuUNPs appears purplisted after thesyntheticprocess suggesting the formation of
GT-AuNPs.DepictedFigure.6.0.

-

Figure.6.0: physical appearance of ajpsminegreen tea bag bjasminegreen tea extract
c) GT-AuNPs

6.1.1 Fourier transform infrared spectroscopy of GT-AuNPs

The Fourier transform infrared spectra of green tea powder and colloidal solUEdrrafiNPs

was obtained immediately after the synthesis process. In order to investigate the nature of
interaction betweethe tea extract and gold (lll) ions, Fourier transform infrared spectra were
carried out. Depicted in figure 6.0, it could be observed that the green tea powder consists of a
weak broad peak in the region of 3454 toorresponding to thei® stretch and the peaks at
2971, 2907 and 2785 étare assigned to the @i H stretching vibrations of the organic
constituents of thgasminegreen tea. A band at 1739 ‘cneould be attributed to the C=0
stretch of the acid and®r groups present in green tea powder and the peak at 13Gfaid

be assigned to the stretching vibration of carboxylateiiG®0i ). A peak at 1217 chhshows

the GO- stretching vibration in the polyphenolic compounds and peaks at 1220 and 7600 cm
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could be attributed to thei© and G OH singlebond vibrations. The peaks present at 813 and

631 cm? confirm the presence of aromasiabstitutedrings. Inthe spectra oG T-AuNPs

some changes are seem: a new peak at 1708arm a slight shift in th€=0 stretch from

1739 cm?, the appearance of a broad bane@fid band in the region of 3312 c.The rest

of the fingerprint region is broader and weaker ,but no clearly new peaks appear compared

to that of green tea gold nanoparticles afterdiaetion with tea extract as shown below. The

new peak at 1708 crhcould be due to coordinated acids and possibly also to the conversion

of Ci OH group to C=0 group during the reduction reaction of'A0 A u . A very w
intensity of the peak also mean Be€DH groups is present in a small fraction and only a tiny

amount is converted to C=0 group which confirms the fact that a large amount of the tea aliquot

is used for the reactions.

The FFIR spectra of5T-AgNPsandGT-AuNPslooks very similar and this can be attributed

to the reduction and stabilization pattern of flavonoids present injadminegreen tea.
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Figure.6.1: FT-IR of jasminegreen tea(dried) andGT-AuNPs

6.1.2 UV/Visible spectroscopy of5T-AuNPs

Absorption spectra of th&€T-AuNPs (Figure.6.3) reveals the existence of surface plasmon
resonance wavelength at 535 nm. Presumably the flavonoids components embedded in the
green tea are likely candidates for the effective reduction of gold ions toxdatian state

gold nanopatrticles, their chemical topologies permit effective encapsulation around the gold
nanoparticles thus retarding aggregation and agglomeration of the nanoparticles. The recent

discovery on the distinct feature of phytochemicals camepts in tea in initiating nanoparticle

173



formation is of significant value in the fabrication of greener gold nanopatrticles and this has
makes it useful for medical and technological applications under safe conéfitithig.he

LSPR of the synthesizeBT-AuNPswas observed at 533 nm and remain stable with time
certainlyand then drops.
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Figure.6.2: UV /Visible spectra ofgreen tea extracts and gold chloride
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Figure.6.3: WV/Visible spectra of GT-AuNPs (10-100 minutes) at 10 minutes interval
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Figure.6.4: A plot of absorbance stability measurements @& T-AuNPsversus time

6.1.3 Thermal analysis of GT-AUNPs

Thermogravimetric analysis shows that the-@INPs are homogenous in nature and contain

a significant number of organic constituents. The first weight loss for thRAUBIPs occurred

at 180190 °C and shows a steady weight loss in the temperature rang&8@b620 °C with

a total weight loss up to 650 °C which is about 50 % percent weight loss and the breakdown of
the loss is as follows ,22.2.2 % and occurred at 190 °C (13 %B32ADOC, (10 %), and 640

°C (31.71 %). The thermograph of the ‘BUNPs is in lest agreement with the research
published by Hojat et al.,202&. As there is no expected weight loss over this range for gold,
and it is likely that the organics decompose partly to volatiles and partly to involatile
carbonaceous deposits,appears that the organic content is at least 50 %. The thermolysis
jasmine green tea extract(dried) suggest it contains 15 % water and also volatiles components.
Similar decomposition behaviour at high temperature was observed witAgBiRs

(synthesisedn both aqueous and organic solvénfiSigure.6.5)

The cysAuNPs contained 1 % of organic components at the surface of the nanopatrticles, here
we have a much higher number of organic components at the surface offeNE$ which
suggest the excellent necing ability of flavonoids present in the jasmine green tea to reduced

and stabilize the synthesized gold nanoparticles
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Figure.6.5: TGA of jasmine green tea extract(dried) andsT-AuNPs

6.1.4 Microanalysis of GT-AuNPs

The CHNanalysis of jasmine GAUNPs shows that there exists a total of 66.6 % inorganics

and 33 % organic compounds and this is in best agreement with the TGA data obtained for GT
AuNPs. Depicted in table.6.0.

Analysis Remainder %C %H %N
(%)

GT-extracts 53.13 42.21 4.66 <0.3

GT-AuNPs 66.56 29.4 2.82 1.22

Table.6.0: Microanalysis ofGT-AuNPs

If we assume that the extracts retain their overall composition after NP formation, then the
66.56% remainder in the GAuNPs should consisif [53.13 / 42.21]x29.4 = 37.0% oxygen

from organics. If we also assume that the residual mass in theu@Ps is omposed of the

same proportion of residual mass from the extracts themselves, plus all the gold, then the
residual 66.56% is 7.52% O and 59.15% Au. Again, we see the presence of N in the AUNPs
(as was also observed in the Ag system (Section 5, Tabl&Aif)suggests that there may be
selective adsorption of some components form the extracts onto the NP seudapectein)

and thus the above calculation can only be an approximation
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6.1.5 Powder X-ray diffraction of GT-AuNPs

The crystalline feature of GRUNPs was confirmed with an-Ky pattern (Figure.6.6) with

di ffraction peaks at 38. 07, %88°.reafingto§ldal),2 9,
(200), (220), and (311) facets of a face centred cubic crystal structui@eRJGIB. 0040784)

and showed the crystalline structure of prepared gold nanopatrticles with green tea extract. The
PXRD of GTFAUNPSs obtained is quite similar to those obtained fromAlyNPs,

— GT-AuNPs
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Figure.6.6: PXRD of GT-AuNPs and GT-extracts(dried)

6.1.6 TEM of GT-AuNPs

High resolution TEM was applied to determine the dimension and shape and morphology of
the nanoparticles. The TEM images obtained for the synthesized green tea gold nanoparticles
are depicted beloFigure.6.76.8). Based on the image, the synthesized nanoparticles tend to
be spherical in nature, it is obvious ti&f-AuNPshave roughly spherical morphology, with

some more angular NPs also visible, with a great distribution of particles with sizezbe

30 and 50 nm. The result of the TEM suggest the existence of lattices fringes which evidenced
the excellence crystallinity. The crystalline nature of the particles was clearly indicated by the

lattice structures shown in imag€idure6.6)
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Figure.6.7: TEM of GT-AuNPs (100nm)
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Figure.6.8: TEM of GT-AuNPs (200nm)

6.1.7 Scanning electron microscopy o6 T-AuNPs

SEM images of th&T-AuNPs synthesized showed the existence of clusters. The particles

comprise of nearly spherical and some occluded shapes of nanoparticles. This variety of
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geometrical shapes is typical of green synthesis of gold nanoparticles and has been described
in the literatire2°“2*9YFigure.69-6.10).

Figure.6.10:SEM images ofGT-AuNPs(10um)
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6.2 Interaction of heavy metal with GT-AuNPs

6.2.1 Interaction of nickel with GT-AuNPs

The interaction of heavynetals by GTAUNPs shows a distinct pinkish red colour after 5
minutes contact time, The LSPR tends to remain the same with shape of the E§BiR. (
6.11)

—— GT-AuNPs
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‘ — 14ppm
— 16ppm
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wavelength (nm)

Figure.6.11: UV/Visible spectra of GT-FAUNPs andnickel(2-20ppm)

6.2.2 Detection of copper by GFAUNPs

The interaction of copper by GAuNPs shows that the initial pink colour changes after the 5
minutes contact times and the intensities of the colour decrease as the concentration of the

copper increase3he LSPR suffers a slight blue shift from 537 nm to B34 (Figure.6.2).
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Figure.6.12: UV/Visible spectra of copper and GTAUNPs

6.2.3Detection of silver by GT-AuNPs

The interaction of silver by GRUNPs appear tohange from purple red to pinkish purple and
the quenching of the silver by GAUNPs appears to have shift the LSPR from 537 nm to 571
nm with the change in the shape of the LSFRjufe 6.B)
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Figure.6.13: UV/Visible spectra of Silver and GFAuUNPs
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6.3 Conclusion

The synthesis of metal nanopatrticles using jasmine green tea extracts shows the ability of the
extract to reduce and capped the metal nanoparticles as this is evidenced by the various

analytical tools used iné characteristics of the metal nanoparticles.

The metal nanoparticles synthesized were exposed to various metal ions at2@vp)
concentrations. In the majority of cases there was a clear change to the LSPR, which often

diminished in intensity, andlso shifted as is depicted in the following,

Detection of Ag(l) by GFAUNPs shows a colour change from, brick red to pinkish colour over
the concentration range examined and there exist a shift in LSPR framnm5®7/57 1nm. Gold
was shown in th&)V/Visible spectra and thus shows the potential ofiteen tea synthesized

Ag-NPs and GTAuUNPs to be utilized for interaction with heavy metals.

Detection of Ag(l), Cu(ll) and Ni(ll) by GFJAUNPs and cysAuNPs shows an excellent
interaction propertyowards the detection of heavy metals and both give a better result and can

be used as greener alternative to detect heavy metals.
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Chapter seven

7.0 Results and discussion on the synthesis and structural characterization of metal

nanoparticles with the aid of cassava extracts.

7.1 Extraction of cassavaflesh

Cassava extracts wakoicedue to the abundance of cassava in southern area of Nigeria and
the ease of availability of the cassava biowaste to be used in the production of the metal
nanopartilcles.50 g of chopped cassava flesh are weighed into 500 ml round bottom flask and
boiled @ 100°C till it boils after which the extracts are decanted and left to cooled down. Raw

cassava is 60% water, 38% carbohydrates, 1% protein, and has negligitfle fat.

7.1.1 Gold nanoparticles obtained using citric acids, ascorbic acids and cassava flesh

extracts

Production of metal nanoparticles from the cassava flesh extracts alone proved not to be
successful, therefore ascorbic acid was used tsyuhesize the metal nanoparticles. In one

set of experiments, ascorbic acid alone was used to redutacareoparticles and, in another

set of experiments, ascorbic acid and cassava flesh extracts were used to reduce and stabilize
metal nanoparticles A comparative study was carried out on the synthesizedetdA
nanoparticles and the metal nanoparticlesaimed from AA and cassava flesh extracts

nanoparticles
A parallel study was carried out using citric acid in place of ascorbic acid.

Metal nanoparticles obtained from these chapter were characterized using UV/Visible
spectroscopy, FTIR, TGA and PXRD

7.12 UV/Visible spectroscopy of ciAUNPs and citAu-casNPs

LSPR peaks were observed for theAitNPs and cHAu-casNPs at 533 nm and 547 nm
respectively, the latter system gave the broader peaks, indicating a larger particles size. The
absorbance staltjyi measurements of eRu-casNPs prove to be stable with time compared

to the citAuNPs. (Figure .7.0 and 7.1).
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Figure 7.0: UV-Visible spectra of citAuNPs and it absorbance stability measurements

with time (10-100mins) at 10 mins interval and jpeg of CHAUNPs
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Figure 7.1: UV-Visible spectra of citAu-casNPs and its absorbance stability

measurements with time (183100 mins) at 10 mins and jpeg CiAu-casNPs
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7.1.3 UV-Visible spectroscopy of AAAUNPs

The LSPR was observe at 547 nm for-A8NPs and tends to be stable with time to some
extents, With a pinkish red appearance. The LSPR observed fé&uAdasNPs at 541 nm.

The LSPR observed for AAuNPs and AAAu-casNPs tends to é stable with time, in
compared with those obtained from citric acids, The AuNPs obtained are mainly dominated by
large particle size as regards the broadness of the shape of the LSPR which relates to the size

of the material. depicted figure.7.2 and B.
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Figure.7.2: UV/Visible spectra of AAAUNPs and its absorbance stability measurements

with time (10-100 mins) at 10 mins interval
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Figure.7.3: UV-Visible spectra of AAAu-casNPs and its absorbance stability

measurements with time (16100 mins) at 10 mins interval and its jpeg image

7.1.4 FTIR spectra of AA-AuNPs and AA-Au-casNPs

The FTIR spectrum for pure-ascorbic acid is shown in figure57.The stretching vibration

of the carbonoxygen double bond and the peak of enol hydroxyl were observed at 1674
cm' tand 1322 cirt, respectively. After the formation of the AUNPs These peaks disappeared
and new peaks were seen at 3481%citi718 cm?, and 1681 cht (Figure.7.4. These peaks
correspondto the hydroxyl, oxidized carbonyl groups, and conjugated carbonyl groups,
respectively. These results indicate the presence of the polyhydroxy structure on the surface of
the silver nanoparticles. The existence of polyhydroxycttre in the gold nanoparticles shows

a great dispersion effect on the synthesized gold nanopaffitfegure 7.4)

To understand the nature of binding mode by citric acids, cassava flesh extracts on AuNP
surfaces, we studied the FTIR spectra. The FSi&ctra of cHAuNPs and cHAu-casNPs are

shown in Figure.7.5. It is evident from Figure 7.5. that the characteristic peaksAoiNEds

are at 1696 chi(vC=0) and 1320ch¥( g s , Ci 0), and a broad
320071 3'42QicH) . The F T-ARcasiNpsegFigure.d) are similar itotthose

of cit-AuNPs. However, the difference is due to the weak appearance ofthee@k in cit
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Au-casNPs peaks at 3404¢fand the intensity of the C=0 andGB bond of the citAu-cas
NPs tends to be stronger in cormgzhto the CHAUNPs at 1704crhand 1015cim respectively

suggesting the possible complexation of more material at similar spots.

1.2
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(o]
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OH 0.4
— AA-AUNPs
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0
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Figure.7.4: FTIR spectra of AAAAuNPs and AA-Au-casNPs
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Figure.75: FTIR spectra of ascorbic acidsnd citric acids

187



1.2

\ ©
\ 0.8 3
A <
8
f 0.6 I=
2
OH 04 o
C=0 GO '
cit-AuNPs
0.2
cit-Au-cas-
NPs 0
3650 3150 2650 2150 1650 1150 650
wavenumber(crm)

Figure.7.6: FTIR spectra of cit-AuNPs and citAu-casNPs

7.1.5 Scheme of reaction of ascorbic acids and AuNPs

Ascorbic acid is a good reducing agent and can reduce, and thereby neuti@atines bxXygen
species leading to the formation of ascorbate radical and an electron. This free electron reduces
the Ai**ions to or Al as can be seen in scheme 1 of figufe7.

OH OH
OH
o]
o)
H OH
Ascorbic acid Ascorbate radical

2HAUCL—" 2Au*+HCL
e +Au —» AuU°

Figure.7.7: scheme of reaction of ascorbic acids and AuNPs
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7.1.6 Scheme of reaction of citric acids with gold

Citric acids havéeen an employed as a co reducing agent in the synthesis of gold nanopatrticles

and thus the gold chloride got reduced to its elemental Stager¢7.8).

OH 0 AuCj 0 0 0

H OH

AuCls — > AuCl +H" +3CI +CO,
3AUCI +ClI —>  2AR+ AuCls
Figure.7.8: Scheme of reaction of citric acids and AuNPs

7.1.7 Powder xray diffraction of AUNPs

The PXRD of CcitAu-casNPs shows a  2values at 20.44—

,28.44 —38.46 —44.70 —64.6? —and 77.586—and the last four values correspond to the
(111), (200), (220), and (311) planes of gold The bpmsks a2 d 2 Oand28.04are from

the amorphous structure of the organics presents. (Fig2)reThe PXRD of AAAUNPs are

also characterized by strong intense signals and also peaks of AUNPs which corresponds to the

Face centre cubic crystal structures.
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Figure.7.9: PXRD of cit-Au-CasNPs, citAu-casNPs and AAAUNPs

7.18 Thermal analysis of citAUNPs,cit-Au-casNPs, AA-AUNPs and AA-Au-casNPs

The thermal analysis results show that the decomposition for theuN®s, AAAu-casNPs

and citAuNPs samplegare of three stages the first stage implies the loss of loosely bound
water in the samples, the second and third decomposition implies the breakdown of organic
component in the samples The residues includes the inorganic component along with any
resdues from the organic&ifure.710) The thermal decomposition of -@u-casNPs is of

two stage decomposition the first stage involves the loss of physically bonded water and the
second stage decomposition of the organic contents in the sample withc8dtpemnants
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and 16 percent total organic contents present in the samples. Depiffigdre.7.9)
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Figure.7.10: thermal analysis of AA-AuNPs, AA-Au-casNPs, citAuNPs andcit-Au-cas

NPs

7.2 Conclusion

Gold nanoparticles produced with the aid of citric acids and cassava flesh extracts are mainly

dominated by small particles sized compared to those of ascorbic acids and cassava flesh based

on the shape and appearance of L&PEe absorption spectrum, there exist a face centred

crystal structure for all the golthnoparticles. The stability measurement of absorbance of the

absorption spectra shows that the AuNPs produced via citric acids and cassava flesh extracts

are stablevith time compared to those produced using ascorbic acids and cassava flesh extract.
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Chapter eight

8.0 Silver nanoparticles obtained using citric acids, ascorbic acids and cassava flesh

extracts

Silver nanoparticles are obtained using citric aeiad, in another experimemifric acidsand
cassavdlesh extracts were used in the productiolAgNPs. Thesame procedure was used
with the ascorbic acids and cassava flestracts. Thesynthesized iver nanoparticles
obtained from eacfraction were characterized using -wisible spectroscopypXRD, FTIR
and TGA.

8.1 UV/Visible spectroscopy of CHAgQNPs, citAg-casNPs, AA-AgNPs and AAAQ-

casNPs

The LSPR appear at 433 nm and the shape af3PR tends to be narrow , comparatively the
cit-AgNPs and cHAUNPs seems to contain smaller particle size compared to their cpanter
cit-Ag-casNPs and cHAu-casNPs,the LSPR observed for the-8ij-casNPs are at 434 nm
,Similar shapes of LSPR wabserved for the ciAgNPs and citAg-casNPs,citric acids
reduction of the silver nanoparticles to its zero valency are quite weak and slow and these can
be confirmed by the appearance of the LSPR of the AgNPs produced by the co reduction and
stabilizaton of silver by citric acids and cassava flesh extracts .Depicted in (figt8€g.0’he

LSPR was observed at 424 nm and 452 nm forANPs and AAAg-casNPs respectively

and appear to be vibrant in colour the reduction and stabilization of AQNPs byet#sgo be

fast and rapid in compared to the citric acids system this can be as a result of the strength of
the organic acids. this can also be confirmed by the similarity in the jpeg appearance of the
AgNPs produced from the two fractions. the-A4NPs anl AA-Ag-casNPs are characterized

by traces of yellowish precipitates and-AgNPs are mainly clear solution which tends to

produced reddistbrown after 8 hours of reaction Depicted in figure {8.2)
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Figure.8.0: UV/Visible spectra citAgNPs and its absorbance stability measurements
with time (10-100 mins) at 10 mins interval and is jpeg image
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Figure.8.1: UV/Visible spectra of citAg-casNPs,its absorbance stability measurements
with time (10-100 mins) at 10 mins interval and its jpeg image
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Figure.8.2: UV/Visible spectra of AAAgNPs and its absorbance stability measurement

with time (10-100 mins) at 10 mingnterval, its jpeg image
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UV/Visible spectroscope of ARAg-casNPs, its stability measurement and its jpeg image.
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8.12 PXRD of AA-AgNPs, AA-Ag-casNPs ,citAgNPs and citAg-casNPS

The PXRD of AAAgNPs andAA-Ag-casNPs exhibit a similar diffractogram with different

intensity and in good agreement with the literature report on XRD of ascorbic acids stabilized
silver nanoparticles. The crystalline nature of biogenic-®gNPs and AAAg-casNPs
nanoparticles waconfirmed by Xray diffraction pattern. The PXRD pattern of biosynthesized
AA-Ag-casNPs (Fig. 8.4) shows several peaks, where the four main peaks are located at
38.33°,44.4°, 64.95°, and 82.62°, corresponding to the (111), (200), (220), and (3ttiprefle

planes, respectively, to the structure of faeatered cubic (FCC) crystal of silver (JCPDS,

No. 04 0783). In addition to Braggs peaks for silver nangstal, additional peaks were
observed at 16.29°, 30.48°, and 34.7°. The presence of thesersdtaks might be due to

AA and its oxidation product on the surface
angle (2d) and the full width of ha-AdNPsmaxi mu
similar diffractogram pattern was observedhwibur distinct signals corresponding to the

crystal structure of Face centred cubic crystal structure. The two main peaks are located at
38.24°, 45.52°, 64.78°, corresponding to the (111) and (200) reflection planes, respectively
depicted in (figure 8.4).

The PXRD diffractogram of cifgNPs shows three main peaks are located at 37.5°, 43.24°
and 63.32°, corresponding to the (111), (200) and (220) reflection planes, respectively, with
several other peaks contributing from citric acids os@gsimilar peaksvere also observed

with cit-Ag-casNPs though with strong intensity, four distinct peaks of AQNPs was observed
in the diffractogram of the cihg-casNPs with the fourth one extremely low frequency he four
main peaks are located at 38.03°, 44.2°, 64 &231,84.72°, corresponding to the (111), (200),
(220), and (311) reflection planes, respectivaiygiire8.5)
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Figure.8.5: PXRD of citAgNPs andcit-Ag-casNPs

8.13 Thermal analysis of citAgNPs, citAg-casNPs, AA-AgNPs and AAAg-casNPs

The thermal analysis of the @gNPs and cHAg-CasNPs shows decomposition pattern and
the complete decomposition of the samples occur a4800C with 43 %remnants for the
cit-Ag-casNPs and 33 % remnants (residue from organics) witAgNPs. The thermal

analysis of AAAgNPs shows a completed decomposition at 450wvith 36 % remnants
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containing inorganics and residue from the organic and 70% orgarsdmp#ne sample. AA

Ag-casNPs shows similar decomposition with 31% remnants in the samipigsr€8.6).
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Figure.8.6: Thermal analysis of AAAgNPs, AA-Ag-casNPs, citAgNPs andcit-Ag-cas
NPs

8.14 FTIR spectroscopy of citAgNPs, citAg-casNPs AA-AgNPs and AAAQg-casNPs

The FTIR of citAgNPs and ciHAg-casNPs shows a relative characteristics band with band
shifting and deformation. There were prominent peaks at 1695 and 1'£48mm citric acid

and a craggy array between 1145 and @80 associated with aggregation of the strong
absorbances from each of the sugars. For example, the absorbance at't69%ssociated

with stretching of the C=0 bond in the carboxylate growfpsitric acid, while 102tm'* is

i ndi cat i-am®mencflinkagé ketwéen glucose and fructose in sucrose. The region

between 1140 and 9@  contains GC and GO stretching modes, while-O-H, C-C-H and
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C-O-H bending vibrational modes are assignedthe region between 1415 and 1135

cm tDepicted in figure.g.

The FFIR spectrum for pure-ascorbic acid. The stretching vibration of the carbarbon

double bond and the peak of enol hydroxyl were observed at 1674anch 1322 cri,
respectively. These peaks disappeared after the reaction and new peaks were observed at 3481
cm'l, 1718 cm!, and 1681 cht (Figure8.8). These peaks correspond to the hydroxyl,
oxidated carbonyl groups, and conjugated carbonyl groups, respectivelyréidteindicate

the presence of the polyhydroxyl structure on the surface of the silver nanopaffigese (

8.8-8.9)
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Figure.8.7: FTIR spectra of citAgNPs and citAg-casNPs
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8.2 Conclusion to chapter 8

Silver nanopatrticles were successfully synthesised with the aid of citric acids and ascorbic
acids, synthesis of silver and galdnoparticles with the cassava flesh extracts could not reduce
the silver and gold to its elemental form possibly due to weak reducing ability of the cassava
extracts there limiting tability to reduce the metal to its free state. Successful; syntisesis
achieved with the aid of citric acids and ascorbic acids.
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CHAPTER NINE

9.0 Result and discussion on the synthesis and structural establishment of metal

nanoparticles using cassava peels waste and cassava flesh

Nigeriaproduces about 1illion tons of wet peels annually from the processing of cassava

for foods and industiy®. These peels are usually dumped in an open space to dry enough to
be burned or rot. The peels biogas releases methane irgtntbsphere and also leads to the
stinking effluents that contaminates the nearby underground water and river ,the burning of the
cassava peels leads to the generation of acid smoke which has detrimental effect on the life of
aguatic and humans living inglenvironments, However the wet cassava peels can be utilized

in the product on of metal nanopatrticles, the presence of sugars in the form of glucose in the
cassava peels can be used in the reduction of the metal ions and the fatty acids components
can &ts an effectives stabilizers for the metal nanoparticles. This method of synthesis is a
benign approach which tailors towards the sustainable synthesis of Metal hanoparticles such as
Ag and Au are produced from cassava peel and cassava Flesh extractgtstivere produced

using the aqueous components of each extract that have undergo some purification treatments
such as washing with ethyl acetate and freeze drying the purified extracts termed the aqueous
component(aq) in this chapter. The respectiveahr@noparticles formed were characterized
using U\LVisible spectroscopy, FTIR, TGA, PXRD, and proton NMR.

This chapter synthesizes the metal nanopatrticles using the wet cassava peel and cassava flesh.
FL are used for flesh cassava, PL are used for gesslava, a§L represents the aqueous
component of the flesh cassava andPagrepresents the aqueous component of the peel

cassava.

9.1 Silver nanoparticlesproduces from cassava

9.1.1 UV/Visible spectroscopy

The visual inspection of the colour changesthe formation of AgNPs indicate a chocolate
brown for the FEAgNPs and yellow for the afL-cassava AgNPs, the wisible spectrum of

the coloured suspension was recorded for further confirmation of the NPs. The maximum uv
visible absorption peak for FAgNPs sample was found at 46th and appears to be broader

in nature, the LSPR was observed at 438nm for thRELagassava AgNPs and tends to be

narrow and could be attributed to the particles sizes of each nanoparticle produced from each
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fractior'*. (Depicted in figure .9.0.9) The AgNPs formed from the cassava Flesh extracts
appears to be bigger in size than those formed from the aqueous phase of the extracts, according
to the UMvis results. Th&JV/Visible spectroscopy of FAgNPs was recorded from @®00

nm and depicted in figure.9.1.

Comparing the colour of the AgNPs from each fraction, the aqueous phase cassava flesh
AgNPs are yellow and is in agreement with the work of Sallaudeert®wélo also produced
AgNPs under acidic conditions .it is vilomoting that the aqueous phase is mainly dominated

by organic acids present in the cassava extracts, leading to a solution of yellow and could have
result in the reduction of the silver ion by the organic acids molecules to the free silver atom.
The colar of AgQNPs produced from the cassava flesh extracts were brown and this could be
explained by the reduction of the silver ions by the flavonoids and organic components present
in the crude cassava extracts rather than by the organic acids alone. Thieotdibwer
nanoparticles obtained from the cassava flesh extracts is mostly in support of the research

published on the synthesis of silver nanoparticle by plant extracts.

The solution of FEAgNPs contains a large amount of precipitates meaning thailtlee s
nanoparticles produces from the cassava Flesh Extract are mainly dominated by larger particle
size nanopatrticles in comparison with theFlgAgNPs which contains a small clear solution

an these are in best agreement with the shape of their LSPRIlirrdspective uvisible

absorption spectra.

The AgNPs synthesized using the crude cassava peel extract changes colour from cream to
reddish brown and contains less precipitate the LSPR appears at 429 nm and tends to be narrow.
The AgNPs synthesized frothe aqueous phase of the cassava extracts changes colour from

light cream to a light brown and exhibit a broad LSPR at 448 nm in thesiile spectrum.

Comparatively, the AgNPs obtained using the cassava peels mainly composed of average
nanoparticlesized in compared to the one obtained using the cassava flesh extracts, reversal
observation is also observed with the AgNPs obtained using the aqueous phase of each cassava
extracts. Depicted in figure 999.
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Figure.9.1: UV/Visible spectra of FFAgNPs and its absorbance stability over time (380

mins) at a 10 minutes interval
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Figure.95: UV/Visible spectrum of PL-AgNPs and itsabsorbance stability measurement

over time at a 10 minutes interval

205



1.9

18 e
= 0.0023x + 1.4724
1.7 y -
8 R?=0.5097,.
°
8 1.6 o9
st e
) .
® e
159 .7 @
»e .
[ ]
1.4
1.3
0 50 100 150

times (minutes)

Figure.9.6: A plot of absorbance ofPL-AgNPs over time at 10minutes interval

— fresh
16 —— 10mins
—— 20mins
144 —— 30mins
—— 40mins
121 50mins
N —— 60mins
9 —— 70mins
§ 03- — 80m!ns
S ——90mins
206 ~100mins
©
0.4
02
0_
LA IR R B B B L B

T
200 300 400 500 600 700 800 900 1000 1100
wavelength (nm)

Figure.9.7: UV/Visible spectrum of agueous phase of crude cassava peslver

nanoparticles and its degradation over time
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Figure.9.8: A plot of absorbance otag-PL-AgNPs over time at 10minutes interval

Figure.9.9: Jpeg image of A) FEAgNPs ,b)agFL-AgNPs c)PL-AgNPs ,d)agPL-AgNPs
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9.1.2 FTIR spectroscopy of cassea silver nanoparticles
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Figure.9.10: FTIR spectra of cassava flesh extracts (dried) and cassava Flesh AgNPs
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Figure.9.11: FTIR spectra of aqueous phase of cassava flesh extracts and aqueous phase

cassava FlestAgNPs

208



11

0.9

()
(&]
c
0.8 g
E
CH C g

0.6

— PL-cassava Extract
PL-AgNPs GO 0.5
0.4
5000 4000 3000 2000 1000 0
wavenumber(1/cm)

Figure.9.12: FTIR spectra ofcassava peel extracts (dried) and cassava peel AQNPs
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Figure.9.13: FTIR Aqueous phase of crude cassava peels extracts (dried) and aqueous

phase cassava peel AgNPs.

The IR spectra of cassava flesh extracts show@dHaband at 3283crhand a carbonyl stretch

at 1743 cmt indicatives of carboxylic acids. Additional peaks are present at 2923armd

1250 cm? are also present, corresponding to aliphatid €tr and GO str respectively. The
spectrum of the corrpending NPs is broadly similar, although peaks are shifted somewhat,
consistent with them being coordinated to the surface oNfheForexample the carbonyl
stretch is now centred at 1631cm suggestive of a change from free acid to a coordinated

carboxylde group. Eigure.9.10.)
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In the spectra of aqueous phase cassava dbesacts, therare characteristics band -@H-

band at 3298crh-CHs- band at 2953crh,OH- bend band at 1580chand -C-O- band at
1347cmt which stretches and defame in the spectra of the aqueous phase cassava flesh AgNPs
to 3356cm! for the-OH-band, 2940cm for the-CHs band and 1644ctfor the-C=0- band

,and 1019cm ,1293cm* are characteristics band @-O- respectively. Figure9.11)

Comparatively, there appear to be similar characteristics bands in the spectra of both FL
AgNPs and ad-L-AgNPs. The-OH-band in the FEAgNPs tends to be narrow and shorth
compared to the agL-AgNPs whose band tends to broad and long, the same $rehdarved

in the-C=0 band of the spectra o-RgNPs (broad and short) and-&f-AgNPs (narrow and

long) suggesting the possible influence of organic fraction of the cassava flesh extracts in the
FL-AgNPs. (Figure 9.1®.11).

The FTIR spectra of crudessava peels extracts(dried) and the aqueous phase of crude cassava
peels extracts(dried) there appear to be less organic components in the agueous phase fraction
of the FTIR spectra of crude cassava peel extracts (dried),in The FTIR of crude cassava peel
extracts and cassava FAgNPs showed a characteristics spectra of the crude cassava peel
extracts and their appear to be band shifting and deformation in the spect@H thieand in

the crude cassava peel extracts shifted from 32860r8321cm' in the spectra of PAAgNPs

,the-CH- band shift from 2927crhto 2917cmt,the-C=0- band also shifted from 1701 cnto

1601cm® and the-C-O- band shifted from 1074cito 1017cm'.Depicted in figure.9.12 and

9.13.

The FTIR spectra of aqueous phase of crudeas@speels extracts and the aqueous phase
cassava AgNPs shows spectra characteristics of the aqueous phase crude cassava peel extracts.
Absor pti on bhcnodr roefs p3o3nOdSiretdgmy bf aquéo@shbhase of cassava

peel extract, and shifted to @&ni' in the agPL-AgNPs spectra. Thei® stretching at

2 9 4 8linthespectra of agl-cassava extracts shifted to 2921%dmthe agPL-AgNPs with

band defamation. C=0 stretching vibration at 1615'¢émthe spectra of agL-cassava peel

extracts siited to 1627 ciin the spectra of aBL-AgNPs, represented a carbonyl group

which may be from carboxylic acid groups present in the aqueous phase. The bands at

1 0 5 0lirctine spectra of aRL-cassava extracts corresponded@eO- and has shifted to

10 cmitinthe spectra of aBL-AgNPs. The figure below shows the FTIR spectra of the

each set of nanoparticles with its cassava fractions.
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Comparatively, the spectra of FAgNPs contains less carboxyl group while in the spectra of
agPL-AgNPsappears to contain large amount of carboxyl group of mildly or strong organic
acids which is as a result of the present of higher fraction of this organic acids in the aqueous
phase of the cassava peel extracts.

Comparing the cassava peel extracts anddueous phase of the cassava extracts, the spectra
of the aqueous phasentaina higher numbers of carbonyl band a@O- band while the
spectra of the cassava peel extréetsito be dominated by both the organic and the aqueous

fraction. Depicted in Figure.9.12 and 9.13.

9.1.3 Powder X-ray diffraction techniques

In order to establish the crystalline phase of the synthesized cassava AgNPs and further
confirmation of the AgNPs fonation, the synthesized material was subjected to XRD analysis
and from the corresponding diffraction patterns. The synthesized material was identified as
face centre cubic structure of silver. The XRD patterns displayed two characteristic peaks at
33.44%and 43.08°, corresponding to the crystal planes of (111) and (200) respectively. In
addition to these the XRD structure of the crude cassava flesh extracts suggest an amorphous
crystal structure. Further, the crystallite size of the material was als¢atetttrom the XRD

patterns using Deby8cherrer approximation and the value was found as 3@Frigur€9.14)

The XRD of aqueous phase cassava flesh extracts aR-AgNPs patterns displayed four
characteristic peaks of AgNPs at 35.92°, 43.89°, 62.84d 80.58° corresponding to the
crystal planes of (111), (200), (220) and (222RD patterns also show some unknown peaks
(marked with stars) at 46.11°, 54.72°, 57.31° and 85.52° which may be due to the crystallization
of bioorganic phase on the AgNPgfsige originating from the organic acids present In the
aqueous phase of the cassava extracts. Depickegure.9.16.

The PXRD of the crude cassava peel extracts show a Braggs plane 3i2dusdto the low
crystallinity of the cassava extracts(driedihd the silver peaks with almost a little intensity
could be attributed to AgNPs covered by cassava extracts, significant Braggs planes are found
at 22.28,38.22,64.4%,77.83 are attributed to the 111,200,220,311 diffraction planes of silver.

It is evidence that the RAgNPs exhibited a structure which are face centre cubic crystal
structures. Calculation from debyle Scherrer equation suggest 14.40nm of the particle size of
PL-AgNPs. Depicted irfrigure.9.17.
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The powder xray diffraction peaks of the agqous phase crude cassava peel extracts ,crude
cassava peel and both cassava fraction AgQNPs were studied, the crude cassava peel and aqueous
phase of crude cassava peel extracts exhibit an amorphous structure, while the silver
nanoparticles made from theuweous phase of crude cassava peel extracts exhibit brags
reflection at 37.0%46.3%,62.07 and 70.48 corresponding ro to (111),(200),(220) and (311)

planes respectively which are attributed to a face centred cubic crystal structure .depicted in
figure.9.17 9.18.
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Figure.9.15: PXRD of crude cassava flesh extract and FAgNPs
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Figure.9.16: PXRD of aqueous phase of crude cassava flesh extracts aneFAgAgNPs
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Figure.9.17: PXRD of crude cassava peel extracts (dried) and cassava peel AgNPs
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Figure.9.18: PXRD Aqueous phase of crude cassava peels extracts and aqueous phase

cassava silver nanopatrticles
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9.1.4 Thermogravimetric (TGA) analyser

TGA were employed to analyse the decomposition temperature of AgNPs with both fraction

of the cassavaxtracts. As shown below, the thermal stability of AQNPs synthesized from both
crude cassava flesh extracts and aqueous phase of cassava flesh extracts and different fraction
of the cassava starch were determined in the temperature range6@b2%. Theresult

from figure 9.19:9.24 and shown that the Flassava extracts and fAgNPs exhibit a weight

loss at 8600 °C corresponding to residual water in the sample, another dramatic decomposition

is observed between 1216 °C in FLAgNPs .The thermal staliy of the two extracts is

broadly similar with a twestage mass loss after loss of residual water ,with the cassava flesh
extracts being somewhat more stable in terms of temperature of breakdown and also a higher

level of residual mass.(Figure.9.19).

Thedecomposition of the aBL-AgNPs is faster and rapid compared to theAINPs. similar
decomposition pattern was observed in each cassava extract, aqueous phase fraction and the
corresponding AgNPs produce from each fractibigyre9.199.24).

TGA thernogram of the adPL-AgNPs showed single identical and continuous weight loss of
stages (Fig.9.23these discrepanciesuld be as a results of sample sizes not enough. The first
decomposition stage occurs from room temperature to 161 °C with 1.65% wesght |
indicating the removal of water containing impurities in thePagAgNPs. The second stage
was observed between the temperature$ TED°C with 31.68% weight loss, attributed to the
decomposition of the capping organic compounds (such as carbonyieanetlucing sugar)
agents acting as the coshell. Similar amount of inorganic and organic components present
in the FL-AgNPs is observed in the PAgNPs with PLAgNPs having 46% inorganics.
Depicted in Figure.9.22 and 9.23. The thermogram eFlad\gNPs suggest 68 percent
remnants and 32 percent organic compounds. (Figure.9.24)
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Figure.9.19: Thermal analysis of FL-cassava extracts (dried) and adrL -cassava extracts
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Figure.9.20: Thermal Analysis of FL-cassava extracts(dried) and FEAgNPs
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Figure.9.21: Thermal analysis of ag PL-cassava extracts(dried) and adPL-cassava
extracts(dried)
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Figure.9.22: Thermal analysis PL-cassava extracts(dried)and PtAgNPs
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Figure.9.23: Thermal analysis of agPL-cassava extracts(dried) and adPL-AgNPs
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Figure.9.24:Thermal analysis of agFL -cassava extracts(dried) ancg-FL-AgNPs
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9.1.7 HPLC analysis of the cassava extracts (Dried) and agueous phase

The HPLC analysis confirms the abundance of glucose and xylose in both cassava
extracts(dried) and the aqueous phase of both extracts, the protiydtaf/sis, degradation
of glucose and xylose are also observed in low amounts in the aqueous phase of both cassava

extracts. Depicted in Table .9.0.

Ret Compound Ag-FL- PL-cassava | Aq-PL- FL-cassava
time | found cassava extracts(drie | cassava extracts(drie
(min) extracts(drie | d) extracts(drie | d)
d) d)

8.488 | cellobiose 5.39E3 1.69E2 - -
9.023 | glucuronic acids | - 3.34E3 - 3.47E°
9.530 | galacturonic - - - -

acids
9.887 | glucose 2.47E? 8.94E? 4.69E3 1.32E2
10.60 | xylose 9.88E3 8.212E3 3.07E2 8.58E3
7
10.85 | mannitol - - - -
0
11.29 | arabinosehamn | - - - -
3 ose
12.94 | levoglucosan 2.7E3 9.35E* - 1.98E3
7
13.55 | lactic acid 2.06E3 2.45E3 - -
7
14.46 | formic acid 2.82E3 - - -
3
15.71 | acetic acid 5.47E! - - 1.46E2
0
17.12 | levullinic acids | 3.47E3 2.51E83 4.77E3 6.99E*
7
33.62 | HMF 1.32E3 - 9.81E3 8.99E4
1
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50.49 | furfural 3.78E* 2.5E4 4.55E4 -
0
Table.9.0: HPLC profile of the offlesh cassava extracts(dried)

9.2  Application of PL-AgNPs as arinteraction and adsorption of Cu(ll) from aqueous

solution

9.2.1 Interaction of Cu (I1) by PL -AgNPs

2-20 ppm of Cu(ll) were prepared,2 ml of each concentration are kept in a separate vial,2 ml
of PL-AgNPs were added and left for Sminuéder which the solution are analysed uding-
Visible spectroscopyF{gure9.25). No significant changes were observed in the LSPR of PL

AgNPs and after the 5 minutes reaction times.
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Figure.9.25: Interaction of Cu(ll) by PL-AgNPs

9.3 Adsorption results

9.3.1 Effect of initial concentration

The result of adsorption of copper by-RgNPs shows the same trend in their adsorption
pattern with Ni(ll) and Cd(Il) adsorption by EtG¢ysAgNPs and the quantities of each metal

ion ae adsorbed by increases approximately linearly till 400 ppm and decreases at 800 ppm. o
(Fig.926).
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Figure.9.26. Effect of initial concentration of Cu(ll) adsorbed by PL-AgNPs

9.3.2 Effect of contact time at optimal initial concentration

The adsorption of copper by PFAgNPs is fast at the beginning and reaches equilibrium at 40
minutes for all the metal ions and tends to be stable subsequently from 60 minutes At 40

minutes, the valuef ge became stables till 60 minutes, suggesting that the adsorption has
reached equilibrium. (Figure.Zx).
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Figure.9.27: Effect of contact times of Cu(ll) adsorbed by PLAgNPs
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9.3.3 Effect of dose at optimal initial concentration, optimal contact tme

The quantity of Cu(ll) ions adsorbed by HAlgNPs again decreases with the dose of PL
AgNPs. Similar trends with the EtG&{sAgNPs. However, while this phenomenon generally
relates to the ability of 0.01g of NP to completely adsorb the soluble metésipeneaning

ge drops by a factor of 3 and 5 respectively at the higher ddbesis less obviously the case
here (figure.28),0.01g of EFOH-cysAgNPs is sufficient enough to adsorbed Cu(ll) at
400ppm.

ge(mg/q)
[EY N w N a1 D ~ ®
o o o o o o o o

o

0 0.02 0.04 0.06
dose(g)

Figure.9.28: Effect of dose of Cu(ll) adsorked by PL-AgNPs

9.3.4 Effect of pH at optimal initial concentration, optimal contact time and dose

The ge values increases for Cu(ll) ions examined as expected, the reason can be attributed as a
result of the high pH is been dominated by negative chargéharglirface of the RAgNPs

is also negatively charged and there exist a strong electrostatic attraction of the metal cations
and the PEAgNPs as a result of these. Depicted in Figu2®.Similar trends are observed in
GT-AgNPs and EtOkFtysAgNPs.
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Figure.9.29: Effect of pH of Cu(ll) adsorbed by PL-AgNPs

9.3.5 Effect of temperature at optimal initial concentration, optimal contact time,

optimal dose and optimal pH

The ge values of adsorption of Cu(ll) ions by-RgNPs increase with thiemperature of the
system. A similar trend is also observed in-8ggNPs in organic solvent and GAgNPs.
(Figure.9.30).
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Figure.9.30: Effect of temperature of Cu(ll) adsorbed by PL-AgNPs

222



9.3.6 Adsorption isotherm

The adsorption isotherm fits best with Freundlich Isotherm suggesting the heterogeneous

nature of the adsorptiasites. Figure.9.319.32) The table of the Rvalue are highlighted in

table.9.1.
Adsorption Freundlich Temkin Henry Langmuir | D-R
isotherm R? Isotherm R? Isotherm R? | Isotherm Isotherm | Isotherm RZ2
R2 R2
Cu(In 0.723 0.723 0.398 0.2658 0.151

Table.9.1: Adsorption Isotherm R of adsorption of Cu(ll) by PL-AgNPs

Ince(ppm)
B ul (o]

w

Inge(mg/g)

Figure.9.3L. Temkin adsorption isotherm of Cu(ll) adsorption by PL-AgNPs

logce(ppm)
-
[6)]

0.9 14
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log ge(mg/g)
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Figure.9.32: Freundlich adsorption isotherm of Cu(ll) adsorption by PL-AgNPs

9.3.7 Adsorption Kinetics

The adsorption fits best using Pseudo second &rdetics. (Figure.9.33.34)
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Figure.9.33 Pseudo seconabrder Kinetics of Cu(ll) adsorption by PL-AgNPs
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Figure.9.34: Pseuddirst order Kinetics of Cu(ll) adsorption by PL -AgNPs
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9.3.8 Adsorption thermodynamics

The plot of adsorption thermodynamics parameter for Cu(ll) adsorption paramet&f®are
o@ &kt WY prngptr- [+ AT XO ¢ & QXa £ suggesting a spontaneous
adsorption process characterized by an increased in disorderliness of the

molecules igure.935)

25
2 o
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1.5 e R?=0.9519
L 1
0.5
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Figure.9.35: Adsorption thermodynamics of Cu(ll) adsorption by PL-AgNPs

94 Conclusion to chapter 9

AgNPs were successfully synthesized using the aqueous phase and the complete extract of the
cassava waste peels and cassava Eleslemonstrated from the information obtaifrech the
structural establishment from several analytieahniques.The formaion of AgNPs was

greatly enhanced using the-Bg-cassava extracts and-Bf}-cassava extracts and this is
obtained by the rapid formation and stability of the LSPR tines. The existence of LSPR in

the UV/Visible spectra of of HAgNPs, agFL-AgNPs andhg-PL-AgNPs are characterized by

bigger sizes particle size and stable avwme, with exception to PLAgNPs whose particles

size are smaller compared to the other.

The interaction of Cu(ll) by PIAgNPs shows little of fair changes in the absorption oftspe
of the before and after the interaction. It also shows the potential to remove heavy metals from

agueous solution.
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CHAPTER TEN

10.0 Gold nanoparticles from cassava

10.1 FETIR spectra of gold nanoparticles from cassava

As expected from the HPLC amMMR data the FTIR of AuNPs produced from the various
faction and FLcassava extracts consist essentially of the expected bands from sugars.

Table.10.0 and Figure.10.1

Band 3322 2974 1574 1368 1000
position

(Cm)

Functional OH str CH def OH def CH def C-O- str
group

Table.10.0: FTIR band assignation of cassava AUNPs
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Figure.10.0: FTIR spectra of cassava flesh and cassava flesh AUNPs

The spectra of aglL-cassava extracts and-Bf-AuNPs are broadly similar to before and
consistent with the presencesaiccharidesHg.10.1). Anew signahppeared at 1701¢hC=0
stretchingvibration,this carbonyl signal (C=0) can possibly be attributedrt@ldehyde group
(from an open chain sugar) acarboxylic acidrom oxidation of sugar during NP formation,

or from afatty acidcoordinated to theurface.

The FTIR spectra of Rcassava extracts afPL-AuNPs are presented in Figure.10.2 and are

found to be consistent with the presence of sugars. same observation witHPiheassava
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extracts(dried) and the aBL-AuNPsFigure.10.3). Similar mode of vibrations is found in the
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Figure.101: FTIR spectra of aqueous phase cassava flesh and cassava flesh AUNPs

1.1
— P -
Cassava | 1
extracts(d
ried) 0.9
‘D
(&)
c
og
=
02
o
0.6
0.5
GO
0.4
3065 2065 1065 65

wavenumber(1/cm)

Figure.10.2: FTIR spectra of cassava peels and cassava peel AUNPs
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Figure.10.3: FTIR spectra of aqueous phase cassava peels agdeous phase cassava peel
AUNPs
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Figure.10.4: FTIR spectra of aqueous phase cassava flesh and cassava flesh AUNPs

102 UV/Visible spectroscopy

Figure.10.5 shows the photographs and thé WU¥ spectra of AuNPsynthesized by PL
cassava Extracts and of A4CThe addition of aqueous Auksulted in a colour change from
pale yellow to purplish red after 20minutes of reaction, indicating the formation of AuNPs.
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depicted in figurel0.5 The surface plasmon resonance was observed at 550nm. The stability
in absorption intensity of the peakdthwvtime indicate the presence of stable of AUNPs in the
solution.There was no obvious change in SPR peak even after 100 min, indicating the complete
synthesis of AuNPs by Rlcassavaxtracts. (igure.10.5)
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Figure.10.5:UV/Visible spectra of PL-AuNPs and its absorbance stability measurements

with time (10-100 mins) at 10 mins interval

Figure.10.6 show th€V/Visible spectra of the FAUNPs, the LSPR was observed at 575nm
and tends to be narrow in shape compared to hoe symtiaging the Picassava extracts
implying that the size of the PAUNPs tend to be bigger compared to theA&lNPs.The

obtained FEAUNPs displays excellent time stability measurements.
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Figure.10.6: UV/Visible spectra of FL-AUNP and its absorbance stability measurement

with time (10-100 mins) at 10 mins interval

Figure.10.7 shows thdV/Visible spectra of PIAUNPs, the LSPR were observed at 556nm,
there appear to be a red shift compared witthadPL-AuNPs (fig.10.8) as the synthesis of aq
PI-AuNPs are primarily done by the sugars thé?agAuNPs also tends to comprise of bigger
particle as the broadness of the spectra implies a bigger particles size, the broadness of the
LSPR tends to increases with  time. (Fgure.10.710.8)
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Figure.10.7: UV/Visible spectra of PL-AUNPs and its absorbance stability measurements
with time (10-100 mins)
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Figure.108: UV/Visible spectra of agPL-AuNPs and its absorbance stability

measurements with time (161.00 mins)

Figure.109: UV/Visible spectra of agFL-AuNPs and its absorbance stability

measurements with time (16100 mins)

Figure.10.9 depicts thgV/Visible spectra of adrL-AuNPs the spectra reveal that no LSPR
were observed throughout the sample time UkéV isible spectra of the FAUNPs displays
an excellent LSPR at 575 nm compared to the aqueous phase fractions ofdheséia

extracts
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