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Abstract

Gold and silver are the noble metals tuning the unique optical properties due to the solid absorption
spectrum in the visible area with the wide range of applications in the biomedical and material
sciences. The nanoparticles of gold and gold-silver with changing amount of silver have been
successfully synthesized by co-precipitation method. Silver shells of different thickness have been
prepared by decreasing amount of Ag™ over the gold sol with ascorbic acid as a reducing agent. A
hydrothermal process was used to produce the Au/SiO; and Au-Ag/SiO: nanoparticles. These
nanoparticles were characterized by scanning electron microscopy (SEM), energy disperse X-ray
spectroscopy (EDS), dynamic light scattering (DLS) and Ultraviolet-visible spectroscopy
.Scanning electron microscopy results show that the synthesized material are like Nano clusters
having a size in nm range. Energy disperse X-ray spectroscopy studies confirms that Au-Ag
nanoparticles are formed. Dynamics light scattering was used to measure the particle size Au and
Au-Ag nanoparticles. Au seed having particle size 36nm .when gold seed coated with silver shell,
particle size increased with increasing silver concentration from 44 to 96 nm. UV/Vis specira
studies revealed that absorption spectrum appears at 532 and 415 nm of gold and silver are due to
surface Plasmon resonance band, respectively. The blue shift was observed due to the coherent
oscillations of all free electrons in the conduction band induced by the interacting electromagnetic
field with increasing the concentration of silver. Au/Si0; and Au-Ag/SiO; nanoparticles have been
also used as a photo catalyst in the Photo catalytic experiment under UV light for the degradation
of methylene blue (MB) dye at two different pH (pH-5 and pH-9). No significant degradation was
attained at ph-5. Degradation efficiency increases from 50% in 50min to 95% in 16min via
increasing pH value of methylene blue dye from pH-5 to pH-9.The photo catalytic activity of Au-
Ag/S8i0; slightly higher than Au/SiO» which means photo catalytic activity was also enhanced by
Ag coating
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Chapter. 1

Introduction

In the past years Nanotechnology is one of the growing field in the scientific world particularly in
material and biomedical sciences which deals with the manipulation and characterization of matter

at nanoscale [1].

The influence of nanotechnology expands from its therapeutic, moralistic, psychological and
ecological application. Most important advantages of nanotechnology in daily life comprise
cleaning up existing pollution, water distillation system, low cost electricity production
systems, physical development, nanomedicine, improved food production systems, and

nanoelectronics [2].

1.1 Noble Metals
Metals that oppose oxidation and rust in moist air are called noble metals. These elemental metals
are also called precious metals because it is uncommon, valued and have high economic value.

The following noble metals are listed below in order of decreasing atomic number [3].

¢ Gold

s Platinum
¢ Iridium
e  Osmium
s Silver

e Palladium
e Rhodium

o Ruthenium

1.1.1 Physics Definition of Noble Metal
In physics the description of noble metal is further redistricted than chemistry because it involves
that the d-bands of electronic configuration he occupied. Silver, gold and copper are considered as

a nohle metals ,as all d-like bands are occupied and do not exceed the Fermi levels[3].
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1.1.2 Uses of Noble Metals

Noble metals are used are for

o  Making jewelry

e Coinage

¢  Electrical applications
e  Productive coating

*  Asa catalyst[4]

s  Automotive indusiry
¢ Pen nibs

e  Thermal insulation

+ Medical applications

1.2 Optical Properties

Properties of materials at nanoscale can be adjusted through controlling the dimension, structure,
or extend of clusters. For instance, the optical properties {absorption bands) of metal nanoparticles
can be adjusted through controlling particle dimension and shape. The control of size of the
material has influenced on the optical propertics. The dimension dependency can be usually
distinguished into two groups. First is quantum size effect (as the system becomes more restricted
as the spacing between energy levels increased), and the second is associated to surface Plasmon

resonance [5].

1.2.1 Surface Plasmon Resonance

Surface Plasmon resonance is the coherent oscillations of all the free conduction electron, leading
to an in-phase excitations [6]. When the dimension and structure of a metal nanocrystal is lesser
than the wavelength of incoming light, a surface Plasmon resonance is produced [7].

Dipolar oscillations of the particle among negatively charged free electron and its positively
charged lattice is called surface Plasmon resonance. The energy of the surface Plasmon resonance

be influenced by number of free electrons and dielectric medium around the nanoparticles.
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the spacing between energy levels increases with decreasing dimension [5]. The energy shift is

derived by formula shown in figure:

Figure 2: Quantum size effect

1.3 Basic Mechanism of Photo Catalysis

Photo catalysis is a procedure in which reaction take places when a photo catalyst interact with a
incident light of appropriate energy to generate reactive oxidizing species which can lead to the
Photo catalytic conversien of a pollutant. In this process encrgy of light is greater than the band
gap of photo catalyst excites an electron from valence band to conduction band produce a positive

hole in the valence band.
Photo catalyst + hv - hvs™ + hew
{Hole)*vp + dye— dye * (oxidation of dye)
(Hole)" v + OH — OH:
OH +dye — degradation of the dye

Electron holc pair is produced due to which redox reaction takes place. The electrons in the
conduction band show oxidation when interact with atmospheric oxygen and produce a superoxide
radical anion whilc holes in valence band show reduction leads to the production of hydroxyl
radical. Both radicals are very volatile for the degradation of organic compounds such as

Methylene blue. The mechanism of photo catalysis also shown in figure below [8].

a4
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Figure 3: Schematic diagram of photo catalysis process.

1.3.1 Application of Photo Catalysis

Photo catalysis has following applications are as fellow:

s Self-cleaning surfaces
*  Air purification

e  Water treatment

1.4 Literature Review
In 2008 Yong Yang et al observed the surface enhanced Raman scattering-active properties using
Au@Ag and Ag @Au nanocomposites which was prepared by seeding growth technique for

logical applications [9].

In 2002 Lehui Lu et al have been synthesized the nanocomposites using gold and silver by seeding
growth. By controlling shape, size and structure of gold-silver nanocomposites enhanced the

monodispersity and used for the application of Raman spectroscopy as a substrate [10].

In 2006 Ken-Tye Yong et al prepared an Au and Ag shell by simple method on the surface of
polystyrene spheres having a diameters 188 and 543 nm, respcctively .Size, thickness, shape and
optical properties were controlled by changing the concentration of gold and silver. These
nanostructures were characterized by the various techniques such as SEM, TEM and UV-visible

spectroscopy [11].
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In 2014 Harihar Nath Verma et al prepared a gold nanoparticle by citrate reduction method. The
structure, dimension, and composition of prepared gold nanoparticles were determined via
different techniques like TEM and spectrophotometry [12].

In 2011 paper Hai-Long Jiang, Tomoki Akita et al provided sequential deposition reduction
method for preparing bimetallic gold/silver nanoparticles. The composition, morphology and
absorption bands were examined by EDS, TEM and UV spectroscopy. Then these nanoparticles
were used as catalyst for heterogeneous catalysis activity at room temperature. [13].

In 2005 Zhihui Ban et al have been prepared Fe@Au nanoparticles by partial replacement reaction
.The morphology, composition, structure and magnetic propcrties were examined by various
techniques such as TEM, XRD, EDS, TDAG and UV spectroscopy. These nanoparticles also
display absorption bands from 520 to 680 nm [14].

In 2005 AndrSew Burrows and Bineto ct al have becn synthesized Au Ag nanoparticles via
successive reduction of metal salt on pre-made seed in the presence of surfactant and study the
optical properties using Mie theory [15].

In 2013 Na zhou et al have been synthesized TiO; coated gold-silver core- shell nanoparticles and
their photo catalytic activities using visible light irradiation were calculated by photo-degradation

of toxic dycs .[16].

1.5 Motivation of Research

The aim of our research is to control the size and optical properties of the gold and gold-silver
nanoparticles by using the co-precipitation method because it is inexpensive method, simple
process, easily performed in short time and good product performance.

Gold and silver are noble metals nanoparticles we can tune optical properties easily because they
have strong absorption band in the visible region of electromagnetic spectrum, easy to prepare,
quite stable and show intense colors due to coherent excitation ofthe free electrons in conduction
band induced by the interacting electromagnetic spectrum. These nanoparticles are the good for
Plasmon enhancement of photo catalytic activity due to the tunable surface Plasmon band in visible
region by controlling their size.

Gold and gold-silver nanoparticles having a extensive variety of applications such as in catalysis,

bio sensing, diagnostic imaging, drug delivery vehicles, cancer diagnosis, and therapy.
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Chapter. 2
Methods and Materials

Literatures assessment indicates that several researchers have been developed various processes
of nano materials synthesis to control their dimension, morphology, structure and chemical
composition [17].

Methodologies for synthesis of nano materials can be divided into two categories

v Chemical technique e.g. via aqueous method

v" Physical technique e.g. via vapour deposition method[18,19]

2.1 Physical Technique

Physical technique is a process in which precursor is physically carmied out from source and move
towards the substrate. In physical processes, nano-scale objects are made by processing Jarger
objects in size. Integrated circuit fabrication is an cxample for top down nanotechnology. Now it
has been grown to the level of fabricating nano eleclromechanical svstems (NEFMS) where tiny
mechanical components such as levers, springs and fluid channels along with electronic circuits
are embedded to a tiny chip. The starting 1naterials in these [abmcations are relatively large
structures such as silicon crystals. Lithography 1s the technology which has enabled making such
tiny chips and there arc many types of them such as photo, electron beam and 1on heam
lithography. In some applications larger scale materials are grinded to the nanometer scale to
increase the surface area to volume aspect ratio for more reactivity. Nano gold, nano silver and

nano titanium dioxide are such nano materials used 1n different apphcations.

2.2 Chemical Technigue

Chemical technique is basically the chemical reaction among source gases; the product of which
condenses through the production of a solid material inside the reaction vessel. These methods are
used to produce nanoparticles from atoms are chemical processes based on transformations in
solution e.g. sol-gel processing, chemical vapour deposition (CVD), plasma or flame spraying

synthesis, hydrothermal method, co-precipitation atomic or molecular condensation. These
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chemical processes rely on the availability of appropriate “metal-organic” molecules as
precursors. [20].
Basically we use chemical techniques for the preparation of nanostructured materials because it is
low-cost and without difficulty performed in our labs .This technique produce nanostructures of
high yield and uniformity. Nanostructured material syntheses which are mostly we used in our lab
are discussed below.

v Hydrothermal

v Co-precipitation synthesis

2.3 Hydrothermal Synthesis

[n hydrothermal synthesis precursors are mixed in the aqueous solution. Water is used as a solvent
which rises the dissolving influence, energy to dispersion and mass transport of the liquid by
increasing its internal friction. It is performed in steel pressure vessels called autoclaves with or
without Teflon liners under controlled temperature and pressure. The temperature can be high than
the boiling point of water, attaining the pressure of the vapour saturation. The internal pressure can
be determine by the temperature and concentration of the solution added to the autoclave. It is low-
cost method, used for the formation of small particles in ceramics industry and created high quality, single

crystal with unvarying shapes and sizes nanostructures {21].

L —

Figure 4: Teflon lined stainless steel autoclave by hydrothermal method

8
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2.4 Co-Precipitation Synthesis

Another process to produce nanoparticles is the precipitation method. In this proccss precursors
are dissolved in water. The nanoparticles will nucleate and grow in the solution when added
different dissolving precursors during stirring. During the nucleation and growth process water is
used as a solvent .After some time when the particles become stable allogmeration occur and
precipitates form in water. The resulting solution are then filtered to obtain the nanoparticles and
is calcined after filtration [22]. It is low cost-method and fast process. The disadvantage of this
method is complexity to control the particle size and also difficult to protect the particles from

impurities.

Figure 5: Flow diagram of Co-precipitation method

2.5 Experimental Section

2.5.1 Material Used

Each chemicals utilized in our cxperimental research work were of analytical grade and used as
received without purification. Silver mitrate (AgNO;>99.9%),HAuCl4;.2H:0 were bought from
RFCL, India. Sodium brohydride (NaBH4,>99%) was provided from S.D.Fine-Chemicals. Sodium
hydroxide (NaOH,>97%), Ascorbic acid (C¢Hz(4,>99%) and hydrochloric acid (HC1,>36.5%)
were purchased from Merck chemicals. Poly (ethylene giycol)-block-poly (propylene glycol}-
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block-poly (ethylene glycol} (EQ)20-(PO}ro-(EO)h Tetracthyl orthosilicate, (TEOS ,>99%),
Cetyltrimethy] ammonium bromide (CTAB ,>99%), Ethanol (C:HsOH) were purchased from
Sigma-Aldrich, Germany. Methylene blue (MB) dye was provided from Alfa Aesa .Deionized

water was used for all experiments.

2.5.2 Preparation of Gold Hydrosol

First a gold seed was made by adding 2.5mL aqueous, 510 M Gold (III} chloride (22uL) solution
and 2.5mL aqueous, 0.2M CTAB (0.1822g) solution with gentle stirring for 10 minutes in a beaker.
Next 0.3mL of 0.1M NaBH, was mixed to the above mixture by stirring for 15 minutes. The color
of the solution changed into pink slowly which showing the formation of gold hydrosol.

2.5.3 Preparation of Spherical-shaped Gold Nanoparticles

Secondly a spherical gold nanoparticles was made by adding aqueous 5mL, 0.2M CTAB
(0.36445g) solution and 5ml aqueous, 1 mM Gold (III} chloride (90uL) solution with stiring in a
small beaker at room temperature .The color of the solution changed into deep yellow because of
the complexion of CTAB and gold solution. Next aqueous 0.07mL, 0.01M ascorbic acid was added
as a reducing agent in the above yellow solution and solution became colorless due to the reduction
of Au* to Au' Then 0.05mL of previous gold hydrosol was mixed to the above colorless solution.
Color of the solution changed into red slowly at room temperature which showing the spherical -

shaped gold nanoparticles was formed [23).

2.5.4 Preparation of Gold-silver Nanoparticles

Gold-silver nanoparticies were prepared by aqueous 0.8mL of gold hydroso! diluted with 4mL
deionized water in a beaker. This diluted hydrosol solution was mixed to different concentrations
(0.1,0.25,0.5,0.75 mL) of ImM AgNO; with constant stirming. Next 0.1 mL of 0.1M NaOH was
mixed to above four solutions to sustain the basicity and then 0.1ml of 0.1M ascorbic acid was
added to reduce Ag*to Ag. Color of the hydrosol turned from pink to orange to yellow with

increasing amount of AgNO,.

10
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Chapter No. 4

Results and Discussion

4.1 Development of Gold-Silver Based Nanoparticles

We use co-precipitation method to prepare gold-silver based nanostructures. First produce a gold
hydrosol and then this gold hydrosol coated with silver .We vary the amount of silver to investigate
the effect of amount on morphology and optical properties of nanostructure material as explained
in the previous chapter. The detaited explanation on the structure, morphology, chemical
composition and absorption bands in the visible region of electromagnetic spectrum. Moreover, it

describes the analysis of absorption spectrums of degradation of MB, efficiency of photo catalyst

and kinetic curves.

4.2 Fundamental Characterizations

% — 031
1 !) (b)
T 0
i 3 S
8 & 0.
c t 3
g 1 e
Q ®
0 4 a
3 . 0 0.
<" 3
0. <
0
. | DX
00 500 600 700 B0 400 500 00 00 800
Wavelength (nm) Wavelength (nm)

Figurel7: UV/Vis spectra of Au and Ag nanoparticles

Figure 16 shows the UV/Vis spectra of Au and Ag nanoparticles having an absorption bands with

peaks at 532 and 415 nm are due to surface Plasmon resonance band, respectively.
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4.2 Photo Catalytic Measurements

The Photo catalytic activities of Au/Si0; and Au-Ag/SiO: nanoparticles were evaluated by the
degradation of methylene blue (MB) under UV light (380nm) irradiation. The prepared solution
contains 30uM methylene blue in the presence of 3mg Au/SiQ; and Au-Ag/SiO; as a catalyst. In
above figures 23 (a) shows UV-Vis spectra 0f direct photolysis of MB without any photo catalyst
for comparison in which no obvious degradation occurred. Only 33% of MB degraded in 75

minutes. The wavelength of MB was observed at 650 nm.
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Figure 24: (a) Absorption spectra of MB in the absence of Catalyst Au/SiO; at standard pH-5.

Fig 24(b) shows UV-Vis spectra of MB in the presence of Au/SiO:as a photo catalyst at pH-5.MB
was found to be gradually degrade under UV light irradiation.50% of MB degraded after
irradiating the sample for SO minutes. Fig 24 {(c) shows UV-Vis spectra of MB in the presence of
Au/8i0; as a photo catalyst at pH-9. MB was found to be degraded in a short time under UV light

irradiation.85% of MB degraded after irradiating the sample for 16 minutes,

24
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Au-Ag/8i0; as a photo catalyst at pH-9. MB was found to be degraded efficiently under UV light
irradiation.98% of MB degraded afier irradiating the sample for 16 minutes. Results shows that
pH and photo catalyst both play plays an important role in the Photo catalytic activity of MB It
was observed that by increasing the ph photo degradation irradiation time of MB decreased and
prepared Au/S5102 and Au-Ag/S8i0O: nanoparticles become more efficient due to electrostatic
interaction between negative photo catalyst surface and the methylene blue cation . The pH value
of solution was controlled before starting the reaction which enhance the surface charge properties
of Aw/S8i0; and Au-Ag/Si0;. During the process of photo catalysis when electron jump from
valence band to conduction band e¢lectron hole pair generate on the surface of the SiO; in the
presence of catalyst of gold and gold coated silver under UV light due to which redox reaction

occur and hydroxyl ion and radical were produced which degraded the MB dye.

4.2.1 Degradation Efficiency Methylene Blue

Fig 25 shows percentage efficiency of degradation {A/A.) versus the irradiation time at different
pH in which A; is the absorbance of MB solution at each time interval of irradiation and A. is the
initial absorbance. The results indicates that Au/SiQz and Au-Ag/SiOz nanoparticles displayed
higher Photo catalytic efficiency at pH-9 than at pH-5.The photo catalytic activity of Au-
Ag/Si0, slightly higher than Au/Si0z .It means Photo catalytic activity was also enhanced by
Ag coating.
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Figure 26: Photo degradation efficiency of MB under UV light irradiation in the absence and
presence of photo catalysts (Au/Si0; and Au-Ag/SiQ: nanoparticles) at pH-5 and pH-9
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Conclusion and Future Recommendations

5.1 Conclusion

In this research work Aun and Au-Ag nanoparticles have been synthesized using co-precipitation
method. SiO; shell on these nanoparticles has been successfully synthesized by hydrothermal
method. The optical properties of particles controlled with varying concentration of silver on Au
seed. The nanoparticles are highly stable and exhibit tune surface Plasmon resonance. The blue
shift was observed because of the coherent excitations of free ¢lectrons in the conduction band
induced by the interacting eleciromagnetic field with increasing the concentration of silver.
Au/SiO; and Au-Ag/SiO» nanoparticles have been successfully used as a photo catalyst in the
Photo catalytic activity under UV light for the degradation of MB dye at two different ph. It was
observed that Au-Ag/SiQ:; nanoparticles is more efficient photo catalyst than Au/SiO;
nanoparticles.

5.2 Future recommendation

Au and Ag nanoparticles can be synthesized with the combination of different materials to improve
more the catalytic activity. As optical measurements are also shape dependent consequently Au
and Ag nanostructures of different shapes can be made to observe it’s another outcome on the
catalytic measurements. Catalytic properties can be studied in further catalysis applications like
water purification, Air purification and self-cleaning surfaces. These nanoparticles can also be
useful in medical field for sensing of biomolecules such as in biosensor like glucose, enzymes etc.

diagnostic imaging, drug delivery vehicles, Cancer, diagnosis and therapy.
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