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Abstract

In this thesis, gold nanorods are prepared by seedless method. In this method, we synthesize two
series of gold nanorods. In the first series gold nanorods are prepared by seedless route at two
different pH. In the second series, two samples of gold nanorods are synthesized under identical
conditions simultaneously at pH-2.2 and they are presented at different pH matching with series-
1. Stability of gold nanorods is observed over 36 days with UV-Visible spectroscopy and photon
correlation spectroscopy. Both series of gold nanorods shows impressive stability. No significant
difference is observed in the stability of gold nanorods that are synthesized at different pH or
stand at different pH.
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Chapter-1
Introduction

1.1 Nanotechnology

Nanotechnology is the development of technology at atomic, molecular or
macromolecular levels in the length scale of 1-100 nm. The concept of
nanotechnology first comes around 1959. Nanotechnology has the ability to construct
materials, systems and devices with atomic precision™. Nanotechnology is the
technology of small things. Nanotechnology combines various fields of physics like
solid state physics, biochemistry, chemical engineering and material science etc.
Sometimes, nanotechnology also termed as molecular manufacturing.

There are many different fundamental area of nanotechnology.

Nanotechnology plays an important role in microelectronic revolution.
1 nm =10°m
There are many ways to visualize nanometre

e Atom .0.1 nm.
e Width of DNA .2 nm.
e Fullerenes (C60) ~ 1 nm.

1.2 Why Nanoscale?

Every material has different physical and chemical properties at nanoscale rather
than at larger scale. Nanoscale is very important because many naturally occurring

phenomenon are observed only at nanoscale and some of these phenomenon’s are:-
1. Quantum effects

At nanoscale, quantum effects become dominating which decides the properties
of nanomaterials. Properties of the material changes as we change the size of the
particle. Quantum confinement is one of the important phenomenon occurs at

nanoscale. It is more prominent in case of semiconductors as compared to metals .



2. High Surface Area

The surface to volume ratio of nanomaterials is high. It means that surface area
of materials is large at nanoscale as compared to surface area of materials at bulk

scale. Nanomaterials having larger surface area help to create better catalyst.
3. Majority of biological processes occurs at nanoscale

Nanometer scale plays very important role in many biological systems.
Principle of self assembly shows how biology relates with the nanoscale. Using
nanoscale we can easily design the structures having similar size scale as that of
biological systems. Working of cells is occurring at nanoscale /. For example, DNA
the building block of our life is 2 nm in size. In the same way many other biological

processes also occurs at nanoscale.

1.3 Nanoparticles

Nanoparticles are defined as objects having size between 1-100 nm and their size is
quite different from that of bulk materials. Presently used biomaterials are synthesised

using, titanium, gold and silver etc. ™
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Fig 1.1 Comparison of size scale



1.3.1 Properties of Nanoparticles

1. Melting Point: Nanoparticles melts at lower temperature as compared to bulk
material due to the reason that nanoparticles has large surface to volume ratio as

compared to bulk material.

2. Magnetic Properties: The confinement of electrons in nanoparticles may leads to
different magnetic property !, The magnetic properties of nanoparticles are shown by

their influence only at very low size scale (10-20 nm).

3. Mechanical Properties: Nanoparticles have different mechanical properties as
compared to bulk materials [). Due to the better mechanical properties of

nanoparticles they can be used in many technical applications.

4. Optical Properties & Electronic properties: The optical properties and electronic
properties of nanoparticles are not independent. They are dependent on each other.
Metal nanoparticles like gold nanoparticles have size dependent optical properties.
The optical properties of nanopaticles are different from that of bulk crystals ®. This

is because of Quantum confinement of electrons.

1.3.2 Applications of Nanotechnology

Medicine and | Nanoparticles show its ability to deliver drugs. Many
drug delivery | semiconductors and metal nanoparticles are used for cancer therapy.
Gold nanoparticles provides a novel class of photo thermal agents
which are used for the treatment of tumours®. Nanogold is also
used in drugs detection.

Surgery Using nanotechnology, many surgical instruments and robots are
made which are called nanobots’®. They are used to perform

surgeries on any part of the body.




Electronics

Nanoelectronics refer to use of nanotechnology on electronic
components like transistors. Many techniques are used for the
production of microelectronic devices which includes screen
printing, inkjet printing techniques etc. Among these techniques,
inkjet printing was considered to be a functional technology for
micro scale patterning in microelectronic devices for metallic

traces*.

Fuel Cells

Nanotechnology is being used to reduce the cost of catalysts used in
fuel cells to produce hydrogen ions from fuel. Using
nanotechnology many nanomaterials are produced which will make

fuel cells lighter and more efficient.

1.3.3 Approaches of Nanomaterials Synthesis 4

1. Top-down Approach (larger to smaller)

2. Bottom-up Approach (smaller to bigger)

e Top-down Approach: Top-down approach means slicing or cutting a bulk

material so that we will get nano sized particles. This approach is similar to

making of a statue with stone.

Example:-Grinding, Ball milling, etching, X-Ray Lithography, etc.

e Bottom-up Approach: refers to approach of building up of a material through

atom by atom, molecule by molecule and clusters by clusters, etc. where

devices ‘create themselves' by self-assembly.

Example:-Lithography, chemical routes, self-assembly.
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Fig 1.2 Top-down and bottom-up approach for synthesis of
nanomaterials

1.4 Gold Nanoparticles

Gold nanoparticles are the group of atoms which are up to 100 nm in diameter and
they also have unique optical properties. Gold nanoparticles are used in many medical
applications like diagnostics and therapy. The optical properties of gold nanoparticles
is decided by Surface Plasmon resonance, which occurs due to the collective
excitation of conduction electrons from visible to infrared region, depending upon
shape and size of particles™™ When nanoparticles are spherical in shape, we get single
Plasmon band in the visible region. But, when nanoparticles are of anisotropic shape
like rod, we get two Plasmon resonance bands one is longitudinal band and other is

the transverse band.
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1.4.1 Surface Plasmon Resonance *:-When electromagnetic radiation of specific
frequency is incident on nanoparticles, then excitation of free electrons on the surface
of nanoparticles occur which causes absorption of these electromagnetic radiations.
This optical property of nanoparticles is called as Surface Plasmon resonance. The
specific frequency of light where this occurs is dependent on the shape and size of

nanoparticles.

*
Nanoparticle Inverse of Electrons
Incoming Light on Nanoparticle
Surface
[16]

Fig 1.4 Origin of Surface Plasmon Resonance in nanoparticles

A resonance condition occurs from the absorption and scattering of radiation and It

depends on the size and shape of metal and the surrounding material.



1.5 Gold Nanorods

Gold nanorods are the rods which are cylindrical in shape and which are less than 10-
40 nm in width and up to 100 nm in length. These particles are classified by aspect
ratio. Due to anisotropic property of gold nanorods have been achieved lots of
attention for optical properties and their applications. There are mainly two Plasmon
modes in gold nanorods:

1. The First one is LSPR (i.e. Longitudinal Surface Plasmon Resonance) mode
which is associated with oscillations of electron along the length axis of the
nanorods.

2. The Another one is TSPR (i.e. Transversal Surface Plasmon Resonance) mode

which is due to oscillations of electron along the width of nanorods!*”),
1.5.1 Medical applications of Gold Nanorods

Drug delivery
Photothermal therapy
Bioimaging

Gene delivery

Antifibrotic therapy

YV V. V V V V

Hyperthermia

HYPERTHERMIA 18

Hyperthermia is under consideration as a medical treatment for cancer therapy, in
which tissues are exposed to higher temperature than normal temperature for the
destruction of abnormal cells. Hyperthermia has been considered as an auxiliary
therapy for treatment of various disease states and its potential in cancer treatment is
an area of investigation. Gold nanorods have large absorption crossection at near-
infrared frequencies. They are excellent candidates as multifunctional agents for
various therapies like image-guided therapies which are based on localized

hyperthermia.
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Chapter 2

Literature Review

Many methods has been developed for synthesis of gold nanoparticles. This chapter
gives reviews of different methods of synthesis of gold nanoparticles .Mostly,

seedless method has been used for the synthesis of gold nanoparticles.

2.1 Synthesis of gold nanoparticles

Author name Title Results
Peter Zijlstra, et.al., J. Phys. | High-Temperature e Gold nanorods by
Chem. Bu, (2006), 110, Seedless Synthesis seedless method has
19315-19318 of Gold Nanorods™. been synthesised at
high temperatures upto
97°C.

e Rod length decreases
with increase in
temprature but width
of rod remain
constant.

e Average activation
energy become 90( 10
kJ mol-1 for all facets.




Moustafa R. K. Ali, et.al.,
Langmuir, (2012), 28,
9807-9815

Synthesis and Optical
Properties of Small
Au Nanorods Using a
Seedless Growth

Technique?.

Small size gold
nanorods having width
in range from 2.5- 3
(nm) inoneand 4 -5.5
(nm) in other setting
are synthesized by
seeless growth method
of different aspect
ratios.

As pH decreases ,
growth time increases.
As the concentration
of CTAB
concentration
increases it produces

smaller size nanorods .

10




Parveer Kaur , et.al., J.

Mater. , (2017),52,11675—

11687

Seedless co-
surfactant-based
dimensional and
optical tunability of
gold nanorods with
simultaneous pH

regulation®!.

Reduction from Au(l)
to Au (0) occurs due to
NaBH4 which speed
up the growth of gold.
nanorods.

The Intensity of both
LSPR and TSPR bands
is higher in seedless
method as compared
to seeded method.
Highaspectratio gold
nanorods are obtained
with medium yield in
binary cosurfactant
system .

The influence of both
binary surfactants and
pH on dimensions and
plasmonic properties
of gold nsnorods by
seedless method is also

proposed.

XiaolongXu, et.al., J. Mater.
Chem. A, (2014), 2, 3528—

3535

Seedless synthesis of
high aspect ratio gold
nanorods with high
yield™.

Gold nanorods with
high aspect ratio, high
yield and smooth
morphology are
obtained by seedless
method.

Width of the gold
nanorods which are

synthesised by seedless

11




method should be
smaller than seed-
mediated method.
The width could be
adjust by adding
various amounts of
NaBH, .Also aspect
ratio could be adjust
by varying pH.

Gold nanorods with
normal aspect ratio has
been developed using
seedless method by
0.06 M CTAB.

PaulaCAngelome, et.al.,
Chem. Mater., (2012), 24,
1393-1399

Seedless Synthesis of
Single Crystalline Au
Nanoparticles with
Unusual Shapes and
Tunable LSPR in the
near-1R"!.

Highly Anisotropic
gold nanoparticles are
obtained using CTAC.
LSPR of gold nano
particles which are
obtained can tuned
from 600-1400 nm by
changing temperature
of the reaction or
concentration of
reagents.

By changing
temperature of reaction
and the concentrations
of reagents gold
nanoparticles of
different shapes with

high yields are

12




obtained.

Wenjing Wang, et.al.,
(2016), 27, 0957-4484

Seedless synthesis of
gold nanorods using
resveratrol as a

reductant!®.

Gold nanorods with
aspect ratio 4.3 are
obtained.

Two LSPR peaks at
520nm and 830 nm are
obtained.

There is a shiftin
LSPR peaks towards
smaller wavelength
which shows weaker
reducibility of
resveratrol as
compared to many
reductants.
Monodispersity of gold
nanorods was
improved due to
resveratrol.

The growth of gold
crystals and reduction
of Au(l) to Au(0) is
caused due to

resveratrol.

Anand Gole, et.al., Chem.
Mater., (2004), 16, 3633-

3640

Seed-Mediated
Synthesis of Gold
Nanorods: Role of
the Size and Nature
of the Seed!").

Aspect ratio of gold
nanorods increases
size of seed decreases.
Dimensions of gold
nanorods changes as

function of size of

13




seed .
Dependence of size of
seed on shape and size

is known.

Linfeng Gou, et.al., Chem.
Mater.,(2005), 17, 3668-
3672

Fine-Tuning the
Shape of Gold
Nanorods®.

Gold nanorods are
synthesized by the
seed-mediated method,
but still some
unreduced gold ions
are left , which can be
utilized as a substrate
for the fine-tunning of
the structural
properties of gold
nanorods.

Ascorbic acid in
oxidized form has
ability to reduce gold
ions .

For fine-tuning of the
shape of gold nanorods
CTAB is used.

The optical properties
of gold nanorods are
influenced by their

modified shapes.

Babak Nikoobakht, et.al.,
Chem. Mater. ,(2003), 15,
1957-1962

Preparation and
Growth Mechanism
of Gold Nanorods
(NRs) Using Seed-
Mediated Growth

In single surfactant
(CTAB) mixture, gold
nanorods with aspect
ratios (1.5 - 4.5) are
obtained.

14




Method™.

In single surfactant
mixture, the length of
gold nanorods can be
controlled by
changing silverion
content in growth
solution.

Binary surfactant
(BDAC

and CTAB)mixture
was used to obtain
gold nanorods with
high aspect ratio (4.6-
10).

Jing Cheng, et.al., Journal of
the Chinese Chemical
Society, (2011), 58, 822-827

Investigation of pH
Effect on Gold
NanorodSynthesis!'%,

Gold nanords are
prepared using seed-
mediated method at
different pH.
Morphology of
goldnanorods is
dependent on pH of
growth solution.
UV-Vis spectral
change indicates that
the gold nanorod
growth pathway was
different at different
pH.

CTAB micelle’s
stability was affected
by pH and
morphology of final

15



https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cheng%2C+Jing

products also changes.

Goldie Oza, et.al., Adv.
Appl. Sci. Res., (2012),
3(2),1027-1038

Tailoring Aspect
Ratio of Gold Nano
Rods: Impact of
temperature, pH,
silver ions, CTAB
concentration and

centrifugation.

A metallo-micellar
complex of Gold
Au(lll) with CTAB is
formed which results
into stable nuclei of
gold.

When Au (I11) —
CTAB in optimum
concentration is added
, there will be
reduction from Au (111)
to Au (1) which is due
to Ascorbic acid.
Further reduction from
Au (1) to Au (0)is
observed in gold seeds
This method separates
gold nanorods from
other shapes after
centrifugation of gold

nanorods.

AK Khan, et.al., Trop J

Pharm Res, (2014), 13 (7),

1169-1177

Gold Nanoparticles:
Synthesis and
Applications in Drug

Delivery!*?,

Many applications of
gold nanoparticles like
targeted drug delivery,
imaging and
therapeutics has been

found in field of

16




medicines.

Gold nanoparticles can
be used in cancer
therapy. and also in
drug delivery system.
Side effects of many
drugs have been
reduced by gold

nanoparticles.

17
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Chapter 3

Synthesis and Characterisation

3.1 Introduction
3.1.1 Synthesis of Gold Nanorods

It is found that gold nanorods have many applications in field of bio-imaging,
plasmon resonance spectroscopy, optoelectronics, drug delivery, diagnosis 3.
Various methods have been used for the synthesis of gold nanorods. Mostly seed
mediated growth method is used for synthesis of gold nanorods but many
modifications are needed in this method for the synthesis of gold nanorods because
this method involves many steps and this become very complex process which is not
easy to reproduce and yield is also low. To overcome these limitations seedless
growth technique is proposed in which nucleation and growth stages are combined 1.
This is one-step synthesis in which we tuned the LSPR band from visible to NIR with
high yield as compared to seeded method. In seedless method, the nucleation and
growth process take place together without temporal separation. Using this seedless
synthesis of gold nanorods we will study the pH controlled tunablity of LSPR band
of gold nanorods in BDAC-CTAB co-surfactant system. As we know that NaBHy,
acts as strong reducing agent, so it reduces Au(l) to Au (0) and NaBH, is also
responsible for the growth of gold nanorods™. After synthesis of gold nanorods, the

optical properties and structural properties of gold nanoparticles can be determined by

1. Dynamic light scattering (DLS)
2. UV-Visible-NIR Spectroscopy
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Figure 3.1 Synthesis protocol of anisotropic nanoparticles of gold nanorods

MaterialsCTAB (cetyltrimethylammonium bromide) and BDAC
(benzyldimethylhexadecylammonium chloride hydrate) purchased from Sigma-
Aldrich. Chloroauricacid (HAuCl,) was purchased from Sigma-Aldrich. Silver nitrate
(AgNO3) was also purchased from Sigma-Aldrich .Ascorbic acid (AA) was purchased
from Sigma. Sodium Borohydride (NaBH,4) was purchased from Aldrich. All

solutions were prepared with Millipore water.

Stock solution preparation

For preparing 1mM of hydrogen tetrachloroaurate dissolve 1 g of HAuCl, .3H,0 in
250 mL of distilled water which have concentration of 10 mM. The solution prepared
can be stored for years as stock solution. To get 1 mM concentration again 1 mL of
this stock solution was diluted by 100mL.

CTAB (cetyltrimethylammonium bromide) is necessary for the growth of gold
nanorods and  stabalizing  them  after  synthesis. = When BDAC
(benzyldimethylhexadecylammonium chloride) is mixed with CTAB, we get longer
nanorods. In this procedure, first we will prepare a growth solution by adding 5.0 mL
water with 0.1 g CTAB and 0.15M BDAC and this mixture is sonicate for
dissolution of CTAB for 25 min at 40 °C. Now add this growth solution to 5.0 mL of
HAUCI; (ImM) and 0.2 mL of AgNO3 (4mM). Then adjust pH of growth solution
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between 2.5-1.3 with HCI. Then add 0.1M ascorbic acid dropwise to the growth
solution till the growth solution become colourless. Now, add freshly prepared 15 pL
(0.01 M) NaBHjy to colourless growth solution which will start the growth of the gold
nanorods. Colour of growth solution changes from pink to dark red in 24 h.

We synthesize two series of four samples with two pH-1.3 and 1.9. In T1 series gold
nanorods are prepared at two different pH. In T2 series identical samples are
synthesised at pH 2.2 and after their growth the solution pH is adjusted to an identical
value as used for series T1. Sample details along with synthesis conditions are

summarized in table 3.1.

Table 3.1 Sample codes and Synthesis conditions

pH T1 T2
13 T1-1.3 T2-1.3
1.9 T1-1.9 T2-1.9

Here T1 series refers to samples which are prepared at two different pH while T2
series refers to samples which are prepared under identical conditions but presented at
two different pH.

3.2 Characterisation

Many techniques are used for characterization of nanoparticles. Three out of these

techniques are

1. Dynamic light scattering (DLS)
2. UV-Visible-NIR Spectroscopy

Instrumentation

UV-Visible-NIR Spectrophotometer (Shimadzu, UV-2600), DLS (Brookhaven 90
plus particle size analyser), pH meter and Ultrasonic bath.
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3.2.1 Dynamic light scattering (DLS)™

DLS is a technique which is also termed as photon correlation spectroscopy (PCS), It
is a technique used for evaluating size of nanoparticles in colloidal suspensions. With
this technique we measure diffusion coefficient of macromolecules and colloidal
particles in solution. This technique is used for accurate determination of size and size
distribution of particle by using Stokes-Einstein equation

d = KgT/6mnD
D = diffusion coefficient, T = absolute temperature, n= Solvent’s viscosity,
d = hydrodynamic radius of particle, Kg= Boltzmann constant.
3.2.2 UV-Visible-NIR Spectroscopy

It is the instrument which deals with the study of optical properties of nanoparticles. It
is used to measure the absorption, reflectance and transmittance . This instrument
comprises of source, sample and reference beam, monochromator and a photo
detector. The source of radiation is tungsten filament, D2 lamp. The detector is mainly

a photodiode array.

The objective of this spectroscopy in this study is to see how absorption is dependent
on wavelength. It is the only method which we can use for measuring bandgap of
nanoparticles. In many metals like gold the plasmon resonance is the cause of their
unique optical phenomenon. The UV-spectra gives us surface plasmon resonance
peak for gold nanoparticle. This peak can be analyzed for any structural changes of
gold nanorods. Hence, it is used in the present study to evaluate the stability of gold

nanorods.
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Chapter 4

Results and Discussion

4.1 UV-Visible spectroscopy of Gold Nanorods
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Fig 4.1(a) UV-Visible absorption spectra of AuNRs at pH-1.3 synthesised by
seedless Method

UV-Visible spectra of as-synthesized gold nanorods which are aged for 36 days is
shown in Fig 4.1(a) UV-Visible spectra show two surface plasmon bands. One is
TSPR (Transverse Surface plasmon Resonance) and another one is LSPR
(Longitudnal Surface plasmon Resonance) band of Gold nanorods. LSPR band of
gold nanorods can be tuned by changing the pH of growth solution and its tunablity
depends upon the size and shape of the nanoparticles. The band which appears at
higher wavelength corresponds to LSPR while the one that appears at shorter

wavelength corresponds to the width of the nanorods. From the spectra in Fig 4.1(a),
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following can be observed. The LSPR band of T1 series (pH-1.3) is quite high as
compared to T2 series sample. This indicates that the length of the nanorods prepared
oh pH-1.3 is much larger as compared to those which are prepared of pH-1.3 (T2

series).
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Fig 4.1(b) UV-Visible absorption spectra of AuNRs at pH-1.9 synthesised by
seedless Method

In Fig 4.1(b) as well two plasmon band are observed for both the series of samples.
However, this time the LSPR band position does not differ significantly for gold
nanorods belonging to T1 and T2 series. The LSPR band of T1-1.3 shows significant

blue shift while LSPR bands of rest of the samples do not show any drastic change.
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Fig 4.1(c) Variation of Lyax with Time at pH-1.3

Here At corresponds to transverse band and A corresponds to longitudinal band. The
change in the LSPR and TSPR band positions as a function of time is shown in Fig
4.1(c). The % change in these band positions have been calculated which is reported
in table 4.1 . The shift in LSPR band of T2-1.3 sample is minimum (1.97%) while the
TSPR band shows a shift of (0.94%). This suggest that sample T2-1.3 has better
structural stability as compared to T1-1.3.

Table 4.1 Percentage change in Aynax 0f LSPR (AL) and TSPR ( A1) bands of gold
nanorods synthesized at pH-1.3 ( T1) and stand at pH-1.3 (T2)

Sample Code At (%) A (%0)
T1-1.3 1.3 9.01
T2-1.3 0.94 1.97
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Fig 4.1(d) Variation of A« With Time at pH-1.9

Here At corresponds to transverse band and A, corresponds to longitudinal band.
TSPR band for both T1-1.9 and T2-1.9 is almost same and wavelength of both T1-1.9
and T2-1.9 is constant with time which shows stability of TSPR band of gold
nanorods. LSPR band of T1-1.9 is more stable than LSPR band of T2-1.9 because
percentage change in LSPR band position in T1-1.9 is 1.43% and 2.2% in T2-1.9
which shows that T1-1.9 is more stable than T2-1.9 as shown in table 4.2 but
wavelength remains constant with time for both T1-1.9 and T2-1.9 as shown in Fig
4.1(d). Hence no significant difference in the structural stability of gold nanorods
corresponding to T1-1.9 and T2-1.9 samples has been observed. Some data points are

missing in as shown in Fig 4.2(d) due to high dilution factor.
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Table 4.2 Percentage change in Aynax Of LSPR (A) and TSPR ( At) bands of gold
nanorods synthesized at pH-1.9 ( T1) and stand at pH-1.9 (T2)

Sample Code At (%) M (%)
T1-1.9 0.94 1.43
T2-1.9 1.5 2.2

4.2 Effect of pH on Hydrodynamic size of Gold Nanorods

Hydrodynamic size corresponding to the length and width of gold nanorods and its

length and width was determined by dynamic light scattering. DLS for both T1 and

T2 at both pH 1.3 and 1.9 shows binary distribution which shows formation of

nanorods (Annexure 1-4). Mean diameter corresponding to length and width for both

T1 and T2 which is obtained by lognormal curve fitting of hydrodynamic size

(Annexure 1-4) is shown in Fig 4.2-(a) and Fig 4.2-(b).
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Fig 4.2(a) Variation in Mean diameter with time at pH-1.3
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Here X.(W) denotes mean diameter along the width and X(L1) and X.(L2) denotes
mean diameter along length at pH 1.3. The mean diameter is in the range of 1-2 nm
for X(W) along the width 12-34 nm for X(L1) and 53-115 nm for X(L2), which is
along the length for T1-1.3. The mean diameter is in range of 2-3 nm for X,(W) , 12-
22 nm for X(L1) and 60-250 nm for X (L2) for T1-1.3. Fig 4.2(a) shows that mean
diameter remains constant for T2 series. This shows that gold nanorods are more

stable for series T2 at pH-1.3.
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Fig .4.2(b) Variations in aspect ratio with time at pH-1.3

Gold nanorods synthesized in T1 series shows more variation in aspect ratio with
time as compare to the gold nanorods synthesized in T2 series which indicates the

greater stability of T2 series at pH-1.3.
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Fig 4.2(c) Variation in mean diameter with time at pH-1.9

The variation in mean diameter for T1-1.9 and T2-1.9 samples is shown in Fig 4.2(c)
and corresponding changes in their aspect ratios are plotted in Fig 4.2-(d). No
significant difference in the colloidal stability of these samples has been observed
from the DLS data in samples T1 and T2.
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Fig 4.2(d) Variations in Aspect ratio with time at pH-1.9
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Conclusions

» Gold nanorods are synthesized by seedless synthesis method at pH 1.3 and
1.9(series T1). Amongst them gold nanorods synthesized at pH-1.3 has higher
aspect ratio than those synthesized at pH-1.9.

» Two sets of Gold nanorods are synthesized under identical conditions and they
are stored at pH-1.3 and pH-1.9.

» From UV-Visible and dynamic light scattering, structural changes in gold
nanorods have been monitored. All synthesized nanorods are stable as no
significant changes in their Plasmon bands are observed (except T1-1.3).

» Within this T2-1.3 and T1-1.9 samples show better stability as compared to
their counter parts. However, the study remains inconclusive whether the
synthesis pH or the solution pH affects the structural stability of gold

nanorods.
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Annexure 1
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Annexure 2
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Annexure 3
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Annexure 4
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