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Abstract

Nanotechnology is the dominant technology in today’s world because of the scope of
tailoring of the functionalities by altering the size, shape or constitution of nanomaterials.
Silver nanoparticles (SNPs) are amongst the most widely researched nanoparticles because of
their wide applicability and because of their ease of synthesis. Green nanotechnology is
getting a lot of attention owing to environmental concerns but the green synthesis method for
SNPs is yet to be adopted commercially because of lack of control over synthesis. The
present study describes the screening process for shortlisting of leaf extract to be used for
controlled SNPs synthesis. The leaf extracts of Murraya koenigii, Carica papaya, Eucalyptus
hybrida, Azadirachta indica, Ocimum sanctum and Chenopodium album were chosen for the
screening on the basis of their reported efficiency in synthesizing stable, spherical and
monodisperse SNPs on review of literature. Leaf extracts of selected plants were reacted with
AgNOs3 under identical conditions and the synthesized SNPs were analyzed for uniformity in
size and shape and for stability on the basis of UV-absorption spectra and TEM images. The
SNPs synthesized using leaf extract of Azadirachta indica remained stable within the
observation duration of 24 hours. Optimization of synthesis parameters for the selected leaf
extract of Azadirachta indica was carried out and stable SNPs having a narrow size range and
an average size of 6 nm and 24 nm and of spherical shape were synthesized having a zeta
potential of -16.8 mV and -16.2 mV, respectively.

The SNPs synthesized using leaf extract of Carica papaya were spherical but not of uniform
size. In the present study, Carica papaya leaf extract was used for the synthesis of silver
nanoparticles (Pa-SNPs). The SNPs yield was increased by optimization of parameters such
as temperature and pH. The spherical shape of synthesized Pa-SNPs was clearly seen in the
TEM micrographs with size ranging from 10 - 70 nm. The presence of silver in the sample
was highlighted by the EDS analysis. Zeta potential and DLS were performed in order to
analyze the stability and average size of Pa-SNPs. The high stability of the synthesized SNPs
was indicated by the zeta potential which showed the value of -12 mV. The average size of
the Pa-SNPs as indicated by DLS was 68 nm. Further, the antimicrobial activity of the Pa-
AgNPs along with few antibiotics (penicillin, kanamycin and chloramphenicol) was
evaluated against E. coli and S. aureus. A synergistic effect was observed with AgNPs
combined with antibiotics in Zone of inhibition assay. In the dye degradation assay, ability of
Pa-AgNps was studied for Blue CP and Yellow 3RS. The results showed effective
degradation ability of Pa-AgNPs with 90% and 83 % removal for Blue CP and Yellow 3RS,
respectively, at 50 mg/l of dye concentration.



Precision in synthesis requires a very precise understanding of the kinetics involved in the
nucleation and the growth kinetics involved in the formation of the nanoparticles. Even
though the green synthesis of SNPs has been extensively reported in literature, however, in
terms of understanding of crystallization Kinetics it is a dark zone primarily because of the
lack of understanding of the reduction and the stabilization mechanism involved in the
formation of silver nanoparticles. In this study, a hypothesis regarding the kinetics involved
in nucleation and growth of SNP was developed on the basis of data reported in literature and
on the basis of experimental results recorded by us. The hypothesis was to be used as a basis
for design of engineered synthesis to enable size specific synthesis of SNP. According to the
developed hypothesis, the synthesis conditions during nucleation for synthesis of uniform
size nuclei and the conditions to ensure their growth into SNP of uniform size and shape were
different. A mathematical model was developed for seed mediated multistep green synthesis
using Azadirachta indica leaf extract, using which SNPs of required size could be
synthesized. The size of the SNPs synthesized was close to the size predicted by the model.

In the last part of the thesis, cotton fabrics were coated with silver nanoparticles by an
environment friendly method using in-situ reduction of silver nitrate with leaf extract of
Azadirachta indica. For improving the wash durability of silver nanoparticle coating,
mercerization of cotton fabrics was used as a pre-treatment followed by in-situ synthesis of
nanoparticles under hydrothermal conditions of 120 °C temperature of and 15 psi pressure.
The coated fabrics were characterized by Scanning Electron Microscopy, Inductively
Coupled Plasma Mass Spectroscopy and Colorimetric analysis. Antibacterial activity of the
silver nanoparticle treated fabrics was determined both against Gram-positive and Gram-
negative bacteria by colony counting method. The UV protection factor of the fabric samples
was measured on a UV spectrophotometer via transmittance data in the range of 290 — 400
nm. The impact of density of silver nanoparticle deposition on the mechanical strength of the
fabric was also evaluated. The microscopic images of the fabrics showed dense and uniform
coating of silver nanoparticles. All the samples showed excellent antimicrobial activity and
UV-protection that varied from very good to excellent (UPF 33.4 - 89.9). There was no
degeneration of mechanical strength of the fabrics after treatment with silver nanoparticles.
The silver nanoparticle treatment to fabric also showed excellent durability against repeated
laundering. The cost analysis of the SNPs treatment at a cottage industry scale showed its
commercial viability also.
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pH 7 and (C) pH 12. 20% (w/v) Azadirachta indica leaf extract was reacted with 2mM
AgNOs in a mixing ratio of 1:9 at room temperature.

Figure 4.3: Process of green synthesis of SNP by use of leaf extracts

Figure 5.1: Seeded growth of silver nanoparticles using Azadirachta indica leaf extract
Figure 5.2: UV absorbance spectrum of silver nanoparticles seed solution at 50% dilution

Figure5.3: Transmission Electron Microscope image of silver nanoparticle seeds

Figure5.4: TEM image of silver nanoparticles at different stages of growth (a) n=0, (b) n=5,
(c) n=10, (d) n=15 & (e) n=20

Figure 5.5: UV-absorbance spectra of silver nanoparticle colloidal solution after various
growth steps

Figure 6.1: Schematic of antimicrobial UV-protect cotton fabric by in-situ green synthesis of
SNPs

Figure 6.2: Schematic showing hydrothermal treatment cycle for cotton fabrics

Figure 6.3: Concentration of deposited silver and K/S values of fabric samples treated at
different pH

Figure 6.4: K/S values of SNP treated fabrics synthesized with different concentration of
AgNO3 at room temperature at pH 7.1

Figure 6.5: UV-VIS absorbance spectra of exhaust bath after in-situ SNP synthesis on fabric
samples with different AGQNOs concentrations

Figure 6.6: Scanning Electron Microscope images of SNP treated fabrics. (A) No treatment.
(B) 1 mM AgNOs, pH 5 (C) 2 mM AgNQOg, pH 5. (D) 1 mM AgNOg, pH 7.1. (E) 2 mM
AgNO3, pH 7.1. (F) 2 mM AgNOs, pH 12

Figure 6.7: Impact of SNP content of treated fabrics on their strength. Sample A(no
treatment), Sample B(23.99ug/g), Sample C(37.55ng/g), Sample D(45.22pg/g), Sample
E(76.55ug/g), Sample F(85.46pug/g)

Figure 6.8: Antibacterial efficacy of SNP treated fabrics against S.aureus (i-vi) & E.coli(vii-
xii) SAMPLE A(no treatment), SAMPLE B(1ImM AgNOs, pH 5), SAMPLE C (2mM
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AgNOs, pH5, SAMPLE D (ImM AgNOs, pH 7.1), SAMPLE E (2mM AgNOs, pH 7),
SAMPLE F (2mM AgNOs, pH 12)

Figure 6.9: Effect of SNP content of treated cotton fabrics on their antimicrobial activity on
Escherichia.coli and Staphylococcus aureus as compared to untreated sample. Sample B (Ag
content. 23.99ug/g), Sample C (Ag content 35.46ug/g), Sample D(Ag content 45.22ng/g),
Sample E(Ag content 76.55ug/g), Sample F(Ag content 97.55ug/g)

Figure 6.10: UV protection efficacy of SNP treated fabric with varying concentration of
silver nanoparticles. Sample A (No SNP treatment), Sample B (SNP content 23.99ug/g),
Sample C (SNP content 35.46ug/g), Sample D (SNP content 45.22ug/g), Sample E (SNP
content 76.55ug/g), Sample F (SNP content 97.55ug/g)

Figure 6.11: Washing durability of cotton fabric treated by SNP by in-situ synthesis by
reacting 2mM AgNOs with 20% (w/v) cut Azadirachta indica leaf extract in a ratio of 9:1 at
pH 7.1. (A) Unmercerized sample. SNP synthesis at room temperature (B) Mercerized
sample. SNP synthesis at hydrothermal conditions.
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ADL
CvD

DLS
EDS
LFA

ML ratio
LSPR
SEM
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SPR
TEM
wiv
ZOlI

Ns

Rs

Rag

Ns

Na
Magno3

VagNos3

UPF

Atomic Layer Deposition

Chemical Vapor Deposition

Dynamic Light Scattering
Energy-dispersive X-ray spectroscopy
Lateral Flow Assays

Material to Liquor ratio

Local Surface Plasmon Resonance
Scanning Electron Microscope

Silver Nanoparticles

Surface Plasmon Resonance

Transmission Electron Microscope

Weight by volume

Zone of Inhibition

Number of atoms in a silver nanoparticle seed
Radius of silver nanoparticle seed

Radius of silver atom

Number of silver nanoparticle seeds

Avogadro’s number

Molar concentration of AgNO3

Volume of AgNOs solution

Number of seeds introduced in growth medium
VVolume of Leaf broth

Volume of AgNOz added for growth

Molar concentration of AgNO3z added for growth
Radius of silver nanoparticle after ‘n’ growth steps

Ultraviolet Protection Factor
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