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Figure 1.1: The Lycurgus Cup, appearing green in (A) reflected light and red in
(B) transmitted light — Courtesy of the British Museum.

Figure 1.2: Schematic illustration of surface plasmon resonance by interaction of

light with the surface dipole of nanomaterials.
Figure 1.3: Top-down Vs Bottom-up.

Figure 1.4: Faraday is credited as the discoverer of metallic colloid, he prepared gold
colloids that were purple red in color by the reduction of gold salts with
phosphorous, courtesy — Royal Institution of Great Britain available

from: http://www.rigb.org/rimain/heritage/faradaypage.jsp.

Figure 1.5: Formation of AuNPs coated with citrate and its oxidation product by

reaction of sodium citrate with chloro auric acid.

Figure 1.6: General scheme for borohydride Brust-Schiffrin method for gold
nanomaterials functionalized with thiols. In figure, where m and n

represent the stoichiometric ratio.
Figure 1.7: Ascorbic acid mediated synthesis of gold nanoparticles.

Figure 1.8: Proposed reaction scheme illustrating luminol- reduced gold

nanoparticles.

Figure 1.9: Reaction scheme for the TTF catalyzed formation of silver dendritic

nanostructures.

Figure 1.10: Time-dependent UV-vis absorption spectra of solutions containing
HAuUCI, and medium molecular weight chitosan and corresponding

TEM image of the gold nanoparticles.

Figure 1.11: Photochemical scheme illustrating the step wise reduction of Au (l11).
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Figure 1.12: Proposed scheme illustrating the photochemical reduction of Ag (1)

and the growth of polyhedral silver nanostructures.

Figurel.13: Diversified applications of nanomaterials ranging from consumer
applications — healthcare —» electronics —» commercial power

devices products.

Figure 1.14: Thermodynamically favored bulk agglomerated particle in the
absence of any stabilizer (route a). stepwise formation of metallic
nanomaterials and at the same time Electrostatic/ vander-waal
interaction of metal nano particles with capping agent provide the
stabilization of metal nanostructures (route b).

Figure 1.15: Steric stabilization of nanostructured metal colloids capped with

protecting agent.
Figure 1.16: Mechanism of electrocatalysis on chemically modified electrode.
Figure 1.17: Schematic outline illustrating the objectives of thesis.
Figure 2.1: Electronic transition in a molecule.
Figure 2.2: Block diagram of UV visible spectroscopy.

Figure 2.3: Schematic ray diagram illustrating Beer-Lambert law.
Figure 2.4: Block diagram for FT-IR.

Figure 2.5: Scheme illustrating the transfer of electron density from non-metal to
metal atom, resulting into the change in the characteristics vibrational

frequency.
Figure 2.6: Physical process involved in XPS.
Figure 2.7: Block diagram of modern electron spectroscopy for chemical analysis.
Figure 2.8: Block diagram of scanning electron microscopy for surface analysis.

Figure 2.9: Block diagram of transmission electron microscopy for surface

imaging.
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Figure 2.10: Ray diagram of SAED, illustrating electron diffraction.
Figure 2.11: Common excitation signal in voltammetry.
Figure 2.12: Electrochemical set up for voltammetric measurement.

Figure 3.1: Photochemically generated electron utilizing the reduction of noble

metal ions and possible oxidation product of dithizone.
Figure 3.2: Reaction of Au (111) with dithizone.

Figure 3.3: Time dependent UV-visible spectrum of the photochemical assisted

formation of gold nanoparticles.

Figure 3.4: Reaction scheme for the photochemical step wise reduction of Au (111)
to Au (0).

Figure 3.5: (a) FT-IR of DTZ (b) FT-IR of Au-DTZH

Figure 3.6: (a) XPS survey spectrum of Au-DTZH in full range (b) X-ray
photoelectron spectra of Au (4f).

Figure 3.7: (a) TEM studies for the formation of nano gold w.r.t. time of light

exposure a=09 min, b=17 min, c=28 min, d=54 min.

Figure 3.8: (a) TEM image of gold nanoparticles at the completion of reaction and
the respective (b) EDX and (c) SAED pattern.

Figure 3.9: FESEM and EDAX image of chemically modified electrode Au-
DTZH platform.

Figure 3.10: CV Response for (a) Bare electrode (b) CV of Fe(CN)s *”* redox
couple on without modified electrode (c) CV of Fe(CN)g *™* redox

couple on Au-DTZH modified electrode.

Figure 3.11: Cyclic voltammogram response of successive addition of thiocyanate
in 0.1 M tris buffer at pH 7.2. Asterisk marked curve: characteristics

CV of gold nano crystals.
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Figure 3.12: Schematic representation of the nano integrated platform of the Au-

DTZH as a modified electrode for electro-sensing of thiocyanate.

Figure 3.13: Amperometric response at an applied potential of 0.547 V vs. Ag

Figure 4.1:

Figure 4.2:

Figure 4.3:

Figure 4.4:

Figure 4.5:

/AgCI for successive addition of thiocyanate in 0.1 M tris buffer at
pH 7.2 under stirred condition. Inset: corresponding standard
addition calibration plot of chronoamperometric current vs.

thiocyanate concentration.

(a) Time dependent UV-vis spectrum of the formation of nanosilver, a-
only dithizone, b-at 6 min, c-at 16min, d-30 min, e-55min, (b) UV-vis

spectrum of the nanosilver at the completion of reaction (after 2 hrs).

(a) Reaction scheme for the photochemical assisted formation of nano
silver by dithizone where photochemically generated electrons can
easily captured by Ag® ions to generate silver nanostructures via
photo-reduction. (b) This figure schematically illustrates that how
nucleation and growth phenomenon promotes the silver nanoparticles
formation within DTZH matrix.

(a) TEM studies for the formation of nano silver w.r.t. time of light

exposure a=6 min, b=16 min, c=30 min, d=60 min.

(a) TEM image of nanosilver at the completion (after 2 hrs.) of

reaction (b) corresponding size distribution of nanoparticles.

SAED and EDAX spectrum of the corresponding TEM images of
silver nanoparticles.

Figure 4.6: (a) FT-IR of DTZ (b) FT-IR of Ag-DTZH

Figure 4.7:

(@) XPS survey spectrum of Ag-DTZH in full range (b) X-ray
photoelectron spectra of Ag (3d).

Figure 4.8: FESEM and EDAX image of modified electrode Ag-DTZH platform.
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Figure 4.9: (a) CV of bare unmodified electrode (b) modified electrode with silver

nano particles having characteristics CV of AgNPs.
Figure 4.10: Cyclic voltammogram response of successive addition of cefotaxime

Figure 4.11: Schematic representation of the nano integrated platform of the Ag-

DTZH as a modified electrode for electro-sensing of cefotaxime.

Figure 4.12: (a) Amperometric response at an applied potential of 0.789 V vs. Ag/
AgCI for successive addition of cefotaxime in 0.1 M tris buffer at pH
7.2 under stirred condition. (b) Corresponding standard addition
calibration plot of chronoamperometric current vs. cefotaxime

concentration.

Figure 5.1: Photochemically generated electron utilizing the reduction of noble

metal ions and possible oxidation product of phenothiazine.
Figure 5.2: UV-visible spectrum of phenothiazine.

Figure 5.3: UV-Vis spectrum gold nanoparticles, Inset: zoom view of SPR band

of gold nanoparticles.

Figure 5.4: Time dependent UV-visible spectrum of gold nanoparticles formation,

a: 0 min, b: 2 min, ¢: 5 min, d: 12 min, e: 22, min, f: 32 min, g: 50 min.

Figure 5.5: Plausible reaction scheme for the photochemical formation of gold
nanoparticles and their stabilization by phenothiazine and its

oxidation product.

Figure 5.6: (a) Cyclic voltammogram of unmodified ITO electrode (b) cyclic
voltammogram of gold nanomaterials on ITO electrode surface in
0.5 M H,SO,.

Figure 5.7: (a) TEM studies for the formation of nano gold w.r.t. light exposure,
recorded at different time interval a: 0 min, b: 5 min, ¢: 22 min, d: 32

min.
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Figure 5.8: (a) TEM image (b) SAED pattern of Au nanoparticles. (c) size

distribution of prepared nanomaterials.
Figure 5.9: FT-IR Spectrum of PTZ and Au-PTZH.

Figure 5.10: (a) XPS survey spectrum of Au-PTZH in full range (b) X-ray
photoelectron spectra of Au (4f).

Figure 5.11: FESEM and EDAX image of the Au—-PTZH nanostructured platform
(gold nanomaterials modified electrode).
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Figure 5.12: Cyclic voltammograms responce for Fe(CN)s “ redox couple.

Figure 5.13: Cyclic voltammogram response of successive addition of phosphate
in 0.1 M tris buffer at pH 7.2.

Figure 5.14: Schematic representation of the nano integrated platform of the Au-
PTZH as a modified electrode.

Figure 5.15: Amperometric response at an applied potential of -0.336 volts Vs
Ag/AgCI for successive addition of phosphate in 0.1 M tris

buffer at pH 7.2 under stirred condition.

Figure 5.16: Corresponding standard addition calibration plot of

chronoamperometric current Vs phosphate concentration.

Figure 6.1: Reaction scheme for the photochemical assisted formation of nano

silver by phenothiazine.

Figure 6.2: UV-vis spectrum of nanosilver, Inset to the figure show zoom view of

band of nano silver.

Figure 6.3: Bare unmodified electrode (a) and Characteristic CV of nano silver in
Tris HCI buffer (b)

Figure 6.4: (a) FT-IR of PTZ (b) FT-IR of Ag-PTZH
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Figure 6.5: (a) XPS survey spectrum of Ag-PTZH in full range (b) X-ray
photoelectron spectra of Ag (3d).

Figure 6.6: (a) TEM image (b) SAED pattern (c) HRTEM images showing lattice

fringes spacing of silver nanodendrites.

Figure 6.7: TEM images of Ag-PTZH when the reaction is carried out for longer

time.
Figure 6.8: Scheme illustrating for formation of silver nanodendrites (a-g).

Figure 6.9: FESEM and EDAX image of the modified electrode surface with
silver nano dendrites.

Figure 6.10: CV Response for (a) Bare electrode (b) CV of Fe(CN)s “”* redox

413

couple on without modified electrode (c) CV of Fe(CN)g redox

couple on Ag-PTZH modified electrode.

Figure 6.11: Cyclic voltammogram response of successive addition of nitrite in
0.1 M tris buffer at pH 7.2.

Figure 6.12: Schematic representation of the nano integrated platform of the Ag-

PTZH as a modified electrode for electro-sensing of nitrite.

Figure 6.13: Amperometric response at an applied potential of 0.44 volts Vs.
Ag/AgCI for successive addition of nitrite in 0.1 M tris buffer at pH

7.2 under stirred condition.

Figure 6.14: Corresponding standard addition calibration plot of

chronoamperometric current Vs nitrite concentration.
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