List of Tables

Table No. Table Captions Page No.

CHAPTER 2

2.1 List of vitamins added in the diatom culture process 19

2.2 List of major nutrients for freshwater “WC” medium 20

2.3 List of micronutrients for freshwater “WC” medium 20

CHAPTER 3

3.1 Phase composition of the samples calcined at different temperature 38

3.2 Elemental composition of raw diatom frustule from EDX spectra 40

3.3 Elemental composition of DT500 from EDX spectra 40

3.4 Elemental composition of DT800 from EDX spectra 40

35 Surface area and Pore size distribution of DT500 and DT800 from N, 44
adsorption/desorption analysis

3.6 FTIR functional group analysis of DT500, DT800 and raw diatom 45
frustule

3.7 Optical band gap values and corresponding Urbach energy values of 49
DT500 and DT800

3.8 Determination of RC for photocatalytic reaction using dye MO 57

3.9 Determination of RC for photocatalytic reaction using dye MB 61

CHAPTER 4

4.1 EDX compositional analysis of SND sample 74

4.2 Analysis of functional groups of SND and raw diatom frustules 76

CHAPTER5

5.1 Results of functional group analysis by FTIR 96



List of Figures

Figure No. Figure Captions Page No.

CHAPTER 2

2.1  Block diagram of diatom culture process 22

2.2  Block diagram of synthesis of DT500 and DT800 samples 24

2.3 Image of experimental photocatalytic measurement set-up 24

2.4  Schematic diagram of SND synthesis process 26

CHAPTER 3

3.1  XRD pattern of raw diatom frustule, DT800 and DT500 photocatalysts 37

3.2 SEM images of (a) raw diatom frustule, (b & ¢) DT500 and DT800 39
respectively

3.3 EDX spectra of (a) raw diatom frustule, (b) DT500 and (c) DT800 39
photocatalysts

3.4  TEM images of (a & b) diatom frustule templated titania nanostructures, 42
(c) anatase phase of DT500, (d) anatase-rutile mixed phase of DT800
showing A-R junction, (e) EDAX spectrum of DT800 catalyst, particle
size distribution histogram of (f) DT500 and (g) DT800 catalysts

3.5 (a & b) N, adsorption/desorption isotherm and (¢ & d) BJH pore size 43
distribution of DT500 and DT800 catalysts respectively

3.6 Raman spectra of DT800 and DT500 catalysts 43

3.7  FTIR spectra of DT500, DT800 and raw diatom frustules 46

3.8 UV-vis absorption spectra of DT500, DT800, DTiO, and diatom 48
frustules calcined at 800°C

3.9  Tauc plot showing the band gap of DTiO,, DT800 and DT500 catalysts 48

3.10 Urbach energy determination plots for (a) DT500 and (b) DT800 50
catalysts

3.11 Absorption spectra of 10uM solution of MO degraded by (a) DT500, (b) 52
DT800 and (c) DTiO,, (d) Percentage degradation measurement plots of
MO using DT500, DT800 and DTiO, as catalysts, decoloration of MO
at different photodegradation times for () DT800 and (f) DT500 under
light exposure

3.12 Schematic diagram showing oxidation and reduction reactions in 55
photocatalyst having mixed phase

3.13 Plot to study the kinetics of the catalytic reactions of MO degradation by 58
(a & ¢) DT500 and (b & d) DT800 by using linear and polynomial
regression

3.14 (a) UV-vis absorption spectrum, (b) TEM image showing titania 60

nanoparticles inside the pores of diatom frustules and (c) EDX of
DT800*

ii



Figure No. Figure Captions Page No.

3.15 Absorption spectra of MB under visible light irradiation for different
photodegradation times with a dye concentration of (a) 20uM and (b)
50uM in presence of DT500; (c) 20uM and (d) 50uM in presence of
DT800 are shown

3.16 Plot of (a & b) linear fitting and (c & d) polynomial fitting to determine
RC value for 20uM dye (MB) concentration using catalysts DT500 and
DT800 respectively

3.17 Plot of (a & b) linear fitting and (c & d) polynomial fitting to determine
RC value for 50uM dye (MB) concentration using catalysts DT500 and
DT800 respectively

CHAPTER 4

4.1  XRD spectra of biosynthesized SND sample and raw diatom frustules

4.2  (a, b) SEM images of SND showing Ag-NPs formation and (c) EDX
spectrum of SND

4.3  FTIR spectra of SND and Raw diatom frustules showing different
functional groups

4.4  UV-vis absorption spectra of as-synthesized SNDs and raw diatom
frustules

45  Schematic showing the formation of Ag-NPs through slow nucleation
process using fucoxanthin containing diatom frustules

4.6  (a) UV-vis absorption spectra of SND sample exposed to 0, 20, 40, 60,
80 and 100ppm concentrations of ammonia solution, (b) AgNOj3 solution
and diatom frustule (control), SND in (c) Oppm and (d) 100ppm NH;3
concentration

4.7  Schematic of sensing mechanism of ammonia through the synthesis of
Ag-NPs using diatom frustules by fast nucleation process

4.8  (a) Absorbance ratio at 457nm and 570nm which displays a linear
relationship as a function of ammonia concentration (Oppm to100ppm)
with a correlation factor R? equal to 0.993 and (b) Plot of absorbance
457nm and 570nm vs ammonia concentration

CHAPTER 5

51 (a & b) Optical microscopy images of pennate diatoms in a biological
colony with magnification 100x

52 (a & b) SEM micrographs of Cosmioneis reimeri diatom frustules

5.3  Energy dispersive X-ray spectroscopy of (a) untreated and (b) arsenic
treated diatom frustule

5.4  XRD diffractrogram of untreated and arsenic treated diatom frustules

55  FTIR spectra of untreated and arsenic treated frustule biosilica in

transmission mode

62

63

64

75
75

77

79

79

81

81

82

92

92
94

94
95

ii



Figure No. Figure Captions Page No.

5.6

5.7

The hypothetical energy diagram of electronic transition 98

(a) UV-Vis absorption spectra of untreated and arsenic treated frustules 98
and (b) Tauc plot to determine the optical BG (direct) of untreated and
arsenic treated diatom frustules respectively

iv



List of symbols and abbreviations

SC

BG
BOD
DW
NPs
uv
UV-vis
MB
MO
TTIP
GA
DTGS
AgNO;
TiO,
HCL
KBr
H20;
NH3
As
JCPDS
FTIR
BET
BJH

Semiconductor

Band gap

Biological/Biochemical Oxygen Demand
Distilled water

Nanoparticles

Ultra violet

Ultra violet and visible

Methylene Blue

Methyl Orange

Titanium tetraisopropoxide
Glutaraldehyde

Deuterated Tri Glycine Sulfate

Silver nitrate

Titanium dioxide

Hydrochloric acid

Potassium bromide

Hydrogen peroxide

Ammonia

Arsenic

Joint committee on powder diffraction standards
Fourier-transform infrared spectroscopy
Brunauer-Emmett-Teller
Berrett-Joyner-Halenda

Power of hydrogen

Photon energy

Urbach energy

Crystallite size

Concentration

Speed of light in vacuum



uM
eV
rpm
%D
Ag
A
A

0

k

h

%Anatase
0/()Rutile
L

o

h+

T

F.W.H.M

VB
CB
BG

Ee™
RC
Kr
SND

Micro molar

Electron volt
Rotation/revolution per minute
Percentage of degradation
Initial absorbance
Absorbance at time t
Wavelength

Bragg’s angle
Proportionality constant
Planck’s constant
Percentage of anatase phase
Percentage of rutile phase
frequency

electron

hole

Phonon lifetime

Full width at half maximum
F.W.H.M value

Absorption coefficient
Valence band

Conduction band

Band gap

BG energy value

Optical BG energy

Rate constant

RC value

Silver (Ag) nanoparticles templated on diatom frustules

Vi



	07_list of tables & figures

