Figure 1.1:

Figure 1.2:

Figure 1.3:

Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 3.1:

Figure 3.2:
Figure 3.3:

Figure 3.4:

Figure 3.5:

Figure 3.6:
Figure 3.7:
Figure 3.8:

Figure 4.1:

LIST OF FIGURES

Stick and ball representation of ZnO crystal structures: (a)
hexagonal wurtzite, (b) cubic zinc blende, and (c) cubic rocksalt.
The shaded gray and black spheres denote Zn and O atoms,
respectively.

The hexagonal wurtzite crystal structure of ZnO. One unit cell is
outlined for clarity.

The Comparison of calculated electron drift velocity versus
electric field for wurtzite structure ZnO (solid) and GaN
(dashed) at 300 K.

Point defects in the heterogeneous ionic solid.

Schematic band diagram of near band edge (NBE) and defect
band emission (DBE) in ZnO.

Variation in band gap of transition metal (TM= Cr, Mn, Fe, Co,
& Ni) doped ZnO for Zng ¢5TM sO composition.

Flow chart of the synthesis of ZnO through co-precipitation
technique.

Flow chart of the synthesis of ZnO through sol-gel technique.
Flow chart of the synthesis of ZnO through combustion
technique.

Flow chart of the synthesis of Mg/Co doped or Mg and Co
codoped ZnO through co-precipitation technique.

Flow chart of the synthesis of ZnO(%)-SrAl,O, composite
through combustion technique.

Schematic of diffraction of x-rays by a crystal.
Flowchart for PAL spectrometer.
Traps level in a crystal.

The XRD patterns of the ZnO powder synthesised at different
pH (5.5,7,9, 10, 11.5 and 13.0), dried at 80 °C for 24 h.

XV

Page

20

21

31

43

44
46

48

50

51
59
60

62



Figure 4.2:

Figure 4.3:

Figure 4.4:

Figure 4.5:

Figure 4.6:

Figure 4.7:

Figure 4.8:

Figure 4.9:

Figure 4.10:

Figure 4.11:

Figure 4.12:

Figure 4.13:

The XRD patterns of the ZnO powder synthesised at different
pH (5.5,7,9, 10, 11.5 and 13.0), dried at 250 °C for 5 h.

The SEM image of the ZnO powder synthesised at different pH
(5.5, 7,9, 10, 11.5 and 13.0) of precipitation and dried at 80 °C
for 5 h.

Schematic diagram of the growth of ZnO under coprecipitation
route with varying the pH (5.5, 7, 9, 10, 11.5 and 13.0) of
solution during synthesis.

The Raman spectrum of the ZnO powder synthesised at different
pH (5.5,7,9, 10, 11.5 and 13.0) and dried at 80 °C for 24 h.

The Raman spectrum of the ZnO powder synthesised at different
pHs (5.5,7,9, 10, 11.5 and 13.0) and dried at 250 °C for 5 h.

The PL spectrum obtained by using the excitation wavelength
355 nm for the ZnO powder synthesised at different pH (5.5, 7,
9,10, 11.5 and 13.0) (a) dried at 80 °C for 24 h, (b) dried at 250
°C for 5 h.

The deconvoluted PL spectra of sample synthesised at pH 13 and
dried at 80 °C for 24 h.

Positron lifetime spectrum of ZnO powder synthesized at
different pH 0f 9.0, 11.5 and 13.0 (a) dried at 80 °C for 24 h, (b)
dried at 250 °C for 5 h.

The XRD patterns of ZnO powder synthesised through sol-gel
route and calcined at different temperatures (250, 600, 800, 1000
°C) for 5 h.

W-H plot corresponding to XRD patterns of ZnO powder
synthesised through sol-gel route and calcined at different
temperatures (250, 600, 800, 1000 °C) for 5 h.

The SEM image of the ZnO powder synthesised through sol-gel
route and calcined at 1000 °C with (a) low resolution, (b) high
resolution and the inset image shows the histogram of particle
size distribution for the sample calcined at 1000 °C.

The Raman spectrum of ZnO powder synthesised through sol-gel

route and calcined at different temperatures (250, 600, 800, 1000
°C) for 5 h.

Xvi

63

65

66

69

71

73

74

76

79

80

81

82



Figure 4.14:

Figure 4.15:

Figure 4.16:

Figure 4.17:

Figure 4.18:

Figure 4.19:

Figure 4.20:

Figure 4.21:

Figure 4.22:

Figure 4.23:

Figure 4.24:

Figure 4.25:

The deconvoluted Raman spectrum of the sample synthesised
through sol-gel route and calcined at 1000 °C for 5 h.

The PL spectrum obtained by using the excitation wavelength
355 nm for the ZnO powder synthesised through sol-gel route
and, calcined at different temperatures (250, 600, 800, 1000 °C)
for 5 h.

Positron annihilation lifetime spectrum of ZnO powder
synthesised through sol-gel route and calcined at different
temperatures (250, 600, 800, 1000 °C) for 5 h.

The plot in between different calcination temperature and the
calculated positron annihilation lifetime (a) 1, and 1, and (b) t,,,
for the sample synthesised through sol-gel technique.

The TG-DTA of as prepared gelatinous sample of ZnO @ 10
°C/min.

The XRD patterns of ZnO powder synthesised through

combustion route and calcined at different temperatures (600,
800, 1000, and 1200 °C) for 5 hr.

W-H plot corresponding to XRD patterns of ZnO powder
synthesised through combustion route and calcined at different
temperatures (600, 800, 1000 and 1200 °C) for 5 h.

The SEM image of the ZnO powder synthesised through
combustion route and calcined at (a) 600 °C and (b) 1200 °C.

Inset shows the zoomed view of the encircled region.

The histogram of the particle size distribution obtained from the
SEM image of the ZnO powder synthesised through combustion
route and calcined at (a) 600 °C and (b) 1200 °C.

The Raman spectrum of ZnO powder synthesised through
combustion route and calcined at different temperatures (600,
800, 1000, and 1200 °C) for 5 h.

The deconvoluted Raman spectra of the samples synthesised
through combustion route and calcined at (a) 600 °C and (b)
1200 °C) for 5 h.

The PL spectrum obtained by using the excitation wavelength
355 nm for the ZnO powder synthesised through combustion
route and calcined at different temperatures (600, 800, 1000 and

xvii

83

85

86

88

89

90

91

92

92

93

94

95



Figure 4.26:

Figure 4.27:

Figure 5.1:

Figure 5.2:

Figure 5.3:

Figure 5.4:

Figure 5.5:

Figure 5.6:

Figure 5.7:

Figure 5.8:

Figure 5.9:

Figure 5.10:

1200 °C) for 5 h. Inset shows the deconvoluted PL spectra of the
sample calcined at 1200 °C.

Positron annihilation lifetime spectrum of ZnO powder
synthesised through combustion route, calcined at different
temperatures (600, 800 and 1000 °C) for 5 h.

The proposed energy band diagram of the electron transfer in
ZnO after excitation.

X-ray diffraction pattern of Zn,_.Mg.O (x = 0, 0.04, 0.08, 0.10,
0.12, 0.15 and 0.20) nanoparticles.

Le-Bail refinements of X-ray diffraction pattern for Zn,_ Mg,O
(x=0,0.04, 0.08, 0.12, 0.10 and 0.15) nanoparticles.

W-H plot for Zn,_,Mg,O (x = 0, 0.04, 0.08, 0.10, 0.12 and 0.15)
nanoparticles.

Transmission Electron Micrograph of (a) ZnO and (b)
Zny9sMgj 04O nanoparticles with corresponding EDS spectra.
Inset shows the SAED pattern of respective samples.

Photo Iluminescence spectrum of ZnO and ZngosMg o4O
nanoparticles. Inset shows the plot of (akv)* vs. hv of both
samples obtained from UV-visible spectrum.

Raman spectrum of ZnO and Zng¢sMgy 04O nanoparticles in the
range of 300 to 1400 cm™. Inset shows the Lorentzian fitting of
270-760 cm™ and 900-1240 cm™ for respective samples.

FT-IR transmittance spectram of Zn;_ Mg,O (x = 0, 0.04, 0.08,
0.10, 0.12 and 0.15) nanoparticles (left side). The absorbance
plot for the ZnO and Zn,gsMg, ;5O nanoparticles in range of
2500-3900 cm™', with Lorentzian fitting, is shown in right side.
Positron lifetime spectrum of ZnO and ZngMgy o4O
nanoparticles.

XPS spectrum of Zn,-.Mg,O (x = 0, 0.04, 0.08, 0.10, 0.12 and
0.15) nanoparticles (a) For Zn 2p;, and 2p;5, (b) For Mg 1s and
(c) For O 1s.

Le-Bail refinements of X-ray diffraction pattern for

71 ,95C0y 050, Zno.96Mgo.o4O and Zno.91C00.05Mgo.o4O
nanoparticles.

xviii

98

99

103

103

104

105

106

108

109

111

112

114



Figure 5.11:

Figure 5.12:

Figure 5.13:

Figure 5.14:

Figure 5.15:

Figure 5.16:

Figure 5.17:

Figure 6.1:

Figure 6.2:

Figure 6.3:

Figure 6.4:

Figure 6.5:

Figure 6.6:

FE-SEM micrograph with corresponding EDX spectra of (a)
Zn995C00050 (b) ZngosMgo0sO and (¢) Zng91C090sMgo 04O
nanoparticles.

Plot of o*(hv)* vs. hv of Zn,_,,Co,Mg,O (a) x=0.0 and y=0.0 (b)
x =0.04 and y=0.0 (¢) x=0.0 and y = 0.05 and (d) x = 0.04 and y
=0.05.

Normalised Raman spectra of Zng ¢5C0¢ 50O, ZngosMgp 04O and
Zng 91 CogosMgp 04O nanoparticles.

Lorentzian fitting for the Raman spectra of (a) ZnO, (b)
Zn95C00,050, (€) ZngosMgo 04O and (d) Zngo; CogosMgo.04O
nanoparticles.

Temperature variation of magnetisation of the Zngg,
Cog.0sMgp.04O nanoparticles under field-cooling (FC) and zero-
field-cooling (ZFC) conditions.

(a) Magnetisation versus external magnetic field of
71 91Mg)04C00,050. (b) Inverse of magnetic susceptibility as a
function of temperature, which is extrapolated to zero in the
temperature axis.

Positron lifetime spectra of Zng¢5C0g 050, ZngosMgp 04O and
Zng 91 CogosMgp 04O nanoparticles.

TGA-DTA of as prepared SAO and SAO(20) samples measured
at 10 °C/min.

SEM image of SAO powder calcined at (a) 700 °C and (b) 1200
°C and SAO(20) composite powder calcined at (c¢) 700 °C, (d)
1200 °C.

Normalised XRD patterns of SAO sample calcined at different
temperatures in the range of 700-1200°C.

Normalised XRD patterns of SAO, SAO(2.5), SAO(5),
SAO(10), SAO(15) and SAO(20) composites calcined at 700 °C.

Normalised XRD patterns of SAO, SAO(2.5), SAO(5),
SAO(10), SAO(15) and SAO(20) composites calcined at 1200
°C.

Normalised XRD patterns of SAO(20) nanocomposites calcined
at different temperatures.

Xix

116

117

118

120

123

124

126

131

131

132

134

134

135



Figure 6.7:

Figure 6.8:

Figure 6.9:

Figure 6.10:

Figure 6.11:

Figure 6.12:

Figure 6.13:

Figure 6.14:

Figure 6.15:

Figure 6.16:

The fitted experimental data of XRD using Fullprof program
with P6;mc and P6522, and P6;mc and P2,, for 800 °C and 1000
°C calcined SAO(20) nanocomposites, respectively.

The integral peak area ratio of the MP peak (211) to the main
peak (-220) or (102) of MP or HP respectively in the XRD
patterns of (a) ZnO-SAO composite with varying ZnO
concentration and calcined at 700 °C and (b) SAO(20) composite
with increasing calcination temperature.

The XPS spectra of (a) SAO(2.5) and SAO(20) composites
calcined at 700 °C and the SAO(20) composite calcined at 1200
°C 1n full scan, (b) O 1s core level spectra deconvoluted into
three peaks, (¢) Zn 2p core level spectra for SAO(2.5) and
SAO(20) calcined at 700 °C and SAO (20) calcined at 1200 °C
and (d) a typical Al 2p spectrum of SAO(20) composite calcined
at 1200 °C after deconvolution.

Photoluminescence spectra obtained by using Ex=266 nm for
SAO(Zn0%) composites calcined at different temperatures in
the range of 700-1200 °C.

Photoluminescence spectra obtained by using Ex=266 nm for
SAO(20) composites calcined at different temperatures in the
range of 700-1200 °C.

The deconvoluted spectra of SAO(20) composites calcined at (a)
700 °C and (b) 1200 °C.

CIE chromaticity diagram of ZnO and SAO(20) composites
calcined at different temperature.

Photoluminescence spectra obtained by using Ex=355 nm for
SAO(20) composites calcined at 1200 °C along with the
excitation spectra for emission at 550, 600 and 655nm.

The proposed energy band diagram of the electron transfer in
Zn0O-SAO composites after excitation.

Thermoluminescence spectra of SAO(20) composite calcined at

700 °C and 1200 °C, before (a and c) and after (b and d) y
irradiation.

XX

136

137

140

142

143

144

144

145

147

149



Figure 6.17:

Figure 6.18:

Figure 6.19:

Calculation of activation energy E of traps for SAO(20)
composite calcined at 700 °C with respect to the TL glow peak-
at ~323 °C.

Calculation of the activation energy E of traps for SAO(20)
composite calcined at 1200 °C with respect to the TL glow peak
at ~323 °C and glow peak at ~158 °C.

The linear response of integrated thermoluminescence of

SAO(20) composite calcined at 1200 °C as a function of the vy
irradiation dose with respect to the TL glow peak at ~158 °C.

xxi

151

151

152



