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PREFACE
The preparation and study of nano size materials are gaining a tremendous interest in the
field of material science from the last few decades. The particles with nano size have
better properties like large surface area, quantum confinement and high sinterability etc.
Particularly in the area of optics: emission lifetime, luminescence quantum efficiency and
concentration quenching were found to strongly depend on the particle-size in the
nanometer range. The surface properties and chemical composition of the phosphors
plays a vital role in the development of high definition projection TV and color plasma
panel displays. In this context, undoped and doped rare earth ions have been widely used
to synthesize phosphors with high quantum efficiency, effective excitation and
absorption, color parity, longer lifetime, which are required for the progress of modern
luminescence devices.
It was noticed that the crystal structure of the host lattice and dopant ion plays a
major role on the luminescence properties of the phosphor. In this manner titanium based
inorganic materials have been studied vigorously due to their excellent properties and
potential applications in various fields. In Zno-TiO2 system three major forms known to
exist are: Zn2TiO4 (cubic), ZnTiO3 (hexagonal) and Zn2Ti3O8 (cubic). Among these,
cubic Zn2TiO4 is a prominent host candidate for various applications due to their few
important properties like good chemical, thermal stability, mechanical resistance,
particularly high permittivity, low dielectric losses etc. Also, it is a versatile luminescent
host material due to the extensive range of multi-colors that can be obtained from various
dopant ions.
An enhancement in the emission efficiency of the host materials were noticed by
adding with very small quantities of dopants or co-dopant ions. In recent years, luminescent
phosphors were gaining importance in white light generation for future application
technologies. Efforts have been put to build novel luminescent materials for WLEDs and
lighting applications for the replacement for fluorescent and incandescent lamps.
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Various synthesis routes such as solution combustion, solid-state reactions, solgel, chemical co-precipitation, hydrothermal, spray paralysis etc were utilized to prepare
pure and rare earth doped Zn2TiO4 nanophosphors.

Among the various synthesis

techniques, combustion route provides a number of advantages; such as inexpensive raw
materials, low synthesis temperature, relatively simple preparation process, molecular
level of mixing, high degree of homogeneity, short reaction time and homogenous
product with fine particles.
The present thesis consists of seven chapters: Chapter-1 deals the brief
introduction about nanomaterials, Phosphors, synthetic routes and the present work.
Chapter-2 reports experimental and characterization techniques. Chapter-3 describes
the structural, self explosive route and photometric studies of Eu3+doped Zn2TiO4.
Chapter-4 focuses on the structural, band-gap analysis and optical properties of Tb3+
doped Zn2TiO4. Chapter-5 presents structural, optical studies and forensic finger and lip
print applications of Dy3+ doped Zn2TiO4. Chapter-6 describes morphological, PL,
photocatalytic, CV studies and forensic finger print sensor applications of Sm3+ doped
Zn2TiO4. Chapter-7 ends with summary, conclusion and scope of the future prospectus.
Chapter 1: It provides the outline of introduction, applications, properties,
significance, different synthesis routes of nanophosphors. Also gives advantages of
combustion synthesis over other synthesis routes. It deals with types of luminescence,
light emission mechanism in phosphors and review of literature along with scope of the
present work.
Chapter 2: It describes the combustion synthesis of pure and RE3+ ions
(Eu, Dy, Tb,Sm) doped Zn2TiO4 nanophosphor prepared using lab made Oxalyl dihydrazide (ODH) as a fuel. It also deals with principle and instruments used for
characterization such as powder X-ray diffraction (PXRD), Fourier transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), UV-Visible spectrophotometer (DRS), CHI604E electrochemical
working station and photoluminescence (PL) technique.
Chapter 3: Deals with synthesis of different mol concentration of
Eu3+ (1-11 mol %) doped Zn2TiO4: nanophosphors by solution combustion method for
ix

the first time using ODH as a fuel and the obtained sample was calcined at
1000 oC for 3h. PXRD patterns Confirms the cubic phase. Electron micrograph studies
show that the particles are nano size in the range 20-45 nm which is well comparable to
the results obtained via Scherer’s method and W-H plots. The phosphor exhibits different
emission (in the range 540 nm to 660 nm) due to Eu3+ corresponding to 5D0→7Fj (j =
0,1,2,3,4) transitions when excited by NUV (395 nm) photons. The transition centered at
613 nm (5D0→7F2) is strong and gives red emission. The excellent red emission
properties and the estimated CIE chromaticity co-ordinates (x, y) are nearer to NTSC
standard values and CCT values of this phosphor suggest that it may be used for display
and solid state lighting applications
3+

Chapter 4: Cubic Zn2TiO4:Tb nanoparticles were successfully synthesized via
solution combustion route using ODH as a fuel. The crystallite size of the nanoparticles in
the range 40–65 nm, which was in good agreement with the TEM results. UV-Visible
diffuse reflectance spectra revealed that Tb3+ ions doping leads to a blue shift in the
absorption edges. The PL spectra consist of characteristic emission peaks of Tb3+ which
were assigned to transition of 5D3,4  7FJ. The PL emission intensity at 545 nm (5D4 
7

F5) is higher than other emissions indicating that Tb3+ ions were located at high

symmetry local sites with an inversion center in Zn2TiO4 host lattice. CIE chromaticity
diagram confirmed that the present phosphor exhibit green luminescence with excellent
CCT (5173 K) value and colour purity. The obtained CIE values are very close to NTSC
CIE standard illuminant for green light. The highly luminescence properties of
Zn2TiO4:Tb

3+

nanophosphors can be promising materials in green region for WLEDs,

ceramic color pigments and solid state display applications.
Chapter 5: Deals with synthesis, characterization, PL and forensic finger print
studies of Zn2TiO4:Dy3+ (1-11 mol %) nanophosphors. All the characteristic emissions
4

F9/2 6Hj

(j=15/2, 13/2, 11/2)

of Dy3+ ion in a Zn2TiO4 matrix were confirmed by the PL

emission studies. The estimated branching ratio was found to be ∼ 74 %, indicating the
usefulness of the present nanophosphor for display device applications. From the CIE
chromaticity co-ordinates, the detection of fingerprint marks on different surfaces and lip

x

print images indicates that Zn2TiO4:Dy3+ is very promising for warm WLEDs, solid state
lighting, forensic sciences and Cheiloscopy applications.
Chapter 6: This chapter deals with solution combustion synthesis of novel
reddish orange emitting Zn2TiO4:Sm3+ doped nanophosphors. PL spectra and CIE
coordinate of (0.59508, 0.4041) revealed that 3 mol % sample exhibits highest intensity
in orange red region. CCT value 1750 K of the sample show that, it can be used for the
fabrication of warm white light emitting devices. Decay time was estimated to be 6.41
ms. Temperature sensing capability of these optimized nanophosphors was demonstrated
over the range of 25 to 400 oC. The latent fingerprints detected by using optimized
sample show relatively well defined characteristics for finger ridge details resulting in
good contrast for enhanced detection which may find application in forensic science for
individual identification. Also, series of Sm3+ (1-9 mol %) doped Zn2TiO4 nano powders
were characterized as electrode material for solid state flexible supercapacitors and
catalyst for dye degradation. Electrochemical studies show high reversible electrode
reaction, high charge transfer resistance and exhibit high sensitivity for detection of
Paracetamol. Also, Photocatalytic activity shows the enhanced activity in the degradation
of TY dye under UV light irradiation, the obtained results suggest that prepared material
is highly useful for supercapacitors, battery, energy storage devices and prominent
material for degradation of organic dye pollutants.
Chapter 7: It summarizes the results obtained in the present research work and
the scope for the future work. Solution combustion technique is an instantaneous, single
step, energy saving process with many advantages over other wet chemical outs. All the
PL emissions in the present investigation are attributed to the f–f or 4f-5d transitions of
rare earth ions in the host lattice. Based on the results reported in the present
investigations some important conclusions and suggestions for further studies in this
direction are also made.
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