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Abstract

The interest in the family of ZnGasO,4 spinel compound doped with Cr®* has
been aroused in the most recent years.It is very bright persistent phosphor
able to emit a near infrared a light for hours a following uv(band to band
excitation)or visible Cr3* excitation illumination.We show that the dopant con-
centration plays an important role in the total persistant luminescent of the
material.persistent luminescent increases as a consequences of antisite defects.
We have analysed XRD,UV-Visible,photoluminescence excitation,emission and
raman and Anomalous XRD data on a series of ZnGasO4 samples doped with
Ge,Zn 1 Gag.9,Ge,O4:Cr3* and attempted to provide an explanation to the ob-
served persistent luminescence.persistence luminescence initially increases with
doped Ge due to increased antisite defects around Cr.At smaller dopant con-
centration,both Ge and Zn replace Ga®*t in octahedral sites.this increased Ge
doping ,Ge** replaces Zn?t in the tetrahedral sites,increasing the number of
Zn?T ion at octahedral sites.this is detrimental to LLP and it decreases.
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Chapter 1

Introduction

1.1 Persistent luminescence

Persistent luminescence it means material emits light in the visible range ap-
preciably for hours even after the irradiation source has been off.The storage
of the irradiation energy by traps is to be responsible for long decay time of
persistence luminescence. It is the most rare earth application based on lattice
defects.Long decay period in persistent phosphors can be attributed to traps
with different trapping depth.The trapping depth can be defined as the energy
is to be responsible to release the electrons from a trap.

Persistent luminescence is a luminescence phenomenon wherein the materials
emit light usually in the visible range, from few minutes to several hours, even
after their exposure to radiation (visible, UV or higher energy) is stopped. This
phenomenon is also known as long lasting phosphorescence (LLP)or thermolumi-
nescence or afterglow or sometimes phosphorescence.The term phosphorescence
is often misleading in this context since the process does not involve the triplet
to singlet transitions. The delay in emission in LLP materials is caused by the
impurities present in the material.

It has aroused a great zeal and enthusiasm among the researchers worldwide
owing to their promising potential applications and remarkable versatile func-
tionality. A higher emission lifetime without an impulse of constant energy in-
put allows several opportunities to a persistent luminescent materials not only
in optoelectronics but also in fields as diverse as biomedical sciences and energy
conserving devices Persistent luminescence of materials, also known as long-
lasting phosphorescence (LLP), is based on the transient storage of radiation in
the form of traps holes and electrons, followed by the slow detrapping and ra-
diative recombination of the carriers. This gives rise to a visible-light emission
lasting for minutes or hours, suitable for many applications as night or dark
environment vision displays (emergency signs, toys, etc.) When light emission
occured in the region of partial transparency of living tissues, that , in the red
to near-infrared, this long lasting phosphorescence nanoparticles can be used for
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in vivo imaging of small animals as well as active targeting of various cancerous
cells in vitro through specific ligand/receptor interaction.As a major asset of
this process, the particles can be excites ex vivo before injection, which involves
autofluorescence otherwise observed when living tissues are also excited.

1.2 Persistent luminescence background

The persistent luminescence phenomenon has been known to mankind for a
thousand of years.Descriptions have been found in ancient chinese paintings that
remained visible during the night,by mixing the colors with a special kind of
pearl shell.the first scientifically describe obseravtion of persistent luminescence
dates back to 1603,where shoemaker and alchemist vincenzo casciarolo discov-
ered the famous bologna stone.The curious glow of this stone was described by
Fortunius Lictcetus in the Litheosporus Sive De Lapide Bononiensi in 1640,and
was most probably caused by barium sulfide present in the rock.Natural impu-
rity in the stone was responsible for long duration of the afterglow.

Figure 1.1: Bologna rocks

Until the end of 20th centuary ,very little reseacrh was done on the phe-
nomenon of persistent luminescence.Zinc sulfide(ZnS) dopped with copper (and
later co-doped with cobalt)was the most famous and widely used persistent
phosphor.ZnS based phosphors,such as ZnS:Cu™ were found to have persistent
times as long as 40 minutes.The effects of co-doping were also investigated,for
example,co-doping ZnS:Cut with C0?* doubled the persistent time of the phos-
phor.However,still the brightness and lifetime of the material were rather low
for practicle purposes.To resolve this problem,radioactive element traces of such
as tritium were often introduced in the powders to stimulates the brightness
and lifetimes of the light emission.But even then,a commercial glow in the dark
object had to contain a luminescent material large amount of a yield an accept-
able afterglow .The long persistent phosphors of next generation comprised the
alkaline earth sulphides,such as CaS and SrS.these phosphors known as Lenard’s
phosphors.

when wiedemann (1888) recognized luminescence as the antithesis to incandes-
cence ,he also classified luminescences into six kinds according to the method of



excitation.No better basis of classification is available today.He recognize photo-
luminescence,thermoluminescence,electroluminescence,crystalloluminescence, tri-
boluminescence and chemiluminescence.Photoluminescence of solid is excited by
light itself and is subdivided by fluroscence and phosphorescence.
Thermoluminescence is light from gentleheating.Electroluminescence appears
from gases in electrical fields,Crystalloluminescence and triboluminescence oc-
cur when solutions crystallize or when crystals are crushed or broken,and chemi-
luminescence may appear during chemical reaction.

1.3 Long Lasting Phosphorescence mechanisms

Different mechanisms have been proposed since then, detailing the nature and
origin of the charge carriers and the traps.some of the major mechanism are
given below.

1.3.1 Aitasalo model

Aitasalo mechanism proposed by, it was presumed that traps from direct exci-
tation energy of tansition.the energy trapped was then released during thermal
process leading to electron-hole recombination at room temperature. Eu?* ion
rare earth element was utilized by this energy.causing the 4f — 5d excitation
evident in emission spectra of phosphor.

Figure 1.2: LLP mechanism by Aitasalo

1.3.2 Matsuzava model

Matsuzawa reported the standard SrAl,O4:Eu?t phosphor a sensitizer Dyspro-
sium with co doped that managed to hold visible brightness back throughout
the entire night.

In this model, holes were considered to be the major charge carriers. When a pho-
ton is incident on the material, Eu?* absorbs the energy and turns into Eu'™
ion with a hole escaping to the valence band.This hole is trapped by Dy>* ion
to become Dy*t. When thermal energy is available of a sufficient amount, it
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Fig. 10. The schematic of the energy levels in SrAI204:Eu**, Dy** phosphor as
generated by Matsuzawa.

Figure 1.3: LLP mechanism by Matsuzawa

detraps the hole which is released back to the valence band and then to the
Eu'? ion. Then, Eu'? returns to its ground state Eu?* with the emission of a
photon.

1.3.3 Dorenbos model

In these model, electron is excited from 4f level of europium which lies close to
valence band, to 5d level which is close to conduction band. This electron is
released into the conduction band from where it is trapped by the rare earth
trivalent co-dopant. Thermal energy detrapping electron to conduction band and
it subsequently recombines with the hole left behind, resulting in emission.

VB

Figure 1.4: LLP mechanism by Dorenbos

1.3.4 Clabau model

This is an revised model of SrAl,O4:Eu?t Dy 3+ According to this model elec-
tron transport between traps and luminescent centres occurs through direct
transfer and not through the conduction band.this required a close proximity
between the luminescent Eu?* ions and the lattice defects mainly oxygen vacan-
cies.An electron excited from 4f to 5d level of europium is transferred directly
to an oxygen vacancy which is subsequently released by thermal energy back
to europium. This is an proposed model of an long lasting phosphorescence
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(LLP) mechansim of SrAl,O4:Eu . this model is responsible for antisite defects.
A mechanism for LLP ie. Long Lasting Phosphorescence whereby the antisite

Figure 1.5: LLP mechanism of Clabau model

defect responsible for the distortion acts as a deep trap. The charging process
involves trapping of an electron-hole at antisite defects of opposite charges.

1.4 Applications of LLP materials

1. Safety Signage and Emergency Lighting: Phosphorescent materials
are commonly used in safety signage, emergency exits, and escape route
markings. Their ability to glow in the dark without the need for external
power sources makes them ideal for providing guidance and visibility in
low-light conditions, such as during power outages or emergencies. These
materials ensure that critical information remains visible even when reg-
ular lighting is unavailable.

2. Glow-in-the-Dark Products: Phosphorescent materials are frequently
used in consumer products such as toys, stickers, clothing, and home décor
items to create glow-in-the-dark effects. Children’s toys, for example, of-
ten feature phosphorescent coatings or materials that glow after being
exposed to light. These products provide entertainment and novelty, as
well as practical visibility in the dark.

3. Night Vision Technology: Long-lasting phosphorescent materials have
applications in night vision devices used by military personnel, law en-
forcement, and in civilian applications such as wildlife observation and
surveillance. These materials can be integrated into instruments, goggles,
and displays to provide low-light visibility without the need for active il-
lumination sources, reducing the risk of detection.

4. Biomedical Imaging: In biomedical research and diagnostic imaging,
phosphorescent materials are used as contrast agents to label cells, tis-
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sues, or biomolecules for visualization under low-light conditions. By in-
corporating phosphorescent markers into biological samples, researchers
can track cellular processes, study disease progression, and monitor drug
delivery in real-time with high sensitivity and minimal interference from
background noise.

5. Smart Surfaces and Coatings: Phosphorescent coatings and paints are
used to create smart surfaces that absorb and store light energy during the
day and emit it at night, reducing the need for artificial lighting in indoor
and outdoor environments. These coatings can be applied to floors, road
markings,walls, and infrastructure elements to enhance visibility, improve
safety, and conserve energy.

Figure 1.6: Examples of LLP

1.5 Materials of LLP

In the study of Cr3* doped zinc gallate compounds, 0.5 mol% Cr?+ doped 1 %
nominal Zn deficiency was found to be the optimum concentration to get best
LLP. It was demonstrated that LLP occurred via the excitation of a specific type
of Cr®t ions, namely CrN2,having an antisite defect as first cationic neighbour.
CrN2 in the excita tion, trapping and emission steps of LLP implies that CrN2
ions are able to store visible light in ZnGasOy4:Cr3+.

In MgGayOy4:Cr3+,Comparison of optical studies on host lattices presented very
less disorder in d-ZAO followed by d-ZGO, and a huge disorder in d-MGO. It
could be directly co-related with LLP intensities observed with laser excitation
wavelength corresponding to the maximum of the A5 (*F) — 4T5(*F) absorp-
tion band of Cr3*. d-ZGO with optimum defects showed maximum LLP fol-
lowed by d-MGO which had large number of defects, resulting in quenching.
d-ZAO no LLP intensity with less disorder displayed.

Cr3t doped gallate spinels are emerging to be the widely studied long lasting
phosphors, mainly because of their emission in red region.A new compound
ZnGay04 :Cr3t to be a bright LLP material with red or near infrared (NIR)
light emission. A few other compounds besides aluminates and silicates, also are
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Host Dopants Emission max.(nm) Emission duration
SrAl, Oy Eu?t 520 (green) 30 hours
MgGayOy Cr®t 707 (red/NIR) 20 minutes
MgSn, Oy Mn?2+ 500 (green) 5 hours

ZnS Cu* 530 (green) 3 hours
BaAl,O4 Eu?*,Dy*+ 500 (green) 2 hours
CaAl,0,  Eu?t,Nd** 430 (blue) 5 hours

SroMgSi, 07  Eu?t, Dy®+ 470 (blue) 10 hours
Sr3MgSi,0s  Eu?t, Dy®+ 460 (blue) 10 hours
ZnGas 0y O+ 695 (red/NIR) 1 hours
CaS Eu?t, Tm3+ 650 (red) 1 hours

Table 1.1: List of some known persistent phosphorous

known to show LLP.These hosts include sulfides, phosphates, nitrido-silicates
and borates. Most of these are used in LED research and as conversion phos-
phors.

1.6 Objectives

1. I prepared ZnGasCrg.91O4 sample.and analysed XRD,UV-Visible absorp-
tion spectroscopy,photoluminescence spectroscopy (PL excitation,PL emis-
sion) and Raman spectroscopy.

2. T analysed given data of XRD,UV-Visible absorption spectroscopy,photoluminescence
spectroscopy (PL excitation,PL emission),Long Lasting Phosphorescence(LLP),Raman
spectroscopy,and Anamolous XRD (A-XRD) of ZGGO sample while dop-
ing Ge**+(0-0.40%).

3. To create antisite defects by doping ZGO to enhance LLP.
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Chapter 2

Experimental techniques

2.1 Introduction

It includes sample synthesis techniques,characterizations carried out on the sam-

ples, basic working principles behind these characterizations and their instru-
mentation.Samples were synthesized via solid state synthesis method.characterization
carried out on the samples include XRD,UV-Visible (UV-Vis) absorption spec-
troscopy, Photoluminescence (PL) spectroscopy, and long lasting phosphores-
cence (LLP) measurements.

2.1.1 Sample preparation method

samples were synthesized by solid state method in order to obtain phase pure
samples to study LLP mechanism.

Solid state synthesis

samples were synthesized using the solid state method with their respective
metal oxides,Zn0(0.4539 %),Ga203(1.0404%),Cr03(0.0055%).calculated reac-
tants were grinded in mortar along with propan-2-ol to ensure the homogeneous
mixing of compounds for 1 hour. This mixture was dried in oven at 60°C for 3
hours.it was pelletized by pressing the powders under 4 tons of pressure for 5
minutes.the pellets were annealed in air at 1300°c.pellets were cooled down to
room temperature naturally and ground into fine powders.

xvi



Figure 2.1: ZnGayCrg.91O4sample

2.1.2 X-ray diffraction

This techniques is used to investigate the structure of polycrystalline powder
samples and single crystals.This principle was first used in 1913 by Bragg,to
obtain X-ray diffraction pattern from crystal lattice.Bragg condition states that,
when X-rays are incident on a crystal lattice at a specific angle, they will undergo
constructive interference if the path difference between adjacent crystal planes
is equal to an integer multiple of wavelength of X-rays. it can be expressed
as 2dpx;sind = n\, where n is an integer. An XRD pattern is a plot of the
diffracted intensity versus Bragg angle ‘26°.

XRD measurements were performed on powder samples with Cu-Ka radiation
source of wavelength = 1.5418 °A. XRD measurements were performed on
powder samples using Rigaku X-ray diffractometer. The spectra were recorded
in the 260 range of 20°-80° in steps of 0.02° and scan speed of 2° min™'.

For these ZnGasCrg o104 sample lattice constant is 8.3312 A°.XRD indicates
formation of phase pure spinel sample.
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Figure 2.2: X-ray Diffraction instrument
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Figure 2.3: XRD graphs of ZnGayCrg.01Ogsample

2.2 UV-Visible absorption spectroscopy

UV-Vis spectroscopy is based on the principle that molecules absorb light at spe-
cific wavelengths corresponding to transitions between electronic energy levels.
When a molecule absorbs light, it promotes one or more electrons from a lower
energy level (ground state) to a higher energy level (excited state).Peaks in the
absorption spectrum correspond to wavelengths at which the molecule absorbs
light most strongly.reflectance spectrum is converted to absorption spectrum
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Figure 2.4: UV-Visible reflectance spectra of ZGO sample

Figure 2.5: Uv-Visible instrument

using Kubelka-Munk equation which is expressed as,

2
k_(-R? (2.1)
s 2R
where k is the molar absorption coeffecient. s is the scattering coeffecient and
R is the absolute reflectance of the sample. Band gap of the material can be
determined from the absorption spectrum using Tauc’s formula,
ahv = A(Eg-hv)?
« is absorption coeffecient, hv is photon energy, Eg is band gap of the material
and, A and n are constants. For direct band gap semiconductors where n =
1/2, a plot of (ahv)?v/shv .

Here Fine crushed sample powder was filled into a circular sample holder and
reflectance was measured in the 200 to 900 nm range, with the reflectance of
barium sulphate taken as the baseline.in these Uv spectrum,absorption bands
shown off at around 410 nm and 560 nm.and calculated bandgap from tauc law
is 4.8 eV.

2.3 Photoluminescence spectroscopy

Photoluminescence is a phenomenon where a material absorbs photons (light
energy) and then emits photons at a different wavelength. This emission typ-
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ically occurs in the visible or ultraviolet spectrum. PL spectroscopy is a non-
destructive technique to probe the electronic structure of the materials It’s es-
sentially the process of light emission after absorption of photons, usually by a
material.

Figure 2.6: PL instrument image

The principle behind photoluminescence spectroscopy can be,

1. Excitation: In photoluminescence spectroscopy, the sample is first irra-
diated with light of a specific wavelength or energy. This light energy is
absorbed by the electrons within the material, causing them to transition
to higher energy levels.

2. Relaxation: After absorbing the light energy, the excited electrons un-
dergo relaxation processes. During relaxation, the electrons return to their
ground state, releasing the excess energy they gained from the absorbed
photons. This excess energy is emitted as photons of light, resulting in
photoluminescence.

3. Emission Detection: The emitted light is then measured and analyzed
using a spectrometer. The spectrometer detects the intensity and wave-
length of the emitted light, providing information about the photolumi-
nescent properties of the sample.

PL spectroscopy is a good technique to investigate the recombination mecha-
nisms in luminescent materials.

2.3.1 PL excitation

The excitation process involves the absorption of photons by the material.

In PL excitation spectroscopy,absorption peaks shown at 245 nm 410 nm and
attributed to A, (‘F) — 4T (*P),*A5(*F) — 4T, (*F), d-d transition.for these
plot we are using multiple peak fitting,to find peak.Here we have used excitation
wavelength as 695 nm.
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Figure 2.7: PL exc697 of ZGO sample

2.3.2 PL emission

The released photons constitute the photoluminescence emission. The wave-
length of the emitted light depends on the energy difference between the excited
and ground states. If the emitted light falls within the visible spectrum, it gives
rise to observable luminescence.

In PL emission spectroscopy,emission resulting from 2E(2G) — 4A(*F) Cr3*
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Figure 2.8: PL em200 of ZGO sample

transition.with peak emission at 697nm.



2.4 Long Lasting Phosphorescence

Long-lasting phosphorescence refers to the emission of light by a substance after
it has been exposed to light or other forms of electromagnetic radiation. This
persistence can range from several seconds to hours or even days, depending on
the specific material.

The phenomenon occurs because some substances have electron configurations
that allow them to temporarily trap the energy from incoming photons (light
particles). These trapped electrons remain in excited states for an extended
period before returning to their ground state and releasing the stored energy as
light. Materials that exhibit long-lasting phosphorescence are often used in ap-
plications such as glow-in-the-dark toys, safety signage, and emergency lighting.

2.5 Raman Spectroscopy

Raman spectroscopy is a technique used in spectroscopy to observe vibrational,
rotational, and other low-frequency modes in a system. It relies on inelastic
scattering of monochromatic light, usually from a laser, typically in the visible,
near infrared, or near ultraviolet range. The phenomenon is named after Indian
physicist Sir C. V. Raman, who discovered it in 1928.In Raman spectroscopy,
a sample is irradiated with a laser beam, and the scattered light is collected
and analyzed. Most scattered photons have the same energy (frequency) as the
incident photons (Rayleigh scattering), but a small fraction have different ener-
gies due to interactions with the sample’s molecules. These energy differences
correspond to vibrational and rotational energy levels within the molecules.

In these raman spectroscopy,peaks shown at 715 cm™,and 609 cm™.peak of 715

Figure 2.9: Raman spectroscopy intrument

cm™ involves Alg mode that is octrahedral GaOg.and peak of 609 cmtinvolves

T2g mode in tetrahedral ZnO,.
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Chapter 3

Results of ZGGO

3.1 XRD patterns

XRD patterns of representative sample (ZGGO) indicated formation of pure
phase cubic spinel samples.
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Figure 3.1: XRD graphs of ZGGO samples

In ZGGO (Zinc Gallogerminates) while doping Ge** that is (ZGGO-0%)
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lattice constant is 8.3392.and (ZGGO-0.05%) lattice constant is 8.3366 A°.and
(ZGGO-0.10%) lattice constant is 8.3343 A°.and (ZGGO-0.20%) lattice con-
stant is 8.3473 A°.and for (ZGGO-0.40%) lattice constant is 8.3556 A°.
In XRD,for ZGGO sample lattice constant is starting increases and than slightly
decreases and then suddenly increases because of due to the difference in ionic
radii between main element and dopant ion.so,zinc is more in octahedral sites
thats the reason lattice constant is increasing.so it mean antisite is increasing.
Ionic radii for Zn?4+=0.74 A° in tetrahedral and 0.79 A° in octahedral.
Ionic radii for Ga3t=0.62 A° in tetrahedral and 0.76 A° in octahedral.
Ionic radii for Ge**t=0.53 A° in tetrahedral and 0.67 A° in octahedral.

3.2 UV-vis absorption spectroscopy

UV-visible spectra measured on reflectance mode for all ZGGO samples.calculated
bandgaps from tauc’s law by fited in liner fit for Ge**(0%) gives 4.87 eV.and
doping Ge**(0.05%) in ZGGO it gives 4.71 eV.for doping Ge**(0.10%) in
ZGGO it gives 4.82 eV.and Ge*t(0.20%) it gives 4.83 eV.and Ge**(0.40%)
it gives 4.89 eV.so,while doping germanium in Zinc gallogerminates bandgap
will also be increasing.
This UV-visible spectra consists of two additional absorption bandgaps.for Ge*™ (0%)
in ZGGO sample absorption bands shows around 410 nm and 560 nm.and for
Ge**(0.05%) doped in ZGGO absorption bands at around 412 nm and 560
nm.and for Ge**(0.10%)doped in ZGGO absorption bands shows at around
411 nm and 560 nm.and for Ge**(0.20%)doped in ZGGO absorption bands
shows at around 412 nm and 562 nm.and for Ge**(0.40%)doped in ZGGO ab-
sorption bands shows at around 414 nm and 562 nm.so transitions for 410 nm
are from *A, (*F) — 4Ty (“F) and for 560 transitons are Ay (*F) — T, (*F)
d-d transitions.
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Figure 3.2: UV-visible reflectance spectra of all ZGGO samples

Thus,doping Ge** in Zinc Gallogerminates (ZGGO) can increase the slightly ab-
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sorption bands because in this case,it accepts an electron from valence band,creating
a hole in valence band.this hole also introduces a new energy levels within
bandgap,closer to the valence band.so,bandgap remains slightly increases,absorption
band may shift to lower energies (longer wavelengths).

3.3 Photoluminescence Spectroscopy

3.3.1 PL excitation

In this Photoluminescence excitation spectra shows 3 absorptions bands.this
can be fitted in gaussian .while, Ge**(0%) doped in ZGGO ,it shows absorp-
tion bands at around 560 nm and 415 nm and 290 nm.and for Ge**(0.05%)
doped in ZGGO ,it shows absorption bands at around 565 nm,and 416 nm
and 280 nm.and Ge**(0.10%) doped in ZGGO ,it shows around 570 nm,and
420 nm,and 290 nm.and for Ge**(0.20%) doped in ZGGO,it shows 570 nm,420
nm,293 nm.and for Ge4**(0.40%) doped in ZGGO,it shows 573 nm,421 nm,and
282 nm.so,the crystal field for 560 nm gives *A5(*F) — 4Ty(*F) and 415 nm
gives *A5(*F) — 4T (*F) and 290 nm gives *A5(*F) — 4T (*P).bands at 410
nm and 570 nm show broadened double humps resulting from trigonal distor-
tion and spin-orbit coupling at Ga3* site.so in PL spectroscopy crystal field
increases. crystal field increases means antisite defects is increasing so LLP de-
creases.

Figure 3.3: PL excitation695 of ZGGO Figure 3.4: PL excitation695 of ZGGO
(0%) (0.05%)

Figure 3.5: PL excitation of ZGGO Figure 3.6: PL excitation of ZGGO
(0.10%) (0.20%)
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Figure 3.7: PL excitation of ZGGO (0.40%)

3.3.2 PL emission

In this spectrum,for Ge**(0%) doped in ZGGO peak emission at 695.8 nm.this
shows N2 line,R line,S-PSB,AS-PSB,n7 lines.and for Ge*t(0.05%) doped in
ZGGO peak emission at 694.9 nm.this shows N2 lines and S-PSB.and for Ge**(0.010%)
doped in ZGGO peak emission shows at 695.2 nm.this shows N2 lines and S-
PSB.and for Ge**(0.20%) doped in ZGGO peak emission at 696.6 nm.this shows
N2 line and S-PSB.and Ge**(0.40%) doped in ZGGO peak emission shows at
702 nm.this shows N2 line and S-PSB.

So,while Germanium doping concentration increases, for larger doping only N2
line shows.this means N2 line is unambiguously assigned to emission from Cr3+
ion with an antisite defect in its first cationic neighbour.mainly antisite defects
responsible for N2.

) 550

E) 7 %0
Wavelength(nm)

Figure 3.8: PL emission of 360 ZGGO all samples

From Tanabe sugano diagram,we can mark the crystal field transitions.while
more germanium doping Ge**(0.40%) emission is decreasing.
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Figure 3.9: d®> Tanabe sugano diagram for Cr3* in octahedral ZGGO

3.4 Long Lasting Phosphorescence decay

LLP intensity of decay curve for ZGGO(0-0.40% )recorded after 15 minutes x-ray
illumination.for Ge**(0.40%) showed the most intense LLP intensity at longer
times.antisite defects responsible for N2 line are increasing which are responsi-
ble for necessitating LLP. Thus other Ge**(0-0.20% )increases in other defects
(mainly Cr-Cr pairs)leads to quenching of luminescence.
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Figure 3.10: LLP decay curve of all ZGGO samples
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3.4.1 LLP 360ex OnOff for ZGGO

Emission spectra obtained during X-ray illumination (X ON), 5 minutes after
X-ray illumination (X OFF).for Ge** (0%) doped in ZGGO shows similar to PL
spectrum showing clearly AS-PSB,N2 line,R line,S-PSB. but the LLP spectra
from xray Ge?*(0.40%)are largely dominated by N2 line and its PSB.Hence, it
can be inferred that LLP is mainly dominated by emission from CrN2 ions i.e.,
Cr®t sorrounded with antisite defects.

GeaoN
G0 OFF

&,

Figure 3.11: LLP 360ex OnOff for Figure 3.12: LLP 360ex OnOff for
ZGGO (0%) ZGGO (0.05%)
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Figure 3.15: LLP 360ex OnOff for ZGGO (0.40%)
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3.5 Raman spectroscopy

In raman spectroscopy,when Germanium doped, that time they shows 3 vibra-
tional modes.the highest frequency vibrational mode assigned Alg,is character-
istic of stretching vibrations of O atoms inside the octahderal unit GaOg.and
for T2g,is the lowest energy vibrations mode are mainly due to Zn ions(ZnO4
tetrahedral).and T1g is an intermediate frequency are related with Zn and Ga
ions,with higher contribution from Ga ions.

while doping Ge** for all ZGGO samples,Alg and T2g position is increasing
.it means energy is decreases it means bond is weak.for T2g amplitude is de-
creases it means ,no.of ZnO,4 groups with symmetric stretching vibrations are
annihilated due to Ge*+ doping.it can be deduced that annhilated ZnOgroup
might be transferred into distorted ZnOy4 group or GaOg related to antisite. An
additional mode at 410 cm™ was observed when Ge**(0.40%)doped in ZGGO
.additional mode may appear in spectra due to local lattice disorder effect likely
replacement of Ga ions by heavier Ge ions.so antisite defects is occurs.
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Figure 3.16: Raman spectra of all ZGGO samples (fit.gaussian) Alg mode

3.6 Anomalous XRD spectroscopy

It is an non-destructive determination technique within X-ray diffraction that
makes use of the anomalous dispersion that occurs when a wavelength is selected
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Figure 3.17: Raman spectra of all ZGGO samples (fit.gaussian T2g)
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Figure 3.18: Raman spectra of all ZGGO samples (fit.gaussian T1g)

that is in the vicinity of an absorption edge of one of the constituent elements of
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the sample. It is used in materials research to study nanometer sized differences
in structure.
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Figure 3.19: Graphs of ZGG01,ZGG0O,ZGG02,ZGGO4 at different energies

—o0—2G0 —0-2G0
—0—2GGO1 07 |—o—z6c01
7004 |[—0—ZGGO2 —0—ZGG02
—o—2GG04) 7004 | —0—2GG04| o000
60| o003 o—0
6004
o
8 A & o
2 500 o g QR 3 500
400 4 ¢ 400 4 o
200
300 4
M 200
2004+— ' . , . : \ . . .
9400 9600 9800 10000 10200 10400 10600 9400 9600 9800 10000 10200 10400 10600
Energy(eV) Energy (V)

Figure 3.20: Area of 222 peak at dif- Figure 3.21: Area of 422 peak at dif-
ferent incident energies. ferent incident energies.

Figure(3.19):This different graphs of ZGGO1,2ZGGO,ZGG02,2GG04 at dif-
ferent energies obtained from XRD patterns.variation of area of 222 and 422
reflection at a function a energy obtained from XRD plots recorded at differ-
ent incident energies at respective energy. Figure(3.20): This graph fitted by
lorentzian fitting.and this is A222 is an octahedral sites.so,in these graph there
is an slight dip it means there is an absorption of Zn K atom edge at 9600
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eV.and at energy 10400 eV there also slight dip is observed it means there is an
Ga K atom edge.

Figure(3.21):This graph is also fitted by lorentzian fitting.and this is A422 is
an tetrahedral sites.so,in these graph there is an slight dip is observed it means
there is an Zn K atom absorption edge is at energy 9600 eV.so,in these graphs
concludes that,there is an more antisite defects is an octaheral sites that is A222
because zinc atom absorption is shown off and gallium atom absorption is shown
off.and A422 showing only zinc atom edge.
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