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ABSTRACT

Information on several organometallic compounds and rare earth minerals, which have luminescence
properties and are employed for numerous applications in many disciplines, is gathered for this review.
Luminescence and its various types are introduced here, along with basic definitions, and past research is
studied with the aid of a review of the literature. Synthesis methods such as the combustion method, the solid-
state method, the hydrothermal method, the co-precipitation method, and Sol-gel are also used to study the
phenomenon. A number of characterization techniques, including FT-IR, UV-Vis, TGA, DSC, PL, NMR, DTA,
XRD, SEM, Element Analysis, and Mass spectrometry, are used to examine the synthesized material before the

potential uses and future applications are discussed.
I. INTRODUCTION

This review focuses on how investigations of this kind have been used to produce useful information on the
excited-state processes of these compounds and discusses the luminescence properties of organometallic
Transition metal complexes, rare earths. The main goal of this study is to connect various research reports,
approaches, substances, and applications in order to lay the groundwork for further research in this field. This
review highlights the incredibly diverse luminescence behavior displayed by organometallic compounds and
rare earth materials. It also describes studies that have characterized different aspects of emission phenomena,
including multiple luminescence, such as Photoluminescence (PL), FTIR, UV-Vis, TGA, DTA, NMR, and

element analysis. Only organometallic transition-metal and RE complexes are discussed in this review.
II. BASIC DEFINITIONS

Organometallic compounds, which include alkaline, alkaline earth, transition, and rare earth metals as well as
metalloids like boron, silicon, and tin, are chemical compounds that have at least one chemical bond between a
carbon atom of an organic molecule and a metal. Luminescent materials are substances that, in addition to

black-body emission, transform incident energy into the emission of electromagnetic waves in the ultraviolet
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(UV), visible, or infrared parts of the spectrum. Any form of materials can emit light through a process known
as photoluminescence (PL) after absorbing photons (Electromagnetic radiation). It is one type of luminescence
among several. In order to create a coordination complex, a ligand must attach to a central metal atom via an

ion or molecule (functional group).

III. LUMINESCENCE AND TYPES

Designation Excitation Trigger Acronym
Photoluminescence UV, visible photons - PL
X-rays, gamma rays, charged
Radioluminescence S8 ] 4 & - RL
particles
Cathodoluminescence Energetic electrons - CL
Electroluminescence Electric field - EL
Thermo-luminescence Photons, charged particles Heat TSL
Optically/photo-stimulated . Visible/IR
. Photons, charged particles OSL, PSL
luminescence photons

IV. REVIEW OF LITERATURE

There are many distinct application domains for inorganic luminescent materials, and their attributes are
described, according to C. Ronda et al. in Difficulties in Application of Luminescent Materials, a Tutorial
Overview.[1]There are many distinct application domains for inorganic luminescent materials, and their
attributes are described, according to C. Ronda et al. in Difficulties in Application of Luminescent Materials, a
Tutorial Overview.[2]According to M. Bredol et al., the number of traditional phosphor materials is not
anticipated to increase any further. As a result, the research approach has changed. Research has focused on
manipulating the material features of phosphor systems, such as their hygroscopic nature or shape, rather than
hunting for new "traditional" phosphor materials.[3]According to M. Bredol et al., the number of traditional
phosphor materials is not anticipated to increase any further. As a result, the research approach has changed.
Research has focused on manipulating the material features of phosphor systems, such as their hygroscopic
nature or shape, rather than hunting for new "traditional" phosphor materials.[4]In New Developments in the
Field of Luminescent Materials for Lighting and Displays, T. Jiistel et al. reported on the use of luminescent
materials, also known as phosphors, in a variety of commonplace products, including cathode ray tubes (CRTs),
projection televisions (PTVs), fluorescent tubes, and X-ray detectors.[5]Persistent luminescence is a
phenomenon in which fluorescence is maintained for minutes to hours without an excitation source, according

to H. Tan et al. in Critical Breakthrough of Functional Persistent Luminescence Materials for Biological and
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Information Technology Applications. A variety of persistent luminescent materials (PLMs) have been created
and are frequently used in many fields, including bioimaging, phototherapy, data storage, and security
technologies, as a result of their distinctive optical characteristics.[6]The discovery of electroluminescent
conjugated polymers, a type of fluorescent polymer that emits light when excited by the flow of an electric
current, was reported as a recent advancement in the field of light emitting polymers by M. S. Alsalhi et al in
the Recent Advances in Conjugated Polymers for Light Emitting Devices.[7]The inherent white light emission
from hybrid light emitting diodes made utilizing an inorganic-organic hybrid junction grown at 50 °C on a
paper substrate was demonstrated by G. Amin et al. in ZnO Nanorods-polymer hybrid white light emitting
diode produced on a disposable paper substrate.[8]In their review paper on an overview of organic light-
emitting diodes, P. Birwa et al. stated that an organic light-emitting diode is a solid device that contains thin
sheets of organic molecules that emit light when electricity is applied.[9]M. Bansal et al. reported in the Carbon
nanotube-based organic light emitting diodes that carbon nanotubes are standing today at the nexus between
inorganic electronics and organic electronics and posing a serious challenge to the big daddies of these two
domains in electronics, namely silicon and indium tin oxide. Carbon nanotubes are revolutionary and

fascinating from a materials point of view and exceedingly sensational from a research point of view.[10]

V. EXPERIMENTAL/SYNTHESIS METHODS

Combustion process One of the well-known low-temperature synthesis methods is combustion synthesis. The
final products are consistent, pure, and highly crystalline. For this technique, various reducing and oxidizing
agents are needed.A high-temperature method for mass-producing materials is the solid-state approach. Most
synthetic materials have a pure phase and are microcrystalline. Yet, the aggregation of particles can
occasionally cause the emergence of subsequent phases as well. This synthesis technique is uncontrolled by
morphology.One-dimensional elongated structures chosen over other nanostructures for device applications
include nanowires, nanorods, nanotubes, nano prisms, and nano discs can be created using the hydrothermal
method, a low-temperature synthesis technique.The co-precipitation method is an advantageous chemical
strategy since it is simple to synthesize on a big production level, takes an environmentally favorable approach,
and is inexpensive.Nano-size particles with a uniform size distribution, excellent purity, and crystallinity are
produced using the sol-gel synthesis technique.[11]Reflux method, coupling reaction, condensation method,
addition reaction, Fried Lander Synthesis, substitution reaction, elimination reaction, and other methods are

also available for synthesis.

VI. CHARACTERIZATION TECHNIQUE

FT-IR (Fourier Transform Infrared Spectroscopy)

In order to comprehend the structure of individual molecules and the make-up of molecular mixtures, industry
and academic laboratories use the analytical technique known as FT-IR (Fourier Transform Infrared
Spectroscopy). In general, FTIR spectroscopy is used to determine the functional groups present in organically
changed material. It is a highly versatile and valuable technology.

UV-Visual Spectroscopy Via the absorption of varied concentrations, it is used to examine the electronic

structure, clarify the materials, and assess how well-prepared organic compounds operate. Fluorescence
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spectroscopy deals with transitions from the excited state to the ground state, whereas absorption measures
transitions from the ground state to the excited state, making absorption spectroscopy supplementary to
fluorescence spectroscopy.

TGA (Thermogravimetric Analysis)

A technique called thermogravimetric analysis measures how a substance's mass changes with temperature.
When a sample is heated or cooled in a furnace, its weight is measured using a Simple TGA.

DSC Analysis (Differential Scanning Calorimetry)

The physical and chemical properties of a substance can change as a function of temperature or time, and DSC
is used to evaluate enthalpy changes resulting from these changes. You can identify and categorize materials
using the approach. When a sample is heated, cooled, or maintained isothermally at a constant temperature,
DSC analysis evaluates the heat flow that is created in the sample.

PL Analysis (Photo-luminescence)

Analyses PL (Photo-luminescence) The spontaneous light emission from a material under optical excitation is
known as photoluminescence (PL), and it is used to investigate the optical characteristics of materials. Many
material parameters can be characterized via PL research. Electrical (as opposed to mechanical)
characterization is provided via PL spectroscopy, which is also a very sensitive and selective probe of discrete
electronic states.

Nuclear Magnetic Resonance (NMR)

A useful tool for characterizing structures is NMR spectroscopy. It can be used to figure out how each atom in a
specific molecule is related to the others. In addition to studying the physical, chemical, and biological aspects
of matter, this is accomplished by looking at the chemical environment of a particular nucleus.

Differential Thermal Analysis (DTA)

In which the temperature difference between the sample and the reference material is programmed while the
temperature of the sample is measured against time or temperature. a method for detecting and quantitatively
assessing a substance's chemical makeup by keeping an eye on a sample's thermal behavior when it's heated.
Analysis of Elements The measurement of an element's concentration in a sample, commonly expressed as a
weight percentage, is the definition of elemental analysis. Many procedures are more or less effective for the
elemental analysis of an interesting sample since different elements can be found in a wide variety of samples.
XRD analysis to establish the material's amorphous structure. A non-destructive test method used to
examine the structure of crystalline materials is X-Ray Diffraction, or XRD for short. By identifying the
crystalline phases that are present in a material, XRD analysis, a technique for studying the crystal structure,
can provide information on its chemical composition. Phase identification is accomplished by contrasting the
obtained data with that found in reference databases.

High-resolution imagery from SEM analysis, also known as scanning electron microscopy, is excellent for
examining diverse materials for surface fractures, defects, impurities, or corrosion. helps to identify
contaminants or unknown particles, the reason for failure, and how different materials interact.

Mass spectrometry is a potent analytical technique that may be used to quantify known materials, identify
unidentified chemicals in a sample, and clarify the structure and chemical characteristics of various molecules.
The material is transformed into gaseous ions, with or without fragmentation, and is then identified by their

mass-to-charge ratios (m/z) and relative abundances.This method essentially investigates how molecules are
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affected by ionizing energy. The consumption of sample molecules during the creation of ionic and neutral

species depends on chemical events occurring in the gas phase.
VII. APPLICATIONS

»  The main uses are in LEDs, fluorescent lighting, and emissive displays.
»  In the latter category of applications, high-energy photons excite luminescent materials, and some of this
excitation energy is employed to produce visible light.

»  We use organic luminous materials and OLEDs in a wide range of applications every day.

Some significant applications are: -

»  Luminescentmaterials are used in LCD screens for background light to display the image. In other words,
on an OLED screen, each pixel has its own “background light,” and thus it renders its light and color
independently.

»  These materials consume less power and provide a high-quality display. The current technology provides
remarkable color fidelity and operation stability. It replaced CRTs (Cathode Ray Tubes) or LCDs (Liquid
Crystal Displays).

»  The modified luminescent materials used in OLED technology brings the advantages of thinner and
curved display form factor to wearable devices like Fitness band.

»  Top-emission structures have merits for the production of OTFT-OLED displays.
VIII. FUTURE SCOPE

Due to their potential usage in optoelectronic devices, organometallic Transition Metal, RE Complexes
materials represent an appealing study area. It is exciting and difficult to design stable and highly luminous
materials. It is suggested that organic, organometallic, or carbon-based luminous compounds be synthesized
and studied in this work. Existing luminous materials as well as brand-new luminescent materials are on the
preliminary list of materials suggested for the research in this work. The emphasis will be on trying out new
synthesis techniques and enhancing the luminous features of the existing materials.Also, it is suggested to look
for novel materials with luminous qualities that match the best-reported materials. Due to its structural
adaptability and prospective uses in sensing, biological imaging, security systems, and logic gates, long-lived
luminous metal-organic frameworks (MOFs) have drawn a lot of interest. Also, future technology has a lot of

potential for electroluminescence, photoluminescence, cathode-luminescence, and bio-luminescence.
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