: IJMRE'

lg, oz_:f Vol.04 Issue-02, (Feb, 2017) ISSN: 2394-5710
P International Journal in Physical and Applied Sciences (Impact Factor- 4.657)

Applications of Persistent Luminescence Nano Materials

HOSDODDE RAJKUMAR BASAVARAJ,
ASSISTANT PROFESSOR DEPARTMENT OF PHYSICS

GOVERNMENT FIRST GRADE COLLEGE MANNHALLI, BIDAR

Abstract

Persistent luminescence materials (PLMs) have emerged as a fascinating field of research,
captivating scientists and engineers alike. These materials possess an extraordinary ability to
store and release light over extended periods, even in the absence of external excitation. The
advent of nanotechnology has significantly enhanced the properties of PLMSs, opening up new
avenues for their application in diverse fields, from biomedical imaging and energy storage to
display technology and environmental monitoring. At the core of PLMs is their unique structure.
They typically consist of a host lattice, often a crystalline material, doped with luminescent ions.
These ions absorb energy from external sources, such as ultraviolet light or X-rays, and become
excited. Instead of immediately emitting this energy as light, the ions enter a metastable state,
where they can remain trapped for extended periods. When stimulated by external factors, such
as heat or mechanical stress, these trapped ions release their stored energy in the form of visible
light. The introduction of nanotechnology has revolutionized the properties of PLMs. By
reducing the size of PLM particles to the nanoscale, researchers have observed significant
improvements in their luminescence efficiency, brightness, and persistence time. Furthermore,
the nanoscale dimensions allow for greater control over the optical properties of PLMs, enabling

the tailoring of their emission spectra to specific applications.
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Introduction

One of the most promising applications of Persistent luminescence materials (PLMSs) lies in the
field of biomedical imaging. The long-lasting luminescence of these materials offers the
potential for non-invasive, high-resolution imaging of biological tissues. By incorporating PLMs
into contrast agents or nanoparticles, researchers can visualize cellular processes, track the
delivery of drugs, and diagnose diseases with unprecedented accuracy. Moreover, the ability of
PLMs to emit light over extended periods enables time-lapse imaging, providing valuable

insights into dynamic biological events. (Tanabe , 2019)

Beyond biomedical imaging, PLMs have garnered attention in energy storage applications.
These materials can be used to develop long-lasting, rechargeable batteries that can store energy
efficiently and release it on demand. By integrating PLMs into battery electrodes, researchers
aim to improve the energy density and cycle life of these devices, paving the way for more

sustainable and reliable energy storage solutions.

In the realm of display technology, PLMs offer the potential for creating self-illuminating
displays that do not require external backlighting. Such displays could be significantly more
energy-efficient and have a longer lifespan compared to traditional LCD or OLED screens.
Additionally, PLMs could be used to develop wearable devices and flexible displays that can

emit light under various conditions, providing enhanced visibility and user experience.

Environmental monitoring is another area where PLMs can make a significant impact. By
incorporating PLMs into sensors, researchers can develop systems for detecting pollutants,
tracking water quality, and monitoring environmental changes. The long-lasting luminescence of
PLMs enables continuous monitoring over extended periods, providing valuable data for

environmental management and conservation efforts. (Holsa , 2019)

In the healthcare sector, PLMs have the potential to revolutionize medical imaging and
diagnostics. By embedding PLMs into contrast agents, it becomes possible to visualize biological
processes and structures with unprecedented clarity. For example, PLM-based contrast agents
can be used for enhanced X-ray imaging of organs and tissues, aiding in the detection of diseases
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such as cancer and cardiovascular abnormalities. Additionally, PLMs can be employed in
theranostic applications, combining diagnostic and therapeutic functions. They can be used to
deliver targeted radiation therapy to tumors while simultaneously monitoring the treatment

response.

PLMs have found applications in various other fields. In security, PLMs can be used to create
anti-counterfeiting tags and security markers. The unique luminescence properties of PLMs
make it difficult to replicate or counterfeit, ensuring the authenticity of valuable products and
documents. In the textile industry, PLMs can be incorporated into fabrics to create self-

illuminating clothing, enhancing visibility and safety in low-light conditions.

The development of PLMs has been significantly influenced by nanotechnology. By
manipulating the size and composition of PLM particles at the nanoscale, researchers can fine-
tune their properties, such as luminescence intensity, duration, and color. This enables the
creation of PLMs with tailored characteristics for specific applications. For instance, the
synthesis of PLMs with tunable emission wavelengths allows for the development of multicolor
displays and optical sensors. Their ability to store and release energy over extended periods,
coupled with their versatility and tunable properties, make them attractive for various industries,
including lighting, healthcare, security, and textiles. As research continues to advance, we can
expect to see even more innovative and exciting applications of PLMs in the years to come.
(Teston , 2019)

Review of Literature

Lozano et al. (2019): Nanotechnology has played a pivotal role in enhancing the performance of
PLMs. By reducing the size of PLM particles to the nanoscale, their surface area-to-volume ratio
increases significantly. This increased surface area can lead to improved interaction with the
surrounding environment, facilitating the trapping and release of electrons. Additionally, the
smaller size of nanoparticles allows for greater control over their optical properties, such as the

wavelength and intensity of emitted light.
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Shrestha et al. (2019): The ability of PLMs to emit light over extended periods without

continuous excitation makes them ideal for long-term tracking of biological processes. By
incorporating PLMs into various biomolecules or nanoparticles, researchers can visualize the
behavior of cells, tissues, and organs in real-time. This has significant implications for medical

research, drug delivery, and disease diagnosis.

Wallyn et al. (2019): PLMs can be used to store solar energy by converting it into luminescence,
which can then be released on demand. This technology could provide a viable solution for
storing excess solar energy generated during peak sunlight hours, making it available for use

during periods of low solar irradiance.

Maldiney et al. (2019): PLMs can be used to create anti-counterfeiting tags and security markers.
The unique luminescence properties of PLMs can be used to authenticate products and prevent
counterfeiting. By embedding PLMs into various materials, such as banknotes, passports, and

valuable goods, it becomes possible to verify their authenticity with ease.

Applications of Persistent Luminescence Nano Materials

PLNs are typically composed of inorganic crystalline materials, often doped with rare earth ions.
These ions act as luminescent centers, absorbing energy from external sources, such as
ultraviolet (UV) or visible light, and storing it in metastable energy states. When the excitation
source is removed, the stored energy is gradually released, resulting in sustained luminescence

over extended periods.

The underlying mechanisms governing persistent luminescence in PLNs involve the trapping and
detrapping of charge carriers. Trapping centers, such as defects or impurities within the crystal
lattice, capture the excited electrons and holes, preventing their immediate recombination. These
trapped carriers can be thermally released, leading to the subsequent emission of light. The rate
of detrapping, and hence the duration of luminescence, is influenced by factors like temperature,
the nature of the trapping centers, and the energy barrier between the trapped and de-trapped

states.
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Despite the immense potential of PLMSs, there are still several challenges to be addressed. One of
the major limitations is the relatively short persistence time of many PLMs. While significant
progress has been made in extending the persistence time, further research is needed to develop
materials with even longer-lasting luminescence. Additionally, the toxicity and biocompatibility

of PLMs must be carefully evaluated before they can be widely used in biomedical applications.
Properties of PLNs

1. Long-Lasting Luminescence: PLNs can retain their luminescence for hours, days, or even
weeks after being exposed to excitation light. This property is attributed to the presence

of trap states within the material's crystal structure.

2. Tunable Emission: The emission wavelength of PLNs can be tailored by altering their
composition or doping them with different elements. This flexibility allows for the

creation of materials that emit light in specific colors or ranges.

3. High Brightness: PLNs can produce relatively high levels of luminescence, making them
suitable for applications requiring intense light output.

4. Durability: These materials are generally durable and resistant to environmental factors

such as moisture and temperature fluctuations.
Healthcare Applications:

One of the most promising applications of PLNM lies in the field of healthcare. These materials
can be incorporated into medical imaging devices to enhance diagnostic capabilities. For
instance, PLNM-based contrast agents can be used in X-ray and CT scans to improve image
quality and detect abnormalities more accurately. Additionally, PLNM can be utilized in drug
delivery systems to track the movement of medications within the body, ensuring optimal
therapeutic efficacy.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International Journal
International Journal in Physical and Applied Sciences

http://www.ijmr.net.in email id- irjmss@gmail.com Page 42



O

Ig BJ\VIL?} Vol.04 Issue-02, (Feb, 2017) ISSN: 2394-5710

International Journal in Physical and Applied Sciences (Impact Factor- 4.657)

Consumer Electronics:

PLNM are also poised to revolutionize the consumer electronics industry. Their ability to emit
light without the need for constant power sources makes them ideal for self-powered devices.
PLNM-based displays can be used to create energy-efficient and long-lasting screens for
smartphones, tablets, and laptops. Moreover, PLNM can be incorporated into wearable
technology to provide ambient lighting and notifications without draining the device's battery.

Environmental Monitoring:

PLNM can play a crucial role in environmental monitoring applications. These materials can be
used to create self-powered sensors that can track pollutants, water quality, and other
environmental parameters. By utilizing PLNM, these sensors can operate autonomously for

extended periods, reducing the need for frequent maintenance and power supply.
Security and Defense:

PLNM have significant potential in the field of security and defense. These materials can be used
to create covert lighting systems for military operations and law enforcement. Additionally,

PLNM-based sensors can be employed for intrusion detection and perimeter surveillance.

While PLNM offer immense promise, several challenges need to be addressed to fully realize
their potential. These include improving the efficiency of light storage and release, enhancing the
durability of PLNM materials, and reducing manufacturing costs. However, with ongoing
research and development, it is anticipated that these challenges will be overcome, paving the

way for widespread adoption of PLNM technology.

Persistent luminescence nano materials represent a breakthrough in materials science with far-
reaching applications. From healthcare and consumer electronics to environmental monitoring
and security, PLNM have the potential to transform various industries. As research progresses
and technological advancements continue, we can expect to see even more innovative and

exciting applications of this remarkable material.
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PLNM also hold immense potential in the energy sector. Their ability to store and release light
energy can be leveraged to develop efficient solar cells and batteries. By incorporating PLNM
into solar cells, it is possible to capture and store sunlight even during periods of low irradiance,
improving overall energy efficiency. Moreover, PLNM-based batteries can provide long-lasting

power for various applications, including portable electronics and emergency lighting.

Their long-lasting luminescence can be utilized to create self-powered devices that require
minimal external energy sources. For example, PLNM-based displays could provide ambient
lighting and notifications without the need for constant power supply. Additionally, PLNM can
be incorporated into wearable devices to monitor health metrics and provide personalized
feedback.

By incorporating PLNM into contrast agents, medical professionals can visualize biological
processes with greater precision and sensitivity. These materials can be used for applications

such as tumor detection, early-stage disease diagnosis, and real-time monitoring of drug delivery.

PLNM can be used to develop controlled-release drug delivery systems. By encapsulating
therapeutic agents within PLNM particles, it is possible to achieve sustained drug release over a

predetermined period, improving treatment efficacy and reducing side effects.

PLNM can be integrated into biosensors to detect and monitor various biological markers. These
sensors can be used for applications such as glucose monitoring in diabetics, early detection of

infectious diseases, and real-time analysis of cellular processes.

PLNM can enhance the performance of display devices, such as smartphones, televisions, and
computer monitors. By incorporating PLNM into the backlight units of these devices, it is
possible to achieve brighter, more energy-efficient displays with improved color accuracy and

viewing angles.

PLNM can be used to develop self-powered devices that can operate without external batteries.
By harvesting ambient light energy and storing it in PLNM, it is possible to create devices that

can power sensors, wearable electronics, and other low-power applications.
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PLNM can be used to create security features that are difficult to counterfeit. By embedding
PLNM into materials such as paper, plastic, and textiles, it is possible to create unique, tamper-

evident identifiers that can be used to verify the authenticity of products.

PLNM can be used to develop sensors for monitoring environmental pollutants such as air and
water contaminants. By incorporating PLNM into these sensors, it is possible to achieve real-

time monitoring of pollution levels and identify sources of contamination.

PLNM can be used to develop new materials for energy storage applications. By harnessing the
ability of PLNM to store and release light energy, it is possible to create efficient and sustainable

energy storage solutions.
Conclusion

Persistent luminescence nano materials represent a groundbreaking field with immense potential.
Their unique properties and versatility make them promising candidates for a wide range of
applications, from biomedical imaging and energy storage to display technology and
environmental monitoring. As research in this area continues to advance, we can expect to see
even more innovative and exciting developments in the years to come. One of the most
promising applications of PLMs is in the field of lighting. Traditional lighting sources, such as
incandescent and fluorescent bulbs, suffer from inefficiencies and environmental concerns.
PLMs, on the other hand, offer a more sustainable and energy-efficient alternative. They can be
incorporated into various lighting fixtures, including streetlights, emergency lights, and even
signage, providing long-lasting illumination without the need for constant power supply. This is

particularly beneficial in remote areas or during power outages.
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