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SuperLig® Molecular Recognition Technology (MRT) has been used to selectively separate
(99%) and recover (99%) at 99+% purity the entire suite of rare earth elements (REE, singular or
plural), minus Pm, from Bokan-Dotson Ridge, Alaska feedstock [1]. Feed material was a
pregnant leach solution (PLS) prepared from this feedstock. The entire set of 16 REE was
initially separated from the non-REE gangue metals present in the PLS. Separation of the 16
individual REE at lab scale was done as follows: (1) Sc and Ce were removed; (2) light REE (Y,
La, Pr, Nd) were separated from heavy REE (Sm through Lu); (3) individual members in the
light and heavy groups were separated from each other. A pilot plant capable of making group
and individual REE separations was constructed. Steps (1) and (2) were repeated in the pilot
plant and Dy was recovered from the heavy group at the 99.99% level [1]. In operation, columns
loaded with SuperLig® resins, consisting of a highly metal-selective ligand attached via a tether
to silica gel or another substrate, accepted a feed solution containing REE originally separated
from the PLS. The target REE was selectively bound to the SuperLig® resin, with remaining
feed solution going to raffinate. Following column washing, bound REE was eluted using a small
quantity of eluate and recovered in concentrated, pure form. The column was regenerated for
repeated use. MRT processes feature rapid kinetics of metal-ligand binding and release, simple
elution chemistry, non-use of solvents or harsh chemicals, ability to recover metals present in
feed solutions at mg L-1 or lower levels, and minimal generation of waste. High selectivity
allows separations to often be achieved in a single pass eliminating need for extensive
downstream processing, which also eliminates generation of large amounts of waste. Simplified
MRT separation and recovery processes are very attractive compared to conventional solvent
extraction, ion exchange, and precipitation processes from the standpoint of reduced capital and
operating expenses. Potential sources for separation and recovery of REE using MRT include
primary ore; tailings; coal ash, and spent industrial feedstock (permanent magnets, rechargeable
batteries, lighting.).
[1] Izatt, R.M., Izatt, S.R., Izatt, N.E., Bruening, R.L., Krakowiak, K. E., Green Chemistry
Molecular Recognition Processes Applied to Metal Separations in Ore Beneficiation, Element
Recycling, Metal Remediation, and Elemental Analysis. In Beach, E.S. and Kundu, S. (Eds.),
Handbook of Green Chemistry Volume 10: Tools for Green Chemistry, Wiley-VCH,
Weinheim, Germany, 2017, pp 189-240.
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Strategic, critical or high-tech metals have become political buzzwords since they have been recognized as essential
to helping the world build an efficient, high-tech, and competitive economy, which can spur the growth of our
industries.These metals are indispensable ingredients for the development of technologically

sophisticated products. Modern cars, flat-screen televisions, mobile phones, and countless other
products rely on a range of materials, such as cobalt, lithium, PGM’s, tantalum, tungsten, gallium
and more particularly REE. This group of high-tech metals is also fundamental to new
environmentally friendly products, with electric cars requiring lithium and neodymium, turbine
wind with neodymium and dysprosium, high performance aluminium alloys, lighting or hard
ceramics requiring scandium, and computer/mobile phones with tantalum, gold and rare earths.
As the world moves towards a cleaner, greener future, the uses for these metals are likely to
increase rapidly and the rare earths supply crunch in 2010/2011 served as a wake-up call to
businesses and governments, highlighting the fact that future strategic metals supply (not only
rare earths) should not be taken for granted.1Thus, securing reliable and undistorted access to
non-energy raw materials has become a critical challenge to many resource-dependent countries
all over the world. In this context, many countries have thus asserted through several reports
their desire to reduce their dependency on so-called strategic metals and to create or rather
recreate on their territory an industrial activity in this sense.To meet the challenges of dwindling
resources and the growth of needs, as well as in a perspective of a secure supply approach, three
options are considered today based on the extraction of metals from waste of end of life materials
(urban mine), from primary resources (old mines or new deposits), or from secondary resources
(mining and industrial wastes).Understanding this challenges facing strategic metals supply
today requires consideration not only of the sources (whether from mines or waste streams), but
of the development of low cost, eco-friendly and always more efficient processes.
[1] European Commission, Directorate-General for Internal Market, Industry, Entrepreneurship
and SMEs (2017) Study on the review of the list of Critical Raw Materials: Critical Raw
Materials Factsheets.

PL-3
PROCESS FOR POTENTIAL UTILIZATION OF BAUXITE RESIDUE
FOR EXTRACTION OF RARE EARTHS
Anupam Agnihotri, Upendra Singh, B.R.Mishra*
Jawaharlal Nehru Aluminium Research Development and Design Centre,
Nagpur (M.S.), India
*Indian Rare Earth Limited (IREL), Chattarpur, Odhisa,India
E-mail: director@jnarddc.gov.in
Bauxite residue is a process reject of Bayer process during alumina production. Rare earth
elements are enriched in the bauxite residue which can be used as a potential resource for
extraction of REEs. Scandium is the most valuable element among the REEs that are present in
the bauxite residue. In this study, chemical characterization, techniques of physical beneficiation
such as sieving, hydrocyclone, multi-gravity separator and subsequently leaching with different
mineral acids for the selective extraction of REEs have been discussed. Various experimental
parameters (such as acid concentration, solid/liquid ratio, leaching time and temperature) were
studied in details.It was observed that leaching of Sc, La and Ce with 2-3M H2SO4 mixture at 95100 °C for 5 hrs under optimized condition gave leaching efficiencies in a range of 8190%.Advantage of leaching with H2SO4 is that the iron hardly gets dissolved leading to
noninterference determination of the rare earths in the leachate by Inductively Coupled PlasmaOptical Emission Spectroscopy (ICP-OES).
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New functional materials discovery research is frequently driven by a desire to use ‘materials by
design’ concepts in the quest for finding better, greener and more efficient materials. In recent
decades, rare earth elements have become vital to design advanced inorganic functional materials
for electronics, magnetism, energy conversion, lasers, lighting, and phosphors, to name a few.
Due to their size similarities and significant electronic configuration differences, rare earths are
particularly attractive elements for understanding how the subtle differences in composition and
structure of materials may account for their functional properties leading to better materials
design. This talk will summarize some of our research activities on complex transition metal
oxides with rare earths as one of the key ingredients to achieve desired functional properties.
However such research endeavor can occasionally lead to unexpected breakthrough discoveries
in other interdisciplinary areas. I will describe our spectacular discovery of new class of highly
durable intense color pigments based on rare earth transition metal oxides where transition metal
cations occupy an unusual trigonal bipyramidal coordination that we were exploring for
multiferroics. We have now leveraged this discovery to rationally design advanced inorganic
oxide based pigments with desired color as well as other functionalities which are now
commercialized by pigment industries.
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Rare earth based advanced ceramics and composites are finding applications in advanced areas
such as aerospace, wireless communication, microelectronics etc. Long reliability is the key
parameter for their ultimate use in strategicapplications. Among these, microwave dielectric
materials gained immense importance in wireless applications and many of the high dielectric
ceramics are composed of rare earth elements as one of the constituents which in turn help in
fine tuning the end properties by judiciously substituting rare earth ions having varying ionic
radii. The personal communication devices and other wireless technology industries, such as
direct broadcasting, global positioning systems, mobile communication systems etc. have
witnessed an explosive and unprecedented growth in applications. The application areas are fast
ranging from simple dielectric resonator to complex 3D modules realized through Low
Temperature Co-fired Technology. More recently, rare earths based Ultra Low Temperature Cofired Ceramics (ULTCC) are also finding applications in realizing miniaturised and cost effective
devices including Substrate Integrated Waveguide (SIW) circuits. In order to meet these
stringent requirements, novel materials with high dielectric constant and low loss tangent are
required. High dielectric constant reduces the circuit size since the wavelength travelling through
the medium is inversely proportional to the square root of the dielectric constant. On the other
hand, extremely low loss tangent improves the signal integrity and avoids cross talks. Cucladded rare earth ceramic filled PTFE planar laminates are the ideal choice for high end
microwave circuit fabrication which are currently available only from imported sources.
Understanding the need for indigenous technology, C-MET has developed a proprietary and
patented process methodology comprising of Sigma Mixing, Extrusion, Calendering followed by
Hot pressing (SMECH Process) to fabricate dimensionally stable planar and isotropic
PTFE/ceramic composite laminates. Pore free and dimensionally stable planar laminates have
been prepared by incorporating variety of rare earth titanate ceramics in the PTFE matrix through
SMECH process. C-MET has successfully developed wide variety of filled PTFE substrates with
dielectric constant ranging from 2.2 to 14.8 together with ultra-low loss tangent (0.0018 at 10
GHz) and the technology for the same is already transferred to Industry for commercial
production. High power solid state amplifiers have been fabricated by Raja Ramanna Centre for
Advanced Technology (RRCAT), Department of Atomic Energy, Indore operating at a centre
frequency of 505.8 MHz, which can withstand output power up to 750 kW. Excellent RF
performance was obtained in terms of output power, gain and efficiency during system level
evaluation and accordingly the high power solid state amplifiers have been successfully deployed
in INDUS-2 particle accelerator.
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Permanent magnets are the class of magnetic materials that retain their magnetism after
magnetization. It was only in the early 20th century that high carbon steels replaced lodestone as
the best available permanent magnet material. In the development of permanent magnets the
improvement over steels came with the discovery of Alnicos (basically alloys of Fe, Al, Ni, Co),
hard ferrites and rare earth based permanent magnets (REPMs). Traditionally, ferrites and
alnicos were used for a majority of magnetic component applications. Ferrites have lower
remanence and moderate coercivity and Curie temperature; but the greatest advantage is its
lowest cost. So it is no wonder that ferrites are widely used in a majority of applications and
observations indicate that ~ 98% of the world tonnage production is ferrites. Alnicos have high
residual induction, high Curie temperature; but low coercivity. Therefore, they are preferred in
high temperature applications, where moderate demagnetizing fields are encountered. With the
introduction of rare earth magnets, the use of alnico is gradually declining. In a way, permanent
magnets are responsible for the rapid growth in modern industrial society through their use in
many electro-technical devices. The REPMs are characterized by large values of remanence,
coercive force and energy density. The combination of high-energy product and a good thermal
stability allows the magnet to be used at higher operating temperatures at the device level. Three
families of rare earth - transition metal permanent magnets viz. SmCo5, Sm2Co17 and Nd2Fe14B
inter-metallic phases with high-energy product are well known and are in commercial
production. Permanent magnets with high operational temperature combined with high energy
products are required for improved performance of motors, generators, actuators, traveling wave
tubes, etc. The distinct characteristics of these groups of magnets are brought out from their
intrinsic and extrinsic magnetic properties. The intrinsic magnetic properties are the saturation
magnetization (4pMs), the anisotropy field (HA) and the Curie temperature (Tc). In
this
presentation the science and technology of the permanent magnets will be discussed in
combination with other high performance magnetic materials. The applications towards
automotive and aerospace applications will be highlighted.
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Rare earths are linchpin ingredient for clean and green energy sector due to their use in many
products, including mobile electronics, electric vehicle traction motors, and direct-drive
permanent magnet generators (DDPMGs) for wind turbines. Due to their growing demand in
renewable energy and efficient lighting devices some of the rare earths in particular Nd, Dy, Tb
and Y are considered critical, that is, at risk for short and mid-term shortages. There are two
types of rare earths based permanent magnet namely Sm-Co and Nd-Fe-B magnets. Sm-Co
based magnet performs at high temperature but is brittle which limits it size and therefore can
pose problem with integration in certain application such as motors. However, Nd-Fe-B magnets
are even stronger than Sm-Co magnet and because of their size is not restricted, they are rather
suitable for large applications such as wind turbines and other electricity generators. Nd-Fe-B
based DDPMGs contain 160-650 kg of the material per MW which translate to about 51-250 kg
of rare earths /MW. Small amount of Dy and Tb is also added to Nd-Fe-B as they endow
resistance to demagnetization at high operating temperatures. Often some Nd is also substituted
by its neighbouring element Pr to reduce the price. Apart from its use in wind turbine, Nd-Fe-B
magnets find applications in other types of renewable energy technologies such as underwater
ocean, wave power and geothermal drilling. As the demand of the critical rare earth elements are
projected to grow in coming years, to avoid any kind of hampering of green energy technologies
recovery of valuable critical rare earths from secondary and other sources are essential. To
address the issue of supply risk to these critical rare earths, industry are considering different
mitigation strategies including reuse, recycling, substitution, increased mine production and byproduct extraction. The concept of urban mining i.e recycling of the end of life product has
recently been coined which addresses the issue of recovery of these critical elements from waste
materials. Countries which don’t have primary reserves have directed their efforts into this
direction and also started banning of the end of life products which contain critical elements. The
present talk will high light the global scenario in the field of rare earths recycling from magnetic
waste materials. Various techniques including pyrometallurgy, hydrometallurgy, plasma
separation technique, solid-liquid and membrane will be discussed and compared for their
suitability for recycling purposes. Additionally the use of novel tripodal type of nitrogen based
extractant for its selectivity arising from the differences in stereochemistry of the rare earthsligand complexes as result of slight variation in ionic size will illustrated for effective separation
of rare earth elements from the recycled waste.

IT-2
RARE EARTHS RECOVERY FROM PERMANENT MAGNETS SCRAPS
BY HYDROMETALLURGICAL METHODS
J. Rajesh Kumar
Korea Institute of Geoscience and Mineral Resources (KIGAM),
124 Gwahang-no, Yuseong-gu, Daejeon 34132, Korea
E-mail: rkumarphd@kigam.re.kr
Rare earths (REs) application has gained visibility through many media outlets due to their
significant utilization in modern technologies. The electronic revolution in new millennium
modern lives is increasing day-by-day all over the world. Economics of the nation was mainly
depended on imports and exports of the require goods. The South Korean peninsula having many
manufacturing industries and the electrical/electronic (EE) goods supply to all over world
demands. When manufacturing the EE items will lead the pre-consumer scraps as well as after
utilization of the product will the possible to generate the post-consumer scraps. The scraps will
cause to two major issues one is damaging environment the other one is landfilling problems.
Both the problems will dissolved by one process is scraps treat as secondary resources for critical
rare earths (REs). Permanent magnet scraps (PMS) are possible to having the REs such as
dysprosium (Dy), neodymium (Nd), praseodymium (Pr) and terbium (Tb). All the the four REs
are in critical supply for demand all over globe. Hydrometallurgical methods such as roasting,
acid leaching, double salt precipitation, liquid-liquid extraction and recovery studies were
studied and optimum condition established for REs processing.

IT-3
OVERVIEW ON TRENDS IN MONAZITE PROCESSING FOR THE
RECOVERY OF RARE EARTHS
1

T.Sreenivas1,D.K.Singh2 and D.Singh3
Mineral Processing Division, Bhabha Atomic Research Centre, Hyderabad 16
2
MP & CED, Bhabha Atomic Research Centre, Mumbai 85,
3
Indian Rare Earths Limited, Mumbai 28, India
E-mail: tsreenivas@ymail.com

There is worldwide interest in exploration of REE resources due to their applications in
manufacture of environmentally benign products and supply-side constraints encountered due to
monopoly held by a single nation. The efforts for new resources include focus on exploration and
exploitation of both the primary and secondary resources besides recycling the end-of life REE
bearing products. This paper elaborates on the aspects involved in processing of monazite
mineral – both on its beneficiation and chemical processing for producing high purity individual
REEs which are in high demand. Monazite occurs in placer deposits, beach sands, and important
components of carbonatite related REE deposits. It displays a variety of chemical compositions,
with enrichments in most incompatible elements such as thorium and uranium. Monazite is a
phosphate mineral with a rare earth content (as REO) of about 70% but its processing is
challenging due to presence of 4–12 wt.% thorium and variable amount of uranium Monazite is
widely distributed across all continents except Antarctica; however bulk of the mineral is
concentrated in South Africa, Mozambique, Madagascar, India, SriLanka, Malaysia, Australia,
Brazil etc. Though China, Malaysia and India are the only countries involved in its production
and processing of monazite at present, Brazil and Russia are also contemplating entry into
monazite processing. The physical beneficiation of monazite from beach sands and/or placers
using gravity, magnetic and electrostatic separation techniques is well established. However, the
complexity of a pre-concentration flowsheet hinges on the mineralogical composition of the
feed. The pre-concentration assumes increasing complexity when the mineralization is in veryfine sizes like that of carbonatites or other hard rock deposits. Such mineralization demands
adoption of centrifugal gravity separators or mineral specific flotation collectors or even multistage operations aimed at obtaining reasonable grade pre-concentrates. Some of the newer
deposits in Australia, Turkey and even India are of this nature. The REEs are separated from
other elements of monazite mineral by chemical leaching followed by either ion exchange or
solvent extraction or a combination of both. Though the leaching chemistry has not shown any
game-changing developments, it is the solvent extraction process which resulted in production of
very-high purity end individual rare earths.India has well established technical success in
recovering REEs from vast monazite resources available in sands of southern and eastern coast
of the country. It is taking multiple steps for deriving technical advantages attributed to REEs by
3600 approach right from resource augmentation, new solvents development and producing endproducts ascribed with special properties.
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A set of seventeen elements which exhibit similar properties and belong to the lanthanide and
actinide series are called Rare earth Elements (REEs). Cerium, Lanthanum, Neodymium and
Praseodymium are the common elements among others and together account for over 75% of
global rare earth element consumption. Rare earth metals find applications in numerous high
technology products such as tablet computers, TVs, advanced military technology, nuclear
batteries, laser repeaters, miniature, superconductors, numerous medical devices, rechargeable
batteries and permanent magnets for hybrid cars and wind turbines. In addition, they are also
used as catalysts in automotive and petroleum refining and as pigments in glass and ceramics.
Elements such as Neodymium are extensively used in the manufacturing of permanent
magnets.China remains the monopoly supplier controlling over 95% of global demand which
makes India heavily dependent on imports of rare earths/ rare earth products. A potential
opportunity for India to become self sufficient in rare earths remains a dream as significant rare
earth resources in monazite remain untapped. Monazite occurring in the indian beach sands
along with other heavy minerals contains about 65% rare earth elements making it one of the
richest RE resource compared to resources of much lower grades being mined in China and
elsewhere in the world. A balanced and pragmatic approach to produce rare earths from
monazite while at the same time addressing the strategic and security concerns around thorium
which is projected as India’s future nuclear fuel will pave the way for economic development.
Given the successful “MAKE IN INDIA” initiatives in several strategic sectors including
defense, telecom etc., achange in mind set and relook at the rare earth lying untapped in India is
the need of the hour, whereby the country can leverage this resource potential to become a global
super power.
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Fast emerging green technologies, ranging from electric car batteries to solar panels to wind
turbineswhere REE being widely used, are expected to drive tremendous growth and demand for
these metals in near future. This presentation summarizes the occurrence of these metals in the
Earth’s crust, their minerology, different types of deposits both on land and oceans from the
standpoint of the new data with more examples the from Indian subcontinent [1, 2]. Several
studies are underway to develop new strategies for the future supply of REE including recent
developments in the extraction of REE from coal fired ash. There is a greater need to intensify
our search for REE resources not only on land but also in ocean bottom sediments. Deep sea
mining would definitely be a feasible option in near future in addition to the development of
cost-effective recovery of REE. In addition to their utility of REE to understand the formation of
the major earth reservoirs, multi-faceted updates on the applications of REE in agriculture and
medicine including new emerging areas will be presented. Environmental hazards including
human health issues are on rise due to REE mining and large-scale dumping of e-waste
containing significant concentrations of these elements [1, 3]. Extensive utilization of REE in
day-to-day life may warrant an urgent toxicological assessment of these elements from a human
health perspective [4]. Recycling of REE from e-waste has not yet taken off and more emphasis
should also be put on the R & D efforts on finding out substitutes for REE to draw away from
reliance on REE. Currently an array of high sensitive and selective analytical techniques is
available for the accurate and precise determination of REE in different materials [5, 6].
Performance characteristics such as multielement-nature, high sensitivity and resolving power of
most interferences, HR-ICP-MS would become an important analytical tool in REE activities in
future [7].
[1] V. Balaram, Geoscience Frontiers, 2018 (under revision).
[2] V.Balaram,V. K. Banakar, K.S.V. Subramanyam, P. Roy, M. Satyanarayanan, M.Ram
Mohan, and S.S.Sawant, Current Science, 110 (11)(2012) 1334.
[3] V. Balaram, U. Rambabu, M. R. P. Reddy, N. R. Munirathnam and S. Chatterjee, MAPAN-J.
Metrological Soc. India, 2018 (in press).
[4] V. Balaram,Trends Anal. Chem., 2016, 80, 83.
[5] V. Balaram, Trends Anal. Chem., 1996, 15, 475.
[6] M.Satyanarayanan, V. Balaram, S.S. Sawant, K.S.V. Subramanyam, V. Krishna, B. Dasaram
and, C. Manikyamba, At. Spectrosc., 2018, 39(1) 1.
[7] V. Balaram, Current Trends in Mass Spectrometry, 2018, Special Issue, 16 (2) 8.
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Rare Earths materials find usage in varied industries like magnets, batteries, catalysts, paints and
pigments, super alloys, lighting, etc. Of these, magnet industry is the major consumer of rare
earths in value terms. While magnets are used in wind energy, automobiles, consumer
electronics, military/aerospace applications, and automobile industry are going to be the major
driver for magnets in view of clean and green energy drive and commitment to Paris Accord by
major nations including India resulting in thrust for producing electric vehicles.Rare earth
material is used in various parts of conventional as well as hybrid vehicles. In case of
conventional vehicles approx.. 450 gms of RE elements are used of which 350 gms are NdFeB
magnets. In case of hybrid cars, approx. 5200 gms of RE elements are used of which 4900 gms
are in the form of NdFeB magnets. With rapidly increasing sales of xEVs and the likely manifold
increase in production of these vehicles, the market share of xEVs is likely to increase
exponentially. All major vehicle producers have announced their intend to either enter into this
field or expand the existing business in this area. Assuming that 25% of vehicles are electrified
by 2025, there will be 30 million xEVs in the global market by 2025 which is about 10 times the
current sales. This would mean very high demand for RE magnetic material.To meet the
increased demand from EV sector, there is need to augment RE supply as well as search for
alternatives to rare earth magnets. This objective can be achieved by exploring new sources of
rare earths like new rare earth resources as well as from sources such as coal, recycling, etc.
Also, there are developmental work being undertaken by companies in this field to reduce or
replace the RE elements in magnets. The current and future technologies to this effect would
involve grain boundary diffusion, fine powder technology, cheaper RE replacement, RE
reduction and RE free technology. Companies like Toyota have already initiated the process of
reduction of rare earths by replacing some quantity of Nd by Ce and La. Further, many NdFeB
magnet producers have started production of magnets by eliminating Dysprosium and research is
on for replacing Nd and Pr by Cerium.
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Design and application of novel nanomaterials for environmental protection have been receiving
more and more attention these days [14]. Selection of a suitable material and an appropriate
synthetic methodology ultimately determines the success or failure of the nanostructured
materials application, since physicochemical properties of the nanostructured materials are
heavily dependent upon how they are synthesized. Ceria (CeO2), an abundant rare-earth oxide,
has attracted considerable interest in recent years because of its utilization in environmental and
energy related applications. The importance of ceria originates from its remarkable Ce4+/Ce3+
redox couple and superior oxygen storage/release capacity (OSC). Ceria serves both as a
promoter and as an active catalyst in three-way catalytic converters for abatement of hazardous
exhaust emissions [3-6]. As well, the catalytic activity of ceria for soot combustion has also been
investigated recently and proven to be a potential material. Therefore, numerous studies were
undertaken on the application of ceria-based materials for various reactions. Nevertheless, a
significant limitation encountered with pure ceria is its poor thermal stability, resulting in the
loss of surface area and OSC, hence poor catalytic performance. An ongoing challenge in this
respect is to develop efficient and thermally stable ceria–based catalysts in order to meet more
demanding requirements. There are two promising options available for improving the properties
of CeO2, namely, doping of suitable rare-earth or transition metal ion into the ceria lattice and
reducing the ceria particle size into nanoscale. Our recent studies revealed that incorporation of
appropriate dopants into the ceria matrix greatly enhances its redox properties and chemical
reactivity [48]. In particular, small ionic size and low valence state dopants show strong
influence on the physicochemical properties of the resulting materials. More details of these
studies will be elaborated in this presentation.

[1] D. Devaiah, L.H. Reddy, S.-E. Park, B.M. Reddy, Catal. Rev.,60 (2018) 177.
[2] D. Mukherjee, P.V. Swamy, D. Devaiah, B.M. Reddy, Catal. Sci. Technol.,7 (2017) 3045.
[3] D. Jampaiah, P.V. Swamy, A. Nafady, B.M. Reddy, ACS Appl. Mater. Interfaces,9 (2017)
32652.
[4] D. Mukherjee, B.G. Rao, B.M. Reddy, Appl. Catal. B: Environ.,197 (2016) 105.
[5] D. Jampaiah, J. Tardio, S.K. Bhargava, B.M. Reddy, Catal. Sci. Technol.,6 (2016) 1792.
[6] P.V. Swamy, K.N. Rao, D. Jampaiah, B.M. Reddy, Appl. Catal. B: Environ.,162 (2015) 122.
[7] P. Sudarsanam, B. Mallesham, S.K. Bhargava, B.M. Reddy, Catal. Sci. Technol.,5 (2015)
3496.
[8] B.M. Reddy, K. Lakshmi, G. Thrimurthulu, Chem. Mater.,22 (2010) 467.
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Crystalline inorganic oxides displaying bright colours attracted much attention from early days
for application as gemstones and pigments. Ruby (Cr3+ doped Al2O3) and Emerald (Cr3+ doped
Be3Al2(SiO3)6) and Azurite (Cu3(CO3)2(OH)2), Han blue (BaCuSi2O6) and Turquoise
(CuAl6(PO4)4(OH)8·4H2O) for example found application as gemstones and pigments since
ancient times.[1]In addition to the naturally occurring gemstones and pigments, several man-made
(synthetic) coloured solids were also developed to meet the demand Y2BaCuO5, copper
substituted apatites, Mn(III) substituted YInO3 and CaTaO2N – LaTaON2 pervoskites are some
of the more recent pigment materials for green, blue, red-yellow colours[1,2]. A scientific
inquiry into the origin of colours of inorganic solids is essential for a rational design and
synthesis of coloured materials. While there are several causes for the colour of solids, the main
factor that causes colour in an inorganic oxide containing transition metal ion is the electronic
transitions within the partially filled d-states arising from the ligand field effects around the
transition metal ion. Octahedral and tetrahedral are the most common geometries where the
colour and optical absorption spectra of all the transition metal ions have been well-documented.
Transition metal ions in less symmetric geometries such as distorted octahedral and five-fold
coordinated (square pyramidal and trigonal bipyramidal) geometries produce colours different
from those in regular octahedral and tetrahedral geometries in materials. The present talk would
address some of these issues and our efforts towards identifying new chromophores employing
transition metal chemistry[3-5].

[1] P.E. Kazin, M.A. Zykin,Y.V. Zubavichus, O.V. Magdysyuk, R.E. Dinnebier, and M. Jansen,
Chem. –European J., 2014, 20,165; M. Jansen, H. P. Letschert, Nature, 2000, 404, 980.
[2] A. E. Smith, H. Mizoguchi, K. Delaney, N. A. Spaldin, A. W. Sleight, M. A. Subramanian, J.
Am. Chem. Soc.,2009, 131, 17084.
[3] S. Tamilarasan, D. Sarma, S. Natarajan and J. Gopalakrishnan, Inorg. Chem., 2013, 52, 5757;
S.Tamilarasan, D. Sarma, M.L.P. Reddy, S. Natarajan, J. Gopalakrishnan, RSC Advances,
2013, 3, 3199; S Tamilarasan, S Laha, S Natarajan, J Gopalakrishnan, J. Mater. Chem. C,
2015, 3, 4794; S.Tamilarasan, S. Laha, S. Natarajan and J. Gopalakrishnan, Eur. J. Inorg.
Chem., 2016, 288; S.Tamilarasan,M.L.P. Reddy, S. Natarajan and J. Gopalakrishnan,
Chemistry – An Asian J. (2016), 11, 3234.
[4] S. Laha, S. Tamilarasan, S. Natarajan and J. Gopalakrishnan, Inorg. Chem., 2016, 55, 3508;
S. Laha, S. Natarajan and J. Gopalakrishnan, Eur. J. Inorg. Chem., 2016, 288 – 293.

[5] A. Bhim, S. Laha, J. Gopalakrishnan and S. Natarajan, Chemistry – An Asian J, 2017, 12,
2734 – 2743; Eur. J. Inorg. Chem., (2018) in press.
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Rare-earth ion based coordination solids with distinctive optical characteristics such as long
luminescence life times and sharp emission bands are prospective materials for application in
OLEDs, lasers and sensors. Recently, design of new metal organic frameworks (MOFs) are
sought with suitable ligands as it appears to increase the quantum efficiency of lanthanide ions
through synergetic effects and prevents the coordination of solvent molecules that can quench its
emission. In this talk, we present our recent results on the design, crystal structures and
photophysical properties of novel photoluminescent materials built of the molecular cluster,
{CrMo6O24}n– that exhibits ruby–like red emission coordinated with optically active rare-earth
ions. For comparison, we have also examined the optical properties of the rare-earth solids
combined with optically inactive aluminium analogue, {AlMo6O24}n–. Structural landscape of
the system {Ln(H2O)m}3+ − {XMo6O24}n– − 2,6-dipicolinic acid shows the formation of three
series of novel crystals: two structurally related [Ln(OH2)7{X(OH)6Mo6O28}].xH2O, X=Al or Cr
and[{Al(H2O)6}{Ln(pda)3}].10H2O Photoluminescence of the single crystals of all chromium
molybdates was dominated by a ruby-like emission including those which contain optically
active lanthanide ions. In contrast, aluminum analogues showed photoluminescence with its
well-known characteristic emissions. Our results strongly suggest a possible energy transfer
between lanthanide ions to chromium levels for the quenching of lanthanide emission in
lanthanide coordinated chromium molybdates.1 Intensity measurements showed that the emission
from chromium molybdates are almost two orders of magnitude lower than naturally occurring
ruby with broader line widths at room temperature.
[1] Dinesh Kumar, Shahab Ahmad, G. Vijay Prakash, K.V. Ramanujachary and A. Ramanan,
Photoluminescent chromium molybdate cluster coordinated with rare earth cations: synthesis,
structure, optical and magnetic properties.,CrystEngComm, 2014, 16, 7097.
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The role of nuclear medicine for the non-invasive in vivo assessment of physiological functions
or metabolic processes to diagnose and treat diseases using radiopharmaceuticals has been well
recognized. Radiopharmaceuticals often consist of a radionuclide and a carrier molecule to
which the radionuclide is chemically attached and are designed to favor the accumulation at the
targeted cell, tissue, or organ. The carrier molecules often consist of small organic molecules
such as a drug, carbohydrate, lipid, nucleic acid, peptide, fragment of antibody, or even very
large whole antibodies and radionuclides are generally attached by complexation to suitable
chelating groups. For diagnostic purposes, the radiation emitted from the radionuclide on the
disease site is detected by gamma camera to reconstruct images, whereas for therapeutic intend,
the radionuclide deliver cytotoxic levels of radiation to the target sitethrough its
decay.Radiolanthanides, owing to the inimitable chemical and nuclear characteristics, occupied
an important place at the forefront of nuclear medicine. Lanthanides usually exist in the +3
oxidation state, which precludes any solution chemistry reduction-oxidation complications and
commonly forms nine coordination complexes.This property provides the potential for
radiolabeling a variety of molecular carriers, which include small molecules, and peptides,
proteins and antibodies through metabolically resistant chemical conjugation strategies. Owing
to their abilityto form high thermodynamically stable complexes with specific desired
characteristics, radiolanthanide-based radiopharmaceuticals exhibit high in vivo stability while
diffusing into extracellular spaces. While myriad factors contribute to the success of
radiolanthanide-based radiopharmaceuticals, selection of the radionuclide is a key determinant
underpinning their success.Although radiolanthanides share very similar chemistry, they have
diverse nuclear properties and their selection for a specific application is primarily based on halflife as well as radioactive decay characteristics. Reactor production of radiolanthanides following
(n,) nuclear reaction is attractive owing to the relatively high neutron capture cross-sections of
the lanthanide target materials. Conscientious harnessing of the nuclear and chemical
characteristics of radiolanthanides in conjunction with the advancement in molecular and cellular
biology has not only stimulated the progress of nuclear medicine, but has also driven the field
significantly forward.The in vivo applications of key radiolanthanide-based radiopharmaceuticals
for a variety of therapeutic procedures include: (a) Bone pain palliation (153Sm,177Lu), (b)
Radiation synovectomy (165Dy, 166Ho, 153Sm, 177Lu and 90Y), (c) Peptide receptor radionuclide
therapy (90Y and 177Lu), and (d) Radioimmunotherapy using radiolabeled antibodies (90Y and
177
Lu). There is a steadily expanding list of radiolanthanide-based radiopharmaceuticals that are
currently being evaluated at the pre-clinical research or at various stages of development; these
may potentially be used in vivo in humans for radionuclide therapy.The advances made so far on

the use of radiolanthanide-based radiopharmaceuticals for therapy are exciting, and further
excitement is awaiting in the foreseeable future.

IT-11
RARE EARTH BASED FUNCTIONAL MATERIALS: RICH EXAMPLES
OF STRUCTURE-PROPERTY CORRELATION
A. K. Tyagi
Chemistry Division, Bhabha Atomic Research Centre
Mumbai - 400 085, India
E-mail: aktyagi@barc.gov.in
Functional materials have assumed very prominent position in several high tech areas as well as
in understanding the fundamental origins of functional properties. The functional materials
usually are not classified on the basis of their origin, nature of bonding or processing techniques,
etc. but are classified on the basis of functions which they can perform. This is a significant
departure from the conventional classification of materials. By considering compositions, crystal
structure, microstructure and morphology etc. such materials can be designed for a particular
property or multiple properties. Thus the synthesis of such materials has been a challenge and
also an opportunity to chemists. We have been designing a number of new functional materials
guided by crystallographic approach coupled with novel synthesis protocols.The main focus of
this talk will be on rare earth (RE) based functional materials, which are distinct in many ways.
The lanthanide contraction ensures a graded variation in coordination number and structure
which leads to a systematic variation in functional properties. RE based materials have
remarkably different luminescent and magnetic properties as compared to transition metal based
compounds. Also the systematic of lanthanides contraction are helpful to govern their structural
and functional properties as well as for tuning any desired properties. A few typical examples
which will be elaborated in this talk are La1-xCexCrO3 (materials with tunable band gap),
CeScO3 (a multi-functional materials with unusual reversible conversion to fluorite lattice), Gd1xYxInO3, GdSc1-xInxO3 (tunable dielectrics), etc. Several perovskite and fluorite-type materials
with trivalent Ce3+ were successfully prepared from suitable precursor powders by a controlled
heating under low pO2. Several interesting pyrochlore based oxygen storage materials, viz.
Ce2Zr2O7+x (x = 0.0 to 1.0), Gd2-xCexZr2O7 and Gd2-xCexZr2-xAlxO7 (x = 0.0 to 2.0) have
been prepared, which have shown interesting redox catalysis. The simple concepts like rA/rB
ratio of A2B2O7 pyrochlores could be used to tailor the functional properties like ionic
conductivity, dielectric etc. The major focus of this talk will be on the role of synthesis, novel
properties exhibited by these RE based functional materials, and their crystallographic
correlations.
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Zircon is the most used raw material for traditional applications to advanced ceramics and to
nuclear/aerospace industries. Zirconia, an oxide of zirconium, is one of the most significant
materials for use in high performance engineering ceramics when the crystal structure is in
‘stabilized state’. It exhibits in three well-defined polymorphs. Monoclinic phase from room
temperature to 1170oC and then transforms to tetragonal phase which is stable up to 2370oC and
on further increase in temperature, it transforms to cubic phase and exists in this form till melting
point of 2680oC is reached. The discovery of transformation toughening property in partially
stabilized zirconia opened up a new generation of materials having excellent thermal shock
resistance, toughness, grater strength and erosion/corrosion resistance at high temperature of
applications. The R&D facilities of Indian Rare Earths Ltd (IREL) at Orissa Sands Complex
(OSCOM) initiated research work on developing technologies, in the year 1986, for zircon
processing and value added products aiming for scaling up the technology to commercial
production. The developmental work were initiated by improving the quality and recovery of
zircon, optimization of process parameters for zircon frit production and environmental friendly
continuous process for the production of high pure zirconium oxy-chloride as starting compound
for further processing of high pure zirconium oxide through zirconium basic sulphate and
hydroxide. Stabilized zirconia with varying crystal structures were developed adopting coprecipitation technique doping with various oxides for making structural ceramic components for
iron & steel industry, cubic zirconia single crystals, substrate for solid oxide fuel cells, and other
high-tech applications. Based on the above technology an integrated zirconia processing pilot
plant of 3.5 tpa capacity with effluent treatment and solid waste management were
conceptualized, designed, built and commissioned in 1999, with in-house expertise, at OSCOM.
Since then the multi product processing plant is producing high pure zirconium oxy-chloride,
zirconium basic sulphate/hydroxide, ultrapure zirconia and stabilized zirconia doped with oxides,
such as, ceria, yttria, dysprosia, calcia, magnesia, etc. Thefracture toughness of components
made of co-precipitated ceria stabilized zirconia (12 mol% ceria), sintered at 14500C, were found
to be more than 16 MPa m1/2. The special ceramic atomizer nozzles fabricated from yttria and
magnesia doped partially stabilized zirconia, iso-statically pressed at 270MPa, heat treated at
1600oC was tested for field trials by pouring molten super-alloy at 1610oC. The internal bore of
nozzles withstood the highly corrosive environment of molten super-alloy without chemical and
physical aberration. Zirconia single crystals were produced from ultra pure zirconia mixed with
yttrium oxide using radiofrequency skull melting furnace. The crystals produced were very
close to natural diamond with refractive index and hardness more than 2.2 and 9 mohs
respectively.The presentation is the outcome of more than two decades of dedicated R&D work
with my colleagues of TSD (OSCOM IREL) and other research agencies, such as, CGCRI

Calcutta, DMRL Hyderabad, BARC Mumbai and also DST New Delhi for part financial
assistance.
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The incorporation of Rare Earth (RE) elements in Specialty Glasses and Optical Fibers brought
dramatic improvement in the properties and functionalities of the developed products and
enabled to achieve technological breakthroughs in several core areas encompassing
communication, environmental monitoring, clean energy, industrial processing, healthcare and
strategic sectors. The Erbium doped optical amplifier (EDFA) with a piece of Er- doped optical
fiber as its prime component is the key technology behind the incredible increase in the
bandwidth of the present day communication system enabling high speed internet services. Fiber
laser technology based on specialty fibers doped with REs like Yb, Er, Tm and Ho has now been
established as the most reliable and efficient laser technology for a wide range of civil, industrial
and medical applications replacing conventional laser systems. High power fiber lasers with
output extending over tens of kW are now reality due to the development of Yb doped fiber with
more than 80% efficiency. Mid IR fiber lasers cover important atmospheric windows and have
great potential for applications in environmental monitoring, pollution control, agriculture, noninvasive disease diagnosis and surgery.RE doped specialty glasses and crystals are now serving
several niche areas with great precision. Theattractive emissions ranging from visible to midinfrared region depending on the presence of rare-earths have opened up the scope for realizing
visible/IR lasers, up-conversion lasers and Mid-IR sensors. High energy high power lasers made
of Nd doped glasses of special compositions have set the goal of demonstrating inertial
confinement fusion, the best way to produce clean energy as the sun does. Suitable rare-earth
doped glasses may also be used as luminescent layers on Si-PV to increase the efficiency of solar
cell by down-conversion or up-conversion mechanism reducing thermalization or sub-band gap
losses and thus to exploit the unused part of the solar spectrum. Fluorescence Cooling also
referred as Optical Refrigeration, a methodology still in the conceptual stage, is expected to
make a breakthrough in the cooling technique of electronics, computer and space bound
components/ devices and is based on the mechanism of anti-stokes fluorescence from specific
rare-earth ions. Such distinctive use of RE doped glasses and fibers of different host materials are
unending. Thus modern era with its foundation on high end technologies owes a lot to the
science of REs.
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The indigenization of optical technology for building flash lamp pumped Nd: phosphate
glass lasers are an absolute requirement as these lasers are used for strategic application of
implosion dynamics. In India, a two arm HEHP (The High Energy, High Power) laser is
operational in Raja Ramanna Centre for Advanced Technology. This laser delivers ~ 200 J
of energy in one and half ns pulse duration from each arm. Because of requirement of
indigenization, a laser glass melting program was initiated between Central Glass and
Ceramic Research Institute (CGCRI), Kolkata and Raja Ramanna Centre for Advanced
Technology. A glass melting facility having a 5 litre platinum crucible was set up to
overcome problems of embargoes. Under this project, presently, Nd doped phosphate laser
glass rods up to 50 mm diameter are now produced indigenously. Further, a glass melting
facility having 15 litre platinum crucible is being set up in CGCRI to deliver large sized Nd
doped phosphate laser glass rodsand discs equivalent to LHG-8 of M/s Hoya, Japan. The
futuristic requirements of large sized laser glass rods/and discs for HEHP laser installations
in India can be met using the facility. In this talk we describe our efforts for the
development of indigenous phosphate laser glass rods/discs for HEHP lasers. The laser
glass quality for its use in HEHP lasers needs special control on optical parameters taking
into consideration constraints of high energy operations and focusability of the laser. The
stimulated emission cross section () of the laser glass should be between 2-6 10-20 cm2 so
that the losses due to amplified spontaneous emission (ASE) are minimal. The quality of
laser glass strongly depends on transition metals ™ and TE impurities along with OH bond
impurity in case of phosphate glasses. The fluorescence life time () of the upper laser level
of Nd ions  should be ~300s and depends on the glass host impurities that cause loss of
inversion like OH bond, (TM) and rare earth (RE) impurities in addition to concentration
quenching . In addition to the non-radiative inversion losses, the laser glasses may have
absorption and scattering losses light at the lasing wavelength. Typical absorption losses at
the lasing wavelength depend on the impurities of TM and RE impurities and the
absorption coefficient at the lasing wavelength is ~.0019 cm -1, for the TM impurities of ~1
ppmw. Annealing for achieving high homogeneity of the refractive index and optical
finishing plays an important role in the fabrication of laser rods/discs. The HEHP lasers are
normally operated at very high powers of 100 GW to few TW, which is much higher than
the power threshold of the self focusing causing the phase distortions. Hence, phosphate
glass that has n2 smaller than the silicate glass is preferred as the active gain medium of
HEHP lasers. In this talk we will discuss about quality of the phosphate laser glass

presently achievable under our own indigenous program of laser glass development.
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In scintillators, the high energy particles (electrons, neutrons, alpha particles) or photons
(X-ray or gamma ray) excite electrons in atoms, which thereafter return to the ground state
accompanied by emission of visible or UV photons. These photons are easily detected by
existing photodetectors. At present, great efforts are being made to improve properties of
new scintillation materials, mainly due to rapid development of their applications in
medical techniques or for high rate detection and imaging. For these applications high light
yield and fast response with short scintillation decay time are necessary. The films with
thickness of several micrometres are used in high resolution electron or X-ray screens and
in various applications for imaging of microscopic objects with submicron spatial
resolution.Here we review particular achievements in film scintillators grown by the liquid
phase epitaxy. This method is very effective for material screening and, due to the
technological breakthrough, provides scintillators with properties comparable to the bulk
single crystal counterparts [1]. We focus especially on oxide scintillator films, primarily
garnets and perovskites doped with Ce3+ and Pr3+ ions. Particular attention is paid to
multicomponent garnets (LuGd)3(GaAl)5O12:Ce due to their high light yield (up to 58000
photon/MeV) and good energy resolution [2]. Intentional co-doping by divalent Mg2+ ions
brings about dramatic decrease of the thermoluminescence signal, significant reduction of
afterglow, and substantial acceleration of scintillation decay kinetics [3]. These results
demonstrate large suppression of shallow electron traps which otherwise give rise to
delayed emission or non-radiative recombination channels with negative influence on
scintillation properties. Such excellent timing properties make these materials competitive
candidate e.g. for high rate imaging techniques or for e-beam inspection systems, where
nanosecond timing resolution is required. The luminescent and scintillation properties of
prospective garnet and perovskite scintillators will be reviewed and discussed in more
detail.
[1] M. Kucera, P. Prusa, LPE-grown thin-film scintillators, in: Nanocomposite, Ceramic,
and Thin Film Scintillators, Pan Stanford Publ. Ltd., Singapore, 2017, pp. 155-226.
[2] K. Kamada, T. Endo et al., Crystal Growth & Design, 11 (2011) 4484.
[3] P. Prusa, M. Kucera et al., Advanced Optical Materials, 5 (2017) 1600875.
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Glasses are source of material have properties like low cost, easy to prepare, high
transparency at room temperature, hardness along with sufficient strength, excellent
electrical resistance, absence of the grain boundaries and continuously variable composition
for the optical applications. Glasses doped with lanthanide ions (Ln3+) can be well
developed as luminescence materials because of high emission efficiencies, corresponding
to 4f–4f and 4f–5d electronic transitions of the Ln3+. The 4f–4f transition gives an
especially sharp fluorescence patterns from the ultraviolet to the infrared region, because of
shielding effects of the outer 5s and 5p orbitals on the 4f electrons. In this review, up and
down conversion luminescence properties of the glasses doped with several lanthanide ions,
i.e., Ce3+, Nd3+, Sm3+, Eu3+, Dy3+, Er3+ and Tb3+ have been explain. Moreover, the current
status of their potential applications of Ln3+ doped glassesfor solid state lighting and
radiation detection material are also given.
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Er3+ and Er3+/Yb3+ melilite-based SrLaAl3O7 (SLA) phosphors were synthesized by a facile
Pechine method. The differences in emission intensities of 4I13/2 → 4I15/2 transition in NIR
region when excited with Ar+ and 980 nm lasers were explained in terms of energy transfer
mechanisms. Temperature and power dependence of upconversion bands in the visible region
cantered at 528, 548 and 660 nm pertaining to 2H11/2, 4S3/2 and 4F9/2 → 4I15/2 transitions were
investigated. Fluorescence intensity ratio (FIR) technique was used to explore temperature
sensing behaviour of the thermally coupled levels of 2H11/2/4S3/2 of Er3+ ions in the phosphors
within the temperature range 14–300 K and the results were extrapolated up to 600 K.
Anomalous intensity trend observed in Er 3+-doped SLA phosphor was discussed using energy
level structure. Cytotoxicity of phosphors has been evaluated using 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay in Bluegill sunfish cells (BF-2). The noncytotoxic nature and high sensitivity of the present phosphors pay a way for their use in
vitro studies and provide potential interest as a thermo graphic phosphor at the contact of
biological products. On the other hand our group also working very actively on electrochromic
properties of transparent MoOx thin films on flexible substrates which are being modified with
rare earth ions that also will be covered in out talk.
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The layered perovskite oxide (LPO) compounds have received considerable attention as
functional materials that serve two-dimensional microspaces. In this work, we demonstrated a
high-sensitivity optical thermometric material based on the diverse thermal quenching behaviors
in the Ruddlesden-Popper type perovskite Na2La1.995Pr0.005Ti3O10 miro-crystals, which provide a
perspective approach to design self-referencing optical temperature sensing materials with
superior temperature sensitivity. The fluorescence intensities ratio (FIR) of Pr 3+3P0 and 1D2
multiplets, host excited and IVCT state interfered, reveals outstanding temperature sensing
performance with the maximum relative sensitivity as high as 2.43% K -1at 425 K. In the
meantime, it is found that 3P1 and 3P0 levels of Pr3+ can be adopted as thermally coupled energy
levels (TCEL) for thermal sensing with relatively high sensitivity in the low-temperature range
from 150 to 275 K. Furthermore, it is found that Pr3+ ions work ashole trap and recombination
sites for efficient excitation energy transfer from host to Pr3+ ions. The decay kinetics and highpressure of luminescence were also performed to confirm our interpretation of experimental
results and the model proposed for the system. This work can be expected to lead to the
development of novel photofunctional materials.Also classical RAlO3 perovskites (R=Y, Lu, Gd,
Tb) doped with trivalent europium were investigated. These materialsin the form of the single
crystalline film (SCF) are perspectiveas scintillating screens for microimaging applications. SCF
samples were prepared by liquid phase epitaxy method from the melt solution based on the PbOB2O3 flux onto YAP substrates. It was shown, thatin these perovskite compounds Eu 3+ tends to
occupy various sites with various local symmetry. In order to better understand this
phenomenon, high-pressure luminescence measurements were performed. So called asymmetry
ratio for 5D07F2and5D07F1 transitions was calculated as K=I(5D07F2)/I(5D07F1) for
pressures up to 16 GPa. It was revealed, that for GdAP:Eu and TbAP:Eu perovskites, the K value

have the tendency to change with increase of pressure but for YAP:Eu the changes of K values
with pressure were not observed. Nature of this phenomenon is discussed with relation to ionic
radii of RE and details of crystallographic structure these materials.
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Ionic-like down-converting phosphors nowadays are actively discussed for solar spectrum
modification and in such a way for possible enhancement of the efficiency of silicon solar cells.
Phosphors co-doped with Ce3+Yb3+, Eu2+Yb3+ or Bi3+Yb3+ ions are of particular interest
because of the efficient and broad absorption in UV-blue range and the near-IR emission around
1 μm from Yb3+. However the real value of the energy transfer efficiency in such materials
remains generally unknown. In other words, the question remains whether the energy transfer is
cooperative (one-to-two) or non-cooperative (one-to-one energy transfer).
Efficiency of the energy transfer in such down-converting materials is usually estimated from
shortening of the luminescence decay of donor (Ce3+, Eu2+ or Bi3+) ion, when the conversion
ratio of 2.0 (i.e. an ideal quantum cutting mechanism) is postulated. Instead of this we propose a
direct measurement of quantum yield (QY), which allows to estimate a real value of the
conversion ratio. This procedure was already tested by us for such phosphors as Y 4Al2O9
(YAM):Bi,Yb; Gd2O3:Bi,Yb; YVO4:Bi,Yb; YNbO4:Bi,Yb; Y3Al5O12 (YAG):Bi,Yb; Gd3Ga5O12
(GGG):Bi,Yb and YAG:Ce,Yb. Results for these materials will be presented and discussed. Our
results testify that not all the phosphors that demonstrate the energy transfer from Ce 3+ or Bi3+ to
Yb3+ have the cooperative energy transfer. The procedure used in this study can be also applied
to other systems proposed for quantum cutting in order to evaluate their performance for solar
spectrum modification.
[1] Ya. Zhydachevskyy, V. Tsiumra, M. Baran et al., Ceram.Int. 43 (2017) 10130.
[2] Ya. Zhydachevskyy, V. Tsiumra, M. Baran et al., J. Lumin.196 (2018) 169.
[3] Ya. Zhydachevskyy, I.I. Syvorotka, V. Tsiumra et al., Sol. Energ. Mat. Sol. C. (2018).
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Control of the electron transfer from the dopant cations to the conduction band and from
the valence band to the dopant cations in inorganic compounds are crucial for
luminescence materials performance, since such transitions can be responsible for the
luminescence quenching. Specifically, it is well known that ionization processes that take
place in the excited 5d states of Ce3+ ions can quench the Ce3+ luminescence in many
materials.Much less known is effect related to Eu3+ luminescence quenching caused by
charge transfer processes. Awareness is growing that the energy of the localized states
related to luminescence centers, specifically the trivalent and divalent lanthanides (Ln3+
and Ln2+) with respect to delocalized states of conduction band and valence band can
strongly affect the efficiency luminescence of excited lanthanide ions.Several
experimental techniques have been used to determine these energies like absorption,
luminescence excitation or UV photoelectron emission, excited state absorption or
photoluminescence. The systematic study of the 4f-to-5d and charge transfer transitions
(CTT) of rare earth ions allow to determine the location of the impurity levels in the host.
In this contribution we show how the spectroscopy under high hydrostatic pressure can
be used to determine the energies of the ground states of Ln3+ and Ln2+ with respect to
the conduction and valence bands edges.
The high hydrostatic pressure applied in
diamond anvil cell (DAC) diminishes the distance between central ion and ligands and
contracts the bound length of the host . Therefore pressure changes the energies of
localized states and the bandgap. Especially, quite large increase of the energies of the
localized states of the 4fn electronic configuration of Ln3+ and Ln2+ with respect to the
band states is observed. This effect is responsible for pressure induced luminescence
quenching of Pr3+ and Tb3+ in oxides. The different effect is observed for Eu3+ doped
materials where pressure recover the luminescence from higher excited states of Eu 3+.
We have chosen Y2O2S doped with Eu3+ and Y2O2S doped with Tb3+ and Pr3+ doped
LiNbO3, and LiTaO3 to demonstrate this effect. As final results we are able to obtain the
absolute energies of the Ln3+ and Ln2+ dopands and energies band edges of the hosts (
with respect to vacuum level) and their pressure rates.
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The search for new optical glasses with an aim of improvement of their properties is one of the
main directions in development of modern materials science. One of the efficient ways to
improve the properties of these glasses is to introduce the rare earth ions to allow for many
applications in optical industry. In this talk we present the systematic studies of the glasses doped
selected rare earth ion with a focus on the optical, non-linear optical and thermal properties of
the studies materials in the IR spectral range. The talk will be supported by numerous examples,
comparison with the experimental results and agreement between the experimental and
theoretical data [1-6].
[1] V.V. Halyan, I.V. Kityk, A.H. Kevshyn, I.A. Ivashchenko, G. Lakshminarayana, M.V.
Shevchuk, A. Fedorchuk and M. Piasecki, J Lumin.,181, 315–320,(2017).
[2] B. Suresh, N. Purnachand, Ya. Zhydachevskii, M.G. Brik, M. Srinivasa Reddy, A. Suchocki,
M. Piasecki and N. Veeraiah, J Lumin.,182,312-322, (2017)
[3] T. Kalpana, Y. Gandhi, Bhaskar Sanyal, V. Sudarsan,P.Bragiel, M.Piasecki, V. Ravi Kumar,
Veeraiah Nalluri,J Lumin.,179 , 44–49, (2016)
[4] B. Suresh, Ya. Zhydachevskii, M.G. Brik, A. Suchocki, M. Srinivasa Reddy, M. Piasecki, N.
Veeraiah, Journal of Alloys and Compounds, 683, 114-122, (2016)
[5] Lakshminarayana Gandham; M. Reben; El. Sayed Yousef; M. Piasecki; M. Albassam; A.M.
El-Naggar; I.V. Kityk; I. Grelowska, Journal of Materials Science: Materials in Electronics,
(2017)123175.
[6] I.V. Kityk, V.V. Halyan, V.O. Yukhymchuk, V.V. Strelchuk, I.A. Ivashchenko, Ya.
Zhydachevskii, A. Suchocki, I.D. Olekseyuk, A.G. Kevshyn, M. Piasecki, NIR and visible
luminescence features of Erbium doped Ga2S3–La2S3 glasses,Journal of Non-Crystalline

Solids , 2018.
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This talk will focus the attention on the luminescence properties of different rare earth (RE3+) in
crystals, nanocrystals, glass-ceramics, and glasses at high pressures. The pressure determination
inside the hydrostatic chamber is a key question that requires calibrated standards. Thanks to the
transparency of the diamonds to visible light, an in situ, indirect calibration can be done taking
advantage of the high sensitivity to changes of pressure of some emission lines of rare earth in
solids [1,2]. For pressure sensors applications, the shielding of the 4f-electrons of the RE in
crystals produces very sharp emission lines in the optical range. In this sense, the luminescence
in systems such as Nd3+-doped garnets have been tested in the near-infrared range studying the
pressure shifts of the R1,2Z5 lines of the 4F3/24I9/2 transition [2]. In addition, Nd3+ ion can be
used as local probe when a structural phase transition is induced by pressure. As an interesting
example is the changes observed in the optical properties of LaVO4:Nd3+ crystal when the
mozazite-to-BaWO4-II phase transition occurs at around 12 GPa, which can be related to
changes in the coordination number of Vanadium and in the local sites of Neodymium.The effect
of the pressure is studied in the infrared-to-visible energy upconverted luminescence of the Er3+
ions in a nanocrystalline oxyfluoride glass-ceramic from ambient pressure up to 17 GPa. After
exciting the sample at 800 nm with a Ti:sapphire laser, upconverted 2H11/2,4S3/24I15/2 green and
4
F9/2→4I15/2 red emission are observed by the naked eyes, even inside the DAC. The timeresolved luminescence measurements as a function of pressure indicate that the dominant
mechanism of the upconversion processes is energy transfer (ETU).The roles of the pressureinduced energy transfer between optically active ions, their host local structures and the energy
trap centers in the quenching of the rare earth luminescence are discussed. The concentration and
pressure dependent luminescence properties of the Tb3+ and Sm3+ ions in lithium fluoroborate
glasses have been studied by analyzing the de-excitation processes of the 4G5/2(Sm3+) and the
5
D4(Tb3+) levels at ambient conditions as well as a function of pressure up to 21 and 35 GPa,
respectively, at room temperature [3,4]. The lifetime and the energy transfer parameter have been
obtained and analyzed independently as a function of pressure.

[1] Th. Tröster, Optical Studies of Non-metallic Compounds Under Pressure, in Handbook on
The Physics and Chemistry of rare Earths, 33, 515, (2003).

[2] U. R. Rodríguez-Mendoza et al., J. Appl. Phys. 2013, 113, 213517.
[3] V. Lavín, I.R. Martín, C. K. Jayasankar and Th. Tröster, Phys. Rev. B, 66, 064207, (2002).
[4] V.Venkatramu, P. Babu, I.R. Martín, V. Lavín, J. E. Muñoz-Santiuste, Th. Tröster, W.
Sievers, G. Wortmann and C.K. Jayasankar, J. Chem. Phys.,132, 114505, (2010).
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In this topic, ternary metal oxide compounds in form of perovskite and spinel structures prepared
by suitably facile processes are presented. First, ZincTitanate (ZnTiO3) perovskite structure was
synthesized by sonochemical process employing intense ultrasonic energy for the growth of fine
particles. Titanium isopropoxide and zinc chloride were designated as starting precursors for Ti
and Zn with molar ratio of 1:1. The sonochemical process was carried out under high frequency
ultrasound (20 kHz, 750 W) supplied directly to the mixed precursor at room temperature and
ambient to obtain as-synthesized product followed by calcinations at specific temperature
ranging from 400–900C for crystallinity enhancement.Second, Zinc Stannate (Zn2SnO4) spineltype structure with exceptional morphology was successfully prepared by facile co-precipitation
method combined with post-calcination process. Zinc chloride and tin chloride were chosen as
the precursors for Zn and Sn sources, respectively. Third, Zinc aluminate (ZnAl2O4) spinel
structure wasprepared by the vibrational milling method.Oxide precursor materials including
Al2O3 and ZnO powder were used in the process. Several milling round and sintering treatment
were the important parameters for studying phase transformation between Al2O3/ZnO to
ZnAl2O4 phase. The feasibility for applying these ternary metal oxide materials as host materials
of rare-earth dopants was investigated by doping Sm into ZnAl2O4 compound and corresponding
photoluminescence properties and lifetime measurements were measured and investigated.
Further details of results and discussion will be presented.
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Laser is widely used in many applications such as industry, medical, military, and scientific. It is
needed a system including pumping source, gain medium, and resonator to generate laser.
Nowadays rare earth doped glass as a gain medium has been more attractive to be observed due
to their low-cost production, synthesis flexibility, and properties. Nd3+ ion doped glasses such as
borate, phosphate, tellurite, and silicate are an interesting topic to be investigated by scientist and
researcher. As we know, Nd3+ ion can produce strong emission in the near infrared region due to
4
F3/24I11/2 transition under λex=808 nm. The radiative properties such as JO parameter (Ωλ=2,4,6),
emission cross-section (σe), radiative transition probability (AR), and branching ratios (β) show
their potential for laser gain medium. The popular method for producing glasses called melt and
quenching technique is used in this research. The addition of metal alkali as modifier or
intermediate in the glass system can improve their transparency, chemical durability, thermal
expansion, and glass structure. In this paper, the luminescence and radiative properties of Nd 3+
ion doped glass will be discussed to understand the characteristic of glasses as laser gain
medium. Keywords: Gain medium, a glass laser, luminescence, NIR, Nd3+.
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Perovskite crystals have been the object of several studies in the past, due to their outstanding
structural, chemical and physical properties that allow their use in several fields. In particular,
and concerning with optical properties, YAlO3 doped with different RE3+ has found use as laser
crystals, scintillators, phosphors and as sensor materials. Particularly, YAlO3 crystals doped with
Nd3+ ions have been studied for its application as high pressure (HP) optical sensor in the nearinfrared (NIR) as well [1]. From the point of view of the luminescence properties YAlO 3
nanocrystals behave as their bulk counterparts. In this work, Stokes 4F3/2→4I9/2 and 4F3/2→4I11/2
transitions and anti-Stokes 4F9/2→4I9/2 and 4F7/2+4S3/2→4I9/2 transitions exciting at 785 nm have
been measured in different pressure ranges. Pressure induced linear shifts have been obtained,
with linear coefficients similar to that found in the most widely used optical sensor, the ruby
(Cr3+-Al2O3) and with emissions both in the visible (VIS) and in the NIR. Luminescence
properties, focusing in the description of the effects of pressure on the energy levels of optically
active Nd3+ ions, have been successfully simulated by crystal field analysis by using the simple
overlap model combined with ab initio structural calculations [2].
[1] H. Hua and Y. K. Vohra, “Pressure-induced blue-shift of Nd3+ fluorescence emission in
YAlO3: Near infrared pressure sensor,” Appl. Phys. Lett.,71(18), 2602–2604 (1997).
[2] M. A. Hernández-Rodríguez, J.E. Muñoz-Santiuste, V. Lavín, A. D. Lozano-Gorrín, P.
Rodríguez-Hernández, A. Muñoz, V. Venkatramu, I. R. Martín, and U. R. RodríguezMendoza, “High pressure luminescence of Nd 3+ in YAlO3 perovskite nanocrystals: A
crystal-field analysis”, J. Chem. Phys.148, 044201 (2018).
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Currently, Magneto optical Faraday Rotator (MOFR) materials are of great interest for modern
applications such as optical isolation, modulation and switching in telecommunication.
However, single crystals having Verdet constant near to173 degree/T-cmat 632 nm are the
benchmark material is still used in these devices which are rather expensive and very difficult to
fabricate. For this contest, many researchers have been reported the rear earth (RE) element
(such as Tb, Er, Eu, Ce, Eu, Dy) doped glass and semiconductor quantum dot embedded
glasses. The Verdet constant for RE doped glasses has achieved upto 135 degree/T-cm at 632
nm which near to single crystal TGG. Till RE doped glasses are not economical viable due to
the rear nature of RE. Hence, the alternative should be find out. In view of this, we are reporting
herewith the stable and novel Bismuth Chalcogenide (Bi2X3, X=S and Te)quantum dot - glass
nanosystem using controlled thermo-chemical method. The Q-dots of orthorhombic Bi2S3 and
Hexagonal Bi2Te3 of size 4 to 20 nm were grown along the<1 2 1>and <1 1 3> direction,
respectively. The strong quantum confinement in the nanosystem is clearly shown by the optical
study. The band gap of host glass was drastically reduced (from 4.00 to 1.88 eV) due to the
growth of Bi2X3 quantum dots. Faraday Rotation (FR) investigations of the Bi2Te3 quantum dot
- glass nanosystem show a nonlinear response in Verdet constant with a decrease in the Bi 2Te3
dot sizes. The Bi2S3(6 nm) and Bi2Te3(4 nm) Q-dot glass-nanosystem shows significant
enhancement (300 and 70 times) in Verdet constant compared to the host glass and more
radically better than conventional single crystal (TGG). This is the first time such type of
unique nanosystem has been architectured and conferredextremely good magneto-optical
performance. It is noteworthy that expensive single crystals can be replaced with this cost
effective novel glass nanosystem. Interestingly, present quantum dot glass nanosystem can be
transformed into optical fibers very easily, which will have an exceptionally high impact on the
fabrication of high performance magneto optics devices.
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The scientific world is immensely interested in the white light generation because the
consumption of electrical energy and operating expenses can be reduced to a great extent if they
are replaced by some more efficient sources. Light-emitting diodes (LED) have been in the
higher demands for the solid-state lighting technology in recent years [1, 2]. The technological
advancements in the LED industry are rapidly growing with improvement in the quality and
reliability of phosphors. Most of the times, the key to efficient solid state lighting lies in the
proper selection of high efficiency phosphors capable of giving good visible light emission.
Extensive investigation of LED phosphor has been conducted in recent years, in which the
phenomenon of energy transfer among luminescence centers is widely utilized to tune
luminescence in materials. In this context, much attention has been paid to the energy transfer
among rare earth ions and transition metal ions, like Ce3+ → Eu2+, Ce3+→Tb3+, Eu2+ →Tb3+,
Tb3+→Eu3+, Ce3+→Mn2+, and Eu2+→Mn2+. These energy transfer processes can tune
luminescence in many phosphors for the generation of white light. The route of synthesis plays
an important role for the development of good phosphors with proper morphology and desired
characteristics. The lanthanide ions have a distinct ability to produce visible light emission by
absorbing in the UV or near-UV region. Most of the lanthanides are capable of producing
emission by virtue of f-f transition that are considered to be forbidden by selection rules.
However, their introduction in some suitable host lattice can remarkably relax these forbidden
transitions. If the lanthanide ion occupies a site with non-inversion symmetry, the probability of
achieving intense electric dipole transitions increases. The Eu2+ and Ce3+ ions show their
emissions by virtue of 5d→4f transitions and are spectroscopically allowed transitions. These
ions vary their emission bands depending on the host in which they are incorporated.The
objective of the present abstract is to summarize the trends in the synthesis, characterization and
potential areas of application of lanthanide activated phosphor in the field of luminescence. This
is supposed to be a step forward towards the next generation lamp phosphor. Non-absorbing
hosts, doped with impurities to act as absorption and emission centers, provide useful phosphors.
Our approach is to describe the possible classes of rare earth activated phosphors, which are
characteristically associated with its luminescence study. Different low cost synthesis routes
were considered for preparation of phosphors for lamp industry.
[1] A. Zukauskas, M.S. Shur, R. Gaska, Introduction to SSL, Wiley, New York, 2002.

[2] J.S. Kim, Y.H. Park , J.C. Choi, H.L. Park , G.C. Kim , J.H. Yoo, Solid State
Comm.,137,(2006),187.
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The increasing need for rare earth elements (REEs) and limited primary sources in India vis-à-vis
considerable global market demand, calls for exploitation of secondary resources. The
exploitation of metallurgical wastes such as red mud, blast furnace slag as secondary source for
rare earth elements has been claimed. It is difficult to directly recover REE’s from such resources
due to its low levels and presence of major minerals of Ca, Fe, Al, Ti and other gangue which not
only hinders extraction but gets co-extracted. Considering the growing levels of REEs present in
the metallurgical wastes, innovative and cost-effective technologies which drastically reduce the
environmental impact of the overall recycling flow sheet with respect to the primary mining
route, should be further developed. Recycling of rare earth containing products needs a careful
analysis of availability of adequate waste material and appropriate technologies for economic
recovery vis-a-vis scale of operation.CSIR-NML, Jamshedpur in collaboration with NALCO and
TATA STEEL has developed first of its kind flow-sheets at 2.5kg scale to extract inherent REEs
of interest respectively from red mud and blast furnace slag. A process was developed to produce
96% mixed REOs of La-Ce-Sc at 2.5kg scale by combined steps of leaching and ion exchangeprecipitation from red mud. With blast furnace slag, a process was developed to produce 93%
mixed REOs of La-Ce-Nd at 2.5kg scale. The processes are further investigated to recover
individual pure REEs and other important elements for sustainable processing.
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Recycling of metals, such as rare earths, into valuable material relies on ion specific separation,
basis of the hydrometallurgy [1]. Most of efficient methods known for separating ions are based
on equilibria between complex fluids, typically between aqueous and organised organic phases.
Indeed, ions migrate from the aqueous to the organic phase thanks to surfactant or extractant
molecules in the organic phase, and then are captured in reverse micelles. Understanding the
driving forces of the ion transfer is therefore a crucial issue to understand the properties of
liquid-liquid interfaces between organic and aqueous phases, but also to assess the chemical
potentials of the compounds involved. Here, we propose multi-scale approaches for calculating
thermodynamics properties of ions in aqueous and organic phases directly comparable to the
experiments ones only by taking into account the molecular properties of the solutes with no
adjustable parameters. Based on the osmotic equilibrium method, activities and activity
coefficients for aqueous electrolyte solutions composed of nitrate lanthanide salts have been
successfully calculated [2]. In the meantime, thermodynamics properties of solutes in organic
phase have been deduced from umbrella-sampling molecular dynamics simulations. We
demonstrated that molecular complexes formed during solvent extraction self-assemble as
reverse micelles, and therefore induce a supramolecular organization. In most of the cases, water
molecules play an essential role in the organization of this non polar medium [3]. Coupling these
solute molecular properties with a mesoscopic water/oil interface model allows for accessing all
the thermodynamic properties needed for chemical engineering, e.g. activity coefficients,
association constants, ternary phase diagrams [4].
[1] Th. Zemb, C. Bauer, P. Bauduin, L. Belloni, C. Déjugnat, O. Diat, V. Dubois, J.-F. Dufrêche, S.
Dourdain, M. Duvail, C. Larpent, F. Testard, S. Pellet-Rostaing, Colloid Polym. Sci.,2015, 293, 1.
[2] M. Bley, M. Duvail, Ph. Guilbaud, J.-F. Dufrêche, J. Phys. Chem. B, 2017, 121, 9647.
[3] Y. Chen, M. Duvail, Ph. Guilbaud, J.-F. Dufrêche, Phys. Chem. Chem. Phys.,2017, 19, 7094.
[4] M. Duvail, S. van Damme, Ph. Guilbaud, Y. Chen, Th. Zemb, J.-F.Dufrêche, Soft Matter,2017, 13,
5518.
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Phosphoric acid based extractants have been employed widely in solvent extraction of Rare
Earth Elements. These extractants have shown selectivity towards heavier elements in lanthanide
separations. While the extraction equilibrium for these ligands is well established, the
microscopic details (i.e. atomistic level understanding) of the extraction mechanism is not yet
resolved unequivocally. Furthermore, such detailed understanding of the working mechanism of
a ligand is necessary in order to design newer extractants with enhanced selectivity. In this study,
we employed Molecular Dynamics simulations to firstly elucidate the structure of the complex
formed by phosphoric acid extractants with REE ions. Subsequently, we computed the free
energies of the REE-ligand complexes in aqueous and organic phase, and show that the
selectivity of phosphoric acid ligands for heavier REEs originates from the favourable
differential stabilization of these complexes between the aqueous and organic phases.
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With the significant use of critical metals in rechargeable batteries, the recycling of the spent
batteries is important to address the stringent environmental regulations as well as exploitation of
such resources for secured supplies of rare earth elements. Approximately 7% of a typical NiMH
battery is made up of REs. This equates to around 1 g of REs per AAA battery, 60 g for a
household power tool and 2 kg for a HEV battery. The major phases of rare earth elements in
spent NiMH batteries are Nd2Ni7 and Ni5La apart from dominant nickel. In this context, a
process is put forth for recovery of rare earth elements from spent nickel metal hydride (NiMH)
batteries and synthesis of high pure rare earth salt. Under the optimised conditions of 2 M H2SO4,
100 g/L pulp density, 348 K, and 120 min, 98.1% Nd, 98.4% Sm, 95.5% Pr and 89.4% Ce could
be extracted. Regarding the mechanism of leaching, it is governed by the chemical reaction of
the lixiviant on the particle surface of the electrode powder. The activation energy values for the
leaching of rare earths viz., Nd, Sm, Pr and Ce are found to be 7.6, 6.3, 11.3 and 13.5 kJ /mol,
respectively. The leach liquor composed (g/L) of 6.0 Sm, 4.3 Nd, 2.15 Pr, 2.2 Ce and 1.75 La
along with 53.0 Ni, 4.45 Co, 2.5 Mn, 1.85 Zn and 1.65 Fe was subjected to precipitation with by
NaOH. REs were precipitated in the form of insoluble double sulfate salts with NaSm(SO 4)2.H2O
and NaNd(SO4)2.H2O as the major phases along with CeNa(SO4).H2O, NaNd(SO4)2 and
NaPr(SO4)2 as the minor phases. The composition of the precipitate was 53.4 % Sm, 16.3% Nd,
10.8% Pr, 9.6% Ce and 3.8% La. SEM of the mixed rare earth salts exhibiting fully grown
hexagonal top shaped (flowery) 4-5 µm particles comprising of mostly samarium sulfate.
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NdFeB magnet is widely used in various technological application due to its superior magnetic
properties. Due to increasing demand of rare earths in different application, spent NdFeB magnet
emanates as potential secondary resource of rare earths. Spent NdFeB contains around 30% of
rare earths which can be utilized for the recovery of valuable rare earths. In the present
investigation, studies were carried out for selective recovery of rare earths (Nd, Pr and Dy) from
spent NdFeB magnet of wind turbine. Pre-treatment condition and leaching parameters were
varied in order to obtain optimum leaching condition. At optimized condition, 98% of rare earths
were recovered in the leach liquor leaving behind iron in the leach residue. The leach residue
was characterized by XRD and SEM, which indicated the major presence of hematite phase. The
composition of leach liquor was obtained as 16.8 g/L Nd, 3.8 g/L Pr and 0.28 g/L Dy. Solvent
extraction studies were carried out for individual separation of rare earth ions using new
extractants Mextral A336t and Mextral 507P. Different extraction parameters such as
equilibrium pH, extractant concentration, mixing time etc. were varied to optimize the extraction
and separation of rare earth elements. The extraction efficiency of Mextral 507P was found to be
better than Mextral A336t, but the separation factor of Mextral A336t was better than that of
Mextral 507P. Thus, the present work developed a complete process for the extraction and
separation of rare earths from spent NdFeB magnet.
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Rare earth elements (REE) are indispensable raw materialfor permanent magnet manufacturing,
medical imaging, renewable energy, catalytic applications, specialty alloys, light emitting diode
(LED) phosphors and energy storage applications. Alongwith the rapidly growing market of
clean energy, energy efficient products and electric vehicles, global demand for REEs is set to
increase multifold in forthcoming decades. In this presentation, we will analyze and understand
global market of rare earths, pivotal points for growth of individual application market, REE
supply chain dynamics and market forecast till 2030. As on today, the global REE production is
mainly concentrated in China, Australia, Russia and Canada; they respectively contributed 83%,
10%, 3% and 1% of global production in 2017 [1]. As on June 2018, there are 178 REE deposits
have been identified across the world, and assessed REE resources as of 2018 totaled 495
megaton (MT) rare earth oxides (REO); 59 deposits have been technically assessed and more
than 8 deposits are moving ahead with on-site exploration [2]. These resources, if realized at full
assessed capacity, can easily meet the global REE demand till 2070. Although there is lot of
uncertainty in completion of these projects due to scarcity of sustained funding, environmental
clearances and unpredictable Chinese rare earth policy, the development of new REE sites is
expected to bring down the RE oxide and RE metal prices. Out of 17 REEs, the pricing of La2O3
and CeO2 is going to be highly constrained due to excess availability till 2030. Whereas
consumption of REEs such as Nd, Pr and Dy is expected to increase to 250000 TPA in 2030
compared to 48000 TPA in 2017. RE based permanent magnets are the demand driver and
expected to be produced around 700000 TPA compared to 140000 TPA estimate for 2017. The
RE-magnet market is expected to grow to $50 billion compared to existing $8 billion. The total
RE application market is estimated to be around $80 billion by 2030 out of which the permanent
magnet market share will be 62%. Other demand drivers will be RE based catalysts and specialty
alloys.

[1] Xibo Wang, Mingtao Yao, Jiashuo Li, Kexue Zhang, He Zhu and Minsi Zheng,
Sustainability, 2017, 9, 1003.
[2] Holger Paulick and ErikaMachacek, Resources Policy, 2017, 52, 134.
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Considering the performance of buildings, lesser surface temperatures reduce the heat
penetrating into the building and thereby decrease the cooling loads while making a more
comfortable interior thermal environment. Roofing materials with higher solar reflectance (the
ability to reflect sunlight) and higher thermal emittance (the ability to radiate heat) stay cool in
the sun. Thus, they reduce the cooling energy load in air-conditioned buildings and increase the
resident comfort in unconditioned buildings[1]. Conventional near infrared (NIR) reflecting
pigment coatings reduce the heat buildup and minimize the use of cooling power systems in
buildings, automobiles, etc., which contributes to energy savings, cost effectiveness, and
environmental security.New eco-friendly yellow inorganic pigments based on BiVO4 having
high NIR solar reflectance have been successfully designed. Doping of L+, La3+ and W6+ into the
trivalent and pentavalent site of the BiVO4 system causes changes in the absorption properties
and also improved its optical and reflective properties. The influence of morphology on the
optical and reflective properties of pigment powders is studied on pigments created by the
conventional solid-state reaction method. Typically the pigment [(LiLa)0.125Bi0.75][W0.25V0.75]O4
displayed intense yellow color (b* = 83.53) with near-infrared reflectance of 90% much better
values than the commercial sicopal yellow. These colorants demonstrated good coloring
performance with high solar reflectance in cement blocks and on metal sheets. These
compositions containing less toxic elements can be used as sustainable pigments in surface
coating applications as energy saving products.
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In recent years, the synthesis of lanthanide (Ln) based electroluminescent materials are rising due
to their line like emission characteristics (4f-4f electronic transition) [1]. However, the quantum
efficiency (QE) and lifetimes are not satisfactory; due to inefficient energy transfer (ET) from the
ligand to Ln’s (influenced by transporting materials). This inefficient ET strategy is taken as an
advantageinapproaching the white light emission from the Eu(III) complex. In general, Eu(III)
complex showed red emission and producing a white emission is a challenging research task.
However, the design strategy followed to balance the primary colors (Blue, Green and Red) and
it results in white light emission from the complex [2]. We have designed a bipolar ligand consist
of aromatic amines into the antenna expected to improve the hole injection/ transport properties
of the EuIII-phosphor.Multi-functional Eu-complex (Eu(TTA)3Phen-Ph-TPA), based on novel
bipolar ligand (Phen-Ph-TPA) have been designed and synthesized. The photophysical studies of
the synthesized Ligand and Eu-complex have been carried out in the solution, solid state and thin
film study by UV-Vis spectroscopy and spectrofluorimetry.The UV-Vis studies of ligand
compounds are showed absorption from 250 to 450 nm with max 362(5), 277(5) nm, these
bands are due to the π→π* transitions of the ligands (TTA, ligands). The PL emission spectra of
Eu(III)-complexes are exhibits 5D0-7FJ(J=0-4) transitions of Eu(III) ion [3]. The TGA analyses
were shown thermal decomposition above 250C. LEDs of the complexes are fabricated and
characterized. Theoretical and experimental analyses are compared as well confirmed the ET
process from ligand to Eu(III) metal ion. The detail results will be presented and discussed.

[1] K.P. Zhuravlev, V.A. Kudryashova, V.I. Tsaryuk,Journal of Photochemistry and
Photobiology A: Chemistry, 2016, 314, 14–21
[2] B. Rajamouli, S. Kasturi, S. Giri and V. Sivakumar,Inorg. Chem., 2017, 56, 10127–10130.
[3] Zhijun Ning. et al., Adv. Funct. Mater.,2007, 17,3799- 3807.
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Inert matrix materials are proposed to act as transmutation targets to incinerate the minor
actinides (MAs) in order to reduce the radio-toxicity of radioactive waste significantly [1]. The
rare earth oxide Nd2O3 has been extensively used as non radioactive surrogate of radioactive
MAs (Am2O3 and Cm2O3) [2]. Zirconia-based materials, on the other hand, are the potentialinert
matrix candidates to act as transmutation targets [3]. Consequently, ZrO2NdO1.5system has
been investigated for phase relations to determine MA loading capacity in ZrO2 matrix.This
study aims at synthesis,andcharacterizationof the nominal compositions in Zr1-xNdxO2-x/2 (0.0 ≤x
≤ 0.5) series.All the nominal compositions in the series have been prepared by gel combustion
route and the prepared materials were sintered at 1723 K for 48 h in static air. The sintered
samples were characterized by X-ray diffraction (XRD). The effect of Nd3+ substitution in ZrO2
has been investigated in the present study.Room temperature XRD patterns exhibit that pure
ZrO2 (x = 0) crystallizes in monoclinic structure while incorporation of 10 mol% Nd3+in ZrO2(x
= 0.1) forms a biphasic mixture consisting of monoclinic zirconia (m-ZrO2) and fluorite-type Ndstabilized cubic zirconia.Further incorporation of Nd3+ (x = 0.2) results into disappearance of mZrO2 phase and XRDpattern shows peaks corresponding to fluorite-type Nd-stabilized zirconia
only.The pyrochlore phase appear for the compositions x = 0.4 and 0.5.However, the appearance
of very weak reflections corresponding to pyrochlore type ordering for the composition x = 0.3
indicates the existence of micro domains of pyrochlore type phase in macro domains of fluorite
type phase. The present study indicates ~ 20 mol% Nd3+substitution is required for stabilizing mZrO2 in cubic phase. A maximum of 50 mol% Nd3+ can be loaded in ZrO2 maintaining single
phase pyrochlore structure.
[1] A. Stanculescu, Ann. Nucl. Energy, 2013, 62, 607-612.
[2] H.R. Williams, H. Ning, M.J. Reece, R.M. Ambrosi, N.P. Bannister, K. Stephenson,
J. Nucl. Mater.,2013, 433, 116–123.
[3] Y. Croixmarie, E. Abonneau, A. Ferna´ndez, R.J.M. Konings, F. Desmoulie`re, L. Donnet,
J. Nucl. Mater.,2003, 320, 11–17.
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The Alkaline-Earth Boro Tellurite (AEBT) glasses doped with different concentrations of Er3+
ions were fabricated by conventional melt quenching technique. The optical absorption, visible
luminescence, Near-Infra Red (NIR) luminescence, Up-Conversion (UC) luminescence and
luminescence decay spectra were recorded to analyze the spectroscopic properties of the titled
glasses. Judd-Ofelt (J-O) intensity parameters (Ωλ, λ = 2, 4, 6) were deduced by applying J-O
theory to the recorded absorption spectral features and subsequently used to evaluate various
radiative properties such as radiative transition probability (AR), total radiative transition
probability (AT), radiative lifetime (τR) and radiative branching ratios (β R). The titled glasses
excited under 379 nm exhibited green luminescence at 547 nm (4S3/2 → 4I15/2), Upon pumping
with a laser diode λexe = 980nm (NIR), a broad emission spectra at around 1572 nm (4I13/2 →
4
I15/2) has been observed for which stimulated emission cross-section (σse), effective band width
(Δλp), gain band width (σse x Δλp) and optical gain (σse x τR) parameters were evaluated. The upconversion luminescence shown by these glasses has been analysed to understand the utility of
these glasses as up-conversion lasers. Among all the prepared glasses the sample AEBTEr1.0
exhibits better radiative properties compared to other reported glasses. The gain cross-section of
the sample AEBTEr1.0 was derived using absorption cross-section (σa) and emission crosssection (σe) for different values of population inversion ( ). The Decay spectral curves for the
4
I13/2 level of Er3+ ions in AEBT glasses were recorded under 980 nm excitation, to measure the
experimental lifetimes (τexp) and quantum efficiencies. From the obtained results, it is
conspicuous that the prepared glasses are quite suitable to fabricate optoelectronic devices in
visible green and NIR region.
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For the past couple of decades, photon energy Upconversion (UC) materials are being rigorously
investigated in view of their potential applications in different domains like solar energy
conversion, biological labelling, energy efficient lighting, upconverting lasers, display, optical
sensors etc. Among all rare earth ions, (Yb3+, Er3+) pair is well known to exhibit high UC
efficiency upon NIR 980 nm excitation due to their resonant energy level structure. Although,
there are numerous papers published on the UC emission properties of Yb 3+/Er3+ co-doped low
phonon crystalline/amorphous materials, the discrepancy on the enhancement of UC red
emission is still a question of research. Herein, we report a complete analysis on the
enhancement of UC red emission and its influence for variable RE 3+ ion concentrations and
excitation (~980 nm) pump power densities. Acceptor Er3+ ion, radiative parameters derived
from JO analysis have been taken as a tool to quantify the influence of UC emission transitions
as a whole which were blindly omitted in the vastly reported literature. We believe our analysis
will give a proper energy transfer mechanism which will have a great impact on designing UC
materials for variety of photonic applications.
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Ceramics with low dielectric constant ((r), high unloaded quality factor(Qu), and near zero
temperature coefficient of resonant frequency((f) are widely used for microwave circuit
applications. Multilayer cofiring technology helps in large scale miniaturization by cofiring of
stacked ceramic layers with microwave circuits screen printed on them using conducting inks.
ULTCC ceramics are phase pure materials with ultra-low sintering temperature (<660oC), which
enable them to co-fire with aluminium electrodes. Non-reactivity with the electrode material
during co-firing is another very important requirement for ULTCC applications. ULTCC
substrates can be used for the fabrication of implantable antennas, substrate integrated wave
guides, RF front end modules etc. In the present study, Na5Nd(MoO4)4 ceramic with scheelite
like structure in the Na2MoO4-Nd2(MoO4)3 phase diagram is being investigated. Na5Nd(MoO4)4
ceramic is prepared by the conventional solid state ceramic route. Stoichiometric quantities of
Na2CO3 (99.9%, Merck), Nd2O3 (99%, Aldrich) and MoO3 (99%, Himedia) are wet mixed in
distilled water medium. The slurry is dried in hot air oven and calcined at 450 oC/1h. The
calcined powder is ground well, mixed with 5wt% solution of PVA binder and dried. The
powder is pelletised using hydraulic hand press and sintered to get maximum density in the range
540 oC to 580 oC for 1h. The crystal structure of the Na5Nd(MoO4)4 ceramic is studied using
powder X-ray diffraction and Laser Raman spectroscopic studies. Scanning electron microscopy
(SEM) is employed to study the microstructure and phase homogeneity of the sintered samples.
The microwave dielectric properties of the ceramic compacts have been studied using Hakki and
Coleman post resonator and cavity perturbation techniques. Na5Nd(MoO4)4 ceramic has a
dielectric constant (ɛr) of 7.2 , quality factor (Q x F) of 18,900 GHz. The ceramic is co-fired
with 20wt % Al and the compatibility is studied using powder X-ray diffraction and Energy
Dispersive X-ray Spectroscopy (EDS) analyses.
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Rare earths (RE) find wide application in a number of electronic goods and has an important role
in the technological development. More than 90% of the rare earth are extracted and processed in
China. The mining of the rare earth possesses a number of challenges including the unwanted
radioactive wastes generation and stockpiling of large overburden of less desirable deposits. Rare
earths are used extensively in permanent magnet (NdFeB and SmCo), lamp phosphors,
rechargeable batteries because of their special magnetic and chemical properties. As NdFeB
magnets contain about 30% of the RE elements, end-of-life magnets can be an important
secondary source for RE elements if proper recycling method is adopted. In the present work, the
chloridizing roasting of the NdFeB magnet was carried out with ammonium chloride followed by
water leaching. A detailed study of the different process parameters like the roasting
temperature, amount of ammonium chloride and the roasting time was carried out to optimize
selective conversion of rare earth elements into their chloride form. Water leaching of the roasted
product at 95°C for 1 hour selectively leached REs leaving iron in its oxide form in the residue.
The chemical analysis and XRD analysis of the liquor and residue was carried out respectively.
Rare earth elements from the leach solution could be separated by solvent extraction to produce
high pure individual RE salts/oxides.
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Non-Hodgkin lymphoma(NHL) is a heterogeneous group of hematological malignancies arises
due to abnormal B or T-lymphocytes, account for more than 90% of NHL. These malignant cells
express large number of CD20 proteins which can be considered as a possible target for the
treatment of NHL. Rituximab is a chimeric monoclonal antibody raised against CD20, which has
been approved by the US Food and Drug Administration for immunotherapy of NHL. Many
patients do not show any response to Rituximab during the course of therapy. Hence to enhance
the therapeutic efficacy, Rituximab was labelled with 177Lu using DOTA as a bifunctional
chelating agent. The application of radioisotopes in healthcare increased in leaps and bounds
over the past few decades, both for diagnostic and therapeutic purposes. Lutetium-177 is one of
the radionuclide that is being used extensively for its properties as a potential theranostic agent.
The radionuclidic characteristics of 177Lu such as the simultaneous emission of imageable
gamma photons (208 keV, 11% and 113 keV, 7%) along with particulate β - emission [β (max) =
497 keV] and its moderate half-life makes it a desirable radionuclide for targeting small primary
tumours and micro metastasis.Hence, bioevalution of177Lu-Rituximab was carried out in Raji, a
B- cell lymphoma cell line. Cell binding of 177Lu-Rituximab was carried out in Raji cells to
determine specificity and 28% cell binding was observed.Which confirmed the specificity of
labelled Rituximab to the CD20 protein and labelling do not hinder the specificity of Rituximab
towards the CD20. Furthermore, to study the therapeutic efficacy 3.7MBq of 177Lu-Rituximab
was added in Raji cell for 24-48h, and different parameter such as cell binding, toxicity apoptosis
and cell cycle was analysed. The study revealed that 177Lu-Rituximab showed higher cell toxicity
and apoptosis compared to the unlabelled Rituximab and it also arrests cell cycle at G1
phase.Hence, it has concluded that beta radiation emitted from the 177Lu-Rituximab is more
potent in inducing cell toxicity and apoptosis and thereby therapeutic efficacy can be enhanced.
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Pyrochlore type compounds form an important class of materials in the field of material science
which belongs to the space group Fd3m with general formula A2B2X6Y, where A and B sites
are occupied by the metal atoms having oxidation states 3+ and 4+ or 2+ and 5+ and the X and Y
sites are anions[1]. These oxides possess intrinsic oxide ion vacancies through these ordered
vacancies conduction of oxide ion become feasible reducing the activation energy. Pyrochlore
compositions with multivalent environment are a less explored area in this regard. So here in this
work such compositions are studied in detail. Pyrochlore compositions, Sm2Zr(1x)(YNb)xO7(x=0,0.25,0.5,0.75,1) are prepared via conventional solid state reaction route. The
prepared compositions are characterized by powder-XRD, impedance spectroscopy. The XRD
confirms the formation of the pure pyrochlore structure in these compositions. As the
substitution, increase the lattice parameter increase which is line with the Vegard’s law. The
conductivity of the samples measured using the impedance spectroscopy is of the order 10-4
S/cm which is high compared to the other compositions similar to this. That is such a study in
which the oxygen stoichiometric ratio is maintained to be the same increases conductivity as the
substitution increases.
[1] M. A. Subramanian, G. Aravamudan and G. V. Subba Rao, Prog. Solid State Chem., 1983,
15, 55–143.
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Eu3+ ion epitomize as an excellent structural probe for the detection of disorder induced by the
structural variation in stannate pyrochlores due to its relatively simple energy level structure. In
this context, we have synthesized a series of Eu3+ doped Ln2.85YSnNbO10.5:0.15Eu3+ (Ln = La,
Gd, Y and Lu) red phosphors via high temperature solid state reaction method to explore the
influence of phase evolution on the luminescence properties. The substitution of Ln 3+ ions in the
A site of the pyrochlore induces a structural transition from an ordered pyrochlore to a
disordered fluorite structure with decreasing ionic radius. The diminishing trend of characteristic
superstructure peaks in the XRD pattern and the broadening of Raman modes with lanthanide
substitution clearly substantiate the disorder induced in the cationic sublattice [1, 2]. These
phosphors exhibit strong absorption in the near UV region and emit red luminescence under
392nm excitation which is also correlated with their crystal structures.Their luminescence
properties got enhanced with increased ordering of cations from Lu to La. The more ordered
structure of La system favors the more uniform distribution of Eu3+ ions preventing the cluster
formation thus improve the luminescence properties. The splitting of 5D0 – 7F1 transition of Eu3+
ions further provides a clue on the structural transition in support of the XRD and Raman
analysis. The long range ordering, ligand polarizability and covalent nature of Eu 3+ bonding
influence the emission probability and improves the quantum efficiency of the La host. Eu 3+
emission due to 5D0-7FJ transition is significantly improved with increase in the concentration of
Eu3+ ions in the La host. The distortion of the A site symmetry and the red shift of the charge
transfer band with Eu3+ doping in La3YSnNbO10.5 system leads to an enhanced electric dipole
transition. The extent of distortion in the EuO8 polyhedra is reflected in the quantum efficiency
values and J-O intensity parameters Ω2 and Ω4, which are a measure of degree of polarizability
of Eu-O bonds in the lattice. Our results suggest that we can manipulate the Eu3+ red
luminescence in lanthanide stannate pyrochlores through order-disorder structural transition.
[1]R. Martínez- Martínez, S. Rivera, E. Yescas-Mendoza, E. Alvarez, C. Falcony and U.
Caldiño, Opt. Mater. 2011, 33, 1320 – 1324.
[2]M. Jiao, N. Guo, W. Lu, Y. Jia, W. Lv, Q. Zhao, B. Shao and H. You, Inorg.Chem. 2013, 52,
10340- 10346.
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White light emitting diodes are excellent candidate for general lighting applications because of
their advantages over conventional light sources. Effective lighting devices can be obtained by
combining one or more phosphor materials with UV or blue LED chips. The most common and
easiest way is the combination of a 460 nm blue InGaN LED chip and a yellow phosphor of a
cerium(III)-doped yttrium aluminum garnet which is still in widespread use today, however this
lacks red component resulting poor CRI and less efficacy. Blue LED with green, red phosphors
or blue, red and green emitting phosphors with near UV LED are alternative to obtain white light
with better CRI. Currently available red phosphors are environmentally unfriendly and have low
efficiency compared to blue and green phosphors[1-3]. The properties such as good chemical
stability, broad charge transfer (CT) band in the near UV region and the ability to capture
radiation from a GaN based LED over a range of wavelengths etc., make perovskites as good
host lattices for phosphor materials. Thus we attempted to develop a novel Eu3+ doped perovskite
type red phosphor for pc - wLED applications. Na(1+x)Ca(1-2x)TiNbO6:xEu3+ phosphors were
prepared via high energy ball milling method .The stoichiometric amount of the powder mixture
of the reagents was ball milled in a pulveriser with a rotation speed of 250 rpm for 8hrs with
acetone as the mixing medium.The high energy ball milling process can enhance the reactivity of
the system and reduce the reaction temperature [2].The ball milled powders were calcined at
1000˚C for 6 hrs.XRD results confirmedOrthorhombic Perovskite phase with space group
pbam.UV Visible absorption spectra showed broad band absorption in the UV region.The
Photoluminescent excitation spectra exhibit strong characteristic f-f transition peak of Eu3+ at
392 nm (7F0-5L6) and 465 nm (7F0-5D2), matches well with the emission of UV and blue LEDs. It
is also observed that these phosphors emit strong red light (615 nm) under both near UV (392
nm) and blue (465nm) excitations, which can be attributed to the forced electric dipole transition
(5D0-7F2) of Eu3+. Concentration quenching occurs at 20mol% of Eu3+concentration.
Morphological studies of the samples shows uniform distribution of spherical particles (0.11μm), which enhanced the photoluminescence properties. Thus ball milled samples with better
morphology and intense red emission can be a suitable phosphor candidate for wLED
applications.
[1]Blasse, G.; Grabmaier, B. C., Luminescent materials. Springer-Verlag: Berlin; New York,

1994.
[2]Yang H K, Jeong J H. Synthesis. 2009, 114(1), 226-230.
[3]Yen, W. M.; Shionoya, S.; Yamamoto, H., Phosphor handbook. CRC Press/Taylor and
Francis: Boca Raton, FL, 2007.
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Solid State lighting devices has already invaded the lighting industry, with its versatile
application in many fields from residential lighting purpose to commercial and industrial
applications. Its attractive features color tenability, long durability, small size, cool beam,
directional distribution etc. make its irreplaceable presence in the industry. Though this
technology has to face some challenges such as cost, heat management, power quality and
lighting quality issues such as CRI, brightness, color consistency etc. Commercial WLEDs are
based on blue LED combined with yellow phosphor YAG:Ce3+. But the lack of red component
in these LEDs result in poor CRI values. Hence there is an urge for better phosphors for WLED
applications. Eventhough different methods such as mixing the RGB colors are there it is found
that use of single phase phosphor for wLED is a better option, so that we can overcome many
persisting issues such as poor CRI values, low efficiency, higher color temperature etc. Ions like
Bi3+ exhibit broad absorptions and emission bands. The emission band of these phosphors can be
designed in the wavelength region from 400 to 700 nm depending on the crystal field strength
and covalency of the host lattice. Hence it is expected to develop novel phosphors for wLED
application by doping Bi3+ ions to appropriate host sites in order to improve the CRI and
efficiency of the wLED. The luminescence of Bi3+ ions is based on the transitions between 6S2
ground state and 6s6p excited states. In this study we have incorporated Bi3+ ions into Y3Sb5O12
garnet system. The luminescence enhancement of Y3Sb5O12 host with different doping
concentrations of Bi3+, which is prepared by solid state reaction route is studied. The structural
properties were studied using X-ray diffractometer and structural purity is obtained. The
photoluminescence properties of this phosphor material were studied using Fluorolog HORIBA
fluorescence spectrophotometer with a Xenon lamp (450W) as the excitation source. The
morphological characterization was also carried out. The PL studies shows a broad excitation
and emission peaks in the range 400-600nm. The broad nature of excitation and emission spectra
is very suitable for wLED applications, since it can be coupled with n-UV or blue LEDs to
generate direct white light. Hence this phosphor can be a promising candidate for
LEDapplications.
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The choice of the host lattice, crystallographic structure of the host lattice and nature of the
activator ion plays a vital role in the luminescence properties of various phosphor materials for
WLED applications [1]. Ternary type oxides having the general formula A 2B2O7 (A, B = Metals)
have attracted great attention in recent years due to their excellent physical and chemical
properties. A2O3-CeO2 (A = Rare earths) oxides have fascinated due to their remarkable
electrical, catalytic, optical and mechanical properties. Furthermore, CeO2 is a well known
functional material that absorbs light in the near UV-visible region and also abundant in nature,
nontoxic and inexpensive. Eu3+ is a well-known narrow-band red emitter, and its centralemission
band is at around 612 nm while located in a non-centrosymmetric site [2]. However, the
literatures shows that by doping Eu3+ in ceria systems may increases the trivalent state of Ce and
defect concentration which adversely affect the luminescence properties. In this paper, we made
an attempt to enhance the luminescence properties of cerium based system by reducing the
reduction of Ce4+ and defect concentration.Eu3+ was substituted in the La3+/Y3+/Gd3+ site of
A2Ce2O7 (A = La, Y and Gd) oxides and studied the distribution and pholuminescence properties
of Eu3+. Studies revealed that the gadolinium sample showed better luminescence properties in
terms of f-f emission intensity, the asymmetric ratio and quantum efficiency.To understand the
effect of the Eu3+ concentration, the PL properties of the as-prepared Gd2-xCe2O7:xEu3+ were also
studied in detail. By increasing the Eu3+ concentration the intra-4f6 transition bands of Eu3+ at
466 nm (7F0–5D2 transition in the blue region) is more dominant than the other transition bands,
which matches well with the emission of commercial GaN LED (440–470 nm) chips.
[1]Shionoya S, Yen WM. Phosphor Handbook. CRC Press: New York, 1999,205.
[2]Gundiah G, Shimomura Y, Kijima N, Cheetham A K.,Chem Phys Lett., 455(2008) 279.
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Pure PVA, Ho3+ and Ho3+/Zn2+ doped and co-doped PVA polymer films were prepared by
solution cast technique. For prepared polymer films optical absorption, photo luminescence and
decay curve were analyzed. The optical absorption bands were observed for pure PVA, PVA:
Ho3+ and PVA: Ho3+/Zn2+ at 275 nm, 336 nm, 361 nm (5I8→5G4), 416 nm (5I8→ (5G, 3H) 5), 450
nm (5I8→5G5), 484 nm (5I8→5F3), 535 nm (5I8→5F4) and 639 nm (5I8→5F45) respectively. The
photo luminescence properties were recorded at room temperature under the excitation of 370
nm (5I8→ (5G, 3H) 5), with this excitation three emission bands were observed at 406 nm (5G6→
5
I8), 433 nm (5G5→ 5I8) and 461 nm (5G6→ 5I8). Among these three emission bands, 433 nm is
the intense prominent emission band corresponding to the transition ( 5G5→ 5I8). The nature of
decay curves for Ho3+ doped PVA and various concentrations of Ho3+/Zn2+ co-doped PVA
polymer films have been analyzed and the lifetimes are noticed.From obtained results, PVA:
Ho3+, PVA: Ho3++Zn2+ polymer films could be recommended for the blue LED applications and
optical devices.
[1] B. Chandra babu and M. Obula Reddy, Indian Journal of Materials Science, 2015, 1–8.
[2] S. Deng, Q. Fu, X. Qi, X.Yao and T. Zhou, Journal of MaterialsChemistryA, 2014, 2, 224022496.
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Mn-Bi has received considerable interest due to its unusual magnetic properties and attractive
magneto-optical properties, rare-earth free intermetallic alloy. It crystallizes in Ni-Astype
hexagonal crystal structure with the c-axis being the easy direction of magnetization [1]. It is
noteworthy that the coercivity of the LTP MnBi phase increases with temperature, unlike Nd–
Fe–B magnets, where coercivity decreases with increase in temperature [2]. In this work, we
have investigated the structural and magnetic properties of ‘Sm’ doped MnBi prepared by meltspinning. The as-rapidly quenched Mn-Bi-Sm melt-spun ribbons exhibited a high coercivity of 8
kOe at room temperature. This could be due to the small crystallite size of 62.12 nm obtained
due to meltspinning.We have heat treated the melt spun ribbons at 260℃ for 1h. It has been
observed that the fraction of LTP MnBi phase increases in annealed ribbons. Due to its effect, is
the increase ofsaturation magnetization from 1.23 emu/g to 31.53 emu/g. Structural
characterization was done using Rigaku diffractometer, which reveals in XRD patterns that LTP
MnBi phase increased with annealing. But it is observed that annealing leads to the decrease in
the coercivity. It is observed that ball milling leads to increase in the coercivity.Detailed
structural and magnetic and microstructural properties of Sm-doped MnBi with ball milling
would be presented.
[1] C. Guillaud, J. Phys. Radium, 12 (1951) 143.
[2] X. Guo, X. Chen, Z. Altounian, J.O. Strom-Olsen, Phys. Rev. B, 46 (1992) 14578.
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Photon upconversion (UC) of materials doped with trivalent rare earth (RE3+) ions is an
important approach for white light generation. Typical efficient systems are based on tri-doped
RE3+ ions host matrix, where white light emission is possible due to the capability of RE3+ ions to
convert the near-infrared (NIR) light into visible UCemissions. The interest of these compounds
reside on the employment of low cost and high power NIR diode lasers as pumping source, with
the objective of its implementation in optical devices as, for example, lasers, solid-state 3D color
displays or nanophosphors. In this work, phosphate glasses doped with rare earth Er3+, Tm3+ and
Yb3+ ions have been studied. Intense red, green, and blue (RGB) primary colors viaUC
emissionswere observed under cw diode laser excitation at 980 nm. Some samples exhibit an
adequate combination of UC emissions, giving rise to white light that can be easily observed by
the naked eye. For technological applications, the control of the relative intensities of the RGB
emissions is required and, in this sense, the UC emissions were studied in the framework of the
1931 Commission International I’Eclairage (CIE) diagram [1]. With this aim, dependence of the
UC emissions were investigatedas function of doping concentrations ofRE3+ions and excitation
power densities. The tunability of the RGB UC emissions were intensively studied in terms of
the chromaticity coordinates in the CIE diagram, observing pure blue, green and white light
depending on the doping concentrations. With respect to the power dependence, the color of the
total emitted luminescence, for white emitting samples, can be tuned shifting from mostly blue
(slightly white) to mostly white (slightly green) when pumping power is decreased. As a
conclusion of this work, RE3+-doped phosphate glasses can be considered as promising material
for white generation in optical devices.
[1] CIE colorimetry (Official Recommendations of the International Commission on
Illumination) CIE Publication, 15 (1971), CIE, Paris.
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Rare earth doped glasses are potential candidate in a diverse area such as waveguide, optical
fibers, solar concentrators, plasma display panel, optical amplifiers and many other. Borate
glasses doped with rare earth oxides have significant applications for solid state lightning,
LASER hosts, lamp phosphors, broad band amplifiers, sensors and so on. In the present work,
spectroscopic properties of a new economic alkali fluoro borate glasses doped with dysprosium
were studied to check the suitability of these glasses for white light solid-state lighting (wLEDs)[1-2]. The glass samples used for the present investigation were prepared by the
conventional melt quenching method with the molar composition 10K2O + 10BaO+ 10ZnF2 +
(70-x) B2O3 + xDy2O3, where x=0.1, 0.5,1.0,1.5 and 2.0 mol%. Absorption spectra of the
samples were recorded in UV-Vis-NIR ranges. The different absorption transitions were
identified and assigned accordingly. The spectra were further used to determine band gap
energies and to evaluate the Judd-Ofelt intensity parameters. The intensity parameters follows a
trend Ω 2>Ω 4>Ω 6 in the present system. Using the phenomenological intensity parameters
different radiative properties such as emission cross section, branching ratio etc were determined
and compared with previous reports. The luminescence spectra of the title glasses have been
recorded under an excitation at 348nm. It is noted that the intensity of emission bands increases
continuously with increase in concentration of Dy3+ ions from 0.1 to 2.0 mol %. The variation
of the integrated intensity of blue and yellow band and the varion of Y/B ratio with concentration
of Dy2O3 are studied. To manifest the true color of luminescence of the prepared Dy3+ doped
alkali fluoroborate glasses under 348 nm the color coordinates were calculated in the framework
of CIE 1931. The colour coordinates for all glass samples are fall in the white region and thus
suggest their utility as potential materials for white light applications. The lifetime values were
estimated and observed significant decrease with increasing dopant concentration. The
mechanism involved in quenching of life time is also identified.
[1] C. M. Reddy, G.R. Dillip, K. Mallikarjuna, Sd. Zulifiqar Ali Ahamed, B. S. Reddy, B. Deva
Prasad Raju, J. Lumin.,131 1368- 1375 (2011).
[2] SK. Mahamuda, K Swapna, A. SrinivasaRao, M. Jayasimhadrai, T. Sasikala, K. Pavani, L.
Rama Moorthy,J. Phys. Chem. Solids,74(2013) 1308-1315
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In the present study we have synthesized a series of Er3+ doped Ba2CaWO6 phosphors by the
conventional solid state reaction method. The structural and photoluminescence properties of the
phosphors were investigated at the room temperature. The prepared phosphors were
characterized by X-ray diffraction analysis (XRD) for structural analysis and Scanning electron
microscope (SEM) analysis for morphological studies. The average crystallite sizes were
calculated from the XRD data using the Debyee-Scherrer equation [1]. The optical behavior of
the prepared phosphor was determined by photoluminescence spectra. The optical excitation
spectrum consists a broad charge transfer band in the UV-region, which corresponds to the
charge transfer absorption from 2p orbitals of oxygen to the 5d orbitals of tungsten [2, 3] and the
characteristic peaks of erbium. The emission spectra consists of an intense green emission band
at 566 nm (4S3/2 4I15/2) along with weak red emission at 680 nm (4F9/2 4I15/2) are observed
under 314 nm, 378 nm corresponding to charge transfer band and rare earth excitations
respectively [4]. Under charge transfer excitation Ba2CaWO6:xEr3+ samples exhibits high intense
emission peaks of Er3+ than the rare earth excitation. This is due to an efficient energy transfer
from WO66- to Er3+. The maximum emission intensity was observed for 0.08 wt% concentration
of Er3+ ions in Ba2CaWO6 phosphors. The critical energy transfer distance between Er3+ ions is
calculated to be 15.18 Å and the quenching mechanism is due to dipole-dipole interaction[5, 6].
The CIE color coordinates were calculated. The Ba2CaWO6:Er3+ phosphor exhibits a strong
excitation band in the UV region, matching well with the emission band of a UV light emitting
diode (LED) chip, which could be a potential candidate for UV- converting white light emitting
diodes.
[1] M.G. Brik, J. Phys. Chem. Solids, 2012, 73, 252-256.
[2]E. Sreeja, S. Gopi, V. Vidyadharan, P. Remya Mohan, C. Joseph, N.V. Unnikrishnan, P.R.
Biju, Powder Technol. 2018, 323, 445–453.
[3] L. Jiang, G. Liu, Dan Li, X. Dong, W.Yu, Spectrochim. Acta Part A: Molecular and
Biomolecular Spectroscopy,doi:10.1016/j.saa.2018.04.041.
[4]K.Janani, S.Ramasubramanian, A. Kumar Soni, Vineet Kumar Rai, P.Thiyagarajan,
Optik,2018, 169, 147-155.
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Eu3+ and silver nanoparticle/nanowires (Ag NP/NW’s) co-doped ternary matrices based on SiO2TiO2-ZrO2 were prepared via non-hydrolytic sol gel process. The amorphous nature of the matrix
is evident even after doping it with crystalline nanoparticles. The structural characterization was
evaluated using XRD, TEM and SAED pattern. FTIR spectrum clearly shows different
characteristic peaks there by conclusively evidencing the formation of ternary matrices. The
absorption spectra of the samples identifies the presence of bands corresponding to europium
ions, Surface Plasmon Resonance (SPR) band of Ag NP and the transverse and longitudinal
contributions to SPR by the silver nanowires. A six fold enhancement in the emission intensity is
observed for Ag NP samples whereas; the enhancement is eight fold for Ag NW samples. This
higher enhancement for Ag NW samples is due to the Surface Plasmon Coupled Emission
(SPCE). SPCE is the combined effect of enhancement of electromagnetic field around Ag
NP/NW’s and spontaneous plasmophore emission. The prepared glasses could be used as
potential red light emitting sources and for sensor applications.
[1] V. P. Prakashan, M. S. Sajna, G. Gejo, M. S. Sanu, P. R. Biju, J. Cyriac and N. V.
Unnikrishnan.J Non Cryst Solids, 2018, 482 116–125.
[2] J. R. Lakowicz, K. Ray, M. Chowdhury, H. Szmacinski, Y. Fu, J. Zhang and K. Nowaczyk,
Analyst, 2008, 133, 1308–1346.
[3] Meenakshi P, Karthick R, Selvaraj M, Ramu S,Sol Energy Mater Sol Cells, 2014,128, 264–
269.
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A novel single phase white light emitting Tb3+ and Sm3+ co doped CePO4 nanocrystals are
synthesized through sol gel route for the first time. The X-ray powder diffractograms of all
the samples are identified as that of monoclinic cerium phosphate having chemical formula
CePO4 with space group-P21/n.The spherical morphology of Ce1-x-yPO4:Tbx3+,Smy3+
nanocrystals are identified by transmission electron microscopy. The triple energy transfer
processes from Ce3+ to Tb3+, Ce3+ to Sm3+ and Tb3+to Sm3+ in CePO4 nanocrystals are
investigated by photoluminescence excitation and emission spectra. The role of Tb3+ as a
bridge to connect the Ce3+ and Sm3+ ions in CePO4 is systematically studied by varying the
concentrations of Tb3+ and Sm3+. The existence of energy transfer channels from Tb3+ to Sm3+
from 5D3 and 5D4 energy levels of Tb3+ is revealed with the help of decay analysis. The quality
of white light is characterized by CIE chromaticity coordinates and color temperature and
demonstrates that the newly developed cool white light emitting Tb 3+ and Sm3+ co doped
CePO4 phosphor has potential applications in the field of optoelectronics.
[[1] Ekthammathat N, Thongtem T, Anukorn P, Thongtem S, Rare Metals. 2011, 30, 572576.
[[2] Li Q, Yam V W W, AngewChem.,2007, 119, 3556 –3559.
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A novel Na3Y(VO4)2:Dy3+phosphor was synthesized by citrate based solution combustion
reaction method. The phase formation was characterized through X-ray diffraction which
confirmed monoclinic phase with space group of P21/n. Transmission electron microscopy
studies revealed an agglomerated morphology. The metal composition and concentration of
elements was further analyzed by its corresponding energy dispersive X-ray spectrum.
Photoluminescence (PL) characteristics such as UV-Vis absorption spectra, excitation,
emission spectra were investigated. Na3Y(VO4)2 exhibits a broad and intense UV absorption
(200–350 nm) due to O2--V5+charge transfer band and a corresponding broadband emission at
438 nm. There is a strong and broad charge transfer band ranging from 200 nm to 445 nm
with a maximum 320 nm and shoulder at 295 nm in the PL excitation spectrum. Under the
excitation of ultraviolet (295 nm) and (320 nm) light, the characteristics emission peaks of
Dy3+ due to the transitions of 4F9/2→6H15/2 at 482 nm (Blue) and 4F9/2→6H13/2 at 573 nm and
577 nm (Yellow) were observed in the emission spectra and the optimal doping concentration
of Dy3+ions is about 3.5 mol %. The CIE chromaticity coordinates of Na3Y(VO4)2:Dy3+
sample revealed it as an efficient yellow emitting phosphor and the investigations suggest that
Na3Y(VO4)2:Dy3+might serve as a promising yellow phosphor in white light emitting diodes
and display application.
[1]Martin M. Kimani, Joseph W. Kolis, Journal of Luminescence, 2014, 145, 492–497.
[2] Qi Zhang Yihua Hu,Guifang Ju,Shaoan, ZhangFeihong, J Mater Sci: Mater Electron,
2017, 28 ,2529–2537.
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Multicolour emitting Tb2-xEux(C2O4)3.10H2O nano phosphors were synthesized by a facile
microwave assisted co-precipitation method.The powder X-ray diffraction, Transmission
electron microscopy, photoluminescence analysis and lifetime measurements were used to
characterize the as synthesized nano phosphors. The powder X-ray diffractogram revealed that
the synthesized phosphors crystallize in monoclinic system with space group P2 1/c and TEM
analysis revealed the nano size of the samples [1]. The photoluminescence properties and energy
transfer between Terbium and Europium ions were analyzed systematically based on the relative
fraction of Tb3+ and Eu3+ ions in oxalate matrix. The photoluminescence analysis and decay
measurements confirmed the efficient luminescence in Eu3+ activated Terbium oxalate nano
phosphor via resonant dipole-dipole mechanism. The rise time observed in the decay curves of
Eu3+ ion, monitoring the 616 nm emission for the excitation of Terbium ion at 487 nm and the
absence of rise curve in the direct excitation of Europium ion at 464 nm strongly supports energy
transfer from Terbium to Europium. Among the Eu3+ activated samples, the rise time duration is
observed to be maximum for the 1% Eu3+ activated sample and it found to be decreases with an
increase in Eu3+ content due to the decrease in donor–acceptor distance [2]. Moreover, the
energy transfer efficiency were found to be depend on the relative fraction of the Tb 3+ and Eu3+
ion, resulting in controlled energy transfer between Terbium and Europium ions in oxalate
matrix and thereby giving tunable emission colour from green to red under a single excitation
wavelength at 487 nm.
[1] D. Alexander, K. Thomas, S.Sisira, P.R.Biju, N. V. Unnikrishnan, M.A.Ittyachen,C.Joseph,
Dyes Pigm, 2018,148,386-393.
[2] S. Gopi, S. K. Jose, E. Sreeja, P. Manasa, N. V. Unnikrishnan ,C. Joseph , P. R. Biju, J.
Lumin, 2017, 192, 1288-1294.
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A series of highly crystalline Tb3+/Eu3+ co-doped lanthanum molybdate nanophosphors were
synthesized by conventional co-precipitation method. The prepared samples were characterized
by Powder X-ray diffractogram (XRD), Fourier transform infrared spectroscopy (FTIR),
Transmission electron microscopy (TEM), UV-Vis absorption spectroscopy, Fluorescence
spectroscopy and decay analysis. The Powder X-ray diffractogram revealed the formation of
tetragonal nanocrystals with space group I41/a and the detailed analysis of the small variation of
lattice parameters of the system with Tb/Eu co doping on the host lattice were carried out. The
fundamental vibrational modes in La2-x-y (MoO4)3:xTb,yEu nanocrystals were identified from
FTIR spectra. The HR TEM analysis disclosed the fact that the basic growth mechanism behind
the formation of nanocrystal was oriented attachment of small nanoparticles. The broad Mo6+O2− CTB and the sharp excitation peaks of Tb and Eu identified from the UV–Vis absorption
spectra facilitates the suitability of exciting the phosphors effectively over NUV and visible
region of the spectra. The possibility of energy transfer from host to Tb 3+/Eu3+ ions and from
Tb3+ to Eu3+ ions were confirmed from the PL excitation spectra monitoring 5D0→7F2 transition
of Eu3+ ions around 615 nm. The correlated analysis of PL emission spectra, life time
measurements and CIE diagram, upon different excitation channels elucidate the excellent
luminescent properties of La2-x-y(MoO4)3:xTb,yEu nanophosphors with tunable emission colours
in a wide range varying from yellow green region to reddish orange region and the efficient
energy transfer from Tb3+ to Eu3+ ions in lanthanum molybdate host lattice. The continuous
decrease in life time values of 5D4→7F5 emission transition of Tb3+ ions under host and direct
excitation again confirmed the Tb-Eu energy transfer process, as we have fixed the Tb3+ doping
at 15% in all the synthesized nanophosphors. The Tb→Eu energy transfer efficiency and
probability were calculated from the decay measurements and the values were found to be
satisfactory for exploiting the prepared nanophosphors for the development of multifunctional
luminescent nanophosphors.
[1] K. Thomas, D. Alexander, S. Sisira, P.R. Biju, N.V. Unnikrishnan, M.A. Ittyachen,
C. Joseph, J. Mater. Sci. Mater. Electron.,2017, 28, 17702–17709.
[2] F. Baur, F. Glocker, T. Justel, J. Mater. Chem.C, 2015, 3, 2054–2064.
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Nano phosphors which show efficient upconversion photoluminescence are in great demand. In
this context, current challenge is to produce material which emits white light. More generally
Red, Green and Blue colours of appropriate wavelength are mixed in proper proportion to obtain
white light. Thus nano phosphors emitting RGB colours are of prime importance in producing
white light. In this investigation, Erbium and thulium doped ZrTi1.4O4 samples are synthesized
by solution combustion method. Structural studies are done by X-ray diffraction analysis and
Field Emission Scanning electron Microscope studies. Upconversion photoluminescence can be
realized in ZrTi1.4O4 by doping minimum amount of Erbium and Thulium. Erbium doped sample
show green and red emission with 980nm excitation. Appreciable enhancement in the intensity
of both green and red peaks is observed by introducing ytterbium as a sensitizer. Thulium doped
samples show upconversion photoluminescence only in the presence of sensitizer and emits blue
and green colours with 980 nm excitation. Raman report supports the use of ZrTi1.4O4 as a
suitable host for upconversion photoluminescence with lowest phonon energy at 800cm -1. The
multi-photon relaxation and cross-relaxation mechanisms may be responsible for the energy
transform process and in turn the UC emission. This work provides a simple and promising
method to develop novel nano phosphors. Thus white light emitting phosphor can be obtained by
combined doping of both erbium and thulium along with ytterbium is the scope of our future
work.
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The design strategy of luminescent emitters was one of the majorbreakthroughs toward efficient
OLEDs. Rendering to spin statistics, 75% triplet and 25% singlet excitons areformed by
recombination ofan electron and a hole (100% IQE in PhOLEDs) [1]. However, the
phosphorescent emitter is usually embedded in asuitable host to avoid self-quenching and
triplet−triplet-annihilation. In addition, to efficient energy transfer; it is essential thatthe triplet
energy of the host is higher compared to the emitter toprevent reverse energy transfer from the
emitter back to the host. The combination of both very high brightness and deep blue emission
from phosphorescent organic light-emitting diodes (PHOLED) is required for both display and
lighting applications [2].Effective host−guest systems have been commercialized for green and
red emitters, whereas blue phosphors andsuitable matrix materials are still a challenge [3]. To
overcome the above shortcoming issues, we have designed and synthesized two phenanthroline
based materials, Phen-OCH3(p)-An-Np, Phen-OCH3(o)-An-Np using 1,10-Phenanthroline, 1Napthaldehyde and substituted aniline. 1,10-phenanthrolineis actedas an electron-withdrawing
group and substituted aniline may as an electron-donating group. Their rigid molecular structures
improve their thermal stability with high glass transition temperatures. The photophysical studies
of the synthesized ligand have been carried out in the solution, solid state and thin film study by
UV-Vis spectroscopy and Spectrofluorimetry. The photoluminescence emission spectra of ligand
exhibited blue emission. LEDs of the complexes are fabricated and characterized. Energy transfer
process and theoretical investigations are made. The detail results will be presented and
discussed.
[1] D. Wagner, S. T. Hoffmann, U.Heinemeyer, I. Munster, A. Köhler, P. Strohriegl, Chem.
Mater.,2013, 25, 3758−3765.
[2] M. A. Baldo, D. F. O’Brien, Y. You, A. Shoustikov, S. Sibley, M. E. Thompson, S. R.
Forrest, Nature, 1998,395, 151.
[3] H. Xu,P. Sun,K. Wang,J. Li,F. Wang,Y. Miao,H. Wang,B. Xu and W. Y. Wong, J. Mater.
Chem. C, 2017,5, 4455-4462.
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We report on effect of varying rare earth ion content on the sodium borotellurite glass system.
Samples having composition (70-x)TeO2-20B2O3-10NaO-xDy2O3, where x = 0, 0.5, 1.0, 2.0 and
2.5 mol% were fabricated using conventional melt quenching technique. The effect of rare earth
was studied on the optical, thermal, physical and structural properties of base glass. Thermal
properties were studied with Differential Thermal Analysis (DTA).An increase in the values of
stability factor was observed with increasing dysprosium ion (Dy3+) concentration. The UV–VisNIR spectroscopy results revealed that Dy3+ entered the glass matrix giving peaks around 453,
571, 800, 902, 1092, 1273 and 1691 nm corresponding to transitions 4I15/2,6F3/2, 6F5/2, 6F7/2, 6F9/2,
6
F11/2 and 6H11/2. Urback energy was calculated from the absorption spectra, decrease in their
values indicated a decrease in the disorderednessof glass system with the increase in the
concentration of Dy3+. The structure of the prepared glasses was studied using Fourier
Transmission Infrared Spectroscopy (FTIR), showed that the addition of Dy2O3 results in the
formation of TeO3 at the expense of Te-O-Te linkage.
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Over the past few decades, trivalent rare earth ions (REIs) doped borate, silicate, tellurite and
phosphate based glasses have been widely investigated due to their technological potential
applications such as optical detectors, solid state lasers, fluorescent display devices, optical
amplifiers and optical fibers for telecommunication etc., [1,2]. Among the various RE3+ ions,
Er3+ ion is the most significant active ion due to its exclusive energy level structure which covers
the wavelength region of visible-mid-infrared successively and delivers the concurrent green and
red emissions [2,3]. In the present study, Er3+ ions doped boro-phosphate glasses with the
chemical composition (50x)B2O3+25P2O5+15BiF+10Li2O+xEr2O3 (where x=0.1,0.5, 1 and 2 in
wt%) have been prepared following the melt quenching technique and their luminescence
properties were studied and reported. The Judd-Ofelt (JO) intensity parameters have been
calculated using the absorption spectra and refractive index values. The visible luminescence
spectra exhibit strong 2H11/24I15/2, 4S3/24I15/2 emission bands and weak 4F9/24I15/2 emission
band corresponding to the band positions at 533, 550 and 660 nm respectively under 488 nm
excitation. Using the JO intensity parameter values, various lasing parameters such as stimulated
emission cross-section (σ ), experimental and calculated branching ratios (R) and radiative
lifetime (τcal) have been calculated for the dominant 4S3/24I15/2 emission transition.Of all the
prepared glasses, BiBP0.5E glass exhibit higher stimulated emission cross-section, branching
ratio and radiative lifetime values and the same is suggested for suitable green laser applications.
[1] T.Maheswari, Ch.Basavapoornima, K.Linganna, S.Ju, W.-T.Han, C.K.Jayasankar, J. Lumin.,
2018, 203, 322.
[2] F. Ahmadi, R. Hussin, S.K. Ghoshal, J. Alloys Compd., 2017, 711, 94.
[3] S.Damodaraiah, V.Reddy Prasad, Y.C.Ratnakaram, J. Alloys Compd.,2018, 741, 269.
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Trivalent rare earth ions (RE3+) doped heavy metal Zinc Boro-Phosphate glasses have been
studied extensively for the development of optoelectronic devices such as lasers, fiber amplifiers,
light emitting diodes and color display devices [1]. Among the RE 3+ ions, Eu3+ ion emits narrow
band, almost monochromatic with longer lifetime [2]. In the present work, Eu3+ ions doped Zinc
Boro-Phosphate glasses with the chemical composition 40B2O3+(30–x)P2O5 +20ZnO +10Bi2O3
+xEu2O3 (where x=0.1, 0.5, 1.0, 2.0 and 3.0 in wt % labeled as ZBP0.1E, ZBP0.5E, ZBP1E,
ZBP2E and ZBP3E glasses respectively) have been synthesized by conventional melt quenching
method. The prepared glass samples were characterized through recording optical absorption,
photoluminescence and decay spectral measurements in order to study their suitability for
developing photonic devices. From the band positions of absorption spectra, the bonding
parameters (δ) were calculated to explore the chemical bonding nature of the Eu3+ ions with its
surrounding ligands. The luminescence spectra of titled glasses recorded by monitoring an
excitation at 394 nm and all the spectra exhibit emission bands at 572, 586, 607, 649 and 703nm
corresponding to 5D0→7F0, 5D0→7F1, 5D0→7F2, 5D0→7F3 and 5D0→7F4 transitions respectively.
The Judd-Ofelt (JO) intensity parameters  ( = 2, 4 and 6) have been calculated from the
emission bands to examine the symmetry and bonding of the ligand environment around Eu3+
ions site in the prepared glasses. The luminescence spectra were then characterized through CIE
1931 chromaticity diagram to explore the dominant emission color exhibited by the studied
glasses for the suitable light emitting device (LED) applications.The radiative parameters such as
transition probability (A), stimulated emission cross-section ( ), branching ratios (R) and
radiative lifetime (R) have been determined for the prominent emission transitions and among
the prepared glasses, ZBP1E exhibits higher radiative parameters for the 5D0→7F2 transition and
hence the same can be suggested for the fabrication of photonic devices which include solid state
lasers as well as optical amplifiers.
[1] V.Venkatramu, P.Babu and C.K. Jayasankar, Spectrochem. Acta Part A, 2006, 63,276.
[2] R. Vijayakumar, K. Maheshvaran, V. Sudarsan andK. Marimuthu, J. Lumin., 2014, 154,160.
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A new family of novel optical glasses based on 15 ZnF2- 10 BaO- 8 Al2O3 – 12 Li2CO3- (55-y)
B2O3- yEr2O3 (where y = 0.5, 0.7, 1.1, 1.3 and 1.5 mol %) were prepared by conventional melt
quench technique. Initially, the influence of three alkali metals Li 2CO3 /Na2CO3/K2CO3 on the
optical properties of zinc fluoro borate glasses doped with 1mol% Er3+ ions were studied through
absorption spectra [1]. Among three alkali metals, Li2CO3 showed optimum performance and has
been used for further study on Er3+doped zinc-fluoro-borate glasses. Structural properties of
these ZnLiBEr glasses included density, molar volume, led to a better understanding of the micro
structural changes ensued in the glass matrix with successive addition of modifier Er 3+ ions [2].
Optical properties were investigated for their luminescence behavior through spectroscopic
technique UV-Vis–NIR absorption. Based on the properties studied the samples can be
recommended as fiber optics material [3].
[1]Rayappan, I. Arul, and K. Marimuthu, Luminescence spectra and structure of Er3+ doped
alkali borate and fluoroborate glasses, Journal of Physics and Chemistry of Solids 74(11)
(2013), 1570-1577.
[2]Pisarska, J., and W. A. Pisarski, Synthesis and properties of multicomponent lead
fluoroborate glasses containing rare earth ions, J. Optoelectron. Adv. Mater, 7 (2005) 2667-2669.
[3]Rayappan, I. Arul, and K. Marimuthu, Luminescence spectra and structure of Er3+ doped
alkali borate and fluoroborate glasses, Journal of Physics and Chemistry of Solids, 74(11)(2013)
1570-1577.
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The study of optical properties of the glass formed with different substances was acquired more
interest, since the discovery of artificial glass. In this work, most exciting optical investigation
was
carried
out
with
the
glass
matrix
CdLNBSm01
(19.9CdCO3+15Na2CO3+15Li2CO3+50H3BO3+0.1Sm2O3) prepared. It has the wide applications
in lightning devices, display devices and amplifiers. In alkali elements, internal structure bonding
enhances the optical efficiency of the glass material. Cadmium being a heavy metal, it acts as a
modifier to the glass matrix prepared. A rare earth element plays an important role in the
enhancement of optical properties in any material; especially samarium has a high preference
due to its intense luminescence in the visible and infrared regions. CdLNBSm01 glass was
prepared with conventional melt-quenching technique. X-ray diffraction technique employed to
investigate the structure of the glass. XRD spectrum doesn’t show any discrete peaks exhibiting
amorphous characteristics. FTIR method helps to demonstrate the band positions of BO3 and
BO4 groups of the host glass. For optical investigation, optical absorption technique was adopted.
From the absorption spectrum, Judd-Ofelt parameters ( 2 , 4 , 6 ), root mean square value for
oscillator strength (  rms ), Nephelauxetic effect (  ) and bonding parameter (  ) and optical band
gaps were evaluated.

[1] D. Ramachari, L. Rama Moorthy, C. K. Jayasankar, J. Material Research Bulletin, 2013,
05, 081.
[2] B. Sailaja, R. Joycestella, G. Thirumala Rao, B. Jaya Raja, V. Pushpa Manjari,
R.V.S. S. N Ravikumar, J. Journal of Molecular Structure, 2015, 05, 002.
[3] I. I. Kindrat, B. V. Padlyak, A. Drzewiecki, J. Lumin., 2015, 05, 051.
[4] R. Nagaraj, P. Suthanthirakumar, R. Vijaya Kumar, K. Marimuthu, J. SPECTROCHIMICA
ACTA, 2017, 05, 048.
[5] Nisha Deopa, A. S. Rao, Ankur Choudhary, Shubham Saini, Abhishek Navhal, M.
Jayasimhadri, D. Haranath, G. Vijaya Prakash, J. Material Research Bulletin, 2017, 12, 019.
[6] I. Jlassi, S. Mnassri, H. Elhouichet, J. Lumin., 2018, 03, 023.
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Dy3+-doped lead fluorosilicate (SKNPfLfDy:SiO2+K2O+Na2O+PbF2+LiF+Dy2O3) glasses by
varying Dy3+ ion concentration have been prepared by conventional melt quenching technique.
These glasses are characterized through optical absorption, photoluminescence and decay
measurements to evaluate the spectroscopic parameters. Judd-Ofelt (JO) intensity parameters
were estimated from optical absorption spectrum of 1 mol% of Dy3+:glass. JO intensity
parameters in turn are used to predict the radiative properties of Dy3+:SKNPfLf glasses. The
emission spectra have been recorded by using 348 nm excitation. Among all the
transitions,4F9/2→6H13/2 transition around 572 nm (yellow region) is found be stronger emission
intensity. The decay profiles of 4F9/2 level of Dy3+ ions exhibit single exponential nature for lower
concentrations (≤ 0.1 mol %) andturn into non -exponential for higher concentrations (≥ 0.5 mol
%).The lifetime values were found to be decreased with increase in Dy3+ ion concentration
(1192 μs to 34 μs) due to cross-relaxation among Dy3+ ions. In order to estimate the ion-ion
(Dy3+-Dy3+) interactions, Inokuti-Hirayama (IH) model has been applied for luminescent decay
curves. The calculated color chromaticity coordinates (CIE) have been fallen in yellow region as
shown in the figure. Therefore, the obtained results suggest that the Dy3+-doped lead
fluorosilicate glasses could be useful for yellow light emission applications [1,2].
.
[1] P. Babu, K. H. Jang, E.S. Kim, L. Shi, R. Vijaya, V. Lavin, C.K. Jayasankar, H. J. Seo,
J. Non-Cryst.Solids, 2010, 356 (4-5), 236.
[2] P. Dharmaiah, C.S. Dwaraka Viswanth, Ch.Basavapoornima, K. Venkata Krishnaiah, C.K.
Jayasankar, S.J. Hong, Mater.Res. Bull., 2016, 83, 507.
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Thulium (Tm3+)-doped tellurite glasses with molar composition of (75-x) TeO2 + 15 ZnO +5
Nb2O5+ 5TiO2+ xTm2O3 (where x = 0.01, 0.05, 0.1, 0.5 and 1.0 mol %) have been synthesized
using melt quenching technique.The upconversion (UC) spectra were recorded by using 808 nm
diode laser as an excitation source with pump power of upto 93 mW. Only the blue emission
bands pertaining to the 1G4 → 3H6 (480 nm) transition was observed. The glass doped with 0.5
mol% of Tm3+ ions exhibit highest luminescence intensity. The slope of the linear fit is found to
be 1.55, indicating that the two photons are involved in the UC process. One of the most
commonmechanisms,i.e., excited state absorption is expected to involve inthis UC process. The
decay curves of 1G4 level were measured and found that all are exhibiting single exponential
nature. Also, the lifetime values are found to be 182, 179, 176, 97 and 45 μs for the glasses
doped with 0.01, 0.05, 0.1, 0.5 and 1.0 mol % of Tm 3+ ions, respectively.
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Trivalent praseodymium doped glasses are considered as a promising activator for diverse
applications due to various strong emissions, resulting from both inter-configurational (df) and
intra-configurational (ff) transitions extending UV-VIS-NIR regions. Based on these
exceptional properties of Pr3+ ion, the present work concentrated on spectroscopic investigations
of Pr3+-doped lead phosphate glasses for visible lasers and optical amplifier applications. Lead
based phosphate glasses with composition of 44P2O5-(24-x)PbO-17K2O-9Al2O3-6Na2O-xPr6O11,
where x = 0.1, 0.5, 1.0 and 2.0 mol % referred as PPbKANPr0.1, PPbKANPr0.5, PPbKANPr1.0
and PPbKANPr2.0, respectively, were prepared by a melt, sudden quenching and casting
technique.The luminescencespectra exhibit emission bands in the visible region of 480-780 nm
attributed to the3P03H4, 3H5,3H63F2, 3F4and3P13H5, 3F3,3F4 transitions. The emission spectra in
the NIR region (800-1600 nm) with the excitation of 488 nm of argon ion laser has been
measured and the spectra has three emission bands at 868 nm (1D23F3), 1032 nm (1D23F4)
and 1469 nm (1D21G4). With the increasing of Pr3+ ion concentration, the emission intensities
were decreased due to concentration quenching. The full-width at half maxima of the
PPbKANPr0.5 glass was found to be 57 nm. The analysis of the results confirms that the present
Pr3+-doped lead phosphate glasses are useful for visible lasers as well as optical amplifiers.
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The Sr0.95Ba0.05La2-xO4:xRE3+(RE=Eu,Er,Ce and Ho) phosphors are synthesized through high
temperature solid-state reaction method at steps of 1000, 1100, 1200˚C. The impact of
temperature on phase structures, luminescence properties and decay lifetime are investigated.
The prepared Sr0.95Ba0.05La2-xO4phosphors exhibit abundant luminescent properties with doping
of different RE3+ ions under ultraviolet-visible and infrared excitation (980 nm) excitation. The
Sr0.95Ba0.05La2-xO4:xEr3+ particles characterize red emission (4F9/2 → 4I15/2) through upconversion emissions at 980 nm NIR irradiation.The chromaticity (CIE 1931) color coordinates
of the titled phosphors have also been evaluated. The merits of multicolor emissions in the
visible region endow the synthesized material by UV irradiation reveals potential candidate in
the field of light display systems, lasers and optoelectronic devices.
[1] Ge Zhu, Zhipeng Ci, Qian Wang, Yan Wen, Shaochun Han, Yurong Shi, Shuangyu Xin,
Yuhua Wang, J. Mater. Chem. C, 2013, 1, 4490.
[2] S.C. Prashantha, B.N. Lakshminarasappa, B.M. Nagabhushana, J. Alloys.Compd,2011, 509,
10185– 10189.
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The Er3+ doped oxyfluoroborosilicate (SBNC) glasses with composition of
35SiO2+25B2O3+10Na2CO3+15NaF+15CaF2+ x Er2O3 (where x = 0.01, 0.05, 0.1, 0.5. 1.0 and
2.0 mol%) were prepared by adopting melt quenching technique, The thermal, structural and
optical properties of as prepared glasses have been studied by using differential thermal analysis
(DTA), Fourier transform infrared (FT-IR), optical absorption, emission and decay analysis
respectively. J-O intensity parameters Ωλ (λ= 2,4 and 6) have been calculated from the absorption
spectrum of 0.5 mol% erbium ions doped glass and these values are used to predict the radiative
properties for different luminescent levels of Er3+ ions. By using 980 nm laser diode as an
excitation source, an intense NIR emission at 1.53 μm (4I13/2→ 4I15/2) has been observed with the
maximum full width at half maximum (FWHM) values for prepared oxyfluoroborosilicate
glasses doped with Er3+ ions. From the emission spectra different laser characteristic parameters
have been calculated. The higher Er3+ ion solubility, relatively high gain and broad emission at
around 1.53 μm are the notable features of the prepared glasses doped with Er 3+ ions to realize
efficient optical amplifier applications.
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A new red-emitting trivalent europium doped calcium zinc phosphate, CaZn2(PO4)2:Eu3+
phosphor, was synthesized using one-step solid-state reaction route. The obtained structure of
synthesized phosphors were good consistent with the crystal structure of CaZn2(PO4)2 phosphor
(triclinic structure), which was supported by X-ray diffraction analysis. The vibrational modes
were identified by Fourier transform infrared spectroscopy. The core-level binding energies (O
1s, P 2p, Ca 2p, Zn 2p and Eu 3d) of CaZn2(PO4)2:Eu3+ phosphor was investigated using X-ray
photoelectron spectroscopy. The phosphors have strong red emission around 620 nm (5D0 → 7F2
transition) under an excitation wavelength of 393 nm (7F0 → 5L8 transition). The emission
5
spectra composed of the non-degenerated
D0 → 7F0 transition and other Stark-crystal field
splitting lines for 5D0 → 7F1,2,3,4 transitions. The Commission International de I’Eclairage
chromaticity coordinates of phosphor was situated in the red region of visible spectrum.
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A new series of Er3+ doped lead fluoroborate glasses were prepared by traditional melt
quenching technique with molar composition of 39PbO+25B2O3+15Na2O+1Er2O3+XF2 (where
X = Ca, Sr and Ba denoted as PBNErCaF2, PBNErSrF2, PBNErBaF2 respectively). The thermal,
structural and optical properties of these glasses have been studied by DTA, FTIR, optical
absorption, emission and decay analysis respectively. The absorption spectra have prominent
absorption bands because of the Er3+ ions in the glass network. From the emission spectra were
recorded by using 980 nm laser diode as an excited source as shown in fig. For this an intense
emission peak at 1544 nm is observed and corresponding to 4I13/2→4I15/2 transition. Judd-Ofelt
intensity parameters have been calculated from the absorption spectra by using J-O theory. The
emission intensity of present glasses varies with the different fluorides. Among all glasses
PBNErCaF2 has highest intensity peak at 1544 nm. So PBNErCaF2 glasses may be used in
optical amplifiers. Apart from these spectroscopic parameters some physical parameters like
density, refractive index and reflection loss etc, were also calculated.
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Nd3+ single and Nd3+/Eu3+ co-doped ZnF2-LiF-Na2CO3-Bi2O3-H3BO3, zinc lithium fluoroborate
(ZLFNBiB) glasses with good optical properties have been prepared byhigh temperature meltquenching method.The Judd-Ofelt intensity parameters were calculated from optical absorption
spectrum and radiative parameters from the emission spectrum of 0.5 mol% of Nd3+ doped
glass. The single and co-doped samples exhibit emission bands centered at 874, 1058 and 1330
nm under the excitation of 808 nm. The photoluminescence spectra for co-doped glasses were
recorded under the 394 nm of xenon lamp as excitation source. The large stimulated emission
cross-section and branching ratio values are evaluated and compared with the other Nd 3+ doped
systems, the energy transfer from Eu3+ to Nd3+ ions is observed and thoroughly discussed from
NIR emission spectra (λexc = 394 nm) of co-doped glasses. The decay profiles are recorded for
all the concentrations of co-doped samples and the experimental lifetimes (τ exp) were obtained
from the decay profiles. The efficient energy transfer obtained between the Nd3+ and
Eu3+ionsinzinc-lithium fluoroborate glasses.
[1] B.R. Judd, Phys. Rev.,127 (1962) 750-761.
[2] G.S. Ofelt,J. Chem. Phys.,37 (1962) 511-520.
[3] R. Narro-García, H. Desirena, T. Lopez-Luke, J. Guerrero-Contreras, C.K. Jayasankar, R.
Quintero-Torres, E. De la Rosa, Opt. Mater., 46 (2015) 34-39.
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Rare earth ion doped Lanthanum Aluminate (LAO) nanophosphors composition of La13+
xAlO3:xSm (x=0, 2, 4, 6 and 8 mol%) were well synthesized by hydrothermal technique at low
temperature. The structural and luminescence properties of these prepared nanophosphor
samples were investigated. The PXRD confirms the crystallanity and Phase purity of the
samples. The photoluminescence emission observed in the 540-720 nm region and emission
peaks observed at 566, 600, 647 and 712 nm for a given dopant concentration which are ascribed
to the 4G5/2 to 6HJ (J = 5/2, 7/2, 9/2 and 11/2) transitions, respectively with excitation at 407
(6H5/2 → 4K11/2) nm. All the four emission peaks originated from the f-f transitions in the 4f
electron shell of Sm3+ ion. The intense emission peak observed at 600 nm due to partially
magnetic and electric dipole transitions. The extreme PL intensity observed at 6 mol% Sm3+
doped LAO nanophosphors. The calculated CIE coordinate values were well paired with
standard National Television Standard Committee (NTSC) value of orange-red emission as a
result it might be potential material for preparing phosphor converted light emitting source in
orange-red region.
[1] S. Fujihara, M. Oikawa,J. Appl. Phys., 95 (2004) 8002.
[2] J. Liu, H. Lian, C. Shi, Opt. Mater.,29 (2007) 1591.
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In the present work, the spectroscopic properties of Nd3+-doped bismuth phosphate glasses with
the chemical composition (65-x)P2O5 + 15Bi2O3 + 10Li2O + 10Na2O + xNd2O3 (where x = 0.1,
0.3, 0.5, 1.0, 1.5, 2.0 in mol %) prepared by conventional melt quenching technique have been
studied. The structural and optical properties are reported. Judd–Ofelt (JO) theory has been
applied to the absorption spectra of Nd3+-doped bismuth phosphate glasses to estimate the JO
intensity parameters (Ωλ, λ = 2, 4 and 6) which are in turn used to analyse the radiative
properties of luminescent level of Nd3+ ions. The near infrared emission spectra recorded with
808 nm laser excitation for different concentrations of Nd3+ ions show that the emission
of4F3/2→4I11/2 transition at 1063 nm found to be high intense. The measured decay timesof4F3/2
level decreased with the increase of Nd3+ concentration due to concentration quenching. The
calculated laser parameters have been found to be high for the present Nd 3+-doped bismuth
phosphate glasses when compared with the other Nd3+ doped glasses. The obtained results
suggested that the present glasses could be useful for 1.06 μm solid state laser applications.
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Different concentrations of neodymium(Nd3+) doped calcium borophosphate (CBP) phosphors
were prepared by solid state reaction method. These phosphors were characterized by XRD,
SEM, XPS, FT-IR, 31P solid state NMR, photoluminescence (PL) and decay profiles. Crystal
phase, morphology, elemental analysis and structural studies were obtained. XRD profiles
showed that the prepared phosphors exhibit a hexagonal phase in crystal structure.XPS spectra
were recorded and discussed about various anionic groups. From 31P NMR spectra of these
phosphors, mono-phosphate complexes Q0-(PO43-) were observed. From the diffuse reflectance
spectra, the optical band gaps were obtained for different concentrations of Nd 3+ doped CBP
phosphors. NIR photoluminescence spectra were measured for Nd3+ doped calcium
borophosphate phosphors and the spectra were studied for different concentrations. Decay curves
were obtained for the transition, 4F3/2→4I11/2ofNd3+ in these calcium borophosphate phosphors
and lifetimes were measured. The above results showed that Nd3+ doped CBP phosphors might
be used for NIR emission applications.

PS-36
OPTICAL AND SPECTROSCOPIC PROPERTIES OF Er3+ DOPED
DIFFERENT CHLOROFLUORO BORO PHOSPHATE GLASSES
K. Venkata Raoa, S. Babub, Y.C. Ratnakaramb
a
Department of Physics, S.B.V.R. Degree college, Badvel-516227, A.P,
b
India Department of Physics, Sri Venkateswara University, Tirupathi-517 502, A.P, India
E-mail:drvenkataraok@gmail.com
Er3+ ions doped chlorofluoro boro phosphate glasses with compositions (in mol %) (50-x)
(B2O3) +10 P2o5+ 10 Pbo+15 NaCl+15 MgF2 + x Er2O3, x= 0.2, 0.4, 0.6, 0.8, 1.0 and 2.0 system
have been prepared by melt quenching technique. The X-ray diffraction (XRD) pattern confirms
the amorphous nature of the prepared glass and the FTIR spectra explore the fundamental groups
and the local structural units in the prepared chloro fluoro boro phosphate glasses and optical
absorption, emission and decay measurements were carried out. From the optical absorption
spectra, derive the spectral intensities (f) and Judd-Ofelt intensity parameters, Ω λ (λ= 2, 4, 6)
were determined through experimental and calculated oscillator strengths obtained from the
absorption spectra and their results are studied and compared with reported literature. Using
Judd-Ofelt intensity parameters, radiative transition probabilities (AR), radiative lifetimes (τR),
integrated absorption cross sections (Σ) and branching ratios (β R) are calculated for all the
concentrations. From the photoluminescence spectra, experimental branching ratios (β exp) and
stimulated emission cross-sections (σP) for all the observed emission transitions are calculated.
The excited state transitions 2H9/2→4I15/2 and 4S3/2→4I15/2 emission level of Er3+ doped different
chlorofluoro boro phosphate glasses. Experimental radiative lifetimes (τ exp) are obtained from
decay curve analysis for all glass matrices. Finally, these observed results are discussed and
compared with the literature data.
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PbO─P2O5─ Bi2O3─R2O3 (R = Al, Ga, In, Tl) glasses doped with Nd2O3 were prepared by melt
quenching technique. The prepared glasses were characterized by the XRD patterns.
Conventional spectroscopic studies viz., FTIR, optical absorption and photoluminescence were
carried out on these glasses. The optical absorption spectra exhibited eleven absorption bands
around 351,431,473,514,526,581,628,683,747,804 and 874 nm wavelength corresponding to the
transitions 4I9/2 →4D1/2, 2P1/2, 2G9/2, 4G9/2, 4G7/2, 4G5/2, 2H11/24F9/2 , 4F7/2, 4F5/2 and 4F3/2
respectively. Judd-Ofelt parameters have been evaluated for the prepared glasses using optical
absorption spectra and these J-O intensity parameters have exhibited the trend Ω2> Ω6 ˃ Ω4.
Emission spectra of the prepared glasses were recorded at the excited wavelength 804 nm and it
exhibited three prominent peaks at about 885, 1054, 1323 nm wavelength corresponding to the
4
F3/2→4I9/2, 11/2, 13/2 transitions respectively in the near infrared region. By using J-O parameters
various radiative parameters for the excited luminescent levels of Nd 3+ ions are evaluated.
Emission cross section and branching ratio values are observed to be high for 4I11/2 level of Nd3+
ions. The emission intensities, evaluated quantum efficiency, branching ratio, scattering emission
cross section values of three transitions are found to be high for Ga2O3 mixed glasses. The above
investigations indicate that the glass system mixed with Ga2O3 could be a suitable candidate for
1.06 μm laser source in the near infrared region.
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Oxy-chloro boro tellurite (OCBT) glasses doped with different concentrations of Dy3+ ions were
prepared by using a conventional melt quenching technique and characterized through XRD, FTIR, Raman, absorption, excitation, photoluminescence (PL) and fluorescence decay spectral
measurements. The XRD, FT-IR and Raman spectral patterns were used to confirm the glassy
nature and to identify several functional groups present in the prepared glasses
respectively. From the absorption spectral profiles, oscillator strengths were measured to
evaluate the Judd-Ofelt (J-O) intensity parameters. The PL spectra recorded under 386 nm
excitation wavelength have two intense peaks in blue (485 nm) and yellow (576 nm) regions
related to the transitions 4F9/2→6H15/2 and 4F9/2→6H13/2 respectively. By correlating the J-O
parameters with PL spectral data, various radiative properties like radiative transition probability
(AR), radiative lifetime (τR), stimulated emission cross section (σ se) and branching ratios (βR)
have been measured for 4F9/2→6H13/2 and 6H15/2 transitions. Using the PL decay curves the
experimental lifetimes (τexp) were measured and in turn used to measure the quantum efficiency
of the present series of glasses. The yellow to blue intensity ratio (Y/B) was evaluated to
understand white light emission capability of the host glass by changing the concentration of the
Dy3+ ions. In order to confirm the white light emission from the series of OCBT glasses, the CIE
color co-ordinates have also been evaluated. From all the aforementioned studies, it is concluded
that 1.0 mol% of Dy3+ ions doped OCBT glass is aptly suitable for visible photonic applications.
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Rare earth ions doped glasses occupies the prominent place due their applications in the fields of
fluorescent display devices, optical detectors, bulk lasers, optical fibres wave guide lasers.
Optically transparent Nd3+ ions doped Alkaline earth lead fluoro alumino borate (BaPbAlFB)
glasses have been synthesized by melt quenching technique. The amorphous nature of the undoped glass has been confirmed through XRD measurements. The FT-IR spectral data recorded
for an un-doped glass gives the information pertaining to various functional groups. The weight
loss in the as-prepared un-doped glass has been studied by TGA studies. The glass transition
(Tg), onset crystallization (Tx), crystallization (Tc) and melting(Tm) temperatures were
determined from DSC measurements. The optical properties of the titled glasses have been
explored from the absorption, photoluminescence excitation (PLE) and photoluminescence (PL)
spectra. Judd-Ofelt (JO) analysis was carried out and the intensity parameters (Ω λ=2,4,6) also
spontaneous radiative probability and stimulated-emission cross-sections were estimated. The
magnitude of Ω λ confirms the covalency nature. The near infrared emission spectra were
measured by 808 nm excitation in which the emission intensity is found to be high at 1064 nm
for the 4F3/2 → 4F11/2 transition. The relatively higher values of emission cross-sections,
branching ratios values obtained for 1.0 mol% of Nd3+ ions in BaPbAlFB glass suggests it's
aptness in generating lasing action at 1064 nm in NIR region. Therefore, the present study
suggests that 1.0 mole % of BaPbAlFB glass can act as suitable host for laser emission at 1064
nm(transition) as well as optical fiber amplifier.
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Single crystals added with rare-earth (RE) ions are exhibiting a combination of active (laser) and
nonlinear properties (active nonlinear crystals) have been investigated intensively. The trivalent
lanthanide ions are eminent for their photo luminescent properties in the visible and near-infra
regions are suitable for several applications such as telecommunications, displays, laser
materials, data storage, radiation detection, and medical applications. The pursuit for new
nonlinear optical crystals has the top priority in the present day scenario. Most of the amino acids
show optical nonlinearity as they contain a proton donor carboxyl (COOH) group and a proton
acceptor amino (NH2) group in the structure and hence complexes of amino acids naturally
exhibit nonlinearity. With this view, attempts have made to grow rare earth (Ce3+ Tb3+ ,Eu3+)
added sulfamic acid(SA) single crystals grown by conventional slow evaporation solution
technique(SEST), and unidirectional growth/Sankaranarayanan-Ramasamy (SR) technique and
to test their photoluminescence properties for opto-electric device applications.The grown crystal
was examined by XRD, HRXRD to know its morphology, crystal structure and lattice
parameters, FTIR analysis was used to describe functional groups and effects of inﬂuence of
dopant in the grown crystal. The optical transparency of the grown crystal was studied by UVvisible spectroscopy. Thermogravimetric and differential thermal analysis (TG/DTA) is carried
out for its thermal stability. SEM with EDAX technique is used to identify the cerium
incorporation in the bulk grown crystal. Dielectric constant, dielectricloss studies are carried at
different temperatures and nonlinear efficiency was measured by Kurtz powder method. The
photoluminescence character of grown crystal reveals the fact that it can be an excellent host
material for optical emissions at low temperature.

PS-41
IMPROVEMENT OF EMISSION OF ERBIUM ION IN ORANGE REGION
BY CODOPING WITH TIN IONS IN Li2O-PbO-P2O5 GLASS SYSTEM
Y. Gandhi and P. Rajanikanth
Department of Physics, Kakani Venkata Ratnam College, Nandigama-521185, A.P., India
E-mail: gandhi_y@rediffmail.com
Lithium lead phosphate glasses doped with fixed concentration of Er2O3 and mixed with varying
concentrations ofSnO2 (from 0 to 7.0 mol%) have been synthesized. Optical absorption and
luminescence spectra of theprepared glasses were recorded at ambient temperature. The radiative
lifetimes were measured fromthe luminescence decay profiles recorded at room temperature.
Similar studies have also been carriedout on SnO2 singly doped glasses. Absorption and
luminescence spectra of Er3+ ions doped glasses were characterized using Judd–Ofelt theory.
Radiative parameters viz., transition probability A,branching ratio  and the radiative lifetime 
of principal emission transitions of these glasses have beenevaluated. The energy transfer
mechanism between Sn4+ and Er3+ in co-doped glasses has been exploredas a function of SnO2
concentration with the help of rate equations. The results indicated a significantenhancement in
the intensity of orange emission 4G11/2→4I11/2of Er3+ ions due to co-doping withSnO2. The results
were further analysed with IR spectral data and ac conductivity studies. The reasons for this
enhancement have been analysed in the light of varying environment of rare earth ions due to the
variations in the content of SnO2. The analysispointed out that about 3.0 mol% of SnO2 is the
most favourable concentration for getting the highest quantumefficiency of orange emission and
for the maximum energy transfer with low non-radiative transitionprobabilities.The energy
transfer mechanism from Sn4+ (S1→S0) to Er3+ (4G11/2→4I11/2) is quantitatively discussed with the
rate equations.
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A new series of Eu3+ ions doped boro-tellurite glasses have been prepared following the melt
quenching technique with the composition (69–x) B2O3–xTeO2–15Na2CO3–15NaF–1Eu2O3
(where x=0, 10, 20, 30 and 40 in wt%). The density, molar volume, FTIR and UV-Visible
studies have been used to determine structural and non-linear optical properties of the title
glasses.The FTIR spectral measurements reveal the presence of various functional groups such
as OH group, stretching vibrations of B–O bonds in BO3 and BO4 groups, Te–O bonds in TeO3
and TeO4 groups and the bending linkages of Te–O–Te/O–Te–O or B–O–B/O–B–O bonds in the
prepared glasses. The boron-boron separation(<dBB>), oxygen packing density(OPD), bond
density(nb) and calculated Poisson's ratio (µ cal) values are found to decrease with the addition of
TeO2 thus reveal the fact that the network connectivity decreases due to the formation of nonbridging oxygen sites and the glass network becomes less tightly packed. Further, covalent
nature of the Eu3+-metal ligand bond have been identified from the measured optical basicity
(Λth), covalent and ionic characteristic factor values.The observed variations in the optical
electronegativity, basicity and metallization criterion values have been discussed in terms of the
structural changes that takes place due to the addition of TeO2 into the B2O3 network. The higher
refractive index, increased optical basicity and metallization imply the enhanced non-linear
optical behavior of the present glasses. Further the calculated two-photon absorption coefficient
(β) values of titled glasses imply that they are ideal for the fabrication of optical signal
processing devices.
[1] D.P. Singh, Gurinder Pal Singh, J. Alloys Compd., 546 (2013) 224–228.
[2] G. Upender, S. Ramesh, M. Prasad, V.G. Sathe, V.C. Mouli, J. Alloys Compd., 504 (2010)
468–474.
[3] Manal Abdel-Baki, Fathy A. Abdel-Wahab, and Fouad El-Diasty, J. Appl. Phys., 111 (2012)
073506(110).
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A new series of Dy3+ ions doped (30–x–y)B2O3+30TeO2+20CaCO3+10ZnO+10ZnF2+
xYb2O3+yEr2O3 (x=1; y=0.01, 0.1, 0.25, 0.5, 1, and 2 in wt%) Zinc calcium tellurofluoroborate
glasses were prepared and their optical absorption, luminescence and excited state dynamics
have been studied to explore the amplification properties. The bonding parameters (δ and β),
optical band gap, Urbach’s energy, oscillator strengths and Judd-Ofelt (JO) intensity parameters
were calculated from the absorption spectra. Oscillator strength values of the hypersensitive
transitions 4I15/24G11/2 and 4I15/22H11/2 possess higher values compared to the other
transitions. The Ω 2 parameter possess higher values for all the prepared glasses and the JO
parameters follows the trend as Ω2>Ω6>Ω4 uniformly for all the glasses. The higher Ω 2
parameter values and smaller Ω 6 parameter values indicate the lower symmetry. The
luminescence properties have been analyzed through luminescence excited state dynamics and
radiative properties such as transition probability (A), stimulated emission cross-section (σ ),
branching ratio values (β) and radiative lifetimes (R) values. The luminescent intensity
corresponding to the 4I13/24I15/2 transition changes with the change in Er2O3 content and is due
to the energy transfer process taking place between Yb3+ and Er3+ ions. The absorption and
emission cross-section values for the 4I13/24I15/2 emission band have been calculated using
McCumbar theory and the Gain cross-section for the 4I13/24I15/2 emission transition also
obtained. The emission cross-section corresponds to the 1.53 μm emission band is found to be
4.11×10−20 cm2 and the effective bandwidth is found to be 91 nm. The luminescence decay
curves corresponding to the 4I13/24I15/2 transition of the Er3+/Yb3+ co-doped telluroborate
glasses under 980 nm excitation have also been studied. The lifetime pertaining to the
4
I13/24I15/2 transition is found to be higher than the reported Er3+/Yb3+ doped glasses and the
values are found to be in the order of 17 ms. The η values are found to change with the increase
in Er3+ ions concentration and the same is due to the enhanced inter-ionic interaction between
Yb3+ and Er3+ ions. The obtained results were compared with the reported Er3+/Yb3+ glasses and
it is concluded that the present glasses can be used as a promising gain medium for laser and
fiber amplifier applications.
[1] L.L. Martin, I.R.Martin, P.Haro-Gonzalez, J. Lumin. 131 (2011) 2446.
[2] K.Maheshvaran, S.Arunkumar, V.Sudarsan, V.Natarajan, K.Marimuthu, J. Alloys Compd.
561(2013) 142.
[3] P. Joshi, S. Shen, A. Jha, J. Appl. Phys.103 (2008) 083543.
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Lead borate oxyfluoride glasses activated with different concentrations of Pr3+ ions of
composition were prepared by melt quenching technique and characterized. The amorphous
nature and compositional analysis was studied by powder X-ray diffraction, Fourier transform
infrared and Raman studies. Using the room temperature optical absorption spectra, the
spectroscopic properties were determined applying the modified Judd-Ofelt theory [1-3]. The
three phenomenological Judd-Ofelt intensity parameters (Ω2,4,6) were obtained by least square fit
method and they were found to be 2 = 1.85×10-20 cm2, 4 = 3.42×10-20 cm2 and 6 = 2.36×10-20
cm2. The photoluminescence excitation spectrum recorded monitoring the emission at 604 nm
corresponding to the 1D2 → 3H4 transition shows a prominent excitation band peaked at ~450 nm
(3H4 → 3P2). When excited through3H4 → 3P2 transition, the studied glasses exhibit four emission
transitions: 3P0 → 3H4 (~490 nm), 3P1 → 3H5 (~530 nm), 1D2 → 3H4 (~604 nm) and 3P0 → 3F2
(~645 nm). The emission spectra show a red shift with the increase of concentration of Pr 3+ ions.
The fluorescence decay time of 1D2 emission level of Pr3+ ions was found decreased with
increase of Pr3+ concentration. The quenching of decay time was assigned to the energy transfer
among the excited Pr3+ ions at relatively higher concentrations. The experimental results show
that the studied glasses were suitable candidate to design intense orange-red emitting laser
glasses.
[1] B.C. Jamalaiah, J.S. Kumar, A.M. Babu, L.R. Moorthy, K. Jang, H.S. Lee, M. Jayasimhadri,
J.H. Jeong, H. Choi, J. Lumin., 2009, 129, 1023.
[2] D. Umamaheswari,B.C. Jamalaiah,T. Chengaiah,I.G. Kim, L.R. Moorthy, Phys. Chem.
Glasses: Eur. J. Glass Sci. Technol. B, 2012, 53, 271.
[3] M.V.V. Kumar, K.R. Gopal, R.R. Reddy, G.V.L. Reddy, N.S. Hussain, B.C. Jamalaiah, J.
Non-Cryst.Solids, 2013, 364, 20.
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The beach sands of India contain large reserves of monazite, a rare-earth phosphate mineral. It
shows an appreciable range of rare-earth elements Ce, La, Nb and actinide elements Th, U. In
general it contains about 55 – 60% total rare earth oxide and 9-10% ThO2. Raman spectroscopy
has been used to study the chemistry and structure of natural monazite mineral, in general shows
good agreement with the results of other characterisation techniques. The strongest peak near
970 cm−1 belongs to Ag mode assigned to the symmetric stretching of the PO4 tetrahedrons and
has a small contribution from Bg mode also. The medium peak near 412 cm-1 and 460cm-1
belongs to Ag/Bg. The small peak near 270 cm-1 belongs to Ag mode. The monazite mineral
crystallise in the monoclinic system (space group P21/n, Z=4) which consists of chains of
alternating AO9 polyhedrons (where A is Ce, and other light rare earth elements substituting for
Ce) and distorted PO4 tetrahedrons parallel to the c axis.Raman spectroscopy enabled
characterisation of monazite minerals impacted on the efficiency for determining their grade and
potential applications.
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In the present work, we report white light emitting Dy3+ ions activated MoO3nanophosphors
(NPs) were synthesized by solution combustion method by using Barbituric acid as a fuel. The
crystal structure, morphology, optical band gap, and luminescent properties of the prepared
samples were extensively studied.A single orthorhombic phase of the samples was confirmed
bypowder X-ray diffraction (PXRD) results, which signifies effective substitution of Dy3+ ions in
the MoO3 host.Hierarchical microstructures of the fabricated samples were investigated. The
characteristic intense photoluminescence (PL) emission peaks were observed in the range ~ 450
– 700 nm, which were ascribed to 4F9/2→6HJ (J =15/2, 13/2 and 11/2)transitions of Dy3+ ions.
Variation in the PL emission intensity with a maximumof ~ 5 mol % of Dy3+ concentration was
due to concentration quenching phenomena.The photometric and theoretical spectral calculations
of the samples were successfully investigated. The optimized NPs was explored as a novel
material for visualization of latent fingerprints (LFPs) on various porous, semi-porous and nonporous surfaces under normal light. The obtained results indicated that well-defined ridge
characteristics with all three level fingerprints (FPs) with highly sensitive, efficient and without
background interference were observed owing to its nano regime and better adhesion efficiency.
From aforementioned results, the MoO3: Dy3+(1-9 mol %) NPs are considered to be most
promising luminescent materials for solid-statelighting and advanced forensic applications.
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In the present work, we tailoring alkali metal ions (M+ = Na, Li, K) co-doped ZnAl2O4: Eu3+ (5
mol %) (ZAE) nanopowders (NPs) via solution combustion route using mimosa pudica (MP)
leaves extract as a fuel. The effective substitution of co-dopants improves crystallinity and grain
growth which confirms through PXRD results. Photoluminescence (PL) emission spectra of the
prepared ZAE and ZAE: M+( M+ = Na, Li, K) NPs exhibits intense red emission peaks at ~ 550 –
750 nm due to 5D0 7FJ (J = 0, 1, 2, 3, 4) transitions of Eu3+ ions. The Na+, Li+ and K+ ions codoped samples exhibits enhanced PL emission intensity may be due to the creation of oxygen
vacancies which induced by ionic radii mismatch. Latent fingerprints (LFPs) visualization is the
most important approach to identify individuals, and there is a persisting need for the
development of simple, rapid, accurate, and universal recognition methods. Hence, the optimized
ZnAl2O4: Eu3+ (5 mol %), Li+ (1 wt %) (ZAEL) NPs creates novel sensing platform for
visualization of highly sensitive LFPs under normal and UV light (254 nm) on various porous,
semi-porous and non-porous surfaces through robust powder dusting technique. The visualized
LFPs reveals well defined level 1-3 ridge characteristics even after abrasion and aquatic
environmental tests. Hence, it evidences versatility of the development techniques for
visualization of LFPs with superior sensitivity, little background hindrance, extraordinary
efficiency, lesser toxicity and stress-free detection. The obtained results bridge gap between
prepared NPs and its multifunctional applications namely, advanced forensic and solid state
lightning.
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Researchers have paid much attention on rare earth (RE3+) doped materials due to their potential
applications in the field of laser radars, laser guided missiles, optical communication,
atmospheric pollution monitoring, cataract eye surgery, etc,. An intense green and red emission
regions of holmium (Ho3+) ions has motivated for fabricating green or red luminescencent
devices. Present work focuses on the Ho3+-doped oxyfluoro-titania-phosphate (HOFTP) glasses
with glass composition, P2O5–BaF2–CaF2–TiO2–Ho2O3, were prepared by usual melt-quenching
technique. There are fourteen well resolved absorption peaks were noticed from visible to NIR
region. An intense emission band was revealed at 545 nm and two more low intense bands at
659 nm and 752 nm. The emission wavelengthat 545 nm and 659 nm could be utilized for the
development of green and red lighting devices.
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Optical refrigeration or laser cooling of solids based on anti-stokes fluorescence has been
proposed for the first time by Pringsheim [1]. However, this was demonstrated experimentally by
Epstein et al. [2] in Yb3+-doped ZBLANP fluoride glasses. Subsequently, selective number of
novel materials doped with trivalent rare earth (RE3+) ions have been explored. These materials
include glasses [3], glass-ceramics containing nanocrystals [4], optical fibers [5–7], single
crystals [8] and nanocrystals [9]. For laser cooling, the materials must possess high
photoluminescence quantum yield (PLQY), low background absorption and low phonon energy.
Novel materials such as glasses and nanocrystalline glass-ceramics have lot of advantages
compared to other interesting materials (fluoride glasses, nanocrystals and single crystals) such
as simple and rapid synthesis process, high chemical resistance, high PLQY, shape into required
dimension and less expensive. The scope and study of these RE3+-doped materials for laser
cooling applications could be discussed during the conference.
[1] P. Pringsheim, Z. Phys.57, 739 (1929).
[2] R.I. Epstein, M.I. Buchwald, B.C. Edwards, T.R. Gosnell and C.E. Mungan, Nature
(Lond.)377, 500 (1995).
[3] J. Fernandez, A. Mendioroz, A. J. Garcia, R. Balda, and J. L. Adam, Phys. Rev. B.62, 3213
(2000).
[4] E. Soares de Lima Filho, K. Venkata Krishnaiah, Y. Ledemi, Ye-Jin Yu, Y. Messaddeq, G.
Nemova and R. Kashyap, Opt. Express23, 4630 (2015).
[5] C. E. Mungan, M. I. Buchwald, B. C. Edwards, R. I. Epstein, and T. R. Gosnell, Phys. Rev.
Lett. 78 (1997) 1030.
[6] G. Nemova and R. Kashyap, J. Opt. Soc. Am. B 26(12), 2237 (2009).
[7] K. Venkata Krishnaiah, Y. Ledemi, C. Genevois, E. Veron, X. Sauvage, S. Morency, E.
Soares de Lima Filho, G. Nemova, M. Allix, Y. Messaddeq, and R. Kashyap, Opt. Mater.
Express 6, 1981 (2017).
[8] M. P. Hehlen, M. Sheik-Bahae, R. I. Epstein, S. D. Melgaard, and D. V. Seletskiy, J. Mater.
Chem. C 1(45) 7471 (2013).
[9] X. L. Ruan and M. Kaviany, Phys. Rev. B73, 155422 (2006).
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Recent times, phosphate glasses have been extensively investigated for high-energy high-power
lasers [1], bioactivity [2], nuclear waste immobilization [3], and magneto optical effect [4].
Addition of transition metal oxides such as titania (TiO2) to the phosphate glasses could improve
their optical, physical, chemical and mechanical properties [5]. Terbium doped glasses have
found potential applications in lasers, solid state lighting and display devices. This work focuses
on the fabrication of Tb3+-doped oxyfluoro-titania-phosphate glasses of chemical composition (in
mol%), (60 - x) P2O5 – 15 BaF2 – 20 CaF2 – 5 TiO2 – x Tb4O7, x = 0.05, 0.1 and 1.0by usual
melt-quenching technique. These samples were characterized through optical absorption,
excitation, emission and decay profiles. Upon excitation at 377 nm, the PL spectra exhibit an
intense band at 541 nm which corresponds to the 5D4 → 7F5 transition. Lifetime of the 5D3 and
5
D4 levels of Tb3+ ion was obtained by analyzing the decay curves with exponential function.
Green emission was predominant in Tb3+-doped oxyfluro-titania-phosphate glasses which could
be a potential candidate for green emitting devices.
[1] J.H. Campbell and T.I. Suratwala, J. Non-Crystalline Solids263&264 (2000) 318-341
[2] Md Towhidul Islam, Reda M Felfel1, Ensanya A Abou Neel, David M Grant, Ifty Ahmed
and Kazi M Zakir Hossain, J. Tissue Engineering8 (2017) 1-16.
[3] P.Y. Shih, Materials Chemistry and Physics80 (2003) 299–304.
[4] Hirofumi Akamatsu, Koji Fujita, Shunsuke Murai, and Katsuhisa Tanakaa, Appl. Phys. Lett.
92 (2008)251908.
[5] V. Rajendran, A.V. Gayathri Devi, M. Azooz, F.H. El-Bata, J. Non-Crystalline Solids353
(2007) 77–84.
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Fingerprints have been used in forensic investigation for the identification of individuals.Herein,
wereport a novel red-emitting Eu3+ ions doped ZrO2 nanophosphors for latentfingerprint
technology.Eu3+ ions doped (1 – 7 mol %) ZrO2 nanoparticles (NPs) were synthesized by a
facile green synthesis method using Alove veraas fuel. The obtained ZrO2: Eu3+ (1-7 mol %) NPs
were characterized by using powder X-ray diffraction studies (PXRD), scanning electron
microscopy (SEM) and photoluminescence (PL) techniques. The dependency of dopant
concentration on the crystal structure, surface morphology and luminescence properties were
discussed in detail.The PL emission of ZrO2: Eu3+ NPs shows characteristics transitions of Eu3+
ions.The CIE chromaticity and CCT confirms the phosphor material as red emitting hence it was
quite useful in display applications.
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The correlation between structural and luminescence behavior of Eu3+ ions is a well known
spectroscopic probe to estimate the local field environment in different host matrices due to its
simple energy level structure i.e. 7F0 ground and the 5D0 excited state of Eu3+ ions are single and
non-degenerate under any symmetry. The intensity ratio between electrical-dipole (5D0→7F2)
and magnetic-dipole (5D0→7F1) transitions can be used as a probe for site symmetry to
investigate the local field environment. The phonon sideband appear in the excitation and
emission spectra as a result of coupling of the 4f electrons to the lattice vibrations provides direct
measurements of the phonon environment around the Eu3+ ions site. In the present work, Eu3+
ions doped borophosphate glasses,51H3BO3+10ZnO+20Li2Co3+9SrCo3+(10x)H6NO4P+xEu2O3
(where x=0.1,0.25,0.5,1,2 and 3 in mol%) were prepared by melt-quenching technique and their
structural, optical behavior were studied and reported. The local structure and vibronic spectral
analysis were performed in order to correlate them with the local field environment of Eu3+ ions
on the basis of FTIR, Raman, Phonon sideband spectroscopy. The PSB with three discrete
phonon modes located at around 1320 and 1690 cm –1 have been compared with the FTIR band
assignments and are in good agreement with the observed bands. The PSB located at 1320 cm–1
is mainly due to the presence of isolated BO4 units, B–O stretching in BO4 units and B–O
stretching in BO3 units, respectively. Another PSB located at 1690 cm–1 is associated with the P–
O stretching vibration in PO3 units. The Nephlauxtic intensity ratio (β) and boding parameter (δ)
values obtained from the absorption bands reveals the covalent nature of the Eu–O bond in the
prepared glasses. The five emission transitions were observed in the luminescence spectra while
exciting at 464 nm as a result of radiative transitions from the excited 5D0 level to the lower
energy levels 7FJ(=0,1,2,3,4) of Eu3+ ions. The JO intensity parameters (Ωλ) and the asymmetric
intensity ratio (R) values were calculated from the emission spectra which are used to explore the
nature of the bonding and asymmetry around the Eu-ligand field environment. The increasing Ω 2
intensity parameter values and R values confirms the higher asymmetry around Eu 3+ ions and the
covalency of Eu–O. The excited state lifetime pertaining to the 5D0 level of Eu3+ ions has been
found to be single exponential for all concentration of Eu 3+ ions and the values are found to
increase with the increase in Eu3+ ions concentration due to the higher asymmetry around Eu3+
ions. The obtained (x,y) chromaticity coordinates (0.61, 0.32) in the CIE chromaticity diagram
suggests that the prepared glasses are promising materials for red laser applications.
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The inability of dye sensitized solar cells (DSSCs) to utilize light in the ultraviolet (UV) spectral
range, which constitutes almost half the energy of the sun's radiation, is a major limitation to
their power conversion efficiency (PCE) [1]. Photon down conversion through rare-earth ions is
one of the promising approaches to convert UV into visible, where DSSCs typically have high
sensitivity [2]. In this regard, we demonstrated the application of the Ca2SiO4:Dy3+ down
converting phosphors (DCPs) to improve the PCE of DSSCs. We herein report the up gradation
of efficiency in DSSCs by spin coating the proposed DCPs on TiO2 working electrode. The best
photovoltaic performance was achieved for the champion cells incorporating Ca2SiO4:Dy3+DCPs
with current density Jsc = 10.95mAcm−2, Voltage Voc = 0.79 V and efficiency = 4.23%, relative
to the test cells fabricated without DCPs. (Jsc = 9.71mAcm−2, Voc = 0.78 V, =3.13%) under one
sun illumination, resulting in an enhancement in PCE.
[1]C. Klein, M. K. Nazeeruddin, P. Liska, D. D. Censo and N. Hirata et al., Inorg. Chem., 2005,
44, 178.
[2] G. Zhu, X.J. Wang, H.L. Li, L.K. Pan, H.C. Sun, X.J. Liu, T. Lv, Z. Sun, Chem. Commun.,
2012, 48, 958.

PS-54
PHOTOLUMINESCENCE OF SAMARIUM DOPED ANTIMONYMAGNESIUM-STRONTIUM-OXYFLUOROBORATE GLASSES
S. Farooq1, 2, Y. Munikrishna Reddy3, R.Padmasuvarna1, K. Venkata Krishnaiah2,*
1
Department of Physics, JNT University, Anantapuramu - 515002, India.
2
Department of Physics, RGM College of Engineering & Technology, Nandyal - 518501, India.
3
Department of Physics SSBN Degree & PG College, Anantapuramu-51500, India
E-mail:kvkphd84@gmail.com
Trivalent rare earth (RE3+) ions have emerged as active ions in the many optical devices. For the
past few years RE3+-doped glasses got much attention due to their potential applications in
emerging fields of science and technology include display monitors, lasing devices, optical
fibers, detectors, sensors and solar concentrators. This work reports the photoluminescence
properties of samarium (Sm3+)-doped antimony-magnesium-strontium oxyfluoroborate
(B2O3‒MgF2‒SrO‒Sb2O3‒Dy2O3) glasses. These glasses were prepared by melt-quenching
technique and investigated their properties through optical absorption, photoluminescence
excitation, photoluminescence emission and decay curve analysis. Absorption band consists of
ten bands in which a transition, 6H5/2 → 6F7/2 iscalled as hypersensitive is observed. A peak
related to 4G5/2→ 6H7/2 transition in the luminescence spectra shows a strong reddish-orange
emission under the wavelength excitation of 401 nm. Decay curves are mono-exponential at
lower concentration and non-exponential at higher concentration. Lifetime ( ) of 4G5/2 level was
decreased with increase of Sm3+ ionconcentration. The red to orange (R/O) ratio was examined
to understand the symmetric character about the Sm3+ ion. The value of is found to be 2.21,
1.63, 1.12, 0.82, 0.59 and 0.49 ms for 0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 mol% of Sm3+ ion
concentration, respectively. It is observed that value decreases with increasing Sm3+ ions
concentration. From the CIE colour coordinates and CCT values, it is concluded that the
synthesized glasses are suitable for reddish orange luminescence. Therefore the present glass
system can be used as an active media for the development of reddish orange lighting devices.
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Present study reports the effects of varying concentrations of Dy3+ ions on the optical properties
of 10ZnO-5Na2CO3-10Bi2O3-75-xB2O3-xDy2O3 (x=0.1 to 1 mol%) glasses prepared through
melt-quench technique with an aim to achieve suitable optical gain medium for illumination
applications. Minimal changes in the measured density, X-Ray diffractogram and Fourier
Transform Infrared spectra of the prepared samples confirmed the stability of the glass structure
even after 1 mol% doping of the Dy3+. The oscillator strength and Judd-Oflet (JO) intensity
parameters of the glasses were determined using optical absorption spectra. The photoemission
spectra exhibited two prominent emissions around 480 nm and 587 nm at 387 nm excitation. The
calculated color chromaticity with x = 0.401, y = 0.441 coordinates for 0.3 mol% of the Dy3+ in
the glasses suggests suitable optical gain medium for white colour LED applications. Metastable
lifetimes of the Dy3+ ion were found-out by exponential fitting to the decay profiles. Lasing
parameters of the glasses such as branching ratio, radiative transition probability and stimulated
emission cross-section of 6F9/2→6H13/2 transition were calculated using JO parameters indicating
0.3 mol% Dy3+-doped glasses suitable for 587 nm solid-state laser applications. The mechanism
of energy transfer is determined by applying the Inokuti-Hirayama model and was found to
involve a dipole-dipole type of interactions. Thermoluminescence (TL) glow curves of the
gamma-ray treated 0.3 mol% Dy3+-doped zinc sodium bismuth borate glasses were deconvoluted using Computerized Glow Curve Deconvolution method to evaluate the energy
storage properties of the glasses. The intensity variation of the TL component peak (CP2) at 500
K showed linear behavior up to 3 kGy suggesting application in high dose measurements.
[1] N. Deopa, A.S. Rao, Journal of Luminescence, 2017, 192, 832.
[2] M. V. Rao, B. Shanmugavelu, and V. V. R. K. Kumar, Journal of Luminescence, 2017,181,
291.
[3] C. K. Jayasankar and E. Rukmini, Phys. B Condens. Matter, 1997, 240, 273.
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Radioactive lanthanides offer enticing properties and is extensively studied in
Radiopharmaceutical Sciences during recent years. Radiolanthanides produced by direct
activation reactions in a research reactor offers attractive nuclear properties for its use in
endoradiotherapy using appropriate radiolabeled molecules. Among various neutron induced
nuclear reactions, the option of utilizing direct activation reactions i.e., (n,) is not only
attractive but also effective in achieving prospective radiolanthanide precursors in a facile
manner suitable for radiopharmaceutical chemistry. Many lanthanide isotopes have very high
neutron activation cross section, and therefore provide suitable targets for production of
radiolanthanides. Lanthanide radioisotopes such as 177Lu [T½ = 6.65 d, Eβ(max) = 497 keV
(78.6%); E = 113 keV (6.6%), 208 keV (11%)], 153Sm [T½ = 47h, Eβ(max) = 807 keV (21%); E
= 103 keV (28%), 70 keV (5%)], 175Yb [T½ = 4.185 d, Eβ(max) = 480 keV (80%); E = 113
(1.9%), 282 (3.1%)], 169Er [T½ = 9.4d, Eβ(max) = 351 keV (55%); E = 110.5 keV (0.0014%)] and
166
Ho [T½ = 27h, Eβ(max) = 1.84 MeV (100%); E = 80.5 keV (6.7%)] having favorable
radionuclide decay properties were studied and their radiochemical process procedures
optimized. Measured amounts of chemical targets in their respective oxide forms were weighed
into standard aluminum cans, cold weld sealed and neutron irradiated at a thermal neutron flux of
1×1014 n/cm2.s for optimized time of irradiation. Subsequently, irradiated samples were retrieved
in each case and radiochemical procedures optimized in a lead shielded production plant facility
with remote handling provisions. Quality control procedures were followed to ascertain the
radioactivity yield, radiochemical and radionuclide purity of the respective radiochemical
prepared.Under optimized conditions, large scale production of radiolanthanides 177Lu, 153Sm,
175
Yb, 169Er and 166Ho [1-5] with radionuclide purity >99.9% radiochemical purity >95% suitable
for therapeutic radiopharmaceutical formulations suitable for patient treatment is the positive
outcome.
[1] Sudipta Chakraborty, K. V. Vimalnath, Sharad P. Lohar, Priyalata Shetty, Ashutosh Dash, J.
Radioanal.Nucl.Chem., 2014, 302, 233.
[2] Rubel Chakravarty, Sudipta Chakraborty, Mohammed Sahiralam Khan, Ramu Ram,
Haladhar Dev Sarma, Ashutosh Dash, Nucl. Med. Biol., 2018, 58, 8.
[3] Sudipta Chakraborty, Tapas Das, Sharmila Banerjee, Suresh Subramanian, Haladhar Dev
Sarma, Meera Venkatesh, Nucl. Med. Biol., 2006, 33, 585.
[4] Rubel Chakravarty, Sudipta Chakraborty, Viju Chirayil, Ashutosh Dash, Nucl. Med. Biol.,
2014, 41, 163.
[5] K. V. Vimalnath, Sudipta Chakraborty , A. Rajeswari, K. S. Sharma, H. D. Sarma, R. S.
Ningthoujam, R. K. Vatsa, Ashutosh Dash, Mater. Today, 2017, 4, 4329.
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Glasses of sodium-lead borophosphate(SLBP) containing 1.0 mol% Gd3+ ions have prepared.
EPR spectra have been studied at different temperatures (93-303 K). The EPR spectrum at room
temperature exhibits three prominent features with effective g-values of ≈ 5.99, 2.85 and 1.98
and weaker features at g = 3.60 and 4.77. The spectra are similar to the U-spectra familiar in
many oxide glasses, indicating very low and disordered site symmetries with a broad distribution
of crystal fields. The number of spins (N) participating in resonance for g=5.99 resonance signal
has been calculated as a function of Gd content and temperature. It is observed that N increases
with Gd content. A linear relationship was established between log N and 1/T and the activation
energy was calculated from the graph. The paramagnetic susceptibility () was calculated from
the EPR data at various temperatures and the Curie constant (C) and paramagnetic Curie
temperature (p) have been evaluated from the 1/χ versus T graph and shows Curie–Weiss type
of magnetic behavior[1]. The photoluminescence spectra of the prepared glasses have also been
studied. The excitation spectra exhibits a broad peak at 278nm, which is due to the transition
from the ground state 8S7/2 to the excited state 6Ij. The emission spectrum exhibits a strong peak
at 313 nm which is attributed to the transition from the exited state 6Pj to the ground state
8
S7/2[2].The study of FTIR absorption spectrum reveals the presence of BO3,BO4, and
PO4structural units. The detailed results are discussed.
[1] A. Murali, R.P. Sreekanth Chakradhar, J. Lakshmana Rao, Physica B. (2005) 364, 142.
[2] H.E.Dongbing, Y.U .Chunlei, C. Jimeng, LI Shunguang, H.U.Lili,Journal of Rare-earths,
(2011) 29, 48.
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Trivalent lanthanide ions doped glasses achieved major importance due to their feasible
utilization in the field of photonics as sensors, lasers, fiber optic communication and display
devices. Among various host matrices the borate glasses are being investigated so extensively
because of their novel properties such as high transparency, large refractive index and good rare
earth ion solubility. It is well known that boric acid (B2O3) is one of the best glass former among
the known good glass formers. TheEr3+emission at 1.53μm has drawn attention for use in
communication applications. Trivalent erbium (Er3+)doped lithium fluoride glasses with molar
composition of (50-x/2)B2O3+(50-x/2)LiF+xEr2O3, where x = 0.05, 0.1, 0.5, 1.0 and 2.0 mol %
referred as B50LfEr0.05, B50LfEr0.1,B50LfEr0.5,B50LfEr1.0 and B50LfEr2.0 respectively,
have been prepared by a melt, sudden quenching and casting technique.By applying Judd-Ofelt
(JO) theory, JO parameters (2 =7.3810-20cm2,4 = 2.6410-20cm2 and 6 =4.8810-20cm2 ) were
evaluated from the absorption spectra of Er3+-doped B50Lf glasses. The emission intensity
increases from 0.01mol% to 1.0 mol% and then decreases due to concentration quenching. With
the help of JO parameters the radiative properties such as transition probability (A R=1.0 s-1),
branching ratios (βR=1.0), radiative lifetimes (τR=2.607ms), stimulated emission cross-section
(σse =1.246110-20cm2), gain band width (Δλp σse) and optical gain (τR σse=3.248610-20cm2)
parameters for the prominent luminescent level of Er3+: 4I13→ 4I15/2 at 1.53μm have been
evaluated. In general, both radiative and non-radiative emission processes, the lifetime of
4
I13/2level is strongly influenced.The analysis of the present studies indicates that Er3+ions doped
B50Lf glasses may also be suitable for green lasers and optical amplifiers.
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Different concentrations of Sm3+ ions (0.1, 0.5, 1.0 and 2.0 mol%) were doped
into lead borosilicate (LBS) glasses by the melt-quench method. The prepared
glasses were characterized using XRD, FTIR, absorption and luminescence
techniques. The amorphous nature of the glass has been confirmed from XRD
analysis and functional groups present in the glasses were identified by using
FTIR spectrum. From the absorption spectra, the fexp and fcal were evaluated to
find the JO intensity parameters (Ω λ, λ = 2, 4 and 6). The computed JO parameters
are further used calculate certain radiative properties for the excited level of 4G5/2
of Sm3+ ion. From the emission spectra, the effective bandwidths (Δλ eff),
stimulated emission cross-sections (σ(λp)), optical gain (OG), gain bandwidth
(GBW) and lifetimes (τ) were determined. From the decay analysis, the
experimental lifetime (τ exp) decreases with increase in Sm3+ ion concentration.
From the emission analysis, it can be concluded that the Sm3+ doped LBS glasses
are suitable for photonic applications.
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Oxyfluorosilicate glasses with the composition (in mol%) of 41 SiO2 + 10 Al2O3 + (25.9-x) LiF +
23 SrF2 + 0.1 Tm2O3 + xYb2O3 (x=0.1, 0.5, 1.0 and 2.0, denoted as SALfSfTm0.1Ybx) have
been synthesized and characterized their upconversion (UC) properties. The UC luminescence
has been observed in Tm3+/Yb3+ co-doped glasses under 975 nm laser excitation in the
wavelength range of 325-700 nm. Four emission bands are observed at around 362, 450, 474 and
650 nm, which correspond to the 1D2→3H6, 1D2→3F4, 1G4→3H6 and 1G4→3H4 transitions of
Tm3+ ion, respectively. Among these four emission bands, it is observed that the red emission at
650 nm is relatively weaker than the blue one at 474 nm. The increase in UC luminescence
intensity up to 1.0 mol% of Yb3+ ions can be explained as due to increase in the efficiency of
energy transfer processes from Yb3+ to Tm3+ ions. The decrease in UC luminescence intensity at
higher concentrations of Yb3+ ions is caused by concentration quenching through energy
migration among the Yb3+ ions and then transfer to traps[1,2]. The results reveal that the codoped glasses are promising for near-infrared to visible upconversion lasers.
[1] X. Li, S. Bo, X. Shengchun, L. Jingwen, J. Rare Earths, 2010, 28, 194.
[2] F.C. Guinhos, P.C. Nóbrega, P.A. Santa-Cruz, J. Alloys Compd. 2001, 323-324, 358.
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The present work reports theoptical spectroscopy of multichannel emission transitions of Sm3+doped alkali and alkaline mixed fluorophosphate glasses with molar composition of
45
P2O5 + 15K2O + 10 Al2O3 + 19BaF2+ 10NaF2 + 1Sm2O3 (PKABfNfSm1.0). These glasses have
been prepared by conventional melt quenching technique and characterized through absorption,
emission and decay rate analysis. Absorption spectrum was analysed by Judd-Ofelt (JO) theory
and the three phenomenological JO intensity parameters Ω λ (λ= 2,4 and 6) are calculated which
are inturn utilized to evaluate various radiative parameters for different excited states of Sm3+ ion
[1,2]. Stimulated emission cross-sections (σe(λP)) was determined for visible 4G5/2→6HJ (J = 5/2,
7/2, 9/2 and 11/2) and NIR 4G5/2→6FJ (J = 3/2, 5/2, 7/2 and 9/2) emission transitions. The
obtained values for the 4G5/2 → 6H7/2 and 6H9/2 transitions are found to be higher when compared
to the other transitions. The decay time has been measured under the excitation of 405 nm by
monitoring both the visible (599 nm) and NIR (958 nm) emissions of Sm3+ ions and lifetimes
were found to be 1.746 and 1.762 ms, respectively. Quantum efficiency () of the glass is found
to be 83%, indicating that the prepared glasses have intense emission. The CIE co-ordinates
(x=0.601 and y=0.372) of the overall emissions observed in the PKABfNfSm1.0 glass fallen to
be reddish-orange region. The obtained results indicate that they are useful for photonic device
applications.
[1] K. Linganna, Ch. Basavapoornima and C.K. Jayasankar, Optics Commu.344, 100-105 (2015).
[2] A.Herrera, R.G.Fernandes, A.S.S.de Camargo, A.C.Hernandes, S.Buchner, C.Jacinto,
N.M.Balzaretti, J. Lumin.171, 106-111 (2016).
.
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Nd3+ doped bismuth borate glasses (BBZPA) were prepared with a chemical composition of (65x) B2O3-10Pb3O4-5Bi2O3-10ZnO-10AlF3-xNd2O3(where x=0.0, 0.1, 0.5, 1.0, 2.0 and 3.0 mol
%)by the conventional melt quenching method.The prepared glasses were studied to determine
their structural, absorption, emission and decay properties. From the X-ray diffraction spectrum,
amorphous nature of the prepared glass has been confirmed. The oscillator strengths (f)
measured from the absorption spectra were used to calculate the Judd-Ofelt (J-O) intensity
parameters Ω λ (λ = 2, 4 and 6). The evaluated J-O parameters have been used to determine the
various radiative parameters such as transition probabilities (AR), total transition probability rate
(AT), radiative lifetimes (τR) branching ratios (βR) and stimulated emission cross-sections ( (λp))
for the excited 4F3/2 level of Nd3+ions. The emission spectra revealed three emission peaks,
identified at 901, 1059 and 1331 nm and are assigned to 4F3/2 →4I9/2, 4F3/2 →4I11/2 and 4F3/2 →4I13/2
transitions, respectively. It is observed that, the transition 4F3/2 →4I11/2 at 1059 nm is more intense
than the other two transitions whichis used for the laser emission. The intensity of the 4F3/2
→4I11/2, transition increases with increase of Nd3+ ions concentration from 0.1 to 1.0 mol% and
thereafter decreases at higher concentrations due to the quenching effect. The fluorescence decay
curves for all the Nd3+ doped BBZPA glasses exhibits single exponential decay constant because
of negligible effect of ligands on Nd3+ ions.The above results suggest that Nd3+ doped BBZPA
glass system could be suitable for photonic applications.
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INAA is considered as one of the best analytical techniques especially for the determination of
Rare Earth elementsand trace elements in the rock samples of varying matrix. In the INAA
laboratory, samples from diverse geological environment with different concentrations of
uranium are subjected to REE analysis.Determination of REEs such as La, Ce, Nd, Sm and Lu
directly by INAA in the uranium rich rock samples gives erroneous data due to the spectral
interference from fission products of uranium and gamma ray of activation product of uranium
(239Np). In order to obtain the accurate values of REEs in the rock samples containing high
concentration of uranium (>200 ppm), REEs were separated adopting the procedure of solid
phase micro extraction using Activated Charcoal before irradiation. Samples and certified
reference standards after irradiation in DHRUVA reactor, at BARC, Mumbai were analysed
using a p-type HPGe coaxial semiconductor detector coupled to DSP based Multi-ChannelAnalyser. For validation of the data the same samples were analysed by ICP-OES.
Concentrations of uraniumrange from 400 ppm to 4.5 %in rock samples were taken up for the
study. La, Ce, Nd, Sm, Eu, Tb, Yb and Lu obtained by INAA before and after the separation of
uranium in the rock samples. Before separation of uranium, La, Nd, Sm and Lu could not be
determined and erroneous values of Ce were obtained in the samples containing uranium
(>0.2%) due to the interference of the fission products and the gamma energy peak of 239Np.
Concentration of these elements can be determined by INAA after separation of uranium by solid
phase micro extraction method. These samples were analysed by ICP-OES for the validation of
thedata and observed that the results are in good agreement except in the case of one sample with
the concentration of uranium 4.5 %. This is due to incomplete separation of uranium since the
concentration of uranium in this sample is 4.5 %. The uncertainties in the determination of all the
elements are ± 1 to 5 % except for Nd which is ± 10 % due to its lower sensitivity in coaxial
HPGe detector for INAA.
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The optical properties and energy upconversion in Er3+/Yb3+ co-doped BiNbO4 matrix were
investigated in this work. The solid-state reaction method have been used to prepare BiNbO4
matrix. X-ray diffraction confirms the composition and its doping. The grain distribution and the
behaviour of doping with Er3+ and Yb3+ on the sample surface were obtained by scanning
electron microscope. Raman spectral characterization shows the behaviour of the vibrational
modes of the samples. Upconversion emissions in the visible region at 484.5, 522, 541.5 and
670.5 nm in the matrices of BiNbO4:Er,Yb and BiNbO4:Er were observed and analyzed as a
function of 980 nm laser excitation power and rare-earth doping concentration. The results show
that the BiNbO4 is a good host material for upconversion phosphors.
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The spectoscopic properties of lithium-gadolinium-borate and zinc-barium-borate glasses doped
with samarium ions had been published in previous studies where metaphorical results were
investigated. At present, the samarium-doped lithium-gadolinium-borate glasses
(LGBO:60Li2O:10Gd2O3:(30-x)B2O3:xSm2O3, where x = 0.05, 0.10, 0.50, 1.00 and 1.50 mol% )
and zinc-barium-borate glasses (ZBaB:(60-x)B2O3:30BaO:10ZnO:xSm2O3, where x= 0.0, 0.5,
1.0, 1.5, 2.0 and 2.5 mol%) have been prepared by the melt quenching method. In both the
glasses, the absorbtion spectra are found to be similar in transitions from the ground state 6H5/2 to
the excited states with minor changes due to modifier effect. The emission spectra was measured
with the excitation of 404 nm and the spectra has intensity peaks at 562 ( 6H5/2), 600 (6H7/2),
646(6H9/2), and 707 (6H11/2) nm, respectively. The concentration quenching effect (CQE) was
found at 1.0 mol % for LGBO: Sm3+ glass, but not for ZBaB: Sm3+.
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In the present work, the physical and optical properties of borate glasses doped with Sm 2O3
concentration of 0.0 to 2.0 mol% have been investigated. The glass samples with chemical
composition of (40-x)B2O3 : 20Al2O3 : 20CaO: 20Na2O:xSm2O3 (where x= 0.00, 0.05, 0.10,
0.50, 1.00, and 2.00% by mol) were prepared by the normal melt-quench technique. The results
show that the density and molar volume increased with increasing of Sm 2O3 content. The
absorption spectra in the range of 500-2200 nm have nine bands at 945, 1079, 1228, 1375, 1475,
1522, 1588, 1641 and 1959 nm. The luminescence spectra of the Sm3+ doped glasses exhibited
three intensity peaks at 565 (4G5/26H5/2), 600 (4G5/26H7/2), 645 (4G5/26H9/2) along with a
feeble peak at 706 (4G5/26H11/2) nm when excited by a 405 nm source. The quantified physical
and optical properties indicate that these glasses are found to be potential applications for the
development of visible lasers.
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Barium phosphate glasses doped with varying Nd3+ ions concentration were prepared by melt
quenching method and characterized through absorption, emission and decay rate measurements.
Judd-Ofelt (JO) intensity parameters were evaluated from the absorption spectrum of 1.0 mol %
Nd2O3 -doped glass. Near infrared (NIR) luminescence of Nd3+ ions is obtained for all the
glasses upon 808 nm diode laser excitationan. The spectra exhibit a strong emission at 1.06 μm
corresponding to the 4F3/2 → 4I11/2 transition. Obtained JO parameters and refractive index are
used to calculate the radiative properties, such as effective bandwidth (λeff), emission crosssection (σe), radiative transition probabilities (AR) and branching ratio (βR) for the4F3/2 →4IJ/2
(where J = 9, 11 and 13) transitions of Nd3+ ions [1,2]. The decay rates for the 4F3/2 level of Nd3+
ions are showing single exponential nature for all concentrations and the lifetime is found to
decrease from 296 s to 74 s when concentration of Nd3+ increased from 0.01 mol % to 4.0 mol
%. Among three emission transitions, 4F3/2 → 4I11/2 shows higher value of stimulated emission
cross-section and branching ratio indicates that the present glasses could be useful for the
development of NIR laser at around 1.06 µm.
[1]

K. Linganna, R. Narro-García, H. Desirena, E. de la Rosa, Ch. Basavapoornima, V.
Venkatramu and C.K. Jayasankar, J. Alloys Compds., 684, 322-7 (2016).
[2] E.A.Lalla, U.R. Rodriguez-Mendoza, A.D. Lozano-Gorrin, A.Sanz-Arranz, F.Rull, V.Lavin,
Opt. Mater., 51, 35-41 (2016).
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Magnesium phosphate glasses doped with various concentrations of neodymium ions with the
composition (PMgNd: P2O5-MgO-xNd2O3) were prepared by conventional melt quenching
technique. Absorption, near infrared (NIR) luminescence and decay properties of these glasses
have been investigated. Judd-Ofelt analysis was carried out and the intensity parameters ( = 2,
4, 6), spontaneous radiative probability and stimulated emission cross-section were estimated
using absorption spectrum. The NIR luminescence spectra were measured by 808 nm excitation
in which the emission intensity is found to be high at 1054 nm which corresponds to the
4
F3/2→4F11/2 transition. The absorption and emission spectra are similar to the results reported
[1,2]. The stimulated emission cross-section, effective band width and branching ratios were
found to be 3.26x10-20 cm2, 25 nm, 0.51, respectively, for 4F3/2→4F11/2 transition. The measured
decay curves for 4F3/2 fluorescent level exhibit single exponential nature with shortening of
lifetime from 337 to 56 s with increase in Nd3+ concentration. Hence, the results suggest that
PMgNd glasses could be used as an efficient infrared laser source around 1.05 m region.
[1] N.O. Dantas, E.O. Serqueira, A.C.A. Silva, A.A. Andrade, S.A. Lourenco, Braz. J. Phys. 43,
230 (2013).
[2] D. Ramachari, L. Rama Moorthy, C.K. Jayasankar, Infrared Phys. & Techn., 67, 555 (2014)
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Er3+ and Nd3+ ions doped CdPbBAlF glasses in the chemical compositions of (50-x) H3BO310PbO - 30CdO -10AlF3: xEr2O3 where x= 0.25, 0.5, 1.0, 1.5, 2.0 mol% and (50-y) H3BO310PbO - 30CdO -10AlF3: y Nd2O3where y= 0.5, 1.0, 1.5, 2.0 mol% were prepared using the
conventional melt quenching technique. Optical properties of the prepared glasses were carried
out by XRD, FTIR, optical absorption analysis, and photoluminescence (PL) analysis. An NIR
emission at 1539 nm corresponding to the 4I132→ 4I15/2 transition was observed for 0.5 mol% of
Er3+ doped CdPbBAlF glasses. The emission spectra of the Nd3+ ions doped CdPbBAlF glasses
have shown strong emission at 1070 nm (4F3/2 →4I11/2)with an excitation wavelength λexci = 514.5
nm. The luminescence quenching behavior of the prepared glasses as a function of the doping
molar concentration of Er3+ and Nd3+ ions was analyzed. Energy level diagram representing the
emission lines and decay curves of the prominent emission transitions of the glasses have been
presented.
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Aluminoborophosphateglasses doped with Tb3+ions were prepared and studied their
thermoluminescence (TL) characteristics after irradiatingthem with different doses of -rays (in
the range 0–8.0 kGy) as a function of Al2O3 content. The TL glow curveof the samples exhibited
a dosimetric peak at about210°C and its intensity is found to increase with the increase of
irradiation dose. TL output vs γ-raydose is found to be near linear up to about 4.0 kGy.With
increase in Al2O3 content up to 3.0 mol% an increase in the TL output is observed and beyond
this concentration a decrement in the TL output is detected.The TL emission mechanismsand
variation of TL output with the concentration of Al2O3are discussed in terms of structural defects
induced due to γ-rays. Quantitively, the addition of Al2O3beyond 3.0 mol% caused to oxidize
Tb3+ ions in to Tb4+ ions; such ions were predicted to act as TL killers and are found to be
responsible for the observed decrement in TL output. Overall, these glasses are suggested to be
potentialcandidates for dosimetry applications in the dose range up to 4.0 kGy.
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The main goal of the present work is to study characteristics features of Ce3+-Tb3+ ions and the
energy transfer from Ce3+ to Tb3+ in Ga2O3-BaO-B2O3-SiO2 glasses. Within the host matrix the
gradual increase of Ce3+ ion by reducing the B2O3 content, such variations leads to the structural
modifications and the variation of local field environment in the glass network and influence the
various luminescence transitions. The prepared glasses were investigated by XRD, EDS, FTIR,
DTA, optical absorption and photoluminescence spectra. From the physical parameters, the
density of the studied glasses increases with the addition of ce3+-Tb3+ ions concentration, which
modify the borate glass network. The result of IR spectral studies indicates the structural changes
in the glass network by the various concentrations of the rare earth ions. The DTA investigation
reveals about the thermal stability of the glasses. From the optical absorption spectra of the
glasses, the optical band gap was calculated for direct and indirect transitions. The optical
basicity of the glasses increases with increasing the polarizability of the glass matrix. The
analysis of the emission spectra indicates the transition of 5D4→7F5 (543 nm) has strong green
emission and decay curves indicate the energy transfer from Ce3+ to Tb3+ ions in co-doped
glasses. From the chromaticity diagram it is observed that the shift of CIE coordination towards
the green region.
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In this study, we have synthesized lead silicate glasses doped with fixed concentrations of Ho 2O3
and mixed with different concentrations of bismuth oxide and investigated the influence of
bismuth ions on 5S2+5F45I8 (green) emission of Ho3+ ions. The PL spectra recorded at an
excitation wavelength of 450 nm exhibited two prominent emissions of Ho3+ ionsviz., green and
red emissions due to the5S2+5F45I8 and 5F55I8 transitions, respectively. Additionally, we have
also observed NIR emission at 2.0 m due to 5I75I8 transition. The analysis of the PL spectra
indicated that the glass mixed with 5.0 mol% of Bi2O3 exhibited the highestintensity of green
emission (nearly three times when compared with that of Bi2O3 free glass). The energy transfer
from Bi3+ to Ho3+ ions is found to be the main reason for such enhancement. The decrement
observed in the PL output of the glasses containing more than 5.0 mol% of Bi 2O3 is ascribed to
the reason that in these glasses the Bi3+ ions prevailingly occupied network forming positions
and are predicted to enhance the phonon losses. The results were further explained quantitively
with the help of IR and Raman spectral studies.
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In this study we have prepared Lead antimonate glasses doped with 1.0 mol% of Er2O3 and codoped with HfO2 and studied their luminescence characteristics in the visible region. The optical
absorption spectra of PbO‒Sb2O3‒HfO2: Er3+ glasses have exhibited the absorption bands due to
the following transitions of Er3+ ions: 4I15/2 → 4G11/2, 4G9/2, 4F3/2, 4F5/2, 4F7/2, 2H11/2, 4S3/2, 4F9/2
,4I9/2, 4I11/2and 4I13/2. The emission spectra of these glasses excited at 380 nm exhibited emission
bands corresponding to2H11/2→4I15/2,4S3/2→4I15/2,4F9/2→4I15/2 and 4I13/2→4I15/2transitions. The
emission spectrum of HfO2 mixed glasses (without Er3+ ions) obtained by exciting at the same
wavelength exhibited distinct emission bands in the region 400-550 nm. These bands are
predicted to be the emissions from oxygen deficient centers in this glass.When HfO2 and Er3+
ions are present together the intensity of green and orange emissions of Er3+ ions is observed to
be much higher when compared with that of HfO2 free glass. In the regions of green and orange
emissions (2H11/2, 4S3/24I15/2) of Er3+ ions,an additional emission due to oxygen defect centers
in HfO2 mixed glasses when excited at the same wavelength is detected. The cooperative
addition of these two emissions is found to intensify the green and orange emissions and hence
the intensity of emission bands due to 2H11/24I15/2, 4S3/24I15/2 transitions is observed to be
enhanced to a large extent. Various radiative parameters viz., transition probability A,branching
ratio  and the radiative lifetime wereevaluateduisng J-O theory. The lifetime of 2H11/2of Er3+
ions is evaluated from luminescence decay curves with and without HfO2.The results were
further analyzed using uisng IR spectra and the specific reasons for enhanced PL output were
identified and reported.
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The Dy3+-doped (45-x)B2O3+20NH4H2PO4+10Al2O3+10PbO+15MgCO3+xDy2O3 (x=0.0, 0.1)
borophosphate glasses were synthesized using melt quenching technique [1] and characterized
through XRD, FTIR, absorption and emission measurements. The amorphous nature of the
glasses have been confirmed through XRD pattern. The FTIR spectra reveal various functional
groups and are identified [2]. From absorption spectra, the oscillator strength and bonding
parameter were calculated and the ionic/covalent nature of the prepared glasses were identified
from their negative or positive sign of the bonding parameter (δ). The luminescence spectra
display two characteristic bands at 4F9/2→6H15/2 (Blue) and 4F9/2→6H13/2 (Yellow) transitions of
Dy3+ions [3]. The possibility of white light generation have been calculated by the yellow-toblue emission intensity ratios and CIE chromaticity coordinates as a function of
Dy3+concentration for white LED’S applications.
[1] I. Arul Rayappan, K. Maheshvaran, S. SurendraBabu, K. Marimuthu, Phys. Status Solidi A,
209 (2012) 570–578.
[2] M. Vijayakumar, K. Marimuthu, J. Alloys Compds.629 (2015) 230–241.
[3] Ch. Basavapoornima, C.K.Jayasankar, P.P.Chandrachoodan, Physica, B 404 (2009) 235–242.
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A new series of Dy3+ doped fluoro-borophosphate glasses with the chemical composition (50–
x)B2O3+10P2O5 +10ZnO+15Li2CO3+15NaF +xDy2O3 (where x = 0.1, 0.3 and 1.0) were prepared
following conventional melt quenching technique and characterized using XRD, FTIR, optical
absorption and luminescence measurements. From XRD pattern of the prepared glasses confirms
the amorphous in nature. The fundamental stretching vibrations of various borates (BO 3, BO4)
were identified through the FTIR analysis. From the UV-Vis-NIR absorption spectra, the
oscillator strength and bonding parameter were calculated and the ionic bond nature of the
prepared glasses were identify from their negative sign of δ value. The Absorption and
luminescence spectra data have been used to calculate the Judd-Ofelt parameters, oscillator
strength, transition probability and branching ratio. The luminescence spectra exhibit two visible
bands 4F9/2→6H15/2 (Blue) and 4F9/2→6H13/2 (Yellow) respectively. The radiative properties such
as peak wavelength and effective band width for the 4F9/2→6H15/2 and 4F9/2→6H13/2 emission
transition were calculated. The yellow to blue (Y/B) ratios and color coordinates have been
calculated from the luminescence spectra and the utility of the present glasses for white LED
applications.
[1] R.T. Karunakaran, K. Marimuthu, S. SurendraBabu, S. Arumugam, J. Physica B, 404 (2009)
3995–4000
[2] V. Uma, K. Maheshvaran, K. Marimuthu, G. Muralidharan, J. Lumin. 176 (2016) 15–24.
[3] S. Arunkumar, K. Marimuthu, J. Alloys. Compd. 565 (2013) 104–114.
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Synthesis the alkali varying Dy3+ doped borophosphate glasses with the compositions of
34H3BO3+20P2O5+10Al2O3+10PbO+25x2CO3+1Dy2O3 (where x=Li, Na) by conventional melt
quenching technique.The structural properties of the prepared glasses were studiedthrough XRD,
FTIR and the spectroscopic behaviors characterized through absorption and emission spectra.
XRD spectral analysis conform the amorphousnature of the prepared glasses and fundamental
units of the stretching vibration and bending vibration of the functional group were examined
threw FTIR. The ionic natures of the metal-ligand bond in the prepared glasses were evaluated
by the bonding parameters (β and δ) from absorption spectra. The J-O parameter, the theoretical
and experimental oscillator strength were determined and reported. The luminescence
measurement used to determine the radiative properties like the effective bandwidth (Δλ eff, nm),
transition probability (A), calculated, experimental branching ratios (βR) and stimulated emission
cross-section ( ×10−22 cm2) for the 4F9/2→6H15/24F9/2→6H13/2 transitions of the Dy3+doped
borophosphate glasses and compared with the similar studies. CIE (1931) chromaticity diagram
for various pumping wavelengths of emission spectrahas been plotted and found that the
prepared glasses suitable for WLED applications.
[1] I. Arul Rayappan, K.Maheshvaran, S.Surendra Babu, K.Marimuthu Phys. Status Solidi 3
(2012) 570-578
[2] R. Vijayakumar, G.Venkataiah, K. Marimuthu, Physica B 457 (2015) 287-295.
[3] R.T.Karunakaran, k.Marimuthu, S.Surendra Babu, Journal of luminescence 130 (2010) 10671072.
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Thulium doped tellurite glasses (TeO2-ZnO-BaCO3-BaF2-Tm2O3) with thulim concentration
varying upto 2 mol% were synthesized using melt-quenching technique. Basic characterisations
were carried out on these samples to confirm the glassy nature and understand their other
properties. Physical properties like density and molar volume were found to increase with
thulium addition. Differential Scanning Calorimetry was used to elucidate the thermal stability of
these glasses. Presence of hydroxyl impurities even with the addition of barium fluoride was
identified through FTIR spectra. Raman Spectra, used to understand the structure of these glasses
showed three distinct bands at 768 cm-1,681 cm-1 and 453 cm-1 which varies with dopant addition
indicating the structural network modifications occurring in these doped systems.
Photoluminescence spectra reveal distinct emission at 1856 nm and 1464 nm corresponding to
the 3F4 → 3H6&3H4 → 3F6 transition of thulium respectively. Observed properties of these
glasses show that they can be utilised as optical fiber materials for transmission in the infrared
region.
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The spectroscopic behavior of Sm3+ ions in (40–x)B2O3+30TeO2+20BaO+10SrO+xEr2O3
(x=0.1, 0.25, 0.5, 1, and 3 in wt%) borotellurite glasses have been studied to understand the
effect of Sm3+ ions concentration on the local symmetry around Sm 3+ ions to analysis the
luminescence and excited dynamics of Sm3+ ions. The absorption measurements have been used
to calculate the bonding parameter values and experimental oscillator strengths for each observed
transitions. Judd-Ofelt (JO) theory has been implemented to get information about the local
structure around Sm3+ ions in the chosen matrix using the experimental oscillator strength values
obtained from the intensities of the absorption band transitions. The higher Ω4 parameter values
reveals that the present glasses possess higher rigidity around the Sm3+ ions and less Ω 2 values
implies the less covalent characteristic nature and higher symmetry of the local field
environment of the Sm3+ ions in the prepared glasses. Further, Ω2 intensity parameter values are
found to decrease with the increase in Sm3+ ions concentration, which indicate the more
symmetry around the Sm3+ ions. Luminescence spectra of the Sm3+ ions doped present glasses
were recorded by monitoring an excitation at 405 nm which exhibits 4G5/2→6HJ (J=5/2, 7/2, 9/2
and 11/2) intra-4f transitions through an efficient energy transfer process. The greater the
intensity of the 4G5/2→6H9/2 electric dipole allowed transition, more the asymmetry nature around
the Sm3+ ions and all the prepared glasses exhibit higher symmetry, since the intensity of
4
G5/2→6H9/2 transition is found to be lower than the 4G5/2→6H7/2 transition. The obtained lower
magnitude of the R/O asymmetry ratio emphasis the higher symmetry of the ligand field around
Sm3+ ions thus suggest the less distorted environment around the Sm 3+ ions and it is in good
accordance with the lower Ω 2 and negative bonding parameter values. The JO parameter values
have been used to derive the other radiative parameters such as transition probability (A),
stimulated emission cross-section and branching ratios (βR) for the emission transitions. The
transition probability of the 4G5/2→6H7/2 transition is found to be higher in magnitude which in
turn leads to have higher value for the 4G5/2→6H7/2 transition compared to other excited state
transitions for all the prepared glasses. The luminescence quenching of Sm 3+ ions emission were
observed beyond 0.5wt% of Sm3+ ion concentration. The quenching occurs because of nearest
neighboring excited Sm3+ ions as a result of non-radiative decay through the energy transfer
process between excited and unexcited Sm3+ ions via various cross-relaxation channels. Thus
concentration-quenching mechanism can be explained by fitting the experimental decay curves
to the Inokuti-Hirayama model and the nature of interaction takes place between Sm3+ ions for
energy transfer through cross-relaxation is found to be dipole-dipole in nature.
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Optical fibers based on heavy metal oxide glasses possess good environmental stability and
moderate optical loss in comparison with fluorides based optical fibers, which makes them
suitable for fiber laser and amplifer applications. Bismuth-germinate glasses are used
significantly for applications in non-linear optics, optical switching and second harmonic
generation especially because of their high linear and nonlinear refractive indices, high thermal
expansion coefficient, low glass transition temperature, and excellent infrared transmission.
Pesent work reports the thermal, structural and optical properties of Sm3+-doped germinate
glasses. Germinate glasses with the glass composition 40GeO2 – 20Bi2O3 – 20Na2O3 – 10Gd2O3
– 10BaO – xSm2O3 (x = 0.05, 0.1, 0.5, 1.0, 1.5, 2.0, 2.5) were prepared by usual melt quenching
method. These glasses have been characterized through XRD, TG-DTA, FTIR, UV-VIS-NIR
techniques. Results of these interesting glasses were presented during the conference.
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Erbium doped ZBP glasses belonging to the 40ZnO+(30-x)B2O3+30P2O5+xEr2O3 (where x=0.2
to 1.0 mol%) were prepared by using conventional melt-quenching technique. In order to
understand the structural properties of Er2O3 on the prepared glasses, the density and refractive
index are calculated and reported. The X-ray diffraction (XRD) analysis confirms the amorphous
nature of the prepared glass samples. The FTIR spectra of glasses samples shows, a new
absorption band indicating Er-O band vibration with the addition of erbium ions when compared
with pure glass. Judd-Ofelt intensity parameters have been calculated from the optical absorption
spectra and follows the trend Ω 2 > Ω 4 > Ω 6. These parameters are used to calculate radiative
properties such as radiative transition probability (AR), stimulated emission cross-section (e)
and branching ratios (βR). The spectroscopic quality factor Ω4/Ω6 has been calculated for the
(1 mol%)ZBP:Er3+ glass and compared with the other glasses, that makes our glasses are suitable
for laser operation. The luminescence decay curves exhibit single exponential nature for all ehe
concentrations.
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Alkaline earth zinc borateglasses have been prepared and characterized. The effect of
alkaline earth metal ions and Eu3+ content on the structure of zinc borate glasses was
analyzed by the band structure of IR spectra. From the absorption spectra, the bonding
and J-O intensity parameters are evaluated, which reveals the covalent nature of Eu-O
bonds in the present glass matrix. The J-O parameters and the asymmetry ratio derived
from f-f transitions of the Eu3+ ion gives information on the local symmetry around the
impurity ions. The calculated radiative parameters like radiative lifetime (τ R) and
luminescence intensity branching ratio (βR) are compared with the measured values for
5
D0 level. The potentiality of present Eu3+ doped alkaline earth zinc borate glasses
produces bright red luminescence at 612 nm due to 5D0→7F2 emission transition in laser
host materials and also has significance in the development of emission rich optical
systems.

