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Materials are an indispensable part of human civilization since the inception of life
on earth. With the passage of time, innumerable new materials have been explored
as well as developed and the search for new innovative materials continues briskly.
Keeping in mind the immense perspectives of various classes of materials, this
series aims at providing a comprehensive collection of works across the breadth of
materials research at cutting-edge interface of materials science with physics,
chemistry, biology and engineering.

This series covers a galaxy of materials ranging from natural materials to
nanomaterials. Some of the topics include but not limited to: biological materials,
biomimetic materials, ceramics, composites, coatings, functional materials, glasses,
inorganic materials, inorganic-organic hybrids, metals, membranes, magnetic
materials, manufacturing of materials, nanomaterials, organic materials and
pigments to name a few. The series provides most timely and comprehensive
information on advanced synthesis, processing, characterization, manufacturing and
applications in a broad range of interdisciplinary fields in science, engineering and
technology.

This series accepts both authored and edited works, including textbooks,
monographs, reference works, and professional books. The books in this series will
provide a deep insight into the state-of-art of Materials Horizons and serve students,
academic, government and industrial scientists involved in all aspects of materials
research.

More information about this series at http://www.springer.com/series/16122
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Chapter 1 M)
Oxide Luminescent Materials Gpogh e

K. Mini Krishna and M. K. Jayaraj

1 Introduction

The emission of light has been a source of fascination, philosophical speculation
and scientific investigation since time immemorial. Light emission by matter falls
into the two basic categories of incandescence and luminescence. Bodies that emit
light solely because of their temperature are defined as incandescent. Luminescence
refers to light emissions deriving their excitation energy from nonthermal sources.

In 1888, Wiedemann devised the term ‘luminescence’ from the Latin word mean-
ing ‘weak glow’ [1]. Vavilov defined ‘luminescence’ as the emission of light pro-
duced by a material over and above its thermal radiation. It generally befalls when
an excited electronic state relaxes to a lower energy state, the lifetime of which is
much larger than that of light vibrations (10~'? s). Luminescence. depending on the
mode of excitation, is mirrored in terms such as photo-, radio-, bio-, electro-, chemi-,
thermo-, sono- or triboluminescence. In practice, the excitation is most probably via
X-rays, cathode rays or UV emission of a gas discharge. Hitherto, the position of
the band in a spectral output is seldom dependent on the mode of excitation but on
the interlevel spacing. Numerous radiationless processes, arising from interactions
with the lattice or a transfer of energy between ions. always compete in reducing the
luminescent radiation.

Two other terms quite often used to classify luminescent materials are fluores-
cence (T <10 ms) and phosphorescence (t > 0.1 s). The decay law of luminescence is
exponential in fluorescence and hyperbolic or still more complicated for phosphores-
cence. With the advent of quantum theory, they were defined via the emission-based
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2 K. Mini Krishna and M. K. Jayaraj

quantum mechanical mechanism for the orbital angular momentum multiplicity of
the emitted electron. Fluorescence was henceforth defined as a photoluminescent
emission that arises from the singlet electronic state and phosphorescence as that
originating from the triplet electronic state. The latter, being 10-10,000 times longer
than fluorescence, appear to emit much beyond the removal of the excitation radiation.

Delayed fluorescence is yet another singlet state emission with a much longer
lifetime than normal. In this rare phenomenon, the electron responsible for the emis-
sion crosses over from the singlet state to the triplet state, but eventually returns to
the singlet state before emission.

2 Photoluminescence (PL)

The Italian alchemist, Vincenzo Cascariolo, was the first to observe the phenomenon
of ‘photoluminescence’ from the mineral barite on exposure to sunlight. A mate-
rial photoluminesces when excited by photons (most commonly in the wavelength
ranges of infrared, ultraviolet or visible light) with a spectrum broad enough to
overlap the ion absorption bands. The fundamental processes involved include exci-
tation, emission together with radiationless transitions. The emission and absorption
bands overlap significantly in case of a weak ion-lattice interaction, as is for the f
electrons in rare earth (RE™) ions. A stronger interaction, as the one observed in
transition metal ions, causes a redshift in the emission band relative to the absorption
band, as explicated by Stokes law [2]. If the system is conducive to radiationless de-
excitations, it exhibits an increase in temperature along with a reduced luminescent
output.

The phenomenon of photoluminescence is pictorially illustrated in Fig. 1. The
configuration curves [3] convey the energy versus interionic distance relation of
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Fig. 1 Configuration coordinate diagram (left) and Jablonski diagram (right)
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