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Chapter 1: Introduction

Luminescent materials are a class of materials that give out light on being excited by different
means like photons, electric field, cathode rays, chemical energy, X — rays, etc. They have
extensive applications in diverse field like lighting, television, radiography, dosimetry, imaging,

etc. These materials are also called phosphors.

A peculiar class of luminescent materials called up-conversion phosphors has found a wide range
of applications. In such materials, absorption of two lower energy photons, usually in the near
infrared region takes place to reach higher energy state and subsequent emission leads to yield a
higher energy i.e. in the visible region. This up-conversion of energy is a nonlinear optical
process characterized by the successive absorption of two or more pump photons (excitation) via
intermediate long-lived energy states followed by the emission of output radiation at a shorter
wavelength. The phenomena of up-conversion as a concept was first recognized and formulated
by Auzel, Ovsyankin and Feofilov. Multiple approaches have been proposed for the process of
upconversion. The phenomena of upconversion have led to generation of progressively novel

areas of investigation.

The material generally consists of a host material with an activator or with a set of sensitizer and
activator. Among the materials investigated to date, most of the studies performed involve rare
earth ion sensitized and activated fluorides, sulphides and phosphates. However, their practical
applications are limited due to several factors. Hence, there is a need to investigate new host
materials. The rare earth ions used as sensitizers/activators are Holmium, Erbium, Ytterbium and

Thulium.



The present study deals with relatively much less investigated host materials like Molybdates

and Oxides. Erbium and Ytterbium have been used as activator and sensitizer respectively.

Among the prominent applications of up-conversion phosphors are light emitting diodes, solar
cell and biological imaging. Unlike the light emitting diodes of past, which emitted in a limited
range of visible spectrum, the modern versions can emit over a large range from ultraviolet to
infrared wavelengths. Such LEDs which emit infrared radiation by passing current through it can
be utilized for emitting visible radiation by coating of up-conversion phosphors on LED cover.
These LEDs can be used instead of conventional LEDs and can be also used in the remote

control units of many commercial products like television, DVD players and other applications.

The solar spectrum has a range of wavelengths including near infrared. The transmission of near
infrared or sub band gap light causes major loss in conventional solar cells. A possibility to
reduce such transmission losses is by insertion of impurities with energies located in the band
gap of a solar cell material, which can upconvert the transmitted low energy photons from the
solar spectrum to high-energy photons, which can then be utilized by the solar cell to generate
additional electron-hole pairs. The upconverter can be present in the form of rare earth atoms

implanted directly into the solar cell material itself.

The biological imaging techniques like X-ray, CAT Scan and MRI used in medical diagnosis to
examine the structure and defects in biological tissues and living cells are limited by the harmful
effects of radiation besides being unable to distinguish between benign and malignant tumors.

These techniques do not provide real time response.

A bioimaging approach using up-conversion fluorescence can resolve these drawbacks of

conventional bioimaging techniques. Up-conversion fluorescence technique with excitation in



the near infrared region can be used for imaging of biological cells and tissues because it has
several advantages including absence of photo-damage to living organisms, very low auto-
fluorescence, non-harmful, real time response, high detection sensitivity and high penetration

depth in biological tissues.
Major objectives of the study are:

» To synthesize new and relatively less investigated up-conversion phosphor material,
particularly host materials with known activator and sensitizer.

» To authenticate the preparation of material using standard characterization techniques.

» To study the upconversion luminescence characteristics, particularly the spectral
characteristics.

» To investigate the applications of theses materials particularly for solar cells.

The first chapter of the thesis deals with the introduction to the general phenomena of
luminescence. It further elaborates the phenomena of upconversion and the various mechanisms
through which the phenomena of upconversion can be explained. The chapter also gives details
regarding the applications of upconversion materials. The theoretical explanation of
upconversion phenomena has been given with depth. The chapter also deals with the general

properties of materials used for the study.

Chapter 2: Instrumentation

The second chapter is on instrumentation. The chapter gives details of the various
instrumentation techniques, particularly the techniques used for characterization of materials like

X-ray diffraction, Scanning electron microscopy and Energy dispersive x-ray spectroscopy. The



instrumentation used for investigating the spectral characteristics of upconversion luminescence

and studying the 1V characteristics has been also discussed in the chapter.

Chapter 3: Synthesis and characterization

The third chapter is on the synthesis and characterization of material. This chapter gives the
process of synthesizing the phosphors materials. Three host materials namely Lanthanum
Molybdate (Laz(Mo00O,)3), Bismuth Oxide (Bi,O3) and Cadmium Oxide (CdO) were synthesized.
Erbium (Er) was used as an activator and Ytterbium (Yb) was used as a sensitizer. Three samples

were prepared for each of the host material varying the proportion of activator and sensitizer.

These samples were characterized using X-ray diffraction. The XRD results of samples of
Lay(MoO,)3 confirm the presence of the material in monoclinic phase with high degree of
crystallinity and matching with JCPDS file no. 70 — 1382. Some peaks of Ytterbium were also
observed. The XRD peaks of Bi,O3 confirmed its presence in the monoclinic phase. This sample
also shows high degree of crystallinity. The d-values matched with JCPDS file no. 71 — 2274.
XRD results of CdO are in confirmation with JCPDS file no. 05 — 0640. This sample is also in

cubic phase with high degree of crystallinity.

EDAX analysis was carried out to confirm the presence of respective elements. The scanning
electron microscopy shows a wide variation of the grain size. There are rod like structures and
aggregation of these structures in the samples of Lay(Mo0O,);. The samples of Bi,O3 show
distinct rectangular rod structures along with coarse grains and a few plate like structures. The
samples of CdO do not show any rod like structures. The crystallite size calculated by Scherrer
formula using XRD data puts the size in the order of micrometers. This is corroborated by the

SEM images.



Chapter 4: Photoluminescence study

The fourth chapter is on the luminescence characteristics of the samples under study. As a
preliminary investigation, the samples were checked for their emission and color of emission
using a 980 nm near infrared pen. The Lanthanum Molybdate and Bismuth Oxide samples
exhibited greenish glow. However, the hue was different for both these samples with Bismuth

Oxide showing slightly bluish green color. The Cadmium Oxide samples gave red color.

The phosphors were investigated for their upconversion emission characteristics on a set up

specially meant for the same. The excitation wavelength for all the samples was fixed at 980 nm.

The Lanthanum Molybdate samples gave multiple peaks of emission from 523 nm to 555 nm in
the green region with good intensity. There are peaks between 644 nm and 672 nm in the red

region also. However, the intensity of these peaks is very low.

All the samples of Bi,O3 exhibited a sharp and intense peak at 510 nm, again in the green region.

Apart from this, there are low intensity peaks at 474 nm and 664 nm.

The Cadmium Oxide samples give a sharp and intense peak around 627 nm, which in the red

region.

The spectroscopic transitions and mechanism for upconversion luminescence has been also

discussed in this chapter.
Chapter 5: Application

The chapter 5 is an attempt to investigate a potential application of the synthesized materials. As

mentioned earlier one of the applications of upconversion phosphors is to minimize the



transmission losses in a solar cell by converting the infrared component of the solar spectrum
into visible light and there by provide a means for generation of additional electron-hole pairs,
which could enhance the current generation in the solar cell. However, this pertains to
conventional solar cell and it was not possible to do that in the laboratory. As an alternative these
materials were tested in a dye sensitized solar cell (DSSC). In DSSC, the electrolyte used is
TiO2, which generates electron-hole pairs by absorbance in the visible region. In this case also,
the infrared component remains unutilized. Hence, the synthesized samples of upconversion
phosphors, which can convert infrared into visible, were added to TiO, and DSSC was

fabricated.

The V-1 characteristics of this DSSC were recorded to study the changes in the V-I
characteristics in comparison to pure TiO,. The chapter deals with the results and discussion of

theses V-1 characteristics.
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