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Phosphors play important roles in our society for their wide applications in indusu'y,‘ in
military and in everyday life. Phosphors are formed from host-crystal and activator ingredients
‘which are isostructural. Typical activators are rare-earth or transition-metal ions. In contrast to
transition metals, fére—earth (RE) ions have the unique properties: a large number of possible
energetic states of partially filled 4f" electron shell (1<n<14), SCreening effect produced by their
completely filled 58%5136 electron shells (which weakens the influence of external electric and
magnetic fields on 4f eleéfcrons) and small stabilization due to crystal-field effects. These linique
propertiés make them Veryv attractive activators in solid state lasers and phoSphorscovering a

wide spectral range from infrared (IR) to vacuum ultraviolet (VUV) spectral.

Lanthanide trifluorides (LnFs) are very suitable hosts for doping RE ions because the
lanthanide ions could be substituted easily with RE ion_é with the same valence, and more
significantly, they have low phonon energy that makes it possible to reduce the nonradiative
de-excitation probability of the luininescent RE ions by the multiphonon relaxation.

Recently, many studies on rare-earth ions doped LnF; luminescent materials have focused

on the preparation of various kinds of nanoparticles in controlled shape, size, and crystal structure

and thus to tailor their luminescence properties. It is well known that the optical properties of




luminescent nanomaterials ére enormously affected by their shapes, sizes and structures, but the
‘mechanism is unclear. In order to obtain phosphors with higher eﬁiciencies and strong
luminescence intensity it is necessary to know how they affect activator luminescence properties.
This thesis focused on investigéting the roles of host strictures (particle size, particle shape,
polytype and activator location) to play activator luminescence properties. These basic studies of
host structure will be a guiding principle to synthesis high performance fare-earth ions doped
LnF; materials.

Lanthanuni fluoride (LaF;) is an excellent host matrix for luminescent materials because of
its low phonon energies and good resistance to thermal and chemical attack. Synthesis method of
size tunable LaF;:Eu*" nanoparticles with cetyltrimethylammonium bromide (CT'AB) as size
control agent via a'hydrotherfnal rout was developed in order to illustrate the correlation between
particles size, Eu®" ions located posbition and luminescence properties. In LnF; materials, the
medial SmF;, EuF;- and GdF; permitting the phase transition between hexagonal and
orthorhombic, GdFs; is also a good alternative for LaFs. Because of a 4f energy-level overlap
between the °P; states of G&3+ and the °Hj states of Eu**, energy transfer from Gd* to Eu* is
possible. So, GdF5:Eu’* nanoparticles were selected to illustrate the effect of host polytypes on

luminescence properties of doped Eu®* ions.

- In Chapter 1, general prdperties of the Eu ion used as aétivator and the structure of LaF;
(GdFs) used as host in this work are discussed. Theories of Rietveld method and Forster

resonance energy transfer mechanism are introduced.

In Chapter 2, a new method to analyze Eu®" ions location in host particle is described. This
method is based on Eu®* ions typical luminescence properties. Via analyzing *Dy - "Fy, decay
curves of Eu ions with double exponential function bya least-square fitting method, fractions of
doped Eu** ions located in different sites in host particles can be estimated. Thls method is used
throughout this thesis.

Chapter 3 describes the development of synthesis method of size tunable LaFi: Eu**
nanoparticles and the characterization of their size, crystals structure’ and luminescence
properties. Size effects on luminescence properties of these samples were investigated. It is
pointed out that the Eu’" ion location depends on the particle size, how the location changes wés '

also discussed.

Chapter 4 describes a novel simple method to prepare polytype (hexagonal and |
orthorhombic) GdF;: Eu** nanoparticle crystals. The polytype structures and morphologies were

characterized by XRD patterns, SEM and TEM images. Their luminescence properties were

discussed based on the photoluminescence (PL), photoluminescence excitation (PLE) and decay




curves spectra, how the polytype structures influence luminescence properties is described.
A summary was described in Chapter 5.

In this study, by analyzing Eu®* luminescence properties in size tuned LaF;:Eu®*
nanopartlcles it was found that Eu®* ions prefer to locate in high symmetric site in LaF; lattice
matrix as particle size incieased. It meané that in large particles most of Eu’* jons were situated in
| the eﬁvironment with few defects, which engaged stfong PL. Polytype studies of Eu’* doped
GdF; nanoparticles indicated that the interatomic distances between Gd** ions in the hexagonal
structure were shorter than those in the orthorhombic structure. Much more efficient energy ,
transfer is expected from Gd to Eu in the hexagonal structure than that in the orthorhombic
structure as the most of Eu ions in GdFs:Eu’** occupied Gd sites.
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