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Abstract

Synthesis and Optical Characteristic of Highly Efficient

and Stable Luminescent Nanomaterials

Luminescent nanomaterials have attracted great attention due to their significantly
unique optoelectronic properties different from bulk and microscale luminescent
materials. Thus, these are considered as key materials for next-generation light
conversion devices. Despite the excellent optoelectronic properties of the light-
emitting nanomaterials, it is difficult to apply and implement the optoelectronic
devices due to low physical and chemical stability. In addition, several problems have
been raised in the synthesis process of the materials such as scale limitations and
environmental problems due to waste liquids. In this thesis, novel methods have
been proposed to solve these problems of metal halide perovskite and oxide persistent
luminescent phosphor materials and maximize optical properties.

Metal halide perovskite materials are suitable for application in light-emitting
diodes due to their wide color tunability (from 400 to 800 nm) with control of the
bandgap, narrow full width at half maximum (FWHM) of the emission band (around
20 nm), and high photoluminescence quantum vyields (PLQYs), as well as their low-

temperature synthesis process and low cost, compared with inorganic bulk

XV



counterparts. Despite these excellent optical properties, some challenges still remain
for the commercialization of perovskite. In this thesis, the optical properties and
their correlations depending on the composition and structure were investigated.
Highly efficient and long-term stable perovskite was developed through the
substitution of appropriate elements and the transformation of crystal structural
dimensions. In addition to this, by introducing reactors that generate a powerful
hydraulic shear and a Couette-Taylor flow, the agitation of the precursors was
enhanced and a uniform fluid motion was induced to develop a mass synthesis
method that improved the optical properties and crystal homogeneity of the
perovskite material. The stability to external factors such as light, air, moisture, and
temperature has been significantly enhanced through surface modification based on
silane coupling agent and fabrication of organic/inorganic composite.

Persistent phosphors that continue to emit light in the dark has recently attracted
great attention as a promising material due to various application fields such as
biomedical imaging, road lane, and emergency signage, etc. However, these sulfide-
based host lattices also have the thermally and chemically instability to the air and
sunlight. In this thesis, I report on doping and co-doping studies to improve persistent
luminescence properties based on oxide host materials. Finally, for the synthesis of
high-quality phosphors, the eco-friendly cellulose assisted liquid phase precursor
method was developed that enables uniform distribution of the dopant and co-dopant.

Keywords : luminescence, nanomaterials, perovskites, persistent phosphors, synthesis
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Inorganic light emitting materials

Light-emitting materials such as perovskite, quantum dots, and commercialized phosphors have
attracted attention from the world because of their excellent optical properties. However, these materials
require various organic solvents, high temperature, high pressure, and gas in the synthesis process. In the
present study, the inorganic metal halide (IMH) was synthesized using the lyophilization assisted
recrystallization (LARC) method. In addition, the material does not contain toxic metal such as lead and
cadmium, and confirmed green luminescence arose from d° configuration with the d-d transition of
halogen anion coordinated manganese complex in the new structure CssMnXs (X = I, Br). It exhibited a
luminescence characteristic with a narrow band emission (full width at half maximum (FWHM) = 42 nm
and 39 nm) at the center wavelength of 540 and 520 nm, and high photoluminescence quantum yield
(PLQY) of 78.5% and 74.9% under the blue excitation, respectively. This material is expected to serve as a
luminescent material that can replace commercial green phosphors.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Light-emitting materials are classified according to their char-
acteristics such as wavelength, spectra, full width half maximum
(FWHM) and form of materials. These materials are mainly applied
to solid state lighting, photovoltaic, bio-imaging, information se-
curity, and display technologies [1—7]. In the field of light-emitting
materials, the materials that lead to a broad spectrum can be used
for lighting, and high color purity light-emitting materials having a
narrow FWHM are suitable for display technology. In order to
efficiently apply high-performance materials in these various fields,
many researchers are constantly devoting their efforts to develop
new composition or improve the efficiency of existing materials
among materials such as acid nitrate and oxide fluorescence,

XXXXKXKXXXXXXKXKXXXXXXXX
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quantum dots (QDs), and perovskite nanocrystals (PNCs) [8—14].
Although oxynitride or oxide-based phosphors have the ad-
vantages of high durability and mass productivity, they are
accompanied by the problem that high temperature, high pressure,
and reducing gas are inevitably required in the synthesis process
[15]. On the other hand, materials known as solution-based lumi-
nescent materials such as QD and PNCs can be synthesized in a fast
time at a relatively low temperature of 200 °C using a variety of
organic solvents, but have the disadvantages that a large amount of
waste liquid and is inevitably generated. These colloidal lumines-
cent materials can be synthesized even at room temperature
[16—18], still this method also uses various organic solvents that
have an opposite characteristic such as solubility and polarity to
recrystallization of the materials. In addition, these organic solvent-
based synthesis methods present a problem of losing the chemical
yield of the final material during purification. Nevertheless, these
materials have advantages such as narrow FWHM with high pho-
toluminescence quantum yield (PLQY) and the implementation of
various wavelengths through particle size control or the substitu-
tion of halogen ions. Although research is being continuously
conducted, they have environmental limitation in that toxic heavy
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60 38 2015-05-01 2016-06-30 4.4
61 3 2015-07-01 2016-06-30 21.12
62 38 2015-05-01 2016-06-30 10
63 38t 2015-11-01 2016-06-30 12
64 3% 2015-07-01 2016-06-30 18.47
65 38t 2015-07-01 2016-06-30 20
66 3%t 2015-07-01 2016-06-30 18.47
67 38t 2015-05-01 2016-06-30 10
68 38 2015-07-01 2016-06-30 15
69 38t 2015-05-01 2015-05-02 26.7
70 3% 2015-09-01 2016-06-30 38.89
71 38 2015-07-01 2016-06-30 19.45
* FOE U2 YSEA| %2 20|t YT CO|EP} gl B2 2018 72 STU2Z BAIFLICL

2020/ 10TE O|L{2] SHHI AR Az} 7HE QALY E 2T 85Y L5 EA / HYSYARLT / LA

Q1AL (R&D) / 276.92 40k

2019 /10T& Ol 42| SIHI AR 22t 7HE Q1YY S 2Iet 85T IaE2 / ULSYALR / | AH LY (MH7]S)(R&D) / 467.57 2t
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