| oy ==y ([ ] ..
=R TEKRTF .
FWEIR 7 —HDAT o»

Muroran Institute of Technology Academic Resources Archive

7

RHF ) MBI ERK WA LY aFEE R—EY T
BXOFEE R

—E LW hF IRT. oI —R Y
Rw h2a&UL7= U VBhLy DA

S58: English

AR

/ABBE: 2025-06-12
F—7— K (Ja):
*—7— K (En):
{ER&: Noor, E Ashrafi
X=ILT7 KL R:

FiriE:

http://hdl.handle.net/10258/0002000342




Noor E Ashrafi (JV 4 7va774)

om &

SUpZ
=
S
<
B

Synthesis and Physical Chemistry of Luminescent Nanomaterials:
Dye—Doped and Dye—Free Silica Nanoparticles and Carbon Dot-—
Encapsulated Calcium Phosphate Salts
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ABSTRACT

The synthesis and photophysical properties of various luminescent nanomaterials
with potential applications across environmental, industrial, and biomedical
fields were studied

Pyrene—doped silica nanoparticles (PSNPs) were synthesized using a water—in-oil
microemulsion method, embedding pyrene within a silica matrix. Characterization
techniques confirmed the formation of spherical particles with an average size of
72 nm and a quantum yield of 27% for excimer emission. The fluorescence property
of PSNPs changed with oxygen concentration dissolved in water, enabling oxygen
monitoring, which is beneficial for measuring dissolved oxygen concentration,
monitoring water quality and so on. The singlet oxygen generation upon
photoexcitation highlights their potential in photocatalysis and antibacterial
applications

Room temperature phosphorescence (RTP) materials were prepared using silica
nanoparticles heated under a nitrogen atmosphere at various temperatures. The
nanoparticles showed RTP which was visible to the naked eye after the excitation
light at 365 nm was turned off. This RTP may be attributed to carbon substitutional
defects within the silica lattice. Stable long—lasting luminescence of
nanoparticles prepared in this study is suitable for applications in bioimaging,

biosensing, and anti—counterfeiting technologies



Fluorescent calcium phosphates were prepared by encapsulating carbon dots (CDs) as
fluorescent emitters. Using calcium salts as calcium sources, and phosphoric acid,
the fluorescent calcium phosphates were produced via a co—precipitation method.
XRD and FTIR confirmed the formation of brushite and hydroxyapatite. The calcium
phosphates exhibited blue fluorescence under the excitation light at 365 nm,
originating from the CDs. Their biocompatibility and fluorescence characteristics
make them suitable for biomedical applications, particularly in bioimaging and
biosensing, where materials need to be safe, degradable, and interact well with
biological systems.

Overall, advanced luminescent nanomaterials which were synthesized and
characterized in this study possess multifunctionality and stability. These are
challenging properties in the field of materials engineering. The nanomaterials
synthesized in this study show potential for real-world applications such as
oxygen sensing and bioimaging in biology, and waste water treatment using

photocatalysis reactions in industry.
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