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Abstract

The design and preparation of fluorescent and multifunctional nanomaterials and
their application in biomedicine have become hot topics of research in the multi
-interdisciplinary subject intersected by chemistry, materials and biological medicine.
Recently, the applications of novel fluorescent and multifunctional nanomaterials in
biomedicine such as biological imaging, fluorescent sensing, drug release, tissue
engineering, and medical diagnosis and therapy, have attracted much attention, which
greatly promote the progress and development in relevant fields. However, a vital
premise and basis of these biomedical applications is the functionalized construction
of nanomaterials, which involves and arises from the controlled assembly of various
building blocks in the nanoscale level. Thus, in this thesis, we have designed and
prepared several types of fluorescent nanoprobes, multifunctional nanoprobes, and
controlled drug release systems with various building blocks, such as fluorescent
quantum dots, silica, gold nanorods, organic dyes, metal ions, and drug molecules.

The dissertation consists of six chapters summarized as the following.

Chapter 1: We introduced in general the design and preparation of fluorescent and
multifunctional nanomaterials and their application in biomedicine. The research
objectives, contents and signiticance of this dissertation were also proposed.

Chapter 2: The influence of S* ions and HSe™ ions on the surface trap-state and the
fluorescence properties of CdS quantum dots were investigated. Based on the strong
fluorescence quenching of CdS quantum dots by HSe™ ions, we developed a quantum
dot-based fluorescent sensor for highly reactive HSe™ ions. Otherwise, we constructed
a hybrid quantum dot-organic dye assembly which comprises glutathione-capped
Zn(3Cdy7Se quantum dot, surface covalently conjugated FITC and surface assembled
Cu”" ions or methyl viologen (MV*"). These studies demonstrated that FRET from
Zny3Cdy7Se quantum dots to conjugated FITC can be quantitatively controlled by the
electron transfer from quantum dots to Cu®" ions and MV*".

Chapter 3: We designed and prepared a well-defined hybrid superstructure that
comprise a FITC-doped silica core, embedded CdTe quantum dots, and an outer silica
shell. These hybrid nanoparticles display well-resolved dual fluorescence emission

under a single excitation wavelength. Then, these hybrid nanoparticles were used as
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encodable precursors to prepare encoding nanoprobes with different fluorescence
emission by incubating with different concentration of Cu*" ions.

Chapter 4: We proposed a “post-functionalization” concept on the basis of the
previous described “post-encoding” concept, which was subsequently applied for the
design and preparation of encoding fluorescent and multifunctional nanoprobes.
Core-shell silica nanoparticles were designed and prepared as tunable precursors,
which comprise of a RuBpy doped silica core and a Pas-DTPA doped silica shell.
Encoding and multifunctional nanoprobes were then prepared by incubating with
different concentration of Tb>" ions and Gd’" ions.

Chapter 5: We design and prepared a molecule-scale controlled-release systems
based on silica nanoparticles bearing a photoactive o-nitrobenzyl ester linkage, which
allows cage and release of drug or biologically active molecules by UV light. The
controlled-release experiments were performed with CTMR as a model molecule.
Under the UV light, the caged CTMR molecules can be irreversibly released through
light-induced photoisomerization of the o-nitrobenzyl ester linkages. Drug-carrying
silica nanoparticles functionalized with fluorescent properties can be optically
monitored inside cells with confocal fluorescence microscopy.

Chapter 6: We designed and prepared a novel gold nanorod-linked fluorescence
imaging and therapeutic agent bearing an pH-sensitive carboxylic hydrazone linkage.
A model molecule, doxorubicin (DOX), was covalently conjugated on the surface of
Au NRs through the formation of an pH-sensitive linkage, carboxylic hydrazone bond.
It was demonstrated that the release and fluorescence activation of DOX molecules
from gold nanorods through the cleavage of carboxylic hydrazone bond can be
effectively promoted at acid conditions. Fluorescence imaging and MTT assays also
demonstrated that gold nanorod-linked DOX can be efficiently taken up and activated
by Hela cells.

Finally, the main research contents of this dissertation were summarized, and the

prospection of the future work was discussed.

Key words: Fluorescence; Multifunction; Nanomaterial; Drug release
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