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Abstract

Abstract

As a new-born nanomaterial, fluorescent carbon dots (CDs) have attracted
tremendous attention as a consequence of their application potentials in energy
conversion/storage, bioimaging, sensing, among others. One of the fascinating
characters of CDs is that they might be taken as low-toxic and eco-friendly
alternatives in chemical and biological analyses. CDs are attractive also because of
their high photostability and like QDs, size- and wavelength-tunable fluorescence
emission.

In this dissertation, intermolecular interaction between inorganic nanoparticle and
nitroxide radicals is investigated. The goal is to provide insights into the fluorescence
properties of the CDs and develop CDs-based fluorescence and ESR bimodal
molecular probes by utilizing the unique properties of luminescent nanomaterials
together with the abilities of ESRI-MRI imaging and radical scavenging of
spin-labeled probe nitroxide radical.

The dissertation consists of five chapters.

In Chapter 1, a brief introduction to the current technology of CDs and
fluorescence-ESR bimodal probes are introduced. The research motivations are also
presented.

In Chapter 2, blue fluorescent and homogeneous CDs are synthesized by
microwave assisted one-step procedure. To improve the fluorescent quantum yield of
CDs, amino acid and polyethyleneimine are chosen to modify the surface of CDs. The
influences to the CDs’ growth process, such as concentrations of reactant and the
microwave power are carefully considered. The products are characterized by various
analytical tools including UV-Vis, fluorescence, TEM, FT-IR, DLS and so on.

In Chapter 3, a novel CDs-based pH sensor that features excitation-dependent
on-off or off-on pH signaling is developed. The residues on the surface of CDs, like
-OH or -COOH groups, transfer forward and backward between protonated and

deprotonaned states as the pH changed. Deprotonating of the residues leads to

Xl



Abstract

aggregating and fluorescence self-quenching of the CDs, and thus, gives a pH
dependent fluorescence response.

In Chapter 4, intermolecular interaction between CDs and nitroxide radicals in
aqueous and aprotic solution is investigated. Fluorescence of CDs is found efficiently
quenched by the paramagnetic nitroxide radical. A SOMO (singly occupied molecular
orbital) facilitated electron transfer is proposed to account for the quenching of the
fluorescence of CDs in the CD@TEMPO conjugate, formed via electrostatic
interaction  between  the  negatively charged CDs  and  cationic
4-amino-2,2,6,6-tetramethylpiperidine-N-oxide free radical (4-AT). Covalently
spin-labeled CDs by the paramagnetic nitroxide radical yields a weakly fluorescent
spin-labeled conjugate (CD-TEMPO), which exhibits sensitive fluorescence and
electron spin resonance (ESR) bimodal response toward ascorbic acid (AA) at the
pumol L™ level. The fluorescence intensity of the spin-labeled CDs is also found to be
sensitive to paramagnetic factors and thus establishes its promising potential in
constructing bimodal responsive sensor with off-on fluorescence and on-off ESR
signaling for the detection of antioxidants and carbon-centered radicals

In Chapter 5, we report a simple approach to synthesize fluorescence-ESR
bimodal probe by encapsulation of doxyl stearic acid within surfactant Pluronies F127
and the fluorophore/CDs are adsorbed in the hydrophilic part. The F127/SiO, shell
has been tested for its stability of paramagnetism, and the results show that the
core-shell spin-labeled SiO, nanoparticles exhibited good reduction resistance in the
presence of AA. What’s more, with the fluorophore seperated from the paramagnetic
nitroxide radical, the fluorescence of CDs is found less quenched, which suggests that

this nanoparticle is promising as a kind of new stable bimodal image probe in vivo.

Keywords: Carbon dots; pH fluorescent probe; Nitroxide free radical;

Fluorescence-ESR bimodal probe
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