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論  文  内  容  の  要  旨  

氏  名  （   HUANG XIN  ）

論文題名 

Polymer Ligand Stabilized Fluorescent Platinum Nanoclusters: Synthesis, Characterization, and 

Their Applications

（ポリマーリガンドにより安定化された蛍光性白金ナノクラスター）

論文内容の要旨 

Metal nanoclusters (M NCs) consisting of a few to several tens of atoms exhibit molecule-like behaviors 

such as discrete electronic state and size-dependent photoluminescence due to quantum size effect. Compared 

to common fluorophores like quantum dots (QDots) or organic dyes, M NCs possess a plenty of advantages such 

as facile synthesis, ultra-small size, water solubility, and excellent bio-compatibility. To date, fluorescent 

gold and silver nanoclusters (Au NCs and Ag NCs) have been already synthesized and employed in bio-labeling 

of living cells, whereas the fluorescent properties and practical applications of the platinum nanocluster 

(Pt NCs) are rarely discussed. Therefore, the motivation of this research is to produce the fluorescent polymer 

ligand stabilized Pt NCs with longer emission wavelength by a facile and feasible method and then applied 

them in various applications like heavy metal ions detection, cancer cells bio-imaging and chemical modified 

electrode. 

Diverse colored fluorescent Pt NCs were prepared by a versatile and environment-friendly protocol employing 

the hyper-branched polyethylenimine (PEI) as a stabilizing ligand. By adjusting the molar ratio between Pt 

ions and reducing agent, the fluorescent Pt NCs with different emission wavelengths, from blue- to 

yellow-emitting, could be obtained. Among these, yellow fluorescent PEI-stabilized Pt NCs (Pt NCs@PEI) 

demonstrated excellent photo-stability towards high salt concentrations and slower attenuation of fluorescence 

against light irradiation compared with organic dyes. Most significant founding was that the formation process 

of fluorescent Pt NCs in PEI template could be elucidated as two processes: (1) the chelation of PEI with 

Pt ions to form a complex and (2) the reduction of Pt ions to Pt atoms and quick aggregation to generate Pt 

NCs. These NCs were most stabilized inside the cavities formed by tightly coiled polymer PEI chains via amino 

groups. Moreover, the pH-dependent emission wavelength phenomenon was originated from the chain transformation 

of cationic PEI and the changing of cavity dimension which could determine the size of NCs. 

In particular, these Pt NCs@PEI exhibited the selective sensing behaviors towards the Cu2+ and Co2+ ions 

in contrast to other kinds of metal ions. These abilities of quantitative and sensitive detection were due 

to the formation of complex between the Cu2+ or Co2+ ions with amino groups of ligand, and the limit of detection 

(LOD) for the Co2+ ions reached to as low as 500 nM. Furthermore, yellow fluorescent aqueous Pt NCs@PEI were 

easily conjugated with anti-CXCR4 antibody to produce Pt NCs@PEI-(anti-CXCR4-Ab) conjugates, which were 

successfully applied in the bio-imaging of the membrane of cancer HeLa cells whose nuclei were simultaneously 

stained with DAPI. It is noteworthy that these Pt NCs@PEI exhibited lower cell cytotoxicity and better 

bio-compatibility compared with Qdots. Lastly, ultra-fine Pt NCs@PEI were used to modify the glassy carbon 

electrode (GCE) and subsequently the electrochemical behaviors of fluorescent Pt NCs@PEI-modified GCE in H2SO4

medium were examined. Meanwhile, we also investigated the factors like scanning speed and the size effect 

of NCs and the results showed these fluorescent Pt NCs@PEI have a certain catalytic ability in electrochemistry. 

In future, fluorescent Pt NCs with longer emission wavelength (red or near infrared region) are expected 

to be synthesized by using other kinds of ligands to adjusting the size accurately. In addition, the catalytic 

behaviors of Pt NCs for methanol oxidation reaction (MOR) or oxidation reduction reaction (ORR), and the 

relationship between catalysis and fluorescence need to be further investigated.




