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学位論文の要約 

 

題目   The Developments of Novel Nanomaterials with Non-Noble Metal Elements 

― RuxCu1-x Solid-Solution Nanoparticles and MgO Nanoparticles/Metal-Organic Frameworks― 

 

氏名     黄 博 

 

序旨 

The development of functional nanomaterials has attracted great attention in both 

scientific and industrial areas. One of the most effective methods on functional 

nanomaterials developments is replacement of noble elements with non-noble elements 

based on fundamental researches. In particular, for binary metallic alloy systems, the 

noble metals such as platinum group metals (PGM) are versatile catalysts from vehicle 

exhaust purification to H2 dissociation in fuel cell. The replacement of expensive PGM 

elements with abundant elements provides innumerous profits to our society and 

releases us from over-dependence on PGM elements. However, most replacements of 

PGM elements with non-noble elements are practically unavailable, because they do not 

mix with each other at all as controllable alloy. Without formation of alloys, the 

functions of PGM elements cannot be maintained but obvious decay is caused by the 

reducing of PGM element amount. It is urgent to develop and systematic method for 

mixing of all immiscible combinations. In this thesis, I modified the nonequilirium 

synthetic method for the solid-solution alloying in the most difficult immiscible 

combination of Ru―Cu, where Ru and Cu are completely immiscible at all temperature 

and composition range in bulk state. For the first time, the whole composition RuxCu1-x 

solid-solution alloy nanoparticles (NPs) were synthesized and characterized. 

Surprisingly, the RuxCu1-x NPs demonstrate much higher catalytic activity than Ru NPs 

on CO oxidation, which is an important reaction in H2 purification for fuel cell.  

 

1. The synthesis of Ru0.5 Cu0.5 solid-solution NPs and the catalytic property on CO 

oxidation 

I report on novel solid-solution alloy NPs of Ru and Cu that are completely 

immiscible even above melting point in bulk phase. Powder X-ray diffraction, scanning 



 

 

transmission electron microscopy, and energy-dispersive X-ray measurements 

demonstrated that Ru and Cu atoms were homogenously distributed in the alloy NPs. 

Ru0.5Cu0.5 NPs demonstrated higher CO oxidation activity than fcc-Ru NPs, which are 

known as one of the best monometallic CO oxidation catalysts. 

 

2. The syntheses of RuxCu1-x solid-solution NPs and the composition dependent 

behavior of their CO oxidation activities 

The combination of Ru and Cu is one of the most difficult binary system in bulk for 

the formation of solid solution structure i.e. they do not mix with each other even in 

high-temperature liquid phase. In this thesis, I succeeded in mixing Ru and Cu at the 

atomic level over the whole composition range for the first time. The homogeneously 

distributed Ru and Cu in the alloy NPs were characterized by the powder X-ray 

diffraction, scanning transmission electron microscopy (STEM) and STEM 

energy-dispersive X-ray mapping measurements. The RuxCu1-x NPs demonstrated 

extremely high CO oxidation activities than that of best monometallic catalyst Ru with 

an asymmetric volcano trend, where Ru0.8Cu0.2 alloy NPs provided the highest activity.  

 

3. The facile synthesis of MgO NPs / Metal-Organic Frameworks (MOFs) 

composite 

I report a novel MgO NPs/MOFs composite prepared by a one-step facile synthesis. 

Mg-MOF-74 was thermally decomposed under hydrogen atmosphere to obtain MgO 

NPs/MOFs. This product was characterized by X-ray powder diffraction, infrared 

spectroscopy and transmission electron microscopy. The mean diameter of MgO NPs in 

the composite was 2.5 ± 0.7 nm. 

  

 

 




