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Graphical Abstract 

 
Fig. 1. Two-dimensional, homojunctioned nanostacks of metal organic framework for solar fuel production (left), 

plasmonic nanoparticle enhanced core-shell broadband photocatalyst for pollutant degradation (middle) and 

multifunctional porous SiO2 nanoparticles loaded with superparamagnetic nanoparticles and photoluminescent quantum 

dots for biomedical applications (right).  

 

Abstract 

With unique physical and chemical properties and high potential for many important applications, 

nanomaterials have attracted extensive attention in the past two decades. Further combining different 

nanomaterials into nanohybrids can potentially lead to improved properties/performance or even 

better, multiple functions. In this talk, I will present some of our recent work on the rational design 

and realization of nanohybrid materials as well as their applications in solar fuel, photocatalysis and 

biomedicine [1-5]. It is known that forming nanomaterials junctions represents an important, 

promising strategy for realizing broadband photocalysis in strategically important applications such 

as solar fuels and photocatalytic degradation of pollutants in our environments. In one of our works, 

we stacked 2-dimensional (2D) black phosphorous (BP) nanosheet and graphitic carbon nitride (g-

C3N4) nanosheets, which led to a 2D-on-2D heterojunction photocatalyst and demonstrated much 

enhanced activity (H2 production rate) both under λ > 420 nm and λ > 475 nm light irradiation, as 

compared to BP and g-C3N4 nanosheets alone, and long-term stability as well.  Another example is 

about the construction of homojunctions of nanoplates made of metal-organic frameworks (MOF). 

The well-defined MOF homojunction was prepared by a facile one-pot synthesis route directed by 

hollow transition metal nanoparticles. The homojunction is enabled by two concentric stacked 

nanoplates with slightly different crystal phases. The enhanced charge separation in the homojunction 

was visualized by in-situ surface photovoltage microscopy. The as-prepared nanostacks displayed a 
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 visible-light-driven carbon dioxide reduction with very high carbon monooxide selectivity, and 

excellent stability. If time allows, I will also show how we prepared multifunctional nanoplatforms 

composed of multiple superparamagnetic nanoparticles and near infrared quantum dots in single 

particles and how they are useful in serving as bimodal imaging probes and bimodal hyperthermia 

agents. All the work highlights the benefits of the nanohybrids, where rational design is the key in 

order to maximize these benefits. 
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