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We anticipate to develop a microfluidic 

system combining nanocatalyst (NCs) 

and carbon nanosphere (CNS) the direct 

photocatalytic H2 production and the 

slow release of H2 to the cancel cell 

treatment. The ROS is an important 

biophysical signature for the control and 

the manipulating the function for most 

types of components in the cancel cells. 

By interacting with the H2 molecules, the 

chemical characteristic of ROS will be 

changed so that the bio-activity of the 

cancel cell will be suppressed. With 

these understandings, based on the 

physical characteristics of existing 

materials in our team, two H2 slow 

release technologies are proposed for the 

development of implant medical 

applications including the hybrid composites of organic-inorganic semiconductor 

photocatalytic catalysts and the H2 storage CNS. In the practical scenarios, the former will be 

sealed in a transparent membrane capsule and the later will be filled with H2 prior to their 

deployment in the treating organs. To virtualize the proposed concept, the validation of the 

conceptual prototype design including the functional test, the process optimization and 

theoretical materials calculation prediction. Topics include the photocatalytic H2 production 

yield on the hybrid composites, the HER performance of the atomic catalysts, the H2 storage 

capacity of the CNS as well as the subsequent biomedical responses. The correlation between 

Figure 1 Correlation between CNS, hybrid 

composites of organic/inoranic semiconductor 

catslysts and the H2 treating on cancer therapy  



 

the aforementioned research topics are shown in Figure 1 and the corresponding results are 

summarized later.  

In cancer cell treatment, the 

MitoSOX test reveals that a low 

level of H2 ~3ppm reduces the 

‧O2- radical concentration by 

70% and influences the cell 

degradation mechanism. In 

addition, the combination of H2 

and 5-FU further degrades 

the cell by 38% thus showing 

possibility of such a protocol 

in the cancer therapy. Slow release of H2 without outer interference is a key factor in the long-

term treatment. Our results indicate that with the insertion of H2 filled CNS the cell degradation 

can be further increased by 50% as compared to the H2 and 5-FU control (Figure 2). 

The H2 storage capacity, 

cycle life and the corresponding 

physical structures of CNS are 

shown in Figure 3. Accordingly, 

the H2 capacity is 2.6 and 8.1 wt% 

respectively at 77K and 300K at 

100 bars. These features are 

dominated by the defect density, 

the pore ratio, pore distribution 

and the specific surface area of 

the carbon material. Our results 

show that the proposed CNS 

possesses the equilibrium physical structure parameters to the state-of-the-art carbon materials 

with highest H2 storage capacity. Results of the corresponding topics are summarized in Table 

1.  

Table 1 Summary for the published paper in this project 

Topic SCI paper Conference paper in preparation patent 

HER 4 
   

H2 storage 
  

2 1 

H2 biomedical application 1 2 
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Figure 2 HCT116 and ALDOB cell degradation test results. 

Figure 3 The physical structure parameters and the H2 

storage capacity of CNS. 


