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研究成果の概要（和文）：Here we developed several cheap iron non-porphyrin complexes, an Fe(bpb) 
that showed high activity for CO2 reduction with 93% CO faradaic efficiency at a moderate 
overpotential η = 0.41 V in homogeneous and heterogeneous media.

研究成果の概要（英文）：The current fossil fuels are unsustainable and cause global warming. So, 
discovering alternative fuels is indispensable. CH3OH is currently proposed as one of the best new 
fuels. A key factor for efficient CH3OH production is developing efficient catalysts for CO2-to-CO 
conversion. Here we developed several cheap iron non-porphyrin complexes, an Fe(bpb) that showed 
high activity for CO2 reduction with 93% CO faradaic efficiency at a moderate overpotential η = 0.
41 V in homogeneous CO2-saturated DMF solutions. Moreover, these catalysts were successfully 
immobilized on a nitrogen-doped graphene (NG) electrode to achieve efficient and selective CO2-to-CO
 conversion in neutral aqueous NaHCO3 solutions (pH =7.3), generating 6 mA/cm2 current density with 
very high TOF values of 1120 s－1 at η= 0.47 V. These values are among the highest reported values 
achieved by molecular catalysts in aqueous solutions. 

研究分野： Chemistry, artificial photosynthesis

キーワード： Carbon dioxide reduction

  ４版

令和

研究成果の学術的意義や社会的意義
This work is expected to develop the academic and social society in terms of developing systems for 
the production of renewable fuel based on storage of solar energy in the form of renewable fuels and
 is expected to reduce the carbon dioxide atmospheric level to reduce its global warming effect.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。



様 式 Ｃ－１９、Ｆ－１９－１、Ｚ－１９（共通） 
1. 研究開始当初の背景 

The current fossil fuels are unsustainable and cause global warming. So, discovering alternative 

fuels is indispensable. CH3OH is currently proposed as one of the best new fuels. One promising 

approach for production of CH3OH is artificial photosynthesis. In this system, water oxidation 

and CO2-to-CO conversion occur at anode and cathode, respectively based on electric power 

generation by a solar cell. Finally, CO is converted to a methanol fuel by the well-known Fischer-

Tropsch method. For designing an efficient artificial photosynthesis system, however, developing 

efficient catalysts for water oxidation and for CO2 to CO conversion are inevitable and need 

further improvements. Among the reported CO2 RedCs, iron porphyrin monomers and dimers 

showed the benchmark activity, selectivity, and stability for CO2 conversion to CO. However, the use 

of porphyrin ligands might hinder their global scale utilization at a reasonable cost due to the long 

preparation steps and the very low synthetic yield of porphyrin ligands. Moreover, the strong color of 

iron porphyrins hinders their integration to p-type semiconductor for fabrication of efficient 

photocathode.  
 
２．研究の目的 
a. Developing efficient inexpensive catalysts for CO2 reduction. 
b. Construction of efficient cathode based on these catalysts working in aqueous media. 
 
３．研究の方法 
Several planar iron no porphyrin complexes have been prepared and characterized with the traditional 
spectroscopic methods and their CO2 reduction performance were investigated by the electrochemical and 
analytical techniques.   
 
４．研究成果 
 

a) Several Fe(bpc) 

complexes have 

been prepared and 

investigated for the 

CO2 reduction in 

non-aqueous DMF 

solutions. These 

complexes showed 

high activity for CO2 

reduction (Fig. 1a) 

with high, 93% CO 

faradaic efficiency 

(Fig. 1b) at a moderate overpotential η = 0.41 V in homogeneous CO2-saturated solutions.  

b) These complexes were immobilized on a nitrogen-doped graphene (NG) electrode to achieve 

efficient and selective CO2-to-CO conversion in neutral aqueous NaHCO3 solutions (pH =7.3), 

generating 6 mA/cm2 current density with very high TOF values of 1120 s−1 at η= 0.47 V (Figure 

2). These values are among the highest reported values achieved by molecular catalysts in aqueous 

solutions. 

 
 
 



 

 
 

c) We also developed several Ni analogous complexes. When the Fe(bpc) and Ni(bpc) complexes 

are co-adsorbed on the NG electrode, their performance are much improved, generating 18 

mA/cm2 current density, indicating the cooperative effect of the Fe and Ni centers as that obsereve 

in the biological systems. 
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