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研究成果の概要（和文）：金属空気電池の分野では、理論的に予測される高いエネルギー密度を実現するため
に、酸素発生反応（OER）と酸素還元反応（ORR）を高効率にサイクルできる二元機能性電極触媒が強く望まれて
いる。 この課題に対処するために、銅およびニッケルのキレート配位ポリマー (CP) を調製し、その酸化処理
で得られる複合体がアルカリ溶液中で示す OER および ORR に対する電極触媒活性とその安定性を調査した。 
CuCP 由来の電極触媒は主に OER に対して活性であるが、NiCP 由来の電極触媒はアルカリ溶液中で OER と ORR
 の両方に触媒活性を示すことがわかった。

研究成果の概要（英文）：In the field of metal-air batteries, a bifunctional electrocatalyst able to 
efficiently catalyze oxygen evolution reaction (OER) and oxygen reduction reaction (ORR) is highly 
desired to provide theoretically predicted high energy densities. To address this challenge we 
prepared copper and nickel coordination polymers (CPs) and investigated their stability and 
electrocatalytic activity towards OER and ORR in alkaline solutions. It is found that CuCP-derived 
electrocatalyst is active mainly toward OER, while NiCP-derived electrocatalyst can catalyze both 
OER and ORR in alkaline solutions. 

研究分野： 触媒

キーワード： OER　ORR　electrocatalyst　nickel dithiooxamide　metal-air batteries　coordination polymer　c
opper dithiooxamide　overpotential

  １版

令和

研究成果の学術的意義や社会的意義
A new method to produce active nanocomposite electrocatalysts for oxygen evolution reaction  and 
oxygen reduction reaction in alkaline media is proposed. The method has a potential to reduce the 
cost of the catalyst used in metal-air batteries and electrolyzers by replacing usage of noble 
metals.

※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、研究者個人に帰属します。
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１．研究開始当初の背景 
 
(1) Metal-air batteries (M-O2) 

are novel, high capacity, 

rechargeable batteries that use 

a metal and oxygen from the air 

to generate electricity.  

Fig. 1 shows general structure 

of Li-O2 battery for aqueous 

type Li-O2 cell. The cell 

consists of a lithium metal 

anode, polymer protective 

layer, electrolyte(s), and a 

cathode. On the discharge oxygen 

evolution reaction (OER), and on 

battery charge oxygen reduction 

reaction (ORR) occurs. 

Theoretically, Li-O2 batteries can generate around 12 kWh/kg, which is close 

to the energy density of gasoline. With the 15 times higher energy density than 

the current lithium-ion batteries, such batteries could power electrical 

vehicles up to 500 km distance on a single charge.  

 

(2) The challenges that limit practical application of Li-O2 batteries are 

mostly attributed to the low efficiency of the ORR/OER processes. The efficiency 

of these two reactions is a bottleneck, not only in the field of Li-O2 batteries, 

but also in the field of hydrogen generation through water splitting process. 

Thus, the development of active electrocatalysts for OER and ORR is of paramount 

importance in securing future sustainable energy sources. At present, IrO2 and 

RuO2 are used as commercial catalysts for the OER due to their low overpotential. 

High price of Ir and Ru metals, as well as instability of RuO2 and IrO2 at high 

anodic potentials is a major drawback that drives the development of new OER 

catalysts. Alkaline solutions offer a greater material choice. However, Pt 

which is used to catalyze ORR, show little activity in alkaline media.  

The efficient electrocatalysts should have low overpotential, high 

stability, good electron conductivity, and fast reaction kinetics. In the case 

of Li-O2 batteries a bifunctional electrocatalyst catalyzing OER/ORR is highly 

desired.  
 

２．研究の目的  
 

The purpose of the research is to develop a new method to obtain efficient, 

noble-metal free electrocatalysts for OER and ORR, working in alkaline media. 

To address this challenge we used transition metals coordination polymers (CPs). 

CPs are coordination compounds in which a metal atom, (M), is coordinated to a 

ligand, making a cyclic structure, and the ligand links to another metal atom, 

forming repeating units of coordination polymer. CPs create unique spatial 

architectures which are expected to serve as a template for the fabrication of 

catalytically active nanocomposites.  

Specifically, under this research project, we aimed to synthesize copper 

and nickel CPs and evaluate their potential as elecrocatalysts for OER/ORR. 
 

Chemistry Behind Metal-Air Batteries 

 

Fig. 1 Structure of aqueous Li-O2 

batteries. 



 

 

３．研究の方法  

 

The following research methods were used to achieve the specific purposes of 

the research project; 

 

1) Copper and nickel CPs were prepared with a dithiooxamide,(dto), as a ligand 

according to the synthesis method reported by Abboudi et al. Inorg. Chem. 1985, 

24, 2091. The compounds were characterized by powder X-ray diffraction (XRD) 

and scanning electron microscope (SEM) equipped with the energy dispersive X-

ray (EDX) detector used for the elemental analysis.  

 

2) Catalyst inks were formulated by mixing CPs, carbon black and a binder in 

specific ratio which yielded inks with an appropriate viscosity. Screen-printed 

technique was applied to prepare electrodes for electrochemical tests.  

 

3) Electrocatalytic tests were performed in 1 M KOH solutions using cyclic 

voltammetry (CV), linear weep voltammetry (LSV) and rotating disk electrode 

(RDE) methods. Before catalytic tests, electrodes were subject to potential 

cycling in N2-saturated 1 M KOH solutions, a procedure which produced 

catalytically active oxide and oxyhydroxides nanostructures.  

 

4) SEM-EDX and XRD was used to evaluate catalytically active species, and LSV-

RDE method to understand mechanism of the reaction.  
 
４．研究成果 
 

The results of this study revealed a new method for fabrication of OER and 

ORR electrocatalysts working in alkaline solutions. The unique feature of the 

method is use of two-dimensional CPs as a metal template. The method can be 

applied to the synthesis of transition metal oxide and oxyhydroxides 

nanostructures and can be used in the preparation of composite electrodes for 

metal-air batteries and water electrolyzers. Overall, the method of 

electrochemical transformation of CPs in a carbon matrix has a potential to 

reduce the cost of the catalyst by replacing usage of noble metals. 

 

1) In the case of copper (dto) derived catalysts, electrochemical cycling in  

1 M KOH produced CuO and Cu(OH)2 nanostructures (Fig. 2).  

The carbon-dispersed CuO 

nanostructures formed a 

nanocomposite which 

exhibited an enhanced 

catalytic activity for OER in 

alkaline media. The 

nanocomposite catalyst had 

and overpotential of 280 mV 

(at 1 mA/cm2) and a Tafel 

slope of 81 mV/dec in 1 M KOH 

solution. Per metal loading, it had a seven-fold higher current than 

commercially used IrO2/C catalyst. Based on post XRD and RDE experiments, we 

proposed a catalytic cycle, in which CuO undergoes electrooxidation to Cu2O3 

that further decomposes to CuO with the release of oxygen.  

 
 

Fig. 2 Cu(dto) derived OER electrocatalyst. 

 



 

 

2) In the case of Ni(dto), electrochemical cycling in 1 M KOH resulted in the 

formation of -NiOOH (Fig.3). While it is well-known that nickel oxyhydroxides 

are good OER catalysts, their 

catalytic activity toward ORR 

and catalyst phase identity 

was unknown.  

The -NiOOH prepared in this 

study showed low 

overpotential not only for 

OER, but also for ORR. The 

onset potential for ORR was 

around 0.81 V vs. RHE, and the 

reaction was found to proceed 

via the 2e− transfer pathway. 

The high OER catalytic 

activity and relatively low 

ORR overpotential make this 

nanocomposite catalyst a good 

candidate for bifunctional OER/ORR catalyst for metal-air batteries. 

 
 

 
Fig.3 Bifunctional OER/ORR electrocatalysts 

derived from Ni(dto). 
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