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 Layered double hydroxides (LDHs), bearing a large diversity of metal cations and
abundant hydroxyl groups within 2D host layers as well as exchangeable anions, have
been proposed as inorganic solid electrolyte and nonprecious electrocatalyst.

 Ion conductivities of bulk LDHs are not high enough for practical applications.

 We aim to  explore single-layer LDH nanosheets as a new type of anion conducting 
membrane in alkaline fuel cell, water electrolysis, separation, sensing, etc. 

 Transition-metal LDH nanosheets, assembled with electron conducting 2D counterparts, 
e.g., graphene, are developed as efficient electrocatalysts .

 Sun PZ, Ma R, et al., Single-layer nanosheets with exceptionally high and anisotropic hydroxyl ion conductivity, 
Science Advances 3, e1602629, 2017.

 Ma W, Ma R, et al., A superlattice of alternately stacked Ni-Fe hydroxide nanosheets and graphene for efficient 
splitting of water, ACS Nano, 9, 1977-1984, 2015.

 Ma R, et al., Molecular-scale hetero-assembly of redoxable hydroxide nanosheets and conductive graphene 
into superlattice composites for high-performance supercapacitors, Advanced Materials, 26, 4173-4178, 2014.

 Exceptionally high hydroxide ion conductivity, 
approaching 10-1S/cm, was discovered in 
single-layer LDH nanosheets.

 Nanocomposites of transition metal LDH 
nanosheets and graphene showed high 
electrocatalytic performance.

 LDH nanosheets are promising as inorganic solid 
ion conducting membranes and low-cost high 
performance electrocatalysts in a large array of 
energy- and environment-related applications.
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 Reduced Graphene oxide exhibits high electron conductivity.
 Reduction is a process with highly toxic chemicals or high temperature. 
 Graphene oxide itself is an interesting material.

 Exploration of novel reduction methds
 Evaluation of proton conductivity in graphene oxide
 Development of all carbon devices based on graphene oxide
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Multi-functions of Graphene Oxide

 Graphene oxide is mass-productive.
 Graphene oxide is an ion conductor.
 Reduced graphene oxide can be electrodes.

 Enhancement of performance.
 Enhancement of durability
 Engineering of GO/rGO interfaces

• K. Hatakeyama, T.Taniguchi et al.,“Proton conductivities of graphene oxide nanosheets: single,multilayer, and 
modified nanosheets”, Angew. Chem. Int. Ed., 53, 6997 (2014).
• H. Tateishi, T. Taniguchi et al., “Graphene oxide fuel cell”, J. Electrochem. Soc. 160 (11), F1175(2013).
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