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Meyers et al., Science 2013, 339, 773. Wegst et al., Nat. Mater. 2015, 14, 23.

Multilayered Structures in Biological Materials
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natural nacre (brick-and-mortar architecture)



Wan et al., PNAS 2018, 115, 5359. Yang et al., Mater. Chem. Front., 2024, 8, 3724.

Top-Down Approach Multilayered Carbon Nanomaterials
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• mainly GO-based composites (strength and toughness)

PCO

PSE AP



Szilluweit et al., Nano Lett. 2012, 12 , 2573. Schrettl et al., Nature Chem. 2014, 6, 468.

Bottom-up Synthesis of Carbon Nanomaterials
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• surfactants for supramolecular self-assembly 
• hexaynes as reactive carbon-rich precursors

• sp2-rich amorphous carbon monolayer 
• tailored functional group

UV



Bomal et al. Nature communications, 2022, 13(1), 4950.

Research Background
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1 mm

• introduction of “self-healing” and reconfigurability properties in a carbon nanomaterial

interfacial rheology reconfigurability

P
O

HO
HO

liquid-liquid interface assembly surface self-assembly



Future Research Directions on Multilayers
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• goal: obtain multilayered carbon nanocomposites with controlled chemical functionalization and 
hierarchical structure

• using hexayne bolaamphiphiles to form self-assembled carbon monolayers 

carbon monolayer
multilayer carbon
nanocomposites
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surfactants 
programmed to form 

self-assembled 
monolayers
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polyelectrolytes 
multivalent metal ions 

2D inorganic 
nanomaterials

at the liquid/air 
interface or at the 

solid/liquid interface
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