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Synthetically accessible two-dimensional (2D) nanomaterials are of great interest due to their 
prospective applications in electronics, catalysis, and biotechnology, and as membrane materials. 
One method of accessing these topologically planar structures is through the supramolecular 
polymerization of amphiphilic block copolymers (BCPs) via self-assembly in a selective solvent. 
The use of DNA amphiphiles as the BCPs for construction of supramolecular 2D nanoarchitectures 
offers the unique opportunity to introduce functional, hydrophobic cores in these structures while 
retaining surface addressability and orthogonality through short range DNA interactions such as 
complementary DNA base pairing or blunt end stacking. The few studies reported thus far, 
however, are limited by a reliance on a template, a mixed solvent system, or pi-stacking cores that 
inhibit mechanistic control over the assembly. 

Here we report the formation of free-standing, two-dimensional nanosheets in aqueous solution 
via the supramolecular polymerization of sequence-defined, tri-block DNA amphiphiles. The 
modular amphiphiles self-assemble into a cell membrane-like bilayer structure, with a lipid-like 
hydrophobic alkyl chain core and an unprecedented surface interaction between the terminal 
hydrophobic (Cy3) block and the hydrophilic ssDNA (Fig. 1). This interaction is shown to be crucial 
in determining the final nanostructure morphology and is sensitive to the ssDNA sequence. Our 
work sheds light on the sequence dependence of multi-block DNA amphiphile self-assembly 
mechanisms and morphologies, especially when the sequence incorporates a biologically active 
DNA binder. It also opens the possibility of forming well-ordered, membrane bilayer assemblies 
using a single DNA amphiphile with orthogonal and interacting functional surface features. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) The tri-block copolymer Cy32-C1212-DNA9 ([2-Cy3]-[12-hexaethylene]-[9-mer ssDNA] sequence) 
undergoes cation-mediated self-assembly in aqueous solution upon annealing to form 2D nanosheets, 
characterized via (b) AFM in air (c) AFM in fluid and (d) bright field TEM. 


