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Patchy Nanoparticles by Atomic Stenciling
Scientific Achievement
Scientists have developed a new way to “stencil” molecular 
patterns at the nanometer precision but here the mask is made of 
atoms adsorbed on a nanoparticle’s surface with facet selectivity.
Significance and Impact
This new bottom-up, solution-based approach is less expensive, 
scalable, high precision, and works on curved or 3D objects—
important for complex nanomaterials.
Research Details
• Created >20 distinct types of polymer-patched nanoparticles 
• X-ray nanotomography at HXN revealed a BCC superlattice extending 

tens of layers deep, consistent with theory and simulations.
• The consistent superlattice formation on different substrates shows 

that interparticle interactions, not the substrate, control the assembly.Kim, A., Kim, C., Waltmann, T. et al. “Patchy nanoparticles 
by atomic stencilling.” Nature 646, 592–600 (2025). 
https://doi.org/10.1038/s41586-025-09605-8

(Left) A focused ion beam (FIB) was used to prepare the 
sample for X-ray nanotomography at the HXN beamline. 
(Right, top) X-ray tomography of patchy rhombic 
dodecahedra assembly showing the positions of 
individual atoms. (Right, bottom) The scattering signal 
calculated from the tomography data matches a perfect 
scattering signal from the simulated body-centered cubic 
(BCC) lattice (dotted lines), confirming that the self-
assembly of patchy rhombic dodecahedra forms a BCC 
lattice.

Work was performed in part at NSLS-II

Presenter Notes
Presentation Notes
Summary:

Stencilling—creating patterns by applying material through a mask—is widely used in art, manufacturing, and microfabrication. Modern top-down approaches have pushed mask sizes below 10 nm, enabling ever-smaller electronic devices, but such methods remain costly and are best suited to flat, rigid substrates. In contrast, bottom-up masking strategies that rely on chemical or physical interactions have been far less explored, despite their potential advantages in cost, scalability, and compatibility with curved or three-dimensional surfaces. 

In this work, the authors introduce an atomic-scale stencilling method that uses adsorbed iodide submonolayers as temporary masks on nanoparticle surfaces. Polymers were then grafted selectively onto the unmasked regions, effectively “painting” nanoscale patches with high spatial precision. This approach allows the synthesis of more than 20 distinct types of polymer-patched nanoparticles in high yield. 

Using X-ray nanotomography at the Hard X-ray Nanoprobe (HXN) beamline at NSLS-II, the individual atoms of a patchy rhombic dodecahedra assembly were imaged and the scattering signal from the tomography data confirmed that the self-assembly of the patchy rhombic dodecahedra forms a BCC lattice. Polymer scaling theory and molecular dynamics simulations reveal that the combination of the stencil and polymer thermodynamics produces patch geometries not previously observed. These patchy nanoparticles self-assemble into uniform, extended crystal structures, including non–closely packed superlattices that are difficult to obtain by other means. 

Overall, atomic stencilling provides a versatile bottom-up route to nanoscale patterning, offering precise control over nanoparticle surface chemistry, reactivity, and interactions, with broad implications for targeted delivery, catalysis, microelectronics, metamaterials, and tissue engineering.
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