Programmable Atom Equivalents: Colloidal Crystal Engineering with DNA
This literature discussion is in honor of the work of Chad Mirkin, winner of the 2026 ACS Award in the Chemistry of Materials for “establishing the field of colloidal crystal engineering with DNA.” This concept was first demonstrated in 2008 and has since been expanded to produce increasingly intricate structures, including several examples of colloidal crystals with symmetries that are not found in nature. 
1) What problem were the authors trying to solve by creating a general approach to DNA-programmable atom equivalents? What was the issue with their prior approach based on Au nanoparticles? 
2) In your own words, describe what a programmable atom equivalent (PAE) is. What are the different chemical components, and why are they each necessary? 
3) Why did the authors not directly attach the DNA to the nanoparticle surface? 
4) How did the authors prove that they had added first the azide polymer and then the DNA to the nanoparticles? 
5) Why do the different nanoparticle types (CdSe/ZnS, Au, Fe3O4, and Pt) have different ligand types? Both the CdSe/ZnS quantum dots and the Pt nanoparticles use the same ligand, oleylamine. Why can oleylamine bind to the surface of both CdSe/ZnS and Pt, but not to Au? Why is the thiol ligand a better match for Au?  
6) PAE assembly is typically controlled by a short “sticky end” at the end of a longer DNA duplex, which is attached to the nanoparticle, rather than simply having a long, single-stranded DNA attached to the nanoparticle. Why? What would happen if the longer single-stranded DNA were used, and what are the tradeoffs of using a shorter “sticky end” instead? 
7) Why does the density of DNA on the nanoparticle surface matter so much? How does a high DNA coverage enable programmable assembly, and what do you think would happen if your DNA coverage was too low? 
8) The self-assembly of PAEs through DNA binding happens spontaneously. Is their spontaneous assembly driven by entropy or enthalpy? Explain your answer. 
9) What dictates the formation of an fcc vs a bcc lattice? 
10) In regular atomic crystals, what dictates the formation of CsCl, AlB2, or Cs6C60 binary lattices? (That is, what are the properties of the constituent atoms that dictate what lattice gets adopted?) Do the stoichiometries of the structures shown in Figures 4a-f match those of CsCl, AlB2, and Cs6C60? 
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