
Chap. 12 Self-Assembled Future

12.1 Introduction

  - The ultimate goal of nanotechnology is to self-assemble molecules the way we desire, in order 
    to manipulate nature.

12.2 Definition: Self-Assembled Future

  - Self-assembly can be defined as a process by which atoms, molecules, or particles spontaneously 
    aggregate into organized structures (without the use of external forces). We humans would like to 
    control this process in order to design and synthesize new desired structures – like enzymes, 
    proteins, DNA, and the cell’s organelles.





12.4 Chemical Assembly Definition: Self-Assembled Future

  - Two types: static and dynamic 

  - Static chemical assembly is an equilibrium process that is determined by chemical thermodynamics. 
    It produces equilibrium reactions that are based on such chemical forces as hydrogen bonding, 
    electrostatics, and van der Waals forces.

  - Dynamic self-assembly is a non-equilibrium process that is determined by the kinetics of reactions 
    (how fast reactions reach chemical equilibrium).

  - What determines whether self-assembly will occur?
    It is the change in free energy between molecular products and the reactants.

        CO2 (product) from C and O2 (reactants): C(s) + O2 (g) + CO2 (g)

  - Chemical thermodynamics: free energy, entropy, enthalpy (heat) 

12.4.1 Free Energy

  - The free energy change (ΔF) is defined as the driving force for doing useful work at a constant 
    temperature and constant pressure (usually 298 K [25oC] and 1 atm pressure).

  - At equilibrium, ΔF = 0



   - Gibbs-Helmholtz Equation: ΔF = ΔH - TΔS  
      *Change in heat of the reaction (ΔH) and change in entropy (ΔS) 
       between products and reactants
               
      *Entropy is defined as a measure of disorder (randomness) in atoms, molecules, or components.
      *Enthalpy comes from the Greek word en (‘put into“) plus thalpein (”heat“): when ΔH is positive,
       heat is absorbed.

12.5 Snowflake Assembly 



12.8 Spiral-Step Assembly 

  - A spiral-step of atoms occurs due to line defects in solids, called screw dislocations.



12.9 Amphiphilic Structures

  - Cell membranes have two layers of micelles, which are self-assembled into “bilayers”.
  - Spherical bilayer vesicles are also called liposomes. 



  - A fatty acid (or water) droplet in water (or fatty acid) environment



12.10 Biomolecular Assembly

12.10.1 DNA Nanotube Assembly



12.10.3 DNA Origami



12.11 Self-Assembled Monolayers (SAM)

  - SAMs are defined as thin layers of molecules that deposit and bond to a substrate and change 
    the surface tension of the substrate: head group, chain, and terminal group.


