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Principles of Molecular Self-Assembly 
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1. The hydrophobic effect 

2. Hydrogen bonding 

3. π-stacking 

4. Van der Waals interactions 

5. Ionic bonds 

6. Electrostatic interactions 

7. Reversible covalent S-S bonds  

in protein folding 

 

ΔG = ΔH - TΔS 
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Conditions for Self-Assembly 

6 



7 











Some Types of Self-Assembly 

• Self-Assembled Monolayers 

 

• Block Copolymers 

 

• Ionically Self-Assembled Monolayers 

 

• DNA-based Assembly 

 

• Nanoparticles assemblies 
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Self-Assembled Monolayers 

• “Self-assembly” refers to the deposition of an organized layer onto a 
substrate with a high-degree of control and/or ordering. 

 

• One common example are “Self-Assembled Monolayers” (SAMs): 
organic molecules that deposits from solution onto a substrate with 
a thickness of a single molecule and a well-defined orientation. 

SAM 

Substrate 
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Example: 
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 Organization of thiols on Au 

Postulated adsorption pattern of a thiol on Au (111) 

Thiol molecules form an hexagonal lattice 
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Some applications of SAMs 

13 



Self-Assembly 

• Self-Assembled Monolayers 

 

• Block Copolymers 

 

• Ionically Self-Assembled Monolayers 

 

• DNA-based Assembly 

 

• Nanoparticles assemblies 
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Block Copolymers 
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 Example: triblock copolymer 

• The diphenyl block (right) is rigid and of well-defined length. Can lead to 
well-ordered crystalline structure. 

• The two left-most blocks are flexible and have variation in composition 
and length. Tends towards disordered, amorphous structure. 
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 Molecular dynamics simulations 

• Molecular model of the supramolecular unit composed of 100 triblock 
molecules  

• Rod segment packing in the mushroom stem is based on electron 
diffraction data and its rectangular shape on the observation of an oblique 
superlattice of nanostructures. 
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TEM images of Triblock Copolymer  

• TEM images of a film 
formed by the triblock 
molecules, revealing 
regularly sized and shaped 
aggregates that self-organize 
into superlattice domains. 

 

• Wide-angle (C) and small-
angle (D) ED patterns are 
observed. 
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Give a definition for self-assembly. Discuss the different types of self-assembly interactions 
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Self-assembly is a process in which components, either separate 

or linked, spontaneously form ordered aggregates. Self-assembly 

can occur with components having sizes from the molecular to the 

macroscopic, provided that appropriate conditions are met.  

 

Some types of self assembly interactions are:  

1) The hydrophobic effect (for example in micelles) 

2) Hydrogen bonding (for example in DNA) 

3) π-stacking (for example in DNA) 

4) Van der Waals interactions (for example between long carbon 

chains in organic molecules) 

5) Ionic bonds (for example in salts) 

6) Electrostatic interactions (for example between nanoparticles)  

7) Reversible covalent S-S bonds (for example in protein folding) 

 



Self-Assembly 

• Self-Assembled Monolayers 

 

• Block Copolymers 

 

• Ionically Self-Assembled Monolayers 

 

• DNA-based Assembly 

 

• Nanoparticles assemblies 
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 Ionic Monomers 

Different monomers will exhibit different ionic properties 

For example, the sodium salt of poly(styrene sulfonate) will be 
negatively charged, while poly(allylamine hydrochloride) will be 
positively charged. 
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 Ionic self-assembly 

 These ionic properties enable the controlled successive stacking of 
single layers of each polyion 
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Synthesis of polyionic multilayer structures 

• Steps 1 and 3 represent the adsorption of a polyanion and polycation, respectively, and 
steps 2 and 4 are washing steps.  

• The four steps are the basic buildup sequence for the simplest film architecture, (a/b)n .  

• The construction of more complex film architectures requires only additional beakers 
and a different deposition sequence. 

•  Layers of controlled thickness can be deposited with typical deposition time of one 
minute per layer. 
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Reproducible Layer Thickness 

• Total film thickness 
(measured by variable andle 
ellipsometry) as a function 
of number of deposited 
bilayers yields excellent 
linearity with number of 
deposited bilayers. 

 

• Thickness of 1.2 nm per 
bilayer in example shown. 
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Self-Assembly 

• Self-Assembled Monolayers 

 

• Block Copolymers 

 

• Ionically Self-Assembled Monolayers 

 

• DNA-based Assembly 

 

• Nanoparticles Assemblies 
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,Fifth Foresight Conference:DNA 

Nanotechnology) 
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DNA as Construction Material 

Various geometrical shapes can be constructed from DNA assemblies 
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Example: Branched Junction Assembly 

32 



Folding DNA to Create Nanoscale Shapes and Patterns  
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Hierarchical Self-assembly of DNA into Supramolecular Polyhedra 
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Self-Assembly 

• Self-Assembled Monolayers 

 

• Block Copolymers 

 

• Ionically Self-Assembled Monolayers 

 

• DNA-based Assembly 

 

• Nanoparticles assemblies 

 

 

35 



36 
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Chemical ligation of DNA-gold nanoparticles 

or 

Splint 

Complement 

Jungemann et al. Nanoscale 2013, 5 (16), 7209-7212 
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DNA-mediated Assembly of AuNPs 

-Cross-linking via cyanovinyl carbazole- 

• Cyanovinyl carbazole base substituent can be photo cross-linked with an 

adjacent Thymine base. 

Harimech, P.  et al. J. Am. Chem. Soc. 2015, 137 (29), 9242-9245  



500 nm 

TEM images of programmed nanoparticle assemblies 

500 nm 

50 nm 

500 nm 
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Kanaras and co-workers unpublished data. 

Mesoscale nanoparticle assemblies 
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Langmuir
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Langmuir
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Chem. Rev. 
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Chem. Rev. 
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Nano Lett. 



54 Nano Lett. 
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What is SAMs ? Discuss examples and applications. 
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SAM 

Substrate 
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