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First article containing the word “self-assembly” 
A study of the self-assembly process in a small 
spherical virus formation of organized structures from 
protein subunits in vitro 
By: Bancroft, J B; Hills, G J; Markham, R 
Virology  Volume: 31   Issue: 2   Pages: 354-79   
Published: 1967-Feb  



What is self assembly: 

The tendency of a system of particles to spontaneously  
form a well defined structure 

(virus capsides, micelles, vescicles, tubes, sheets, crystals) 

In brief:  the approach to the free-energy minimum 



Triblock Janus Particles 

Small patch (chains) 

Medium patch (Kagome) 

Large patch (dense xtal) 

Crystalllization as self-assembly 



Some examples of soft-matter self-assembly 







DNA Origami  



Self-assembly requires small (compared to the binding energy) 
 temperatures to take place  

The need to study the collective behavior of systems at low T 
(competition with crystallization and phase separation) 

The need of directional (patchy) interactions 

Basic thermodynamic description of self-assembly 

Some considerations on self-assembly (into finite 
size structures) 



Self-assembly requires small (compared to the 
binding energy)  temperatures to take place  

Rough estimate: bond breaks every 100 attempts.... 
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The need to study the collective behavior of systems at low 
T (competition with crystallization and phase separation) 



With isotropic interactions, 
the system phase-separates  
well-before  formation of  
stable aggregates 
can take place..... 

Tc  4-5 “bonds” per particle 
B2* approx -1.2 



The need of directional interactions 

 (cut the spherical square-well in a  cone-well) 



The need of directional interactions 



E. Bianchi, J. Largo, P. Tartaglia, E. Zaccarelli, F. Sciortino 
Phase diagram of patchy colloids: towards empty liquids 
Phys. Rev. Lett. 97, 168301, 2006 

       Two “good” consequences of directional interactions… 

(i) Limited valence suppresses the gas-liquid phase separation 



II) Directional interactions allow for formation of  
non-interacting (a part from the excluded volume) 
aggregates, making it possible to suppress the 
driving force toward condensing a liquid phase 

Two “good” consequences of directional interactions… 



How to model “cluster”  formation ?  

(see lecture notes for the details) 



Dimer partition function 

Translational com entropy 
Bonding volume (entropy) 
Bonding energy 

COM Entropy 
Bond free energy 



Dimerization: 

Entropy ! 

Energy 





An application of dimerization 



DNA melting curves 

http://www.nupack.org 10 micromolare di ogni sequenza, 1 mol Na+ 
A unified view of polymer, dumbbell, and oligonucleotide DNA nearest-
neighbor thermodynamics 
J SantaLucia - Proceedings of the National Academy of  Science 1998  



Analogies with “chemical reaction” languages 

K contains only information related to the bonding  

K is a volume 



The most elementary self-assembly process: Equilibrium 
polymerization 



For persistent chains…. 



JCP 126, 194903 2007 



Chains 

<L> 

Average chain length  



Specific Heat Maxima….. 



Specific Heat Maxima….. 



Chains and 
rings  

and 
rings….  



A schematic model for micelle formation 

Two states:  Monomer (size 1) and Micelle (size M) 





Francesco Sciortino, Achille Giacometti and Giorgio Pastore 
A numerical study of one-patch colloidal particles: from square-well to Janus 
Phys. Chem. Chem. Phys., 12, 11869�11877 (2010)  

Janus colloidal particles 



A last example… cooperative polymerization 





T/ε=0.145 T/ε=0.140 T/ε=0.130 



How do we calculate numerically cluster partition functions ? 

R. Pool and P. G. Bolhuis, The Journal of Physical Chemistry B 
109, 6650 (2005),http://pubs.acs.org/doi/pdf/10.1021/jp045 

 R. Fantoni, A. Giacometti, F. Sciortino, and G. Pastore, Soft 
Matter 7, 2419 (2011).[ 
576f. 

D. J. Kraft, R. Ni,  F. Smallenburg, M. Hermes, K. Yoon, D. A. 
Weitz, A. van Blaaderen, J. Groenewold,M. Dijkstra, and W. K. 
Kegel, Proc Natl Acad Sci U S A 109, 10787 (2012).[20] T. 
Vissers, Z.  

Preisler, F. Smallenburg, M. Dijkstra, and F. Sciortino, J. Chem. 
Phys. 138, 164505 (2013). 



GC MC in cluster space – (requires a definition of cluster)  





Summary …. 
 The need of operating at low T (compared to ε ) 
The need of directional attractive interactions (or alternatively of highly 

non-monotonic interaction potentials 
The need to suppress collective phenomena (competition with 

crystallization and phase separation) 
 How to develop a thermodynamic description of the clustering process, 

highlighting the role of the ratio between  the bonding volume and the 
volume per particle and the bonding energy,  the microscopic 
expression of the  competition between the entropic driving force 
disfavoring self-assembly and the energetic  driving force favoring the 
formation of low energy aggregates 

How to predict the structure of the aggregate from the knowledge of the 
interaction potential (direct) or how to design the interaction potential 
to spontaneously assemble a desired structure (inverse). 

  How external fields and interfaces can be exploited to modify the routes 
toward the assembly of ordered structures 

Enjoy the school !!! 



Comparison between GCMC Cluster calculations and MC 


