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Outline:  
 
Why do we like DNA: bridging in-silico and in-charta 
intuitions into real experimental realizations 
 
The limited-valence case. Equilibrium gels and q0 

 
The competing-interaction case “gelling on heating” 
 
Vitrimers with DNA 
 
 
DNA particles for LL transition ? 
 







What do we need to know 1 :  single (high T) and double (low T) 
strands 
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What do we need to know 2:  palindromes 

ressasser 
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ACCAVALLAVACCA 
What do we need to know 2:  palindromes 

ressasser 
essayasse 

saippuakivikauppias 
detartrated 



ACCAVALLAVACCA 

ACCAVALLAVACCA 

What do we need to know 2:  self-complementary sequences can 
bind  among themselves 
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Our hero:  The DNA nanostar  
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Test  Simulation-Experiments  and Test of NS formation 
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Bridging in-silico and in-charta 
intuitions into real experimental 
realizations 
 
Equilibrium gels: 



Evolution of the phase diagram	



	



reducing  “valence”	





How does the valence affect the phase 
diagram?	



Bianchi et al, PRL 97, 168301, 2006    	
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Phase behavior of DNA hydrogels 



Dynamics of the DNA gel: Photon Correlation Spectroscopy	
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A truly equilibrium gel !	



Percolation in a Model Transient Network:   Rheology and Dynamic Light Scattering 
E. Michel ,M. Filali , R. Aznar ,G. Porte , and J. Appell  

Soft Matter, 2015, 11, 3132 







Gel reversibility  
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Arrhenius Dynamics…..	
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An unexpected feature:  a q0 mode 

200 < λ < 750  nm 

12< λ <50   NS size 

Biffi et al, Soft Matter, 2015, 11, 3132 
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Can we reproduce it on the 
computer ? 

Unpublished 
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•   Large flexibility of the angular interactions: (wide 
variety of networks, increasing Sconf)  
 
•   Low valence.   Small density of the 
coexisting liquid phase   
 
 
 
 

Key elements for liquid stability at T=0 K: 
(ultrastable liquids !) 

Thermodynamically stable !	





ACS Nano, 8, 3567-3574, 2014 



Bridging in-silico and in-charta 
intuitions into real experimental 
realizations 
 
 
Gelling by heating: 



a patchy-particle gel that forms both on 
cooling AND on heating  (a topic close to the Chairman’s heart) 

 
 
          FLUID                                                      FLUID 

 
 

GEL 

Temperature 



How do we form an equilibrium gel ? 

 

reducing  “valence” 



How do we break a gel ? 

         Competitive interactions 



How do we break a gel ? 

         Competitive interactions 

the emergence of a structure controlled by 
energy (stable at low T) which competes with a 
structure stabilized by entropy at intermediate T. 



Tlusty-Safran,  
Science (2000) 



     How do we break a gel ? 
  Add a competitor blocking the AA bonds ! 

2 εAB < εAA   
Network Blocked particle 

εAA   εAB    εAB    



How to stabilize the network:  Bonding 
entropy ! 
 
 
Bonding volume AA >> Bonding volume AB 
 



Forming and melting the gel  
 Wertheim theory 
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Simulations (stochiometric)  



Simulations (stochiometric)  
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Can we design a system that  does it in 
the laboratory  ? 

With DNA particles: 
Control on the valence 
Bulk quantities 
Reasonable T intervals 



The competitor….. (B particle)  

Two serious  problems to solve: 
 
1)  How to avoid BB pairing ? 
2)  How to increase the entropy cost of bonding ? 

(“palindromic”) 



The proposed solution: 

NANOSTAR-ARM-3’(TGA)GCGTACGC(AAT)-5’  

3’-ATTGCG-5’  3’-CGCTCA-5’ 

AA bonding 

B- particle (competitor) 



AA-bonding:  8 bases paired 
STAR-ARM-3’(TGA)GCGTACGC(AAT)-5’  STAR-ARM-3’(TGA)GCGTACGC(AAT)-5’  



AA-bonding:  8 bases paired 

STAR-ARM-3’-TGAGCGTACGCAAT-5’  
5’-GCGTTA-3’  

5’-ACTCGC-3’ 

STAR-ARM-3’(TGA)GCGTACGC(AAT)-5’  STAR-ARM-3’(TGA)GCGTACGC(AAT)-5’  

AB-bonding:    12 bases paired 



Nupack Evaluations: www.nupack.org 
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Now… experiments: 
The phase diagram 

(ethidium bromide) 

Bomboi et al, Nat Comm. In press 



The phase diagram: 
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The T-region where the gel breaks  

100 101 102 103 104 105 106

t (µs)

0.0

0.2

0.4

0.6

0.8

1.0
g 1

(b)

9.2°C
11.1°C
12.8°C
18.3°C
22.8°C
25.6°C



3.0 3.1 3.2 3.3 3.4 3.5
1000/T (K-1)

10-4

10-2

100

102
D

ec
ay

 ti
m

es
 (s

)

Slow
Fast

(c)

The  characteristic time  

Bomboi et al, Nat Comm. in press 





Bridging in-silico and in-charta 
intuitions into real experimental 
realizations 
 
Vitrimers: 





T=0 K Equilibrium phase diagram (Entropy Only!)	



Theory: black dashed line	


Simulations: points, solid line	


	


	



Placing a 
vitrimer 
network in a 
good solvent 
leads to swelling	


 	


	


The network 
phase is closer to 
the ideal x	


	


The network 
never fully 
dissolves	


	





An all DNA vitrimer !	
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An all DNA vitrimer !	
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An all DNA vitrimer !	
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An all DNA vitrimer !	
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Conclusions 
 
Beside their nanotech applications 
 DNA-made particles can be exploited to 
bring in-silico and in-charta intuitions into 
real experimental realizations. 
 

We have seen applications to: 
Equilibrium gels  

Ultrastable liquids 
Unconventional dynamics 

Re-entrant gel 
Vitrimers (undergoing) 
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