
A summary of what we are doing now (only 

published results) 
 

 

1. Hydrophilic Inorganic Macroions – Between Simple Ions and Colloids 
 

 
 

Instead of only existing as discrete macroions in dilute solution, they tend to form single-layered, 

spherical “blackberry” supramolecular structures (general case) or others if charge distribution 

changes. 

  



 
 

Key questions: 

 

1. Driving forces for the self-assembly: not due to van der Waals forces, hydrophobic 

interaction or chemical interaction. 

Counter-ion-mediated attractions and hydrogen bonding are important. 

2. Controlling and adjusting the blackberry size. 

3. Macroion-cation interaction, counterion distribution and counterion replacement. 

4. The roles of co-ions and the structure of water layers. 



 

 



 
 

 

 
 



 

 
 

 

 

 

 

 

 

 



2. Self-recognition – simple macromolecules demonstrating the level of 

intelligence similar to biomacromolecules 

 
 

Self-recognition is discovered in macroionic solutions during their self-assembly. More 

impressively, the chiral recognition and chiral selection can be easily achieved when the long-

range electrostatic interaction dominates the assembly. 

 

 



 

 
 

 
 

 

 



3. Inorganic-Organic Hybrid Materials 

 

 
With the addition of hydrophobic interaction and/or other attractive forces, the inorganic-organic 

hybrid materials will demonstrate various features, from basic self-assembly similar to 

amphiphilic surfactants to luminescence… 

 

 



 

 
 

 
 



 
 

 

4. Metal-organic Nanocages and Cyclodrexins 
 

     The well-defined metal-organic nanocages are another type of valuable macorionic systems 

with many tunable features, loading/unloading properties and beyond. 
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5. Dentrimers and dentrimer-based complexes 
 

 

 
Dendrimers also form blackberry-type structures. 
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Zwitterionic dendrimer-surfactant form dynamic tubular structures with many varieties. 

 

 

 

6. The Role of electrostatic interaction on the virus capsid formation 

(collaborated with Dr. Yinan Wei, University of Kentucky) 

 

 



 

 
 

 

 

 

 

7. Course-grain simulations on the macroionic solutions – countereion 

mediated attraction and symmetry breaking! (with Professor Mesfin Tsige) 

 

     Course-grain simulations provide complete consistent results to the earlier 

experiments on the driving force, size change and the mechanism of the blackberry 

structure formation. In addition, an important symmetry breaking process is finally 

elucidated. 

 



 
 

 

 

 

 
 

 

 

 

 

 


