
 

 

 
 

Table of Contents 

Chapter 1. General introduction .............................................................................. 1 

1.1 Nanotechnology ............................................................................................ 3 

1.2 Mesoporous silica materials in advanced applications ................................. 6 

 1.2.1 Synthesis of mesoporous silica nanoparticles ....................................... 8 

 1.2.2 Functionalization of mesoporous silica materials ............................... 10 

 1.2.3 Characterization of mesoporous silica materials ................................ 13 

1.3 Stimuli-responsive gated materials ............................................................. 16 

1.4 Janus particles ............................................................................................. 21 

1.5 Biocomputing .............................................................................................. 27 

1.6 Chemical communication ............................................................................ 35 

 1.6.1 General concepts ................................................................................ 39 

 1.6.2 Enabling technologies for chemical communication .......................... 43 

 1.6.3 Engineering communication between abiotic micro/nanosystems ... 51 

 1.6.4 Engineering communication between abiotic micro/nanodevices and 

living systems .......................................................................................... 69 

 1.6.5 Communication through stigmergy .................................................... 81 

 1.6.6 Outlook ................................................................................................ 85 

Chapter 2. Objectives ............................................................................................. 89 

Chapter 3. A 1-to-2 Demultiplexer Hybrid Nanocarrier for Cargo Delivery and 

Activation ................................................................................................................ 93 

3.1 Abstract ....................................................................................................... 97 

3.2 Introduction ................................................................................................. 97 

3.3 Results and discussion ............................................................................... 102 

3.4 Conclusions ................................................................................................ 106 

3.5 References ................................................................................................. 107 

3.6 Supporting Information ............................................................................. 108 

Chapter 4. A Chemical Circular Communication Network at the Nanoscale ....... 133 

4.1 Abstract ..................................................................................................... 137 

4.2 Introduction ............................................................................................... 137 



Table of Contents 

 

 

 
 

4.3 Results and discussion ............................................................................... 141 

4.4 Conclusions ................................................................................................ 155 

4.5 References ................................................................................................. 157 

4.6 Supporting Information ............................................................................. 160 

Chapter 5. An Interactive Model of Communication between Abiotic Nanodevices 

and Microorganisms ............................................................................................. 191 

5.1 Abstract ..................................................................................................... 195 

5.2 Introduction ............................................................................................... 195 

5.3 Results and discussion ............................................................................... 199 

5.4 Conclusions ................................................................................................ 204 

5.5 References ................................................................................................. 205 

5.6 Supporting Information ............................................................................. 207 

Chapter 6. Nano-Programmed Cross-Kingdom Cell Communication .................. 231 

6.1 Abstract ..................................................................................................... 235 

6.2 Introduction ............................................................................................... 235 

6.3 Results and discussion ............................................................................... 239 

6.4 Conclusions ................................................................................................ 247 

6.5 References ................................................................................................. 248 

6.6 Supporting Information ............................................................................. 250 

Chapter 7. Conclusions and Perspectives ............................................................. 277 

 

  
 
 

 
  
 


