
Table of contents 

 

Chapter I: General Introduction ..................................................................... 1 

1 Biosensors ...................................................................................................................... 2 

1.1 No-wash Biosensors ............................................................................................... 2 

1.2 Colorimetric Biosensors .......................................................................................... 3 

2 Plasmonic nanomaterials ............................................................................................... 4 

2.1 LSPR ........................................................................................................................ 4 

2.2 Synthesis ................................................................................................................. 8 

2.3 Top-down approach ............................................................................................... 8 

2.4 Bottom-up approach .............................................................................................. 9 

2.5 Colloidal stability .................................................................................................. 10 

2.5.1 Steric stabilization ................................................................................................ 10 

2.5.2 Electrostatic stabilization ..................................................................................... 11 

2.5.3 DLVO theory.......................................................................................................... 12 

2.6 Nanoparticles conjugation ................................................................................... 15 

2.7 Application of plasmonic nanomaterials .............................................................. 17 

2.7.1 Target-induced aggregation ................................................................................ 17 

2.7.2 Lateral-flow immunochromatographic assays ..................................................... 20 

3 Mdm2 ........................................................................................................................... 21 

3.1 Interaction with p53 ............................................................................................. 23 

3.2 Interaction with p14 ............................................................................................. 23 

4 Aim of the thesis........................................................................................................... 24 

5 Bibliography .................................................................................................................. 27 

Chapter II:    Rapid and Selective Detection of Proteins by Dual Trapping 

using Gold Nanoparticles functionalized with Peptide Aptamers ................. 39 



1 Abstract ........................................................................................................................ 41 

2 Introduction .................................................................................................................. 41 

3 Results and discussion .................................................................................................. 43 

4 Conclusion .................................................................................................................... 46 

5 References .................................................................................................................... 47 

Chapter III:    Simple and fast method to routinely evaluate the ligands-

exchange efficiency from citrate-capped gold nanoparticles ........................ 51 

1 Abstract ........................................................................................................................ 53 

2 Introduction .................................................................................................................. 53 

3 Materials and methods ................................................................................................ 54 

3.1 General materials ................................................................................................. 54 

3.2 Gold nanoparticles synthesis ................................................................................ 55 

3.3 Gold nanoparticles functionalization ................................................................... 55 

3.4 Fluoride-induced aggregation in mixture of solvents........................................... 55 

3.5 Ligands-exchange efficiency ................................................................................. 56 

3.6 In operando monitoring of the functionalization ................................................. 56 

3.7 Infrared measurements ........................................................................................ 56 

3.8 UV-Vis measurements .......................................................................................... 56 

4 Results and discussion .................................................................................................. 57 

4.1 Effect of halide potassium salts on AuNP-citrate suspensions ............................. 57 

4.2 Study of the Fluoride-induced aggregation of AuNP-citrate suspensions............ 60 

4.3 Evaluation of the ligands exchange efficiency of AuNPs-citrate for different types 

of ligands. ......................................................................................................................... 62 

4.4 In operando monitoring of the functionalization ................................................. 65 

5 Conclusion .................................................................................................................... 67 

6 References .................................................................................................................... 69 



Chapter IV:    Limits of thiol chemistry revealed by quantitative analysis of 

mixed layers of thiolated-PEG ligands grafted onto gold nanoparticles ........ 73 

1 Abstract ........................................................................................................................ 77 

2 Introduction .................................................................................................................. 77 

3 Experimental section .................................................................................................... 79 

3.1 Gold nanoparticles synthesis ................................................................................ 80 

3.2 Gold nanoparticles functionalization ................................................................... 80 

3.3 Analysis of the mixed layers by 1H NMR spectroscopy ......................................... 81 

3.4 Gold nanoparticles post-functionalization ........................................................... 81 

4 Results and discussion .................................................................................................. 82 

4.1 Optimization of the etching conditions and validation of the quantification 

method ............................................................................................................................. 82 

4.2 Analysis of mixed layers of HS-PEG-COOH or HS-PEG-C≡CH and HS-PEG-CH3. .... 84 

4.3 Post-functionalization of AuNPs functionalized of mixed layers of HS-PEGs ....... 89 

5 Conclusion .................................................................................................................... 90 

6 Reference ..................................................................................................................... 91 

Chapter V:    Calix[4]arene-based platforms for dense and robust PEGylation 

of gold nanoparticles and tunable bioconjugation. ...................................... 95 

1 Abstract ........................................................................................................................ 97 

2 Introduction .................................................................................................................. 97 

3 Materials and methods ................................................................................................ 99 

3.1 General materials ................................................................................................. 99 

3.2 Gold nanoparticles synthesis .............................................................................. 100 

3.3 Calix[4]arenes grafting on gold nanoparticles ................................................... 101 

3.4 Conjugation of the AuNPs-calix[4]arenes........................................................... 101 

4 Results and discussion ................................................................................................ 102 

4.1 Optimization of the grafting of X4-(PEG)4-COOH ............................................... 102 



4.2 Stability evaluation of AuNPs-X4-(PEG)4-COOH .................................................. 104 

4.3 Conjugation of (bio)molecules to AuNPs-X4-(PEG)4-COOH................................. 106 

4.4 Tunable conjugation ........................................................................................... 110 

4.5 Application to Mdm2 detection .......................................................................... 113 

5 Conclusion .................................................................................................................. 115 

6 References .................................................................................................................. 116 

Chapter VI:    Orthogonal functionalization of gold nanoparticles with 

calix[4]arene-based platforms ................................................................... 121 

1 Abstract ...................................................................................................................... 123 

2 Introduction ................................................................................................................ 123 

3 Materials and methods .............................................................................................. 125 

3.1 General materials ............................................................................................... 125 

3.2 Gold nanoparticles synthesis .............................................................................. 125 

3.3 Gold nanoparticles functionalization ................................................................. 125 

3.4 Conjugation of AuNPs-calix[4]arenes ................................................................. 126 

3.5 IR analysis ........................................................................................................... 127 

4 Results and discussion ................................................................................................ 127 

4.1 AuNPs functionalization with X4-(PEG-C≡CH)4 ................................................... 128 

4.2 Control of the calix[4]arene layer thickness ....................................................... 131 

4.3 Grafting of mixed layer of calix[4]arenes ........................................................... 132 

4.4 Bi-functional AuNPs ............................................................................................ 134 

5 Conclusion .................................................................................................................. 137 

6 References .................................................................................................................. 138 

Chapter VII:     Synthesis of ultra-stable and bio-conjugable Ag, Au and bi-

metallic Ag-Au nanoparticles coated with calix[4]arenes. .......................... 141 

1 Abstract ...................................................................................................................... 143 



2 Introduction ................................................................................................................ 143 

3 Experimental section .................................................................................................. 145 

3.1 Chemicals ............................................................................................................ 145 

3.2 Small scale synthesis of NPs-X4(COOH)4 or NPs-X(PEG4-OMe)4 ......................... 145 

3.3 Large scale synthesis of NPs-X4(COOH)4 or NPs-X4(PEG-OMe)4 ......................... 146 

3.4 Conjugation of AgNPs ......................................................................................... 146 

3.5 UV-Vis analysis ................................................................................................... 147 

3.6 IR analysis ........................................................................................................... 147 

4 Results and discussion ................................................................................................ 147 

4.1 In situ synthesis .................................................................................................. 147 

4.2 Optimization of the synthesis of AgNPs and AuNPs with X4-(COOH)4 ............... 148 

4.3 Synthesis in the presence of mixture of calix[4]arenes ...................................... 153 

4.4 Synthesis of bi-metallic Ag-Au nanoparticles ..................................................... 155 

4.5 Study of the stability of AgNPs-X4-(COOH)4 ........................................................ 157 

4.6 Conjugation of molecules to AgNPs-X4-(COOH)4 ................................................ 159 

5 Conclusion .................................................................................................................. 161 

6 Supplementary results ............................................................................................... 161 

7 References .................................................................................................................. 163 

Chapter VIII:     Calix[4]arenes-coated silver nanoparticles as a promising 

tool for in vitro diagnosis: From model systems to applications ................. 167 

1 Introduction ................................................................................................................ 169 

2 Materials and methods .............................................................................................. 170 

2.1 General materials and chemicals ....................................................................... 170 

2.2 Synthesis of AgNPs-X4-(COOH)4 and AgNPs-X4-(PEG)4-COOH ............................ 171 

2.3 Synthesis of AuNPs-X4-(COOH)4 .......................................................................... 171 

2.4 Conjugation of human antibodies to AgNPs-X4-(COOH)4 and AuNPs-X4-(COOH)4

 172 



2.5 Conjugation of p53 to AgNPs-X4-(PEG)4-COOH .................................................. 172 

2.6 Conjugation of p14 to AgNPs-X4-(PEG)4-COOH .................................................. 172 

2.7 Mdm2 detection ................................................................................................. 173 

3 Results and discussion ................................................................................................ 173 

3.1 Comparison between AgNPs and AuNPs in IVD assays ...................................... 173 

3.2 Lateral-flow Immunochromatographic assays................................................... 173 

3.3 Target-induced Aggregation assays ................................................................... 176 

3.4 Application to the detection of Mdm2 ............................................................... 179 

4 Conclusion .................................................................................................................. 183 

5 References .................................................................................................................. 184 

Chapter IX: General Conclusions ............................................................... 189 

Chapter X: Appendices ............................................................................. 197 

SII Supporting information to Chapter II................................................................... 197 

SIII Supporting information to Chapter III.................................................................. 205 

SIV Supporting information to Chapter IV ................................................................. 213 

SV Supporting information to Chapter V .................................................................. 229 

SVI Supporting information Chapter VI ...................................................................... 241 

SVII Supporting information Chapter VII ..................................................................... 251 

SVIII Supporting information Chapter VIII .................................................................... 263 

 


