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Synthesis and Characterization of Au11(PPh3)7Cl3 Nanoclusters 

 

• The physical-chemical properties of monolayer protected Au nanoclusters are known to depend on the number and nature of the metal atom composition, as well as on the nature 
of the protecting ligands. The ability of the clusters to undergo ligand exchange reactions can therefore be used as an instrument for tuning its properties, electronic structure and 
geometry. 
 

• The ligand exchange reaction behavior of mono- and bimetallic Au25(SC2H4Ph)18 with bidentate thiol ligands in solution has been studied with several analytical methods1,2. Studies 
on PPh3-protected Au nanoclusters have shown that they also readily exchange their surface ligands. In previous studies, Au11(PPh3)7Cl3 could be converted into Au25(GS)18 through a 
typical ligand exchange reaction in solution at elevated temperatures3,4. 
 

• Our intent was to go one step further and study the ligand exchange reaction with already immobilized clusters. This will allow us to get a better understanding of the binding 
motive between cluster and support material. Moreover, a well-defined surface is achievable due to this post-functionalization.  

• Au11(PPh3)7Cl3 nanoclusters were synthesized and separated successfully. 

• Ligand exchange reactions with immobilized Au11(PPh3)7Cl3 nanoclusters and monodentate 
thiol ligands were performed and monitored for the first time.  

• Further analysis is required to determine the number of exchanged ligands and the new 
cluster structure. 

• More ligand exchange reactions on surfaces need to be performed to determine the 
binding motive between cluster and surface. Different kinds of thiol ligands will be used.  
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Ligand Exchange Reactions in Solution 

Conclusion and Outlook 

Ligand Exchange with Dropcasted Cluster - PM-IRRAS Study of Reaction  

Nanomaterials which exhibit both stability and functionality are currently considered to hold the most promise as components of nanotechnology devices. Thiolate (RS)-protected gold nanoclusters (Aun(SR)m) have attracted significant attention in this regard and, among these, the magic clusters are believed to be the best candidates since they are the most stable.   
Nanomaterials which exhibit both stability and functionality are currently considered to hold the most promise as components of nanotechnology devices. Thiolate (RS)-protected gold nanoclusters (Aun(SR)m) have attracted significant attention in this regard and, among these, the magic clusters are believed to be the best candidates since they are the most stable.   

Introduction 

 

HAuCl4 . 3 H2O 

PPh3 & NaBH4 

TOAB 

Au11(PPh3)7Cl3 nanoclusters  were 
synthesized based on reported 
pocedures3,5. Optimizing synthesis 
variables led to a yield of 40%. 

different aging  
times tested 

• Significant impact of the aging time duration on the product composition could be 
observed. 

• Au11(PPh3)7Cl3 was confirmed as main product by comparison of UV-Vis and 31P-NMR 
spectra with literature data3.  

UV-Vis 31P NMR 

A first ligand exchange reaction was performed by following previously reported 
protocols1,3,6.   
 
 
 
 
 
•  [Au25(PPh3)10(SC2H4Ph)5Cl2]2+ was always obtained as the main product of the reaction. 

No full conversion to an only thiolate protected Au25 nanocluster could be observed. 
• Variation of the reaction conditions only influenced the speed of the product formation. 

• UV-Vis measurements clearly indicate the formation of [Au25(PPh3)10(SC2H4Ph)5Cl2]2+. 
The spectra are in good agreement with reported data6. 

• MALDI-MS shows an increase in cluster size with progress of the reaction. Even after 15 
minutes, product  formation  is  observed. 
• In MALDI-MS, loss of Au(SC2H4Ph) and PPh3 fragments is visible, which confirms  that 

both ligands are bound to the cluster. 

Cluster 
[equ.] 

2-PET 
[equ.] 

Solvent 
Temperature 

[°C] 
Time until first 

product  observation 

1 5 DCM rt 180 min 

1 10 DCM rt 90 min 

1 100 DCM 42 30 min 

1 100  CHCl3 50 15 min 

Variation of reaction conditions 

colour change from red to green 

Ligand Exchange with Supported Cluster 

• PM-IRRAS of the reaction of Au11(PPh3)7Cl3 
with Glutathione (GSH) shows drastic 
changes with reaction progress.  

• The new bands appearing resemble the 
ones of free GSH.  

• Further analysis of the product is ongoing. 
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• The UV-Vis spectra after the 
reaction show drastic 
changes, but similar peaks 
can be observed for all 4 
products. 

• For the GSH samples, a 
change in polarity was 
noticed.  

• Further    analysis    of    the 
products is ongoing. 
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