




INTRODUCTION 

 

 Surface-capping agents stabilizes metal nanoparticles from aggregation and also 
controls their size, shape, and morphology. 

 

 Bulky thiolates facilitate the formation of multiple-twinned Ag nanoparticles with 
enhanced surface reactivity. 

 

 Multiple-twinned Ag71 core is protected by a shell of Ag70X12(S-Adm)40 

 

 Low surface coverage of thiolates on [Ag141X12(S-Adm)40]
3+ is caused by the 

sterically demanding S-Adm creating a high surface reactivity toward exchange 
reactions with halides, phenylacetylene and thiols.  

 

 Such NPs can be easily converted into water-soluble Ag nanoparticles. 

 

 Synthesis : a polymeric silver 1-adamantanethiolate was used as the metal 
precursor and reduced with NaBH4 in the presence of PPh4Br and triethylamine. 



460 nm 7450 7650 

 Soluble in DCM 

 

 High-quality dark green crystals having orthorhombic space group Pbcn 

 



Multiple-twinned Ag71 core terminated by a Ag-thiolate shell of Ag70(S-Adm)40 and 12 halides 
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STRUCTURAL DETAILS 

 The ellipsoidal-shaped core consists of a two-shell 

Ag19@Ag52 structure 

 Innermost shell interpenetrating biicosahedra (IBI) 

of Ag19 with 2 icosahedral centers bonded at 2.678 Å. 

 This IBI is twisted about the 5-fold axis by 7.3 
degrees. 

Overall, Ag71 core can be described as 20 

frequency-two (ν2) tetrahedra interlaced together to 

form a multiple-twinned prolate metal core with 10 

slightly concave butterfly “defects” 

 141 silver atoms in the three shells form a prolate 

ellipsoidal metal framework with D5 symmetry. 

 The metal framework is further protected by 40 S-

Adms and 12 bromides, giving rise to the formulation 

of [Ag141Br12(SAdm)40]
3+ 

 S-Adm is a rigid and bulky ligand with ~57%  

surface S-Adm coverage. 

 Low coverage of S-Adm on Ag NPs leaves surface 

sites accessible to small-sized molecules (e.g., 

halides). 

 



ATOMIC AND ELECTRONIC STRUCTURE 

 Jelliumatic electron count is 86 electrons, charge state of +3. 

 Not a shell closing in a spherical electron system (e.g. 2, 8, 18, 20, 34, 40, 58, 68, 70, 92) is 

due to the overall prolate shape of the particle, which splits the degeneracies of angular 

momentum symmetries with an additional splitting is due to the D5 symmetry. 

 Strong splitting of the states below and above the HOMO level (Figure S10) in the charge 

state of +3 has an empty orbital (2-electron hole) virtually at the HOMO level and an energy 

gap of ~ 0.3 eV to two upper levels that complete the electron filling to the spherical magic 

number of 92. 

 Electron holes close to the HOMO suggests that the stability mainly due to structural packing 

of the metal core and bulky ligand shell, instead of electron shell closing. 

 Plasmonic peak is due to transitions over a large number of  

       single-electron/single-hole states. 



Surface Exchange Reactions 





CONCLUSION 

 Using bulky 1-adamantanethiolate facilitated the formation of a heavily  twinned metal 

nanoparticle, [Ag141Br12(S-Adm)40]
3+, with a prolate Ag71 core protected by a shell of 

Ag70Br12(S-Adm)40. 

 

 Even with 20 ν2 tetrahedral domains, the Ag71 core adopts a non-perfect spherical geometry 

instead of icosahedron, serving as a molecular structure model for multiple-twinned 

nanostructures of face-center cubic metals.  

 

 Low surface thiolate coverage yields high surface reactivities toward ligand exchange.  

 

 The chemistry behind the controlled formation of heavily twinned metal nanoparticles with 

high surface reactivity using bulky ligands is expected to be useful in creating atomically 

precise metal nanoparticles with desirable surface and/or unusual properties for specific 

applications. 


