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Luminescent silver nanoclusters confined inside large single crystals of Ag-exchanged zeolite 
X have been synthesized and their photoluminescence and crystal structure were characterized.  
Large colorless single crystals up to 120 μm of Na-X zeolite (FAU, Si/Al = 1.4) were 
synthesized from gels of composition 2SiO2 : Na2O : Al2O3 : xH2O : TEA 
(tetraethylammonium) at 353 K for 28 days[1] (Fig. 1a)).  After calcination at 723 K for 2 days, 
removing the remaining structure directing agents (SDAs), Ag+-exchanged zeolites were 
prepared by ion-exchange method with an aqueous AgNO3 solution and then the crystals were 
activated by heat-treatment at 723 K in air to achieve the formation of luminescent silver 
nanoclusters in the zeolite cavities.  Heat-treated Ag-X single crystals display an intense 
yellow emission (560 nm emission maximum, Fig. 1b)) when excited at 310 nm with external 
quantum efficiency of maximum 41 %.  The crystal structures of these heat-treated Ag-X were 
determined crystallographically with synchrotron X-radiation and refined in the cubic space 
group Fd 3 m (a = 25.0581(5)) (Fig. 1c)).  The detail structural information could be used to 
identify the correlation between crystal structures and photoluminescence properties[2,3] of Ag-
X zeolites possessing luminescent silver nanoclusters, towards the rational design and synthesis 
of metal nanoclusters confined in zeolite cavities that could have potential applications in the 
design of lighting devices. 

 

                    a)                          b)                         c) 
 

Figure 1. Luminescent silver nanoclusters confined in the zeolite 
cavities: a) SEM image of synthesized large single crystals of Na-
X, b) Excitation-emission 2D-plot of heat-treated Ag-X, and c) Ag8 
nanocluster in the sodalite cavity of heat-treated Ag-X zeolite. 
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