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We combine scanning tunneling microscopy induced luminescence (STML)1 with optical 
correlation spectroscopy to access the dynamics of H2/Au(111). At low H2 coverage (ca. 2%) 
molecular hydrogen forms a hexagonal superlattice with a large intermolecular spacing of 2 nm 

ascribed to a molecular interaction dominated by surface state electrons at the Fermi energy   
(see Fig.1a,b). We characterize this yet unexplored glassy phase which provides an open 
structure in  which a single molecule is confined but free to move in and out of the tunnel   
junction. Under constant height tunneling condition this motion  provides  plasmonic  
luminescence (molecule in-junction) interrupted by times of almost no light emission (molecule  

out of-junction). Analyzing the photon train detected (see schematics in Fig.1 c) in the far-field 

yields an autocorrelation function (2)(Δ𝜉𝜉) which is dominated by one exponential. A two-state (in 
⇔ out) rate equation model with simplifying assumptions permits extracting the molecular in- 
junction time (10 ms) and the out-of-junction time (3 ms). 

 

Figure 1 – a. Constant current topography STM image of H2 on Au(111). Every white protrusion can be ascribed to a single H2 

molecule. b. Luminescence efficiency map recorded simultaneously with the constant current topography images in panels a 
and b, respectively. The color scale bar in the insets represent the spectrally integrated experimental quantum efficiency (in 
detected photons per tunneling electron). 15 nm ×15 nm, U = +2.76 V, I = 40 pA. c. Schematics of the experiment, H2 performs 

excursions in and out from the tip−sample nanocavity 
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