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The scanning tunneling microscopy (STM) has been broadly applied to measure electronic 
characteristics of individual molecules supported in an inert monolayer matrix, which is typically 
grown on gold thin films on mica (Figure 1) or bulk single crystal substrates [1]. Although these 
substrates are excellent for electronic measurements, they are not optically transparent which can 
complicate optical measurements. Flat gold nanoparticles (FGNPs) supported on indium tin oxide 
(ITO) coated glass (Figure 2a) can be used as optically-resonant atomically-flat substrates for STM 
studies. We discuss preparation and characterization of the FGNPs. Transmission electron 
microscopy (TEM) and scanning electron microscopy (SEM) shows that FGNPs can be prepared 
100–5000 nm across with shapes that range from triangular to hexagonal with thicknesses of 15–25 
nm. In-focus multiple dark-field TEM imaging [2] confirms that the crystallographic orientation of 
the large facet is {111} and the edges are in <211> directions as seen in Figure 2b. Single-particle 
dark-field scattering spectroscopy and UV-vis-NIR spectrophotometry show the quadrupole plasmon 
resonance ~800 nm [3] and the dipole plasmon resonance further in the NIR, which are size and the 
shape dependent [4]. The addition of polyvinylpyrrolidone (PVP) as a stabilizer during growth 
effects the particle morphology, apparently slowing growth in the <110> directions (Figure 3a & b). 
Also we demonstrate that single molecule electronic measurements can be performed using 
atomically-flat gold nanoparticles (FGNPs) supported on indium tin oxide coated glass as an 
alternative to traditional Au{111} substrates.  
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Figure 1. STM images of a decanethiol self assembled monolayer on Au/mica substrate. Tunneling 
conditions for both images are –1 Vsample, 10pA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. (a) SEM image of flat gold nanoparticles deposited on an ITO coated glass substrate. (b) 
In-focus multiple dark-field TEM images of a triangular shaped flat gold nanoparticle which shows 
the crystallographic orientation. The first ring of images, barely visible in the figure, are due to the 
normally forbidden 1/3 422 diffraction which appears in thin crystals [5].  
 
 
 
 
 
 
 
 
 
 
 
Figure 3. (a) SEM image of a PVP grown flat gold nanoparticle. (b) In-focus multiple dark-field 
TEM image of a PVP grown particle which shows the crystallographic orientations of the faces. 
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