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We have developed Au clusters/molecular layer/Au(111) system on which scanning tunneling spectros-
copy (STS) and X-ray photoelectron spectroscopy (XPS) of Au clusters can be performed. The clusters, 1-3
nm in diameter, are formed simply by Au deposition on dithiol molecular layer and the size can be controlled
by the amount of deposition. The Au substrate has atomically flat (111) surface and the thickness of molecu-
lar layer is homogeneous. We introduce how this system, structurally and electrically well-defined by STM
in nanometer scale, affects XPS spectra which include the information on an ensemble of clusters.
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Fig. 1. (a) STM image of self-assembled monolayers (SAM) of
octanethiol molecules on Au(111). The area size is 70 nm X 70 nm.
The area size of inset image is 9 nm X 9 nm. (b) STM image of
octanethiol SAM after 0.25 monolayer Au deposition. The area size
is 70 nm X 70 nm. (c) Schematic of monatomic height island growth
by the penetration of deposited Au atoms.
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Fig. 2. (a) STM image of Au nanoparticles grown on top of
decanedithiol/Au(111) substrate after 1 monolayer Au deposition.
(113 nm X 113 nm). (b) Same image in the gray-scale contrast
changed to see underlayer structure clearly. (c) Schematic of the
substrate with Au clusters growth on alkanedithiol layer.
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Fig.3. (a) Take-off angle dependence of (7, ) /((1.)+(/,),) where
(1)), is the spectrum intensity normalized by atomic sensitivity factor
(S). Solid curves are results of curve fittings to evaluate film
thickness (see text). (b) XPS spectra of S 2p levels in octanethiol
(C,S,) SAM, octanedithiol (C,S,) layer, and Au deposited (1.3 ML)
octanedithiol layer. (c) Take-off angle dependence of I(S, /IS, )
of octanedithiol layer (closed circles), and Au deposited (1.3 ML)
one (closed rectangles). Curve is a calculated result assuming the
layer structure close to octanethiol SAM.
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Fig. 5 (a) Au 4f spectra from C S /Au(111) substrate and Au (1.9ML) deposited one. The gray area is the subtraction of the former from the

latter. (b) Dependence of the ratio 1 Au(clustes)/l Au(substrare)
binding energy shift.
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Fig.6 Cluster size dependence of Au 4f binding energy shift (closed
circles). Open squares denote charging energy derived from STS.
Solid line is calculated charging energy (e*/2/4mg R ) of spherical
conductors with radius R.
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