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Up to now, metal nanoparticles grown on oxides
supports have attracted much attention as
heterogeneous catalyst [1]. Metal nanoparticles have
different growth modes depending on their
constituent elements. It has been shown that the
smaller the particle size, the stronger the catalytic
activities [2,3]. Therefore, it is important to
understand distribution of particle size. In this study,
we have measured the areal occupation ratios of two-
(2D) and three-dimensional (3D) Cu and Au islands
formed on reduced TiO; (R-TiO;) by medium energy
ion scattering (MEIS). Here, the 2D island is defined
as that with a height of one atomic layer. The shape
of 3D islands is well approximated by a partial
sphere with diameter and height.

Figure 1 shows the MEIS spectrum observed for
Cu (1.0 ML) / R-TiO,(110) at an incident angle of
45° and emergent angles of 45°. The observed MEIS
spectrum is reproduced well assuming the following
fitting parameters: d (diameter) = 5.1 nm, h (height)
= 1.55 nm, o3p (areal occupation ratios of 3D-
islands) = 100% and ¢ (standard deviation in size) =
10%. Figure 2(a) and (b) show the distribution of
diameter of Cu and Au nanoparticles determined by
MEIS and FE-SEM, respectively. The both MEIS
results assuming 0= 10 % for Cu and 20 % for Au are
well coincident with the FE-SEM image.
Interestingly, 0 and the ratio of 4 / d for Cu are
smaller than those for Au. According to DFT
calculations [4, 5], deposited Au grows on steps and
defects of TiO»(110) because the Au cluster is
weakly bound and essentially can move freely on the
oxide surface. The presence of O vacancies on
Ti0,(110) drastically increases the adsorption energy
of Au. On the other hand, the Cu atom was
preferentially adsorbed on two bridging oxygens
with a bonding energy of - 1.76 eV [6] and Cu/TiO>
interactions are much stronger than Au/TiO;
interactions. Furthermore, Au prefers to bind to
bridging O vacancy but this is not the case for Cu.
Thus, Cu is quite different from Au in metal/oxide
interactions, which affect the size, dispersion, and
surface position of the metal particles.
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Fig. 1 MEIS spectrum observed for 120 keV
He" ions scattered from Cu(1.0 ML)/R-
TiO,(110) at i, = 45° and Oy = 45°.
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Fig. 2 Fluctuation of cluster size (diameter)
determined (a) Cu and Au (b) by MEIS and FE-
SEM





