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Verification of the sign of the Kelvin potential
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Figure S1: Topography of groove structure (left) and Kelvin signal (right) of a commercial
CD-RW after removal of the protecting polymer layer. The bright, polycrystalline regimes on

the rims between the grooves represent binary 1, the dark, amorphous regimes binary 2 with

ca. 40 mV lower potential.



General energy level scheme of Schottky contacts

The situation of band gaps in a Schottky contact is shown in Figure S2. In metals, the
energy level that is simultaneously the upper edge of the valence band VB and the lower edge
of the conduction band CB is called the Fermi energy Er. At finite temperature some of the
electrons are excited thermally from the conduction band to the valence band. In
semiconductors and in insulators the two edges are separated by the band gap energy Eg
which amounts to up to several eV so that there is negligible excitation from the VB to the CB
at ambient temperature. This can be changed by doping a semiconductor with an element
which has more valence electrons (donor doping for n-type semiconductors) or less valence
electrons (acceptor doping for p-type semiconductors) than the semiconductor, which leads to
new states (defect states) slightly below the lower CB edge or somewhat above the VB edge,
respectively. The Fermi energy around which excitation/depopulation occurs in thermal
equilibrium is then between the new state and the closer band edge. In metal oxides, these
defect states are often oxygen vacancies or substitutional HO™ states which leave an electron
in the conduction band or attached to a metal cation, reducing it by one charge. The oxides are
therefore seen as close analogs of n-type semiconductors.'*

In a Schottky junction the metal is in contact with the semiconductor. For the metals used
in this work, Pt, Pd and Rh, Erlies within the band gap of the oxides TiO, and CeO, (Figure
S3). In the absence of acceptor defect states no metal electrons are transferred onto the oxide
support, but the presence of empty acceptor states in p-type semiconductors makes such a
transfer possible. The transfer leads to charge polarization at the interface (right hand side of
Figure S2). With occupied donor states in n-type semiconductors the electron transfer is from
the semiconductor to the support, which leads to the opposite charge polarization. The relative
position of the semiconductor band edges, of the defect states and of £ of the metal are thus

essential for a polarization to occur. This is seen in particular for the case of Pt on an Al,O3



support (lowest entry in Figure S3) where £y of the metal lies above the lower CB band edge
so that there is a large polarization already in the absence of defect states, and the introduction
of defect states does not change this significantly.

In accord with earlier statements in literature (see main text) it is assumed here that adding
or subtracting charge from the metal particle will change its (electro-)chemical potential and
thus its ability to participate in catalytic redox or bond breaking/bond formation reactions. It is

the purpose of this work to give specific evidence that such a charge polarization exists.
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Figure S2: Energy level schemes of Schottky contacts between p-type (upper entries) and n-
type (lower entries) semiconductors and a metal in the absence (left entries) and the presence
(right entries) of thermal equilibrium. The position of the valence band (VB) and the
conduction band (CB), the band gap (Eg) and the work functions @ which is determined by
the difference between the vacuum energy Ev,.and the Fermi levels Ef are indicated (Figure

in analogy to Ref. 3).



Band level schemes of metal-semiconductor Schottky junctions in present work
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Figure S3: Specific energetic situation in present metal-semiconductor pairs, assuming the
Fermi energy level in the band gap center (Figure prepared based on literature values). Values

are based on Refs. 1, 4-13.

Effects of finite AFM tip radius

Atomic resolution can be obtained only when extremely sharp or functionalized AFM tips are
used. However, electrically conductive tips require a coating, which leads to a tip radius Ry
of ~25 nm as specified by the provider. The finite tip size leads to a washing out of the true
crystallite shape and of any structure of its facets, as illustrated in Figure S4a). Assuming a
spherical tip shape and a given shape of the particle the broadening of the true particle size,
R* compared with the observed size R can be calculated for different values of the particle
height H. The curves obtained are shown in Figure S4b)) and used for the particle size
correction to obtain R~ from R (the present work assumes only paraboloid shape particles).
Very small particles can appear up to six times larger than their true size, which demonstrates
the necessity of corrections for the quantitative analysis. Measurements of each metal-support
pair were performed with the same tip, but a fresh tip with a possibly slightly different radius
was used for each new pair, which may result in limited comparability of the R* values for
different pairs.

The Kelvin probe measurements are less affected by the tip size effect since they are
performed with a retracted tip that avoids contact with the particle. Nevertheless, there are
some concerns about the approximation of a point-like tip on the Kelvin signal. These are

discussed in a subchapter of the companion paper.
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Figure S4: a) Schematic presentation of the broadening effect on the measured particle size

due to finite AFM tip size R;,. b) Enhancement of apparent particle radius R relative to its

true value R* as a function of R relative to the tip radius Ry, given for three different relative



particle heights H/R and different particle shapes. ¢) Kelvin probe measurements in trace and

retrace (reverse) direction. Since the tip moves during compensation of the surface potential

this leads to a shift of the two curves by 43 nm relative to each other.
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