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Alkaline etching
surfaces

treatment of ZnO(0001)-Zn oriented

Zn0O(0001)-Zn crystals were etched in 3 M NaOH ascdbed in
the experimental section. Typical AFM topograplabgined for
10 ZNO(0001) surfaces after etching times of 30 tonBAutes are
depicted in figure 2. In-situ AFM studies of etohpim alkaline
media showed that ZnO(0001)-Zn surfaces immedidtain a
flat and single crystalline surface structure, witv-energy step
edge termination$In this work we have extended the studies
15 longer etching times to archive higher step featumethe range
of several nanometers which offer enough spaceadsorption of
ad-molecules. Etching pits as occured after etctimgs of about
15 minutes on the ZnO(0001)-Zn surface, with a @i@m of
about 2 pum, which grew in size with longer etchtimge. The
20 steps on alkaline etched ZnO(0001)-Zn surfaces weed
defined with a typical height of 2 nm to 10 nm. &ftlonger
etching times (more than 60 minutes) the hexagpitslmerged
to bigger structures. All edges were oriented tolwagach other
by multiples of 60° on the surface, which corregf®ro the
25 hexagonal structure of ZnO.

Substrates for force - distance spectroscopy

Electrostatic interactions of electric double Ilayecan be
measured using force distance spectroscopy andypreally
30 detected within several ten nanometers distancieocharged
surfaces. Parameters like surface roughness play@al role
and can hardly be accounted for in theoretical nspdius
atomically flat terrace-like structures are optim@r these
measurements. Consequently, only new ZnO crystate wsed
35 t0 grant perfect surface quality. The crystals wetdhed shortly

before the experiment.

M odification of cantileversfor for ce-distance spectr oscopy

Gold coated cantilevers of typ8ont GB-G (Budget Sensors,
40 Bulgaria) were dipped for two minutes in concenttasalfuric
acid to remove contaminations and intensively dnagth water
and ethanol. Without drying the ethanol (to minienizontact
with the lab atmosphere) the cantilevers were ptd & 1 mM
solution of 15-mercaptopentadecanocic acid in etha@d.4
45 mg/100ml) for 24 hours which forms a carboxyl terated SAM
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Fig. 1 Force-distance curves of the PZC experiment on the
Zn0(10-10) surface at different pH values. The shown curves are
approach curves which show long distance interactions of the electric
double layers.

so on the gold coating via covalent Au-S bonds. Afteme the
cantilevers were extensively rinsed with ethanal dinectly used
for the AFM experiments.

Determination of the PZC of the ZnO(10-10) surface

ss As determined from the etching studies, the criggehphic
orientation of the step faces used for the adsmrpdixperiments
is most certainly (10-10). In order to discrimingéte influence of
the electric double layer properties of the ZnO@eDdn surface
and the Zn(10-10) surface the PZC of the respectiientations

so was determined. For this purpose we used a chdynitaldified
cantilever to probe the surface-charge as a fumatibthe pH
value. Using this method the PZC can be determinid an
accuracy of about +0.2 pH values by multiple refmsti of the
experiment which is comparable to e.g. zeta-paénti

es measurements. At the PZC the force curves changm fro
attractive to repulsive in the non-contact regimkich is caused
by the electrostatic interactions by the negativaigrged tip and
the change of the electrostatic double layer froegatively to
positively charged. From figure 1 shown above, bt of zero

70 charge of the ZnO(10-10) surface can be estimatde phH,c =
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10.2 +0.2 which is considerably higher than theCP& the 8
ZnO(0001)-Zn surface which was previously meastodze 8.7
The imapct of these results on the adsorption behawill be
discussed in the main article.

Profile
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Adsorption of PAAc at ZnO(0001)-Zn surfaces at 50 mM
concentration of the background electrolyte

Height, h [nm]

The adsorption was performed analogue the procedse
described in the main article. To achieve consistesults the :
10 solution used for the light scattering experimemds diluted with 0 B 40 e & 10 20
a 50 mM NaCIQ/NaOH solution to a concentration of PAAc of Distance, d [nm]
0.1 mg/l. The adsorption was performed on a freghipared Fig. 2 The size of the polymer coils observed after adsorption
ZnO(0001)-Zn crystal in a PTFE beaker for 5 minttetowed with a concentration F)fthe background el.ectroly.te of 50 mM isin
N K i . good agreement with the values found in the light scattering
by rinsing the crystal with ultrapure water und idgy with experiments. Nevertheless the structure of the observed polymers
1s nitrogen. As shown in Fig. 2 no preferential adsiorp of the ss hints to agglomerated coils, thus the values found for Rg cannot be
molecules at step edges is visible. The size of dhserved directly transferred to the coil structures discussed in the main work.
polymers was about 60 nm in diameter. This valuéigood
agreement with the results of the light scatteraxgperiments
although the observed structures hint to aggloredratolymer
20 coils which is potentially caused by the increasedcentration ,,
of background electrolyte. Additionally the shrigka of the 2 university of Paderborn, Technical and MacromolecChemistry,
molecules during drying has to be considered whisoudsing  Warburger Str. 100, 33098 Paderborn, Germany. Fg#@-5251-60-
the observed PAAc coils, as all AFM imaging wasf@ened ex 3244 Tel: +49-5251-60-5702; E-mail: g.grundmeiex@ini-

. . . . . paderborn.de
situ after drying the surfaces. Anyhow it has tokiet in mind 45 ® Max-Planck-Institut fiir Eisenforschung, ChristiBoppler-

sthat the investigation of only few molecules in #FM Laboratory for Polymer/Metal Interfaces, Max Plargt. 1,
experiment does not lead to statistically significdata compared 40237 Diisseldorf, Germany.

to the bulk method of light scattering. The cresstion shows  ° University of Paderborn, Physical Chemistry, Wager Str. 100,
vertically compressed structures with a height @vesal 33098 Paderborn, Germany.
nanometers. *
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