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Electrostatic Interaction between Mercaptoundecanoic-acid Layers on Gold and ZrQO, Surfaces
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Abstract

The physical properties of mercaptoundecanoic-acid layer formed on gold surfaces, which may affect the distribution of either
gold particles adsorbed to the zirconium dioxide surface or vice versa, were investigated. To conduct this investigation, the
surface forces were measured between the surfaces with respect to the salt concentration and pH value using atomic force
microscope (AFM). The forces were quantitatively converted by the Derjaguin-Landau-Verwey-Overbeek (DLVO) theory to
the surface potential and charge density of surfaces. The converted-value dependence on the salt concentration and pH was
described with the law of mass action, and the dependence was consistent with the theoretical prediction. It was found that
the mercaptoundecanoic-acid layer had higher values for the surface charge densities and potentials than the ZrO, surfaces,
which may be attributed to the ionized-functional-groups of the mercaptoundecanoic-acid layer.
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Figure 1. Cantilever to which a zirconium dioxide sphere is attached.
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Figure 2. Morphology of surfaces, (A) gold, (B) Mercaptoundecanoic-acid-coated gold, and (C) zirconium dioxide.
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Figure 3. Force-distance curve between a Si;N, cantilever and the
mercaptoundecanoic-acid layer formed on the gold surface in 100 mM
potassium nitride at pH 8.
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Figure 4. Approaching force curve as a function of the separation
between the sphere and the surface of the zirconium dioxide in 1, 10,
100 mM potassium nitride at pH 8; -, —:., —— for surface
potential, and ----, —.-, == for surface charge density.
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Table 1. Electrostatic Properties of the Zirconium Dioxide Surfaces

pH 8
1 mM 10 mM 100 mM
Potassium nitrate Potassium nitrate Potassium nitrate
Surface potential (mV) -40 + 4 26 £ 3 -17 £2
Surface charge density (107 C/m?) 28 +03 6.5+ 0.6 115+ 13
pH 4
1 mM 10 mM 100 mM
Potassium nitrate Potassium nitrate Potassium nitrate
Surface potential (mV) +103 £ 1 - -
Surface charge density (107 C/m?) +0.8 £ 0.2 - -
" Electrostatic property was not acquired.
Table 2. Electrostatic Properties of the Mercaptoundecanoic-acid Layer
pH 8
1 mM 10 mM 100 mM
Potassium nitrate Potassium nitrate Potassium nitrate
Surface potential (mV) 85 +£5 52 +£5 33 £3
Surface charge density (107 C/m?) -14 £ 2 24 £3 47 £5
pH 4
1 mM 10 mM 100 mM
Potassium nitrate Potassium nitrate Potassium nitrate
Surface potential (mV) 20 £ 2 - -
Surface charge density (107 C/m?) -1.7 £ 0.2 - -

" Electrostatic property was not acquired.
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Figure 5. Approaching force curve as a function of the separation
between the sphere and the surface of the zirconium dioxide in 1, 10,
100 mM potassium nitride at pH 4; for surface potential, and
---- for surface charge density.
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