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Abstract — The electrostatic interactions were investigated between the zirconia and the 11-Mercaptoundecylphos-
phoric-acid layer formed on gold surfaces for their complex structures. For the investigation, the atomic force micro-
scope was used to measure the surface forces between the surfaces as a function of the salt concentration and pH value.
The forces were analyzed with the Derjaguin-Landau-Verwey-Overbeek theory to estimate the potential and charge density
of the surfaces for each condition. The concentration dependence of the surface properties, found from the measurement
at pH 4 and 8, was consistent with the prediction from the law of mass action. The pH dependence was explained with
the ionizable groups on the surface. It was found that the 11-Mercaptoundecylphosphoric-acid layer had higher values
for the surface charge densities and potentials than the zirconia surfaces at pH 4 and 8, which may be attributed to the
ionized-functional-groups of the layer.
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Fig. 1. Zirconia sphere-attached-cantilever.
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Fig. 2. Force-distance curve between a silicon nitride probe and the
11-Mercaptoundecylphosphoric-acid layer formed on the gold
surface in 100 mM potassium nitride at pH 8.
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Fig. 3. Approaching force curve as a function of the separation
between the sphere and the surface of the zirconia in 1, 10,
100 mM potassium nitride at pH 8.
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Fig. 4. Approaching force curve as a function of the separation between
the sphere and the surface of the zirconia in 1, 10, 100 mM
potassium nitride at pH 4.
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Table 1. Electrostatic properties of the zirconia surfaces

e
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pH 8
1 mM Potassium nitrate 10 mM Potassium nitrate 100 mM Potassium nitrate
Surface potential (mV) -41+4 28+3 -19+2
Surface charge density (10~ C/m?) 3.0+03 -6.7+0.6 -125+1.5
pH 4
1 mM Potassium nitrate 10 mM Potassium nitrate 100 mM Potassium nitrate
Surface potential (mV) +10+1 - -
Surface charge density (10~ C/m?) +0.7+0.2 - -
*Electrostatic property was not acquired.
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Table 2. Electrostatic properties of the 11-Mercaptoundecylphosphoric-acid layer

pH 8
1 mM Potassium nitrate 10 mM Potassium nitrate 100 mM Potassium nitrate
Surface potential (mV) 96+ 7 -65+£5 -39+4
Surface charge density (10~ C/m?) 152 303 5545
pH4

1 mM Potassium nitrate
-17+£2
-1.5+0.2

Surface potential (mV)
Surface charge density (10~ C/m?)

100 mM Potassium nitrate

sk

10 mM Potassium nitrate

wk

wk

sk

**Electrostatic property was not acquired.
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