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Abstract : It is investigated that the surface properties of mercaptopyruvic-acid layer formed on gold surfaces may make an effect
on the distribution of either gold particle adsorbed to the zirconia surface or vice versa. For the investigation, the atomic force
microscope was used to measure the surface forces between the surfaces as a function of the salt concentration and pH value. The
forces were quantitatively analyzed with the derjaguin-landau-verwey-overbeek (DLVO) theory to estimate the electrostatic
properties, potential and charge density, of the surfaces for each condition of salt concentration and pH value. The estimated-
value dependence on the salt concentration was explained with the law of mass action, and the pH dependence was interpreted
with the ionizable groups on the surface. The salt concentration dependence of the surface properties, found from the mea-
surement at pH 4 and 8, was predictable from the law. It was found that the mercaptopyruvic-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 mercaptopyruvic-acid layer.

Keywords : Mercaptopyruvic-acid, Gold surface, ZrO, surface, Atomic force microscope (AFM), DLVO theory
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Figure 1. Zirconia sphere-attached-cantilever.
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Figure 2. Force-distance curve between a silicon nitride probe and
the Mercaptopyruvic-acid layer formed on the gold sur-
face in 100 mM potassium nitride at pH 8.

of EWY AstUEet ENES WA AEU Figue 3
I8k gk A2 g

pH 804 9] 937 ZAZNE A

HH3e L5l H2lgola, dlo] n)x] Hel golo] o]
kol o)EA S Ho|x 9k o] Ao gt o=
L golo| A MY HHE Afolof] ZAsts o]F% Flat ¢
o] A|4gk2] RS YER I ik 2 nmE T 2R A 2] of| A
BelelA R EE LA FE 2 YAHE} wH

10
< 1 mM KNO; pH 8
e 10 mM KNO; pH 8
e T o 100 mM KNO; pH 8
P a2
E for
8 ] [ )%
-
&
=
153
Noo01
<
g
b~
)
Z
0.01

Separation (nm)

Figure. 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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Figure. 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

pH 8

1 mM KNOs | 10 mM KNO; | 100 mM KNO3

Surface potential

R 400+40 | 260+3.0 | -17.0+£2.0
d;gftf;‘:gggaé%;a 28403 | -62+06 | -11.5+13
pH 4

1 mM KNOs | 10 mM KNO; | 100 mM KNO3

Surface potential

k _k
(mV) +103+1.0
Surface charge % %
density (10° C/m?)| 707 =02 - -

* Electrostatic property was not acquired.
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Figure 5. Approaching force curve as a function of the separation
between the zirconia sphere and the Mercaptopyruvic-
acid layer in 1, 10, 100 mM potassium nitride at pH 8.
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Table 2. Electrostatic properties of the Mercaptopyruvic-acid layer

pHS8
1 mM KNO; | 10 mM KNOs | 100 mM KNOs
Surface potential | g3, 60 | 510450 | -31.0%3.0
(mV)
Surface charge
density (10° C/m? -13.0+£2.0 | -23.0£3.0 -45.0+5.0
pH 4
1 mM KNOs | 10 mM KNO; | 100 mM KNOs
Surface potential
_ 4 _kk _k
(mv) 20.0+2.0
Surface charge
- + ek ko
density (10'3 C/mz) 1.7£0.2

** Electrostatic property was not acquired.
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