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(a) AFM image {b) Friction { —g»- Scan)

Fig.1 APM/FFM images (3.18umx3.18um) of cleaved KaNbe017-3H20 surface®”’ .

The Roman numerals I and II indicate surface I and surface II, respectively.
The arabic numerals indicate heights of the steps indicated by the number of
the niobate sheets. There is a Inm height difference between the two surfaces.
The letters H and L in (b) indicate the areas with higher and lower friction,

respectively.
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Fig. 2 Dependence of the frictional coefficients at surface I énd IT of
K4Nb6017-3H20 upon humidity'™
In more humid conditions (>30%), frictional coefficients decrease toward higher
humidity. Stronger lubrication effect is observed at surface I. Adhesion effect

is observed at humidity below 30%.
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Fig.3 Schemes of probe-surface interaction at lower and higher humidity.

(a)At lower humidity, the surface is partly wet and partly dry. Upon scanning
the probe, probe—surface'interaction potential oscillates due to presence and
absence éf adhesion by water. Higher friction is observed toward higher humidity.
(b)At higher humidity, the surface is uniformly wet and the interaction
potential does not oscillate. Friction due to adhesion is weak and the

lubrication effect predominates
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Fig. 4 Change in infrared spectra(ATR) during evaporation of water sandwiched

between a Ge prism and NaCl single crystals.
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Fig.5 AFM images(21.9umx21. 9um) of NaCl(001) treated at higher temperatures.
(a)As cleaved. The islands indicated by the arrows decrease in size, and
disapear at elevated temperatures. (b,c)Top-most parts are flaftened.

(d)As indicated by arrows, multi-atomic steps decompose into monatomic terraces.
Facets are lost. (e)Due to decrease in step energy,

the surface becomes complex

in 2D but smoother in 3D. (f)At 700°C the surface is completely roughened.
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Fig. 6 AFM images (8.58umx8.58um) observed ét the central part of Fig.5.
(a)As cleaved, steps are smooth. (b)At 450°C, the steps are segmented into
straight lines, indicating strong anisotropy in step energy. The strip of
terrace indicated by the arrow is lost in the next frame. (c)The steps again
become smoother, indicating weakened anisotropy. Another terrace is lost in

the next frame. (e, f) At higher temperatures, surface becomes smoother in 3D.
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Physico—Chemical Properties of Alkali Halide Surfaces

—Frictional force microscopic study of effects of adsorbed water upon friction
and atomic force microscopic study of thermal step dynamics on NaCl (001) —

H. Shindo®, T. Sugai®, Y. Ikuta®, G. You® and T. Hiyama®
The Institute of Science & Engineering®
Graduate School of Science & Engineering’

Chuo University, Tokyo, Japan
Summary

1.Effects of adsorbed water upon friction

Qur previous observation of frictional anisotropy([100] vs. [110] directions)
at alkali halide (001) surfaces also showed lubrication effect by water with
more water—soluble crystals. However, higher friction due to adhesion by water
has often been reported with other materials with rough surfaces. We have
studied the two opposite effects using atom-flat cleavage surfaces, with
different levels of affinity with water, of layered K4NbsO17-3H20.

With relative humidity(RH) higher than 30%, wet surface-I clearly showed less
friction compared to dry surface—-II. Friction decreased toward highef RH,
indicating lubrication. With RH<30%, however, friction increased with RH with
both surfaces, indicating adhesion effect. Even with atom—flat surfaces, both
effects are observed depending upon material and RH. All wet surfaces show
lubrication effect. Partly wet surfaces show stronger friction due to repeated

adhesion, causing oscillation in probe-surface interaction potentials.

2. Thermal step dynamics at NaCl(001)

Atomic force microscopic images of NaCl (001) were recorded before and after
heat treatment at various temperatures. The same part was observed repeatedly.
At 450°C, island terraces at highest parts started shrinking, while at lower
parts, smoothly curved steps got segmented into straight lines, indicating
strong anisotropy in step energy. At 500?3, steps became smoother showing
decrease in the anisotropy. At 600°C, multi-atomiq steps decomposed into
monatomic steps, indicating disapearance of facets. At 650°C, the steps took
more complex shapes, indicating much lower step energy. The surface became

smoother in three dimension. At 700°C, the surface is thoroughly roughened
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