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(a) AFM/FFM apparatus
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Fig.1 AFM/FFM apparatus and its working principles

(a)Bent and tilt of the cantilever are detected by a 4-parted photodiode as
deviation of the optical path of the reflected light. (b) In AFM mode,
bent of the cantilever reflecting the surface profile is detected as

signal (A+B)—(C+D). (c) In FFM mode, tilt of the cantilever due to the

friction is detected as signal (A+C)-(B+D).
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Fig.2 A friction loop measured on CaS04(100) surface. Tilt of the cantilever
was recorded during the forward, then, backward scan. Separation between
the two curves is proportional to the total friction between the probe and
the surface. Surface asymmetry due to S—0 bond tilt is detected on the

right-hand side of the loop.
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Frictional coefficients along [100] and [110] measured with FFM in air
at various relative humidity. Lubrication by adsorbed water is observed
at higher humidities with more water—soluble substances. Less friction
clearly is observed in the [110] direction for all the materials at less

humid conditions
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Fig.4 Frictional coefficients along [100] and [110] directions plotted against

anionic/cationic ratio of radii for alkali halides and Mg0.
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Fig.5 (the next page) -
Calculation of charge(surface ions)-dipole(probe atoms) interaction potentials
along [100] and [110] directions on alkali halide surfaces. (a) Paths of the
probe dipole(u). (b) Coulombic attraction and repulsion by the ions within
distance R(=2nm) are considered. (c)Potential curves calculated for LiF. The

osscillation amplitude is much bigger along the [100] direction.
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Fig.6 The ratios of frictional coefficients of alkali halides F[100],F[110]

plotted against the ratios of potential gradients f(100], f[110].
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Fig.7 AFM and FFM images (6.32x6.32 m) of CaS04(100) simultaneously observed

in air. (a)AFM height image in which higher terraces give brighter contrast.
The steps are mostly of monatomic height. The numbers indicate step gaps,

in units of monolayers, at higher steps. (b) FFM image of the same area in
which darker parts give more friction. The contrast changes at steps with
the gaps of one'or three monolayers, but not at bilayer steps. The contrast
is due to the S-0 bond directionality. (c) FFM image by scanning the probe

in the opposite direction, in which brighter parts give more friction.
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Physico—-Chemical Properties of Alkali Halide Surfaces
—frictional anisotropy and asymmetry studied with FFM—
H. Shindo®, Y. Namai®, T. Sugai’, Y. Ikuta’ and 6. You’
The Institute of Science & Engineering*
Graduate School of Science & Engineering’

Chuo University, Tokyo, Japan
Summary

Literature data on frictional anisotropy([100] vs. [110] directions) on the
surfaces of alkali halide crystals were often in discrepancy. It is probably
because bulk properties are inter-mixed with surface properties in conventional
experiments with high loads using scratch testors. We have measured frictional
coefficients of (001) surfaces of NaCl, KC1, NaF, LiF, and MgO using Frictional
Force Microscopy (FFM). Due to much smaller normal loads(10°-107 N), only the
surface property was detected

In order to check the functions of adsorbed water, dependence of the friction
upon relative humidity (RH) was studied first. The frictional coefficients of
fairly water soluble NaCl decreased at higher RH indicating lubrication effect
of adsorbed water. No RH dependénce was observed with LiF and MgO which are
almost insoluble in water. NaF and KC1 which have smaller solubility compared to
NaCl showed RH dependence only at >ca. 50% RH. In less humid conditions (RH<40%) ,
all the materials showed muqh smaller friction, upon scanning the probe in [110]
direction rather than in [100] direction.

In order to explain the frictional anisotropy, interaction potentials between
the electric dipole of the probe and the eléctric charges of the ions at the
surface were calculated. The oscillation amplitudes of the potential were‘much
bigger along the [100] direction than along the [110]ldirection. Fairly good
correlation was recognized between the ratio of frictional coeffecients Friool]/
Fl110] and the ratio of the potential gradients f(i00]/f[110]. The frictional aniso-
tropy is semi-—quantitatively explained by the Coulombic interaction potential

At CaS04(100) surface, the S-0 bonds are pointing the same direction all over
the surface. In this case, the directionality of the surface was clearly

detected as an asymmetry component of the friction.
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