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Fig.1 Operation of Atomic Force Microscope to get surface topograph.
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Fig.2 Optical microscopic image of NaCl(100) with

Nomarski differential interference contrast.
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Fig. 3 AFM image(6umx6um) of NaCl cleaved

in air. Screw dislocations are observed.
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Fig. 4 AFM images(8 wmx8um) of NaCl. The step heights are all monoatomic.

(a)The spiral step originate from a screw dislocation indicated by arrow A.
The top layer is retreating while the second layer is growing. The
concave step indicated by arrow B is growing very quickly.

(b)Observed 162s after (a). The wedges indicate dents at the second layer
of the spiral caused by anisotropic layer growth.

(c)The movements of the steps in (a)(chain line) and (b)(solid line)
showing growing(hatched) and retreating(- signs) area. The step with a
large positive curvature retreats quickly, while the step with a large
negative curvature grows quickly.

Fig.5 (lower right) Atom-resolved AFM image(7nmx7nm) of NaCl(100).
The arrangement of large chloride ions is observed.
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Fig. 6 Properties of small particles,.
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Fig. 7 AFM(8 umx8 um) image (a)before and (b)after formation of a hillock by
keeping the AFM probe af the same position for 15 min. Water collected
by capillary condensation formed a droplet when the probe was removed
Dissolved salt crystallized when water vaporized, leaving a 4-atomic

height hillock. The technique can be used in micro-machinning.
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Fig. 8 Rearrénéement of monoatomic stepsA orlginéting at severérlmzi‘ridepe'ndenvt'
dislocations observed with AFM in 3.6 um square region. (a)0.0 min. ;

(b)8.75 min. ; (c)21.0 min.; (d)22.1 min.

Fig.9 Process of the step rearrangement.
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Fig. 10 AFM images of cleaved Mg0(100) surface, (a)before(13umx13um) and

(b)after (2 umx2 £ m) annealing in vacuum at 1200°C for 1 hr.
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Fig. 11 AFM images(4umx4pm) of CaS04(010) during etching in 10mM NaHS04

Steps are all of monolayer height. (b) was observed 30 min. after (a).

The shape of the pits indicates conditions of stable steps
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Fig. 12 AFM image of SrS04(001) cleaved Fig. 13 AFM image of SrS04(001) after
under direction controlled stress. etching with 10 mM (NH4)2504 for
The observed steps are all of bilayer 1 hr. The bow-shaped etch pits
steps indicating the terraces have the indicate alternating directionality
same directionality. of ionic arrangement on terraces
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Fig. 14 Computer models of SrS04 crystal. (a)(001) face seen in the direction of
c-axis. Electrically neutral [120] step is the most stable against
etching in electrolyte solutions, while polar [010] steps can be stable
and unstable depending on the signs of the steps. (b)The top two (001)
layers seen in the direction of b-axis. The stable [010] step accomo-

dates the Sr ions well, while the unstable step does not.
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Effects of Humidity on Surface Atomic Structures of Rock Salt Crystal

Hitoshi Shindo and Akihiro Seo

Department of Applied Chemistry, Chuo University, Tokyo, Japan

1. Introduction

Surface structures of rock salt and other ionic crystals were studied in
atomic levels with Atomic Force Microscope(AFM). The change in the structure
in humid air was monitored in realtime. Stabilities of step structures of

sulfate minerals in electrolyte solutions were also studied

2. Surface structures of rock salt crystal

The NaCl crystal shows perfect cleavage in (001) direction. However, the
surface as cleaved in air has a lot of cleavage and slip steps. Along the slip
steps, spiral steps accompanying screw dislocations were observed

The terraces were entirely flat and individual atoms were identified
The steps did not move in the air with relative humidity of 40%. However, at
the humidity of 60%, the spiral steps began to move by itself. It indicates
that adsorbed water forms small islands on the surface and transports ion pairs
from step to step

Some parts of the steps retreated, while other parts grew. The movements
are controlled by the curvature of the steps. Young-Laplace's equation holds
for one-dimensional interface between two dimensional areas.

By placing the AFM stylus at the same position for 15 minutes and removing
it, a small hillock of salt wes formed. Presumably, water was collected between
the tip and the surface due to capillary condensation. It indicates that the

shapes of the crystals are important to keep dryness

3. Surface structures of sulfate minerals

Presence of directiona S-0 bonds gives certain complexity to the surface
structures of sulfate crystals. The conditions for the stability of flat
surfaces of ionic crystals are; O small number of bonds broken upon cleavage
per unit area, and @ electric neutrality. We propose additional condition:
® stable arrangement of electric dipoles. The stabilities of surface struc-

tures in electrolyte solutions are also discussed

—141-



	9306-J
	9306-W
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13




