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Fig. 1

AFM images(6 umx6um) of a cleaved NaCl(001) surface at 27°C under
different relative humidities. (a) Observed at 46% relative humidity. Below
50% (DP(H120)=1780 Pa) no step movement was recognized. Most steps run parallel
ta crystal axes(a and b) indicating that they were formed by slip systems
At the center of Lhe‘figure, a spiral step is connecting two screw dislocations
of the opposite signs. Another spiral step is observed to the left. Arrows
indicate expected directions of step movements based on line tentions. In order
to minimize lengths of steps, the arcs close to screw dislocations having
smaller radii of curvature tend to retreat quickly, while a step with a negative
curvature at the lower part tends to advance. (b) Observed at 54% reclative
humidity. At about 52% (P(H20)=1850 Pa) slow step movements started. Spiral
steps unwound. QOther steps also moved slightly. The arrows indicate direction
of transportation of salt. (c) Observed at 57% humidity. Step advancements and

retreal are recognized at many parts of the surface.
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Fig.2 AFM images(4umxdun) of NaCl(001) at P(Ii20)=2210Pa(27°C, 62%).
(a)The arrow indicates a hollow, which was surpassed by step 1: (b)11.0 min
after (a), step 2 is still pinned at the hollow; (c)19.0 min after (a), step 3
gets stuck, while both halves of step 2 keep on growing until they meet each

other; (d)21.5 min after (a), step 2 gets free leaving behind the hollow.
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Fig. 5 AFM images of NaCl(OO]) in contact with ethanol.
The first image(0 min) was taken in air. The surface first becomes flat
when macrosteps are dissolved away. At later stage, square pyramids grow while

dissolution of the (001) surface continues

—139—



J—NVIEEIKKE (FOH) LEiKE (-Cols) 2R >RMIEMHSFTH O, BIEENEE

DA EWMEERT2EEZONS, {011} BOABICLES> THFERNTH
. BAKEOLHEIZEEL., 77 VFLT =LV ANICIDEERREBELER T 5.
L5 ) —=LizCdCl1 2B RLTEL (001) @MOTyF %175 E, Fig. 8D &

52.0 min

(101)

S

Fig.6 AFM image(3umx3um) of NaCl(001) in contact with ethanol.

The sides of the pyramids are {011} faces.

ToP VIEW

Fig. 7 Model of ethanol adsorption on NaCl{011}. The surface active molecules

are packed closely forming a stable adsorption layer.
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Fig.8 AFM image(10umx10um) of NaCl(001) during etching with 4x10°85 M CdCl,/

CoHs0ll.  The sides of etch pits are {118} faces
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Fig.9 Model of CdCl, adsorption at {111} ledge of NaCl{l118} step surface
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Stability of Surface Atomic Structures of Rock Salt and Other Ionic

Crystals Studied with Atomic Force Microscopy

Hitoshi Shindo, Akihiro Seo, and Morio Ohashi

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). Atomic step movements in humid
air, and in solutions were monitored in realtime. Relation between step
mobility and structural aspects including ionic arrangements, defects, adsorp-

tion structures, etc. were studied.

2. Surface structures of rock salt crystal in air

Mobility of atomic steps were monitored changing humidity (vapor pressure
of water Pw). No step movement was observed with Pw<1780 Pa. Slow step move-
ment was recognized at Pw=1850 Pa. At Pw=2210 Pa, the speed of step movements
became as large as 2.5 nm/s. At that humididy,. the surface must be mostly
covered with water.

Step advancement is not interrupted by screw dislocations. However, larger
hollows(typically 50 nm in diameter) can pin down steps at it even at Pw=2200 Pa,
By making such hollows all over the surface, step movement, a process of

degradation of the surface, will be markedly slowed

3. Surface structure of rock salt in ethanol

When NaCl(001) was dissolved in ethanol, square pyramids having {011} faces
as the sides begin to grow and cover the surface. Stable adsorption of ethanol,
a surface active molecule, stabilize the {011} faces. A close-packed molecular
model was proposed.

When CdCl, was added to ethancl, square pyramidal etch pits were formed
This time, the side walls are {118} faces having (001) terraces and {111} ledges.
Adsorption of CdCl, chains at the ledge must be stabilizing the structure

4, Surface structures of sulfate minerals
Dissolution of CaS04 crystals in electrolyte solutions were studied
Stabilities of atomic steps on different surfaces and in different directions

were compared. Steric factors are very important in this case
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