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Fig.1l(a)

(@) Saw microtome

(b)AFM apparatus —

Fig.1 Saw microtome(a) and AFM apparatus(b) used in sample preparation

and observation of surface structures, respectively.

Leica SP1600

Fig.1(b)
; Digital Instruments, NanoScope

AFM

Fig.2
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[010] [001]

Fig.2 AFM images (10 um x 10 um) of dissolution processes at (100), (110)
and (111) surfaces of NaCl in ethanol. Facets having Miller indices of
{n11} are formed at all three surfaces, suggesting stabilization of steps in

<110> directions.

Fig.-3

Fig.3
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(c) 120 min

Ethyl groups are
stabilized by
hydrophobic interaction

O adsorbs on Na

H interacts with Cl

Fig.3 AFM images(a-c) (10 um x 10 upm) of NaCl(113) surface during
dissolution in ethanol together with a model of adsorption stabilizing

the surface. No facet formation was observed at the surface.

0.01 mol/L
Fig.4
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[010] [001]

110

111

Fig.4 AFM images (10 um x 10 um) of dissolution processes at (100), (110)
and (111) surfaces of NaCl in ethanol solution of 0.01 mol/L CdCl,.
Formation of {112} facets were observed at (110) and (111) surfaces.

Fig.5

Fig.-5
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Chain structure
of octahedral Cd
complex

Fig.5 AFM images of NaCl(112) during dissolution in ethanol solution of 0.01
mol/L CdCl,, together with a model adsorption structure of CdCl, stabilizing

the surface. At this surface, (111) ledges of Na ions and Cl ions alternate.

CdCI, molecules most probably adsorb at Cl ledges sharing Cl atoms of the

substrate and neighboring adsorbates.

Fig.5

0.05 mol/L Fig.6
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(@ in air (b) 120 min

[001] [-110]

N\

Fig.6 AFM images (2.5 um x 2.5 um ) of NaCl(110) surface (a) before and (b) after

etching with 0.05 mol/L HgCI2 in ethanol. Very flat terraces are developed in (b).

Fig.7(a)
(110)

Fig.7(a)

2

Fig.7(b)
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(b)model of adsorption

(@) AFM image

g 591 Vg
[001] [-110]

Angle =55
O N @ Hg
cl ) ¢

(NacCl) (HgCl2)

Fig.7 Atom-resolved AFM image (5 nm x 5 nm) of NaCl(110) surface observed
after dissolution in ethanol solution of HgCl,, together with a model of the

adsorption structure. Two Cl atoms of [HgCl,>] are imaged in (a).
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Atomistic Mechanisms of Habit Modification of Alkali Halide Crystals

H. Shindo , M. Yamanobe-Hada, M. Kwak , T. lgarashi , A. Ito
W. Karino and S. Yamazaki®,
The Institute of Science & Engineering
Graduate School of Science & Engineering
Department of Applied Chemistry, Faculty of Science and Engineering®
Chuo University, Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan

Summary

In order to study atomistic mechanisms of habit control of NaCl crystal with additives,
dissolution processes were observed in situ with atomic force microscopy (AFM) at (100), (110)
and (111) surfaces in ethanol solutions of CdCI2 and HgCl2. Observed facet patterns were
explained by molecular models of adsorption structures.

In the pure solvent, {11n} facets, especially {113}, were stabilized. At (113) surface, (111)
Ledge extends in [1-10] direction. The O atom of ethanol most probably adsorbs on 3 Na ions
forming the (111) ledge by electrostatic interaction. The H atom of the —OH group can interact
with Cl ions nearby. The ethyl groups will attract each other through hydrophobic interaction by
forming a chain of adsorbates along the [1-10] direction.

When CdCl2 (0.01 mol/L) was dissolved in ethanol, {112} facets rather than {113} were
stabilized. At (112) surface, (111) ledges formed by Na and CI ions, respectively, come
alternately. CdCl2 molecule most probably adsorbs at the (111) ledge of Cl ions, forming a stable

[CdClé]* ion by sharing Cl atoms with neighboring adsorbates and the substrate. Strong electro-
static repulsion is avoided by the presence of the Na ledges between the Cl ledges.

In the ethanol solution of HgCl2 (0.05 mol/L), NaCl(110) became atom-flat. Atom resolved

3 0
AFM image was observed at the terrace. The periodicity of the image was L J in matrix

notation. The HgCl2 molecule is considered to adsorb molecularly over a Na ion forming a
tetrahedral [HgCl4]> complex by sharing two CI ions at the surface. Strong electrostatic repulsion
is avoided in the observed overlayer structure.

Observation of micro-facet formation is a useful technique in comparing stabilities of crystal faces in various

directions. The same technique was applied to aragonite (CaCO3) and anhydrite (CaSO4) crystals.
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