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Fig.1 Contact angle and surface energy.
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were prepared by cut-and-polish. crystal. All the faces are cleavable.
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Fig. 8 Surface energy components of NaCl-type crystals calculated from 6 s.

Fig.9. AFM height images (10 z mx10 z m) of NaC1(001) in saturated aqueous solution
of NaCl: (a)observed 40 min after the solution was introduced into a liquid cell.
(b)125s after (a), a random—shaped monatomic step A is advancing to the left.

(c)235 s after (b), step A is stabilized as segments of arcs connected at dents

-130-



where steps parallel to the a- and b-axes intersect. Monatomic steps B are now
advancing to the left. (d)81s after (c), two of the steps B become parts of a
di-atomic step C which is also segmented. The corners on the monatomic steps
indicated by O are lost in the next frame. The mark B indicate positions of
screw dislocations. (e)91s after (d), separation of multi-atomic steps are
observed at E and F, where the lower terraces advance(—) and the upper terraces
retreat(=). Corners on the multi-atomic steps([]) are much more stable than mon
atomic ones. (f)67s after (e), monatomic steps G, H and I are observed to grow
out at the bottom of multi-atomic steps. The mark A indicates position of a

screw dislocation, which is passed by step H.
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Fig. 10 Model of NaCl1(001) surface showing various sites of adsorption. The

letters N,P and C indicate non-polar step site,: polar step site, and corner site,
respectively. Subscripts 1 and 2 indicate heights of the steps. Adsorption
energies can be compared by counting numbers of 1-st, 2-nd and 3-rd neighbor
ions which will have electrostatic interaction with the ions adsorbing at the
sites. The order of adsorption energies at the sites are P1(1.774) > P2(1.644) >
€2(0.677) > N2(0.514) > C1(0.360) > N1(0.067). Here, attraction energy between

nearest Na and Cl is defined unity.
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Fig. 11 AFM images(9.1pmx9.1um) at an inclined part on NaCl(001) in the
saturated aqueous solution: (a)observed 110 min. after the solution was
introduced. At the corners, 6-8 atoms-high non-polar steps‘meet making a right a
ngle. The corners are connected mostly by curved, thus, polar monatomic steps, w
hich gradually advance until they get caught by another corner (arrow A). At a
locally flat part(arrow B), the monatomic steps are widely separated. (b)observed
65s after (a). Curved monatomic steps grow out at the bottom of the non-polar,

multi-atomic steps(short arrows). Two of them joined at the position indicated

by O.
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Surface Gibbs Energy of NaCl Measured by Contact Angle Method

Hitoshi Shindo, Kiyo-aki Iwata and Kozo Shitagami
Department of Applied Chemistry, Faculty of Science & Engineering

Chuo University, Tokyo, Japan

1. Surface Gibbs energy measured by contact angle method
Contact angle 6 s. between a solid(S) and a liquid(L) is determined by the
relation between the work of adhesion(Wsi) and surface and interface energies
(ys,yL and ysi) as
Wst=ys+yr—vysi=y1r (1+cosBst)
Assuming additive property in interaction between three components each of
surface energies vy °(dispersion), vy *(polarization) and v "(hydrogen bond) of

solid sample S and three well known liquid sample L as

Wse,/ 2= vs" Ty + W ys" Ly + W ys"™ oyt
contact angle data.

After testing the method with three low index surfaces of CaS04, we have
applied it to NaC1(001), (110) and (111). However, the obtained values were too
small and sometimes unreasonable. Strong polarization at the surface probably
modified the structure of the liquid surface. We cannot use contact angle data
in quantitative discussion of the surface energy. We must be satisfied with

qualitative discussion.

2. Atomic force microscopic observation of flattening process of NaCl (001)?

In in-situ AFM observation of NaCl(001) in the saturated aqueous solution, we
have observed atomic processes of flattening. Small fluctuations in monatomic
step propagation make corner sites where electrically neutral stes along the
crystal axes intersect. In a mean time they grow into higher step corners where

many salt steps are bunched. The mechanism is explained by a simple model.
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