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Abstract. Some elevated microdisks are reported on (100) cleavages and (lI0)
fractured faces of NaCI, produced by the etchant reported by Davidge and Whitworth
(1961). It is observed that the structure of the disks is similar on both the faces, but
does not coincide with the matched faces. It is shown that these disks are n o t
formed due to the protective action of microbubbles during the etching process
but formed at the sites of localized impurities.
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1. Introduction
Elevated circular microdisk patterns along with the usual etch pit patterns have
been reported by Pandeya and Toiansky (1961) on diamond, and Patel
and Goswami (1962) on topaz cystals. They have attributed the formation of
disks to the protective action of mierobubbles during the process of etching.
The kinetics of surface dissolution of (100) cleavages and (1 I0) fractured faces of
NaCt crystals were studied in order to compare their etching behaviour towards
the same etchant and some elevated microdisks observed on these faces are
reported in this paper.

2. Microdisks on (100) cleavage planes
Sodium chloride crystals are grown from melt by pulling method. Chemical
analysis revealsthe presence of impurities such as sulfate (0.0015 :[: 0.0002)%,
nitrate (0.0008 :L~ 0.0002)~ and potassium (0.008 =L-0.0002)~ by weight. The
freshly cleaved surfaces are etched for 15 to 25 secs with glacial acetic acid and
methyl alcohol in volume ratio 2:1 [Davidge and Whitworth(1961)]. Figure 1 (a)
is the photomicrograph of an etched (100)face of NaC1 crystal. Along with
the dislocation etch pits some circular etch patterns of assorted sizes like A, B, C
are also observed. It is seen that the dislocation etch pits are also formed in the
fiat regions of some disks. The structure of the disks is revealed by the interferogram [Tolansky (1948)] shown in figure 1 (b). From the profile of the fringes
running over the disks it is noted t h a t (i) the circular microdisks are elevations and their heights are different less
than 0.1 micron.
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(ii) the region bounded by the circular boundary is a little less flat than t h e
area outside the boundary.
(iii) the size of disks varies from 0.01 mm to 0.05 mm in diameter.
Other details regarding these microdisks were obtained by observing them at
higher magnification as shown in figure 2. It is noted t h a t (i) pits formed within the flat regions of the disks and those outside are similar
in size, having a depth of about three microns; (ii) the area inside the circular
boundary has a different etch texture than the outside; (iii) the apices of the pits
and the geometrical centres of the disks do not coincide; (iv) some of the disks
are incomplete, i.e., part of the circular shape of disk is revealed.
A number of cleavage faces are etched with the same etchant and only isolated
disks are observed on them. It may be noted that whenever the etched surfaces
having disks on them are chemically polished (ethyl alcohol and methyl alcohol
in volume ratio 2:1, which removes the surface layer of about 0 . 7 microns per
min) and re-etched in the same etchant, the disks completely vanish with or
without formation of any other new disks on the surface. Figures 3 (a) and 3 (b)
represent the etch patterns on the matched faces etched identically. It is observed
that the low angle grain boundaries correspond with dislocation etch pits. But
the disks A, B and C observed in figure 3 (a) do not correspond with its matched
counterpart [figure 3 (b)].
3.

Microdisks on (110) fractured fac~s

Patel and Chaudhari (1969 a) have reported that the same etchant produces the
boat shaped etch pits at the sites of dislocations on (110) fractured faces and
pyramidal etch hillocks on complicated fractured faces. Along with these etch
patterns similar microdisks [as observed on (100) planes] are also observed on
(110) faces. Figure 4 (a) is the photomicrograph of (110) fractured face etched
for 30 sees. in the same etchant showing the boat shaped etch pits, low angle
grain boundaries and microdisks marked by A, B, C. The profile of the disk A
is revealed by the interferogram shown in figure 4 (b). Comparison of figures
1 (b) and 4 (b) shows that the structure of the elevated microdisks is the same on
both the faces. Moreover, disks within disks and interlocking of disks are also
observed.
It is also interesting to observe similar elevated microdisks on complicated
fracture faces [which are not true (110) faces] as seen in figure 5. It may be noted
that these disks do not correspond with its matched counterpart.
4.

Discussion

As the structure of the disks on (100) and (110) planes is similar and does not
coincide with matched faces, it is concluded that the formation of elevated microdisks has nothing to do with the dislocations, bt:t may be a surface phenomenon.
If the disks are formed due to the protective action of microbubbles during
etching process, then the size of dislocation etch pits formed in the flat region of
the disk will be smaller than those formed on the surface and the shape of the
disks will be completely circular. But it is observed that the size of the dislocation
etch pits formed within the disk and outside the disk is the same, as seen in figure 2.
Therefore, it is concluded that these disks are not formed due to the protective
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Figure 1 a. Photomicrograph of an etched (100) face of NaC! ( x 225).
Figure 1 b. Interferogram taken over the region shown in figure 1 (a) ( x 225).
Figure 2. Photomicrograph of the disk pattern at higher magnification showing
the same size of pits on the surface ( x 570).
Figures 3 (a) and (b). Etch patterns on matched faces showing non-correspondence
of the microdisks ( x 170).
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Figure 4 (~). Photomicrograph of an etched (110) fractured face of N~C! (~: 103)
Figure 4 (b) Interferogram taken over the part of the region shown in figure 4 (a)
( × 100).
Figure 5. Etch pattern on a complicated fractured face [inclined to (110) faze~]
showing the etch hillocks and microdisks.
Figures 6 (a) and (b). Photomicrographs of the freshly cleaved (I00) matched
faces of N~C1 showing the non-correspondence of the humps (× 170).
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action of microbubbles as reported by Patel and Goswami (1962) and Patel and
Desai (1966). This is also supported by observing the incomplete disks.
The formation of hillocks at the sites of humps present on the pre-etched surface
was reported by Faust (1960). A number of freshly cleaved match faces were
observed in order to confirm the presence of such humps. Figures 6 (a) and 6 (b)
are the photomicrographs of the freshly cleaved (100) matched faces. It may be
noted that the humps of different sizes observed in figure 6 (a) do not coincide with
its matched face [figure 6 (b)]. When such faces are etched it is observed that
there is no formation of microdisks at the hump sites. This excludes the possibility of the formation of these disks at the sites of humps.
The rates of removal of atomic steps over the surface at the sites of dislocations
in [100] and [110] directions are different [Hari Babu e t a l (1966), Patel and
Chaudhari (1969 b)]. Etch pits grow in size on continued etching and the dislocation free surface also dissolves at uniform rate. The presence of some loca.
lized impurities will change the rate of dissolution. This may be due to the change
in ionic arrangement at these sites. This may cause the local dissolution to be,
lesser than that of the surroundings, which will produce the etch hillocks according to Batterman (1957). Thus it is conjectured that the observed elevated
microdisks are formed at the sites of localized impurities. This conjecture is
further supported by the observations of similar disks on fractured (110) and on
complicated fractured faces. The fact that the centre of the disk and apex of the
pit do not coincide with each other, suggests the independent dissolution phenomenon at the impurity site and dislocation.
Acknowledgement

One of us (RMC) thanks A R Patel of Sardar Patel University, Gujarat, for
providing laboratory facilities to carry out the work of multiple beam interferometry.
Refelences

Batterman B W 1957 J. Appl. Phys. 28 1236
Davidge R W and Whitworth R W 1961 Phil. Mag. 6 217
Faust Jr. J W 1960 The Surface Chemistry of Metals and Semiconductors (New York: John Wiley
and Sons, Inc.,) p. 154.
Hari Babu V, Sirdeshmukh D B and Bansigir K G 1966 Phil. Mag. 14 1047
Pandeya D C and Tolansky S 1961 Proc. Phys. Soc. 78 12
Patel A R and Goswami K N 1962 Proc. Phys. Soc. 79 Part 4 848
Patel A R and Desai C C 1966 Indian J. Pare AppL Phys. 4 124
Patel A R and Chaudhari R M I969a Japan or. Appl. Phys. 8 672
Patel A R and Chaudhari R M 1969b Indian J. Pure Appl. Phys. 7 341
Tolansky S 1948 Multiple Beam Interferometry of Surfaces and Films (Oxford; Clarendon Press)

