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CHAPTER 4

EFFECT OF CONCENTRATION ON THE SHAPE OF
ETCH PITS ON CALCITE CLEAVAGES.-

4,1 Introduction;

Calcite is one of the commonest and most widely
distributed of all minepals; hence many workers have
studied the etching of these crystals. It is therefore,
worthwhile to review briefly the earlier wrk on etching
of calcite cleavages. In most of the cases studles were’,
made from the crystallographic point of view. [See for
example, Honess, (1918)3 Royer, (1929); Honess and Jones,
(1937) 3 Himmel and Kleber, (1937); Boos, (1943); etc.etcd] .
They concluded that the geometrical symmetry of crystals
was always revealed by etch figures produced by optically
inactive etchants. They had used optically active and
ingetive etchants which usuaglly included organic and/of
inorganic acids. It was also observed that the lowering of

symmetry of etch figures occurred by the use of optically



active etchants., This was found to be true for composite
etchants conﬁaining a very small gmount of optically active

etchant, Novak, (1935)4 .

The shape of an ebtech figure is dependent on the
natare, concentration, composition and temperature of an
etchant., Thus the earlier workers reported the occurrence
of different shapes on cleavage faces of calcite due to
various types of etchants. Even with the same etchant, the
change in concentration had a significant effect on the shape
of etch pits (Watt, 19593 Stanley, 19593 Pandya and Pandya,
1961 etc.). In all cases the diluent used to change the
concentration of an étehant is distilled water in which
caleite is very sparingly soluble (0.008 gm/litre). It is
thus cleagr that with the éame etchant, either concentrated
or diluted, the chemical reaction is not materiglly changed.
However, the rate of reaction with a cleavage face of calcite
changes and this gives rise to production of etch pits of
'various shapes, This obviously points to the unusual
characteristics of calcite cleavages. The present anthor
has carried out a detailed systématic optical and
interferometric study of etch pabtterns on cleavage surface
of calecite., It is observed that even with the same
concentration of an etchant, the rate of stirring of the

solution has a marked effect on the shape of etch figures.
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In most of the cases earlier workers have used acetic acid
and hydrochloric acid as etchants which are optically

inactive. To facilitate comparison with their etching work,
the present study was made by using the zbove two etchants
only. The shapes of etch figures produced by these etchants
are functions of concentration and other condi‘oions such as

rate of stirring ete; and are discussed in this part.

With the recognition of imperfections in nearly
perfect erystals (Seitz, 1952) and their vital role in
controlling various structure-sensitive properties, the etch
technique has assumed greater importance. It is nowadays
widely used to detect and study dislocations in crystals.
Several workers have reported dislocation etchants for
caleite cleavages and the present aithor has offered

detgiled criticagl comments on these etchants.

4,2 Experimental:

Natural crystals of calcite were obtained fronm
various localities in India. @ivrajpur, Pawagarh, Broach
(Gujarat State), Rajasthan State etc,] . The crystals are
fiarly big with thelr sizes ranging from 1 cm to 15 cms with
cross sectional area of the order of 3 cms x 3 cms. A big
crystal was selected and etching work was carried out on

small pieces obtalned by cleaving such a crystal. Calcite
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crystal was cleaved in the usual way, l.e. by g%ving a sharp
blow with a hgmmer on g razor blade kept in conééct with the
erystal along the cleavage direction. The cleavage surface
was fully immersed in a still etchant of known concentration
for desired time of etching at room temperature. The
conecentration is usually expressed by the quantity (volume)
of acid contained, in total volume of 100 ae. Thus 10%
concentration means 10 cg. of acid in 100 c.c. of total
solution._;ﬁstillgd water is used as diluent. After etching
the crystal for a givglperiod, it was kept in running
distilled water for sometime. It was then dried by the hot
air blower. Btching time was varied from a few seconds to

a few minutes for obtaining etch pits of required sizes,
resolvable under a low power objective., The study of etech
pattern on calcite cleavages in the initial stages of
etehing required the use of high power objectives. The
contrast in the etch pattern under high magnification and
resolution is usually poor. This is therefore, enhanced

by debositing silver film on the etched surface by thermal
avaporation technigue described in Chgpter 2. It was found
that silver could not be removed fromm the surface of calcite
without danaging its microstrmcture. Hence silver film was
not deposited on a crystal cleavage which was subjected to
multiple etching for the p&rpose of studying eteh pabtterns

in depth. High resolution microscopic technique with a
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variety of 1lluminations and multiple begn interferometry

were used to study the etch patterns on the cleavage faces.
In all cases the central region of the cleavage surfaces
was investigated in detsail., This was necesslitated by the
fact that the edges from which the cleavage had propagated,

were regions of high distortion.

4,3 Qbservations znd Results;
(a) Change in shape of etch figures with change in

concentration of hydrochloric acid.

It is known that calcite reacts very strongly with
concentrated inorganic acids. 8Strong hydrochloric acid
reacts violently with cglcite to form highly soluble
reaction products, calclum chloride, water and gaseous
carbon dioxide. The later goes to the atmosphere. The
etching is so fast that within a fraction of second, a large
number of very big pits are pmduced. Further they overlap
each other. As a result the use of such a strong etchant
in general prohibits a detalled study of the eteh patterns.
Fig. 4.1 (x 150) represents a photomicrograph of a freshly
cleaved surface etched in 90% HC1 for less than a second.
Point-bottomed pits with triangnlar outlines are observed
in the figure. Most of these pits exhibited terraced

structire. guter boundaries of the tringular pits are curved,
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Planes forming the pits intersect one another in straight
lines. The orientation of these pits can be found with the
help of percussion mark. Pits are a;mmetric with respect
to projection of longer lined of intersection (namely 2
in figure) on cleavage faces. This is in the direction
[119] . while MN which is perpendicular to A0 and parallel
to the tangent at the midpoint of the curved line BC is in
the direction [ﬁoj . In some cases small triasngular shgped
pits are foﬁndat the centre of the bigger triangular pits.
These small etch pits may exhibit different outlines such as
rhombic, septagonal, pentagonal etec. It will be Sh"“mg in
what follows that above shape of etch pits can also be
observed on the calcite cleavage faces at low concentration
of hydrochloric acid. Tt is further clear that a few pits
are overlapping and many pits are likely to overlap each
other on successive etching for a small increase of etching
time, (about a second) on a given crystal face. Background -
pitting is also found on the surface. It is observed that
with the decrease in concentration, there is a change in
the directions of boundaries (4B and A0 of btriangular etch
pit. ,(Eig. 4,2 (x 150) 1is a photomicrograph of a crystal
surface etched by 60% HCL for less than a second. It is
clear from the figure that one bhoundary of the tringular
pit (such as BC) becomes nearly straight with direction
[ﬁo] . Further curvilinear character of the boundary BC



mentionad asbove is mors in the point-bottomed pits than in
the terraced pits. The curvatures of the other tw boundaries
such as AB and AC in point-bottomed and terraced pits are
negrly sare. The plis have assorted sizes and small
. - . .. B

background pits gre also observed. Besides the ratio q/gB
in fig, 4.2 is slightly more than the ratio of the

. . o BC s s A \
corresponding sides ~Y/ jr in fig. 4.1. This is due o change

of concentration of the etchant. Pits are nearly gymmetrical

T
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sout the line A0 which is in the direction [ 110] and passing
through the centre of g;;pit. This direction also
represents line of symretry of crystal face. Qrientation
of eteh pits was determined with the help of percussion
mark produced on the cleavage face. Fig. 4.3 (x 90) shows
a photomicrograph exhibiting the etch pattern produced by
etching freshly cleaved surface by 30% hydrochloric acid
for a second at room temperature. On this etched surface

a percussion mark was produced in the usual way. The
percussion figure pohsists of a large number of parallel
lines which are identified as slip lines generated from
the point of lumpact P and on one side of it, along the
directian[iﬁ@] and bound by the cleavage direction[iooland
[OED] Tig. 4.3a (sketch diagram) . Slip line and lines

avage direction meet at a point p and form an
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sosceles triangle on the cleavage surface. The etch pltis
with isosceles triangular outlines (fig. 4.1, 4.2, 4.3) on

the surface have opposite orientation with respect to



percussion mark. This orientation willl henceforth be

referred to as negative orientation, If the outline of an
eteh pit has orientation similar to that of percussion
mark, the etch pit has a positive orientation., The
comparison of etch pit shgpes in three photomicrogragphs
(Figs. 4ely 4.2y 4.3) showj very clearly the effect of
change of concentration of hydrmochloric acid. With a very
high concentration (about 90%) all sides of triangular eteh
pits are curved. With the decrease of concentration by 0%,
the base BC (Figure 4.2) becomes less curved than the other
sides. When the concentration was further reduced by 0%,
the isosceles sides AB and AC become more rectilinear than
the base BC (Fig. 4.3). Further on the(:gzé’é&t hand side of
a percussion mark, a small pit 'P' with pentagonsgl outline
suggests the development which should be effected for
converting the shape of triangular etch pit into other
geometbtrical figures. The curved base (BC in Fig. 4,‘3) is
divided into two equal parts and vertex A is truncated.
These changes give rise to an irregular pentagonal pit. The
simultaneous production of triangular and pentagonal pits
on the same cleavage face is usually rare. The division. of
the curved base into two lines is symmetrical about the
line of symmetry [110] of the crystal face. It appears
that truncated side at the vertex A is parallel to [110] ’
i.e. the base of the percussion mark. This will =



elaborated a bit later. It is thus clear that when the

concentration of hydrochloric acid at room temperature

was progressively reduced from 9% to %% for etching,

the geometrical outlines of etch pits became more and more
rectilinear without changing its triangular shape. Further
change in concentration by 5% (ie. use of 25% HCl acid) has
produced a change in the shape of the etch figures. Fig.4.4
(x 170) is a photomicrograph showing quadrilateral etch
pits obtained by etching a freshly cleaved surface by

20% HC1 for 1 second. The outline of etch pits in this
figunre, is that of a curvilinear quadrilsateral which is
obtained by truncating the vertex of curved isosceles
triangular etch pits, Thg length of the side developed at
the vertex A (Fig. 4.3) and shown as PQ in Fig. 4.4 is
comparatively very less than the opposite curved side BC.
The average ration BC:PQ is more than 4. The quadrilaberal
shape is maintained for the change of concentration from
25% to 15% hydrochloric acid.

" With further decrease in concentration from 159 to
5%, the curvilinear boundary BC (Fig. 4.4) of the
gquadrilateral pit was segmented into two parts giving rise

to etch pits with irregular pentagonsl outlines on the
clegvage surface of calcite, This is shown by photomicrograph

[ Fig. 4.5 (x 170)] obtained by etching a cleavage surface
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by 10% hydrochloric acid for one second at room

temperature. During these changes of concentration, the
length of the various sides are ranging as shown below.
TABLE Nos 4.1

DIMENSIONS OF PENTAGONAL ETCH PITS OBTAINED
BY THE CHANGE OF CONCENTRATION- FROM 15 94

to 5 4 HCl.
b Length of sides with Ratio
Obs. Cons.
No. of direction in Microns. BS 36 co PB

HCL. BS SC PQ QC PB 'c'g'ﬁ' WP QP QP

1 5% D M 1.11 1.11 2.22 2.22
2 "% 14 14 9 28 28 1,75 1e75 3.5 3.5

3 10% 22 22 9 40 40 2,44 2,44 4,44 4,44
4 12% 2é 26 8 42 42 3,25 3,25 5,256 5,25
5 15% 25 25 7 44 44 3,57 3.57 6,0 6,20

When the concentration of hydrochloric acid was reduced
from 54 to 1.5%, the shapes of eteh figures are found to
be quite unusual. The shgpe becomes quadrilatéral. The
formation of quadrilateral etch marks by the use of
hydrochloric acid of concentration ranging from 54 to
1.5%, is almost opposite to the formation of pentagon from
quadrilateral etch pits (produced by the concentration
ranging from 154 to 25% HCL). Segments BS and SC unite t o



form a smooth curvilinear boundary BC with a
correqunding inerease of opposite side P9 and a decrease
of adjoining sides PB and CQ. In the case of pentagonal
etch pits (Table 4.1), the ratio F%/.p varies from 2.22
to 6.3, the corresponding variatién of the ratio is 1.0 *to
2.0 in quadrilateral pits in Fig. 4.6 (x 170) which shows
a photomicrograph of a cleavage surface ebched by 24 HCL
for 2 seconds. Point-bottomed quadrilatersl pits are
observed. The side opposite to the curved line of pit is
parallel to the slip line and pits are symmetricsl about
the line [110] Passing through the projection of a point

of maximum depth on the cleavage plane.

It is hard to explain the occurrence of pits with
regular pentagonal cutlines on a cleavage surface, on the
basis of homogeneous filling of space. However, these pits
do exhibit the symmetry of the crystal face viz. line of
symmetry along [110] o Fig. 4.7 (x 170) shows a
photomicrograph of surface etched by 1% HCL for 8 seconds.
It exhibits clear point-bottomed =nd nearly remlar
pentagonal pits. They are produced by the hydrochloric acid
with concentration ranging from 1.5% to 0.5%. The change
in concentration of this etchant shifts depth point ( the
projection of point of maximum depth of pit on cleavage

surface ) with respect to the geometrical centre of the pit.
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Pit T in Fig. 4.7 1s noticeable different from other pits.
It is very likely that the defect revealed by the formation
of this pit might have moved vary rapidly during etching.
However, there is not much experimental evidence in this

regard,

It 1s generally understood that when the
concentration is graduslly reduced, the attack along normagl
direction is comparatively decreased, thereby giving rise to
larger amount of lateral dissolution. As a result the
deterioration of the surface would be more. This has been
observed for crystals etched by acids of lower concentrations
(Keith and Gilman, 1960)., However, in the present work etching
at lower concentration has not resulted in the deterioration
of freshly cleaved surface. This is due to highly reactive
character of the substance. For a concentration of the order
of 0.25% HC1l, septagonsl etch pits were produced on the
cleavage face of calcite. [Pandya and Mehta, 1969 . Fige 4.8
(x 170) is a photomicrograph of a freshly cleaved calcite
surface etched by 0,259 HCL for 15 seconds. Among the many
sides vhich bound this pit, LP, PQy, OM, CS and 8B have low
inclices of direction whereas BL and CM have high indices
and are parallel to BP and CQ of a regular pentagonal pit
shown in Fig. 4.7. Here again the pits are symmetrical about
the line of symmetry of the crystal face. When the

concentration of HC1 acid is further reduced, unexpected



Fig. 4.8 ( x170 )

Fig. 4.9 ( X170 )



Fig. 4.11 ( x 170 )
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Fig. 4.14 ( x170 )

Fig. 4.15 ( X170 )



Fig. 4.16b ( x170 )



Fig. 4.17a ( X170 )

Fig. 4.17 b ( x170 )
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interesting observations gre obtained, With a further
decrease of concentration by 0.05%, i.e. up to 0.20% of

hydrochloric acid, the lengths BL and MC decrease with a
corresponding large increase of LP gnd QM having low indices
of direction. Figure 4.9 (x 170) represents a photomicrograph
of a freshly cleagved surface etched by 0.18f"of HC1l for X0
seconds, The lines BL and MC of septagonal etch pit in Figure
4.8 disgppeared completely and an irresular pentagonal eteh
pit is formed. PQ has direction [110] whereas the directions
of the remaining boundaries are along £ 100> . The length of
PQ diminishes with increase of dilution of HCL gnd at a
concentration of A.15%, 1engtl:1 of PQ becomes zero and as a
result rhombohedral etch pits are formed Fig. 4.10(x 1M)
represents a typical photomicrograph of a freshly cleaved
surface of egleite etched by 0.1% hydrochloric acid for 23
seconds.. The etched surface exhibits background pitting with
large number of point-bottomed pits with rhombiec outline,
scattered over the whole surface. The houndaries of these
pits are parallel to the edges of the crystal. The lines of
intersection of planes forming a pit, are more prominent

and well defined than boundaries of pits. It is of interest
to mention that the pmjection of point of maximum depth

on cleavage surface (depth point) does not coineide with the
geomatrical centre of the plene figure. This gives rise to the

formation of asymmetrical etch pits along [130'] « Seperation



between depth points gnd geometrical centres of etch pits

in direction [110) has been observed in many cases for
various shapes of etch pits and 211 these are discussed in
Chapter 6. It should be mentloned here that separation
between the depth point and geometrical centre of a plane
figure is a function of concentration, composition of

etchant, time of etching etec.

The pyramidsl rhombic eteh pits maintain their
shape on the cleavage surface when etched by hydrochloric
acid, having concentrations ranging from 0.01% to 0.14 %.

It should be noted that for all concentrations between 1.5%
and 0.01 %, relative change in the directionsof boundaries
BS and SC (Figs. 4.6 to 4.9) 1s not noticeable. However,
shape of geometricagl figure on the surface does change due
to change in directions of other boundaries. Further the
boundaries BS and SC are parallel to the cleavage edges of

a rhomb with '38' pointing in the same direction as the point
of impact of a percussion mark. Use of HCl of still lower
concentration reduces the sharpness of corner 'S' and
indicakes the tendency of the sharp boundary BS and 5C to
unite and form a curvilinear boundary, thereby giving rise
to an 1sosceles triangular pit of negative orientation and a
curvilinear base whose tangent at the mid point is parallel
to [130] . This is very clear from Figure 4,11 (x 170), which
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is g photomicrograph of a freshly clsaved suriface etched by
0.001% BCl for 10 hours. Here etching time is enormously
increased for obtaining visible etch pits under high power
objectives. It should be remarked here that the pyramidal
whth - .
etch pits whier triang plar outlines on the surface can be
produced by etching a cleavage surface by a highly
concentrated hydrochloric acid, (Figs. 4.1, 4.2, 4.3) and
also by a very diluted HCL. These.pits exhibit the same line
of symnmetry i.e. lillé) fpﬁassing through the ddepth point.
Further in the former case the elongated triangles with acute
angles are observed whereas very diiuted acid produces short
obtuse angled trisngular eteh pilts with isosceles sides

parallel to the direction K100> .

Cn going through the various shgpes of etch pits
produced on freshly clezved surface of calcite crystals by
A. R, quality hydrochloric acid (10 N) with concentrations
ranging from 90% to 0.0001%, it is crystal clear that a
complete cycle of etch pit shapes is depicted and that all
shapes are sysmetrical gbout the direction {}M@] and
usuglly passing through the centre of the plane figure of a
pits projected on ¢lssvage surface. Further for a given
dilution 211 pits ustally exhibit same geometrical outline
irrespective of their origin on the cleavagevsurfape. ALl

these observations ars summarized in table 4,2.

From the preliminary studies of etching of these
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crystal cleavages by other inorganic acids such as Ho304,
HNO 3z, the present anthor is #f the opinion that such
spectrum of ebtch pit shapes can also be obtained. Hence, in
the present work, these observations are not included. Since
calcite is also easily attacked by organic acids, 1t is
likely that the use of such acids diluted by distilled water
within a given range, would produce pits of various shgpes.
However there are certain differences between the chemical
actions of organic gnd inorganic gelds on these cleavages.
These differences are brought out more clearly in the next
section which describes the etch action of glacial acetic

acld on calcite cleavages.

(b Change in shape of etch figures with change in
concentration of glacial acetic acid.

;{any workers [see e.8. Royer, (1920)3 Keith and
Gilman (1960), Hanke (1961), Thomas and Renshaw (1965)7
have stﬁdied the etehing of caleite cleavages by‘organic
acids. Royer had used different types of tartaric acids
(dy 4 and a2) as etchants for studying the effect of
optically active and inactive etchants on the geometry of
etch figures. Thomas and Renshaw also studied the etch
figures produced by tartaric and mélic acids. They suggested
pits to be at sites of dislocations terminating on the

cleavage surface., Hanke observed rhombic etch pits on
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cleavage face of calcite etched by glacial acetic acid.
Kelth and Gilman had used various organic acids such as
formle, propionic, tartaric, acetic etc. for producing etch
figures. They also studied the effect of concentration of
formic, propionic apd acetic acid on the quality of etch
figures. They used the conceniration of glacial acetic acid
ranging from 100% to 10% and reported the production of
rhombic eteh figures by pure glacial acetic acid and of
pentagonal eteh pits by 504 and 104 glacial acetic acid. The
diluent used in their work was distilled water. It will be
shown in this section that some of their observations are at

variasnce with those reported here.

Etch pits are not produced by pure glacial acetic
acid on the cleagvage face of calcite even if it is kept in
the acid for more thgn 30 hours at room temperature. When it
was diluted by distilled water by 24 (i.e. 98% acid) ebtch pits
were observed on the face after prolonged stching for several
hours. Fig. 4.12 (x 170) represents a typical light profile
photomicrograph of a cleavage surface etched by 97% glacial
acetic acid (by wolume) for 18 hours at room temperature.

It shows point bottomed rectangular pits with a pair of curved
boundaries. Tangents at the mid points of these boundaries
are parallel fo each other and lie in the direction EliQ] .

The second pair of boundaries are in the direction [110] .



These pits are flanked by shallow irregular pits having
base (line) in the dirdetion [110) . The pit at the base of
a main recfangular pit is a trgpezium formed by a pair of
base lines (one straight and the other curved black) and two
slanting black lines. The base pit is always formed on one
side of the centre of the rectangular pit and it is along
[ 10] . The depth of the pit A is found by light profile
to be 9.5 microns., It is known that ionization is very less
in the high concentration of acetic acid. Hence such
concentrated acetic acid would tdre more time to produce
desirabls etch effect. However, this is not true for all
organic acids. Murther highly concentrated inorganic acids
have large ionization i.e. more content of free hydrogen
ions, hence they require less time for producing observable

eteh effect.

Fig. 4413 (x 170) shows a photomicrograph of a
freshly cleaved surface of calecite etched by 95% glacial
acetic acid for 6 hours, It exhibits rectangular point
bottomed pits showing following characteristics. (1)
Rectilinear character of the line PQ on the opposite side of
curved boundary. (2) Absence of shallow base pits near PQ.
(3) Non-coincidence of the depth point with the geometrical
centre of the plane figure. (4) Terraced strmicture of pits
with background etching.
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The rectangular character of pits produced on a
cleavage surface by concentrated glacial acetic acid is more
or less maintained up to a concentration of 92% (i.e. from
984 to 92%). A further decrease in the concentration produces
a change in the shape of etech pit. Fig 4.14 (x 170)
represents the photomicrograph of the freshly cleaved surface
etched by 90% glacial acetic acid for five hours at room
temperature. There are remarkable differences in the
characteristics of etch figures of fig 4.12 and fig 4.14.

The curved line RS (fig 4.12) has shortend and became more
rectilinear (fig. 4.14), whereas the lines PR & Q8 (fig 4.12)
has becane curved and segmented into two lines giving rise

to hexagonagl etch pits bound by curved and straight lines.
Further depth point has shifted considergbly in the direction
U 110] from the geometrical centre. As a result the steep
sloping plane which is shown by dark sloping portion of pit
was reduced in size. The bladk pits 4, B are 7 microns and

5 microns deep respectively. This shape of the pit is
maintained up to a concentration of 0% (i.e. from 92% to
70%) of glacial acetic acid. When a freshly cleaved surface
of cglcite was etched by 60% acetic acld for 7 minutes, etch
pits with pentagonal outlines on the surface were produced
(fig. 4.15 (x 170) ) . The point bottomed etch pits are
highly asymmetrical around the depth point. Some boundary
lines of the pentagonal pit are in crystallographic direction.
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It should be noted that the etching time required to prodﬁce
these pits is a few minutes only, whereas for producing etch
pits (figs. 4.12, 4.13 and 4.14) it runs into a few hours.
The orientation of the pentagonal figure is positive with
respect to percussion mark. The range of concentration of
glaciagl acetic acid producing pit with pentagonsl outlines
was found to vary from 70% to 35%. Decreasing concentration
of acetic acid has noticeably affected the quality of etch
patterns on the surf.ace. Fig 4.16a (x 170) shows a
photomicrograph of a surface etched by % glacial acetic
acid for & seconds. It is clear from this figure that the
shape of etch pit becomes triangnlar with a general
dissolution of the surface. Further the pits are more shallow
than those observed in egrlier photomicrogrgphs (figs. 4.12
to 4.15). Hence the laberal dissolution rate is much higher
than the normal dissolution rate., The lines PB and QC
(fig. 4.15) have now completely disappeared and as a result
plit shows triangular outlines and is having positive
orientation with respect to percussion figure. The
boundaries forming triangunlar etch pit are less clear than
the lines jolning the vertices and point of maximum depth,

A further decrease in concentration of etchant produces more
general etching than preferentizl one. This is shown clearly
in the photomicrographs (fig., 4.16b, x 170) of a cleavage
Tace etched by 20% glacial acetic acld for %0 seconds,i’.”
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The rate of general (lateral) dissolution is so much that

the boundaries of pits could not remain sharp and straight.

The photomicfograph (figs 4.17a, x 170) was
obtained by etching the calcite cleavage by 10% acetic acid
for 3 seconds. Although the pit boundary is pentagonal
having positive orientation with respect to percussion mark,
the quality of these plits is very poor, being less sharp as
compared to those pits shown in fig. 4.15. Bven the length
of the sides and the angles between the boundaries forming
these pits are different than those of fig. 4.15. [QPB
and /PQC (fig. 4.15) are right @angles while the
corresponéihg angles for penbtagonal plts (fig. 4.173) are
greater than 90°. Further the background etching is more in
fig. 4.17a than in fig. 4.15. The background etch effect is
reduced with a further decrsase of concenbration by 6%,

Fig, 4.17b (x 170) shows etch pits with quadrilateral
outlines on the surface obtained by etching it by 4% glacial
acetic acid for 30 seconds. The side PQ along [150] in

fig. 4.17a reduced to a point in fig. 4.17b, thereby increas-
ing the curvature of the slanting sides AC and AB. Further
decreass of concentration of ?his etchant divides the
carvilinear sides into two straight parts. Hence the pit
shape becomes a hexagon. Fig. 4.18 (x 220) shows irregular
asymmetric hexagonsl etch pits produced by etehing a

cleavage surface by 1% glaclal acetic acid for 30 seconds.



The boundaries forming these pits are rectilinear with

crystallographic directions. Besides, the background etch
effect is less in comparison with that found on other

pho tomicrographs (figs. 4.16a, 4.16b, 4,17a and 4.17b). It
is found that the sides of a hexagonal pit along [110]
decrease with decrease of concentration (from 2% to 0.5% of
glacial acetic acid). Fig. 4.19 (x 220) represents a
photomicrograph of a freshly cleaved surface etched by 0.45%
glaciagl acetic acid for 30 seconds. It exhibits well

defined rhombic pits with sides parsllel to ¢100%. The pits
are asymmebtric about the depth point. Incidently this

figure is a cleavage counterpart of figure 4.18. It shows
complete correspondence so far as the positions of pits are
concerned, Such pits were also produced by 0.1% HCl acid.
This is tme for concentrations ranging from 0.01% to 0.15%
hydrochloric acid. However, the boundaries of these pits
(fig. 4.19) are more sharp than those seen in fig. 4.10.
This also suggests that the sloping planes of a pit produced
by glaclal acetic acid are more steep or deep than those of
2 pit produced by hydrochloric acid. A still lower
concentration (0.001%) of glacial acetic acid could etch

the cleavage sarface when kept in it for a very long time,
say 10 hours. This is shown in the photomicrograph (fig. 4.2,
x 170) which exhibits the etch pits having trisngular

boundaries. The isosceles sides of a trigngular pit are in



£ 001> directions and the tangent at the midpoint of a
curved base is parallel to [1107] . It is of special
interest to note that the orientation of these trisngular
pits is negative, that is opposite to that of percussion
mark. This observation should be compsared with that of fig.
4,16a which shows triangular etch pits having positive
orientation. Triangular pits are also symmetrical around
the [110] line passing through the centre. It should be
mentioned that the symmetry of the pit around the (:110] line
passing through the centre is observed in nearly all the
figures (except fig. 4.13) produced by the glacial acetic
acid and hydrochloric acid. All these observations are

summarized in tagble 4,3,

The present anthor has also tried other organic
acids such as formic, tartaric etc. as etchants. The etch
plts of various shapes could also be produced by using
various concentration of formic acid and of propionic gecid.
However, change in etch pit shape was not observed wvhen
cleaved surface of calcite was etched by tartaric acid of
various concentrations ranging from 1004 to 0.01% of its
saturated solution in distilled wabterr. FPurther for all these
concentrations of tartaric acid there is not much difference
in eteching time required to produce pits of optimum sigze for

studying them under microscope.



Fig. 4.21a ( x220 )

Fig. 4.21b ( %220 )



Fig. 4.22b (X220 )



Fig. 4.23a ( x220 )

Fig. 4.23b ( x220 )



Fig. 4.23c ( %220 )

Fig. 4.23d ( %230 )



(c) Multiple etching of isolated cleavage surfaces

by different etchants.

It is shown in the earlier sections how the etch
pit shape varies with the concentration of an e\tchant. In
this section an attempt is made to study the action of
various etchants of different concentrations on the same
cleavage surface. This study will be of use in throwing some
light on the anisotropic reaction rates and origin of etch
pits. Care is tgken to select the regions where the density
of pits is moderate, so that multiple etching will not lead
to advanced and complicated etch patterns. It is further
found from etching experiments that a surface can be subjected
to etching for two or three times without detoriorating the
quality of eitch features and the surface. Hence no etching

work was carried out on it after this period.

Fige 44212 (x 220) is a photomicrograph of etched
surface obtalned by etching a cleav.ageﬁf surface of calcite
by 0.3% glacial acetic acid for a period of 40 seconds. It
shows a large number of point-bottomed and flat-bottomed
rhombic pits with backgrmund micropitting. When this etched
surface is re-etched by 1% glacial acetic acid for 40 seconds,
the etch patterns are shown in fig. 4.21b (x 22). The
comparison of these figures brings out the following salient
features. (1) Etch pits with hexagonal boundaries (fig.4.21b)

are seen gt the positlons corresponding to rhombohedral etch



pits. Identical backgmround effect is dlso seen in both

figures. (2) However, there are certain differences as
shown below. (a) Point-bottomed terraced rhombohedrgl Pits
Ay 5 Ag == (fig. 4.213) correspond with point-bottomed
terraced hexagonal pits ay 5 ag ~= (fig. 4.21b). (D)
Point-bottomed rhombic pits By 5 Bp (fig. 4.21a)
correspond with point—bo’ctoméd hexagonal pits by 4 by
(fig. 4.21b). For pit By and corresponding pit by , depth
points are slightly shif’ced from their regular positions
in a symmetric pit. (_c) Rhom}’_sic pit Cy (;‘ig. 4.21a) has
two depth points which have correspondence with those of
pit e ( two depth point) (fig. 4.21b). (@) Point-bottomed
terraced rhombic pits Dy @ Dy (fig. 4.2la) correspond with
flat-bottomed hexagonal pits di gdz (fig. 4,21b) . ()

Absence of flat-bottomed pit in fig., 4.21a with 2
corresponding flat-bottomed hexagonal pit £y in fig.4.21b

and vice versa. (I) Absence of point-bottomed hexagonal
pit (fig. 4.21b) corresponding to point-bottomed rhombic pit
H (fig. 4.213).

- When the order of etching was reversed i.e. the
freshly cleaved surface was etched by 1% glacial acetic acid
for 30 seconds (fig. 4.22ay x 220), followed by re-etching
the surface by 0.4% glacial acetic acid for 30 seconds,

fig. 4.22b (x 220), all the characteristics observed in
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fig., 4.21la and 4.21b could be reproduced.

The photomicrograph (fig. 4.23a, x 220) is
obtained by etching a freshly cleaved surface by 1% glacial
acetic acid for 15 seconds. It exhibits scagttered point-
bo ttomed hexagonal etch pits. This surface was re-etched by
a highly concentrated (about 92%) glacial acetic acid for
a period of 3 hours (fig. 4.23b, x 220). Etch pits with
octagonal boundaries and having rectangular pits at the
centre gre found at sites corresponding to those of hexagonal
pits (fig. 4.233). The comparison of etch pits on these
figures shows that the point-bottomed pits (fig. 4.232)
ususlly correspond with the point-bottomed pits (fig. 4.23b).
Same is -true for flat bot‘to;med etch pits on these figures,
Pit marked as A (fig. 4.23a) which is underdeveloped
point-bottomed pit becomes flat-bottomed in fig. 4.23b.

Fig. 4.23c (x 220) is obtained by re-etching the surface
shown in fig. 4.23b by 30% hydrochloric acid for less than
a second. It is clear from the comparison of these figures
that the point-bottomed octagonal eteh pits (fig., 4.23b)
correspond with the point-bottomed triangular pits with a
large amount of roughening of the triangular plane OBC bound
by vertex 0 (depth point) and curved l\ine BC. Tangent to BC
at mid point is glong [110) . Further re-etching of this
surface (fig. 4.23¢) by highly concentrated (94%) glacial
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acetic acid for 4 hours, reveals clearly the formation of

rectangular eteh pits at the centres of the triangular etch
pits (fig. 4.23dy x 220), A comparison of these pits with
those of fig. 4.23b shows a cha;nge in orientation of these
pits (at the centres) through an angle 90°, However, the
prefei'en‘cial sites do not change by successive etching and
re-etching by glacial acetic acid and hydrochloric aecid of
varying concentrations. This therefore clearly suggests that
these pits are likely to be the seat of sgme specific defects
within the crystal. Many shallow point-bottomed pits have not
significantly changed their positions in the figs. 4.23b,
4,23¢c and 4.23d.

(@ Matching of cleavage faces successively etched
by different concentrations of etchants.

In this section the observations on matched
cleavage surfaces are reported. Figs. 4.24a and 4.24b (x 340)
are the oppositely matched cleavage counterparts etched by
different ‘gtchants viz. glacial acetic acid and hydrochloric
acid., Fig. 4.24a (x 340) is a photomicrograph obtalned by
gtching the cleavage surface by 0.25% glacial acebic acid
for 10 seconds, whereas the photomicrograph (fig,4.24b, x 320)
shows the etching of cleavage counterpart by 0.25%
hydrochloric acid for 15 seconds. It is clear that there is

a good deal of correspondence between the large scattered



Fig. 4.24a ( x340 )

Fig 4.24b ( %340 )



Fig. 4.25a ( X340 )

Fig 4.25b ( X 340 )



pits and the cleavage lines; but the background etching

is not equally reflected on bqth faces. There is also a
relative shift of cleavage lines on matched faces as
observed by Patel and Tolansky, (1959) and Pandya, (1961).
The surface shown in fig. 4.24a was re-etched by 20%
hydrochloric acid for a second. It is seen that cleavage
lines are washed away by etching and the general micropitting
of the surface has increased considerably and'triangular
pits (fig. 4.25a3) are observed at the sites of rhombic pits.
Fig., 4,25b (x 340) represents a photomicrograph of surface
shown in fig. 4.24b which was further re-etched by 0.8%
hydrochloric acid for 7 seconds. There is a large amount of
general dissolution with disappearence of cleavage lines and
preferential etching at those points where large septagonal
pits are observed. Fig., 4.25by (x 340) shows the effect of

further re-etching of surface (fig. 4.25b) by 2% HCL for a
second. This has given rise to quadrilatersgl pits at those
sites where pits were formed on earlier etching., The
comparison of figs. 4.24a5 4.24b, 4,258; 4.25b?rt,25b1 shows
that there iz almost g complete correspondence between the
positions of etch pits on the oppositely mabtched faces etched
by various etchants having different concentrations. However,
all the pits are not properlykreflecped. The terraced pointe
bottomed pit A (fig. 4.25b3) is not at all reflected in other
four figares. It is very likely that during the third

etching, the nueleation at this point might have been created






Fig. 4.26a ( x!'70 )

Fig. 4.26b ( x170 )



Fig. 4.27a ( xaao )

Fig. 4.27b ( xaoo0 )



Fig. 4.28a CxITO )

Fig. 4.28b CxITO )



Rig. 4.29b (x320)



Fig. 4.30a (xiaO )

Fig. 4.30b (xiaO )



Fig. 4.31b (x 130 )



Fig, 4,32 Cxia0 )



Fig. 4.34
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by some unknown condition/s or that it could be due to some

defects at a certain depth from the surface of the crystal.
(8) Orientation of etch pits.

The earlier observations on etching of cleavage
surfaces by ‘Jdifferent etchanfs of various concentrations
show very conclusively that the shape of an etech pit on s
cleavage surface of caleite is a function of concentration
of an etchant, when all other factors are kept constant.

The orientation of etch pit on g crystal surface may be
assocligted with the change of eteh pit shope. The
orientation of an etch pit can be defined with respect to
the crystallographic direction or percussion mark on crystal
face. It (orientation) can also be defined by considering
the position of a depth point with respect to geometrical
centre of 3 plasne figure of an etch pit. The observations
on the change in orientation of‘the eteh pits, on crystal
surfaces have been reported by many workers (Gilman and
Jonhston, 19563 Joshl and Ittiyachen, 1967; Haribabu and
Bansigir, 1969 ete.). In almost all these cases the

outward geometrical shapes of etch figures were considered.
f,t will be clear from the present wrk that the change in
orientation of etch figures is due to amount of diluent used
to change the concentration. Further the concentration of

an etchant affects the position of depth point with respect
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to geometrical centre of az pit. Besides the shagpes of etch
figures whose orientations are changed are usually based
on a few known crystallographic directions on crystal

clegvages.

Fige. 4.26a (x 170) is a photomicrograph of a
cleavage surface etched by 0.45% glacial acetic acid for
25 seconds. The etch pattern consists of point-bottomed
and flat-bottomed rhombic pits. Fig. 4.26b (x 170) is a
Pho tomicrograph of oppositely matched cleavage surface
etehed by 94% glaciagl acetic acid for 4 hours. There gppears
to be good correspondence between the position of pits on
both the cleavage faces. However, there are certain
differences. The boundaries and diagonals of rhombic pits
(fig. 4.262) are in the directions< 1007 and < 110>
respectively, This is not the case for etch pits in fig.4.20D,
where they possess rectangnlar outlines with siées parallel
to €110 ). The depth points of pits A and A (fig., 4.262)
are on the left hand side of the diagonal along [110] .
Whereas depth points of the corresponding pits a and &’
(fig. 4 26b) are on the right hand side of the direction,
[110] passing through the midpoint of the plan;xr' figure.
For pit #cl(fig. 4.26a) and corresponding pit &, (fig.4.26D),
the depth points are on opposite sides of the symmeirical
line (110] . A flat-bottomed pit D (fig. 4.26a) is



reflected as pit d (fig. 4.26b) vhereas for pit e (%fig.é.%b)
there is no corresponding pit on fig. 4.26a. The study of the
displacement of the depth point with respect to
symmetrical line will be presented in Chagpter 6.

Figs. 4.27a and 4,27b (x 200) are photomicrogrsphs
of matched surfaces, one etched by 3% HEL for less than a
second and the other etched by 2% glacisgl acetic acid for
30 seconds. Hydrochloric acid has produced isosceles
triengular etch pits with well defined boundaries (fig.4.27g)
and are having negative orientation with respect to
percussion mark whereas point-bottomed isosceles trigngular
etceh pits with uneven boundaries (fig. 4.27b) produced by
30% glacial acetic acid are in positive orientation with
respect to percussion mark. These are moTe shaliow, than the
corresponding triangular pits (fig. 4.273). The nature of
micropitting on both these figures‘is also highly uneven.

The above observabtions men’cior} the change in
orientation of etch figures with respect to percussion mark
and/or crystallographic direction i.e. with the crystal face
as a whole. It is also observed above that in some cases the
point of maximum depth does not coincide with geometrical
centre of a planse figure of pit on the observation plane.
The position of the depth point appears to be a function of

concentragtion of an etchant when other factors are kept



constant. In this case with a change in concentration the

regular geometrical outline of a pit on the surface
apparently remains unchanged. However, the position of depth
point with respect to geometrical centre changes. This

gives rise to =z change in orientation of etch pit. Figs.
4,283 and 4.28b (x 170) are pho tomicrographs of matched
region etched by 0.05% glacial acetic acid for 2 minutes snd
by 0.01% glacigl acetic acid fort® minutes respectively. It
shows compkete matching of rhombic etch pits. Besides, the
pits are of nearly ldentical sizes. It should be noted that
depth points of pits lie in the direction [110] from the
geometrical centre in fig. 4.28a while the depth points of
corresponding pits lie in the opposite direction i.e. Eiio
from geometrical centre, showing thereby the rotation of

etch pits through 180° around the centre.

4.4 Discugsion:

All the observations regarding shape of etch pits
broduced by different concentrations of various etchants |
are summarized in tables 4.2 and 4.3. It is worthwhile to
discuss following characteristic features.

(1) Origln of etch pits.

(2) Observations of fixed shsape with certain

concentration (range) of an etchant.
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(3 Change of shape with change in concentration
(range) of an etchant.

(4) Production of identical shapes on a cleavage
surface by different etchants.

(5) Different or similar cycles of etch pit shape
observed by progressive change in
concentration (range) of various e'tchan‘cs.

(6) Change in orientation of etch pits.

4,41 Origin of etch pits:

It was reported by Keith and Gilman (1980) and
Bengus et al (1960) that dislocation etch pits were produced
by formic and tartaric acid on cleavage faces of calcite. The
conclusion of Keith and Gilman was based on the matching of
eteh pits on cleavage faces and by the movement of dislocation
etch pits produced by formic acid. They also suggested
reveglation of dislocations by etch pits produced by other
etchants such as acetic acid, lactic acid, propionic acid etec.
From the observations on complete matching of etch pits on
cleavage counterparts and constant density of plts on
successive etching, Bengus et gl suggested tartaric acid
as a dislocation etchant. Pandya and Pandya (1961) have shown,
from the study of successive etching, of matched (etched)

cleavage counterparts of linear arrays of etch pits,
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T and I shaped etched boundaries and movement of dislocea-
tions, that the pits are formed gt dislocations. They had

used various etchants such as NH4Cl, NH, I, IHNOz, HF of

appropriate concentrations, suggesting that all werey
equally suitable for revealing dislocations. Keith and
Gilman found deterioration o\f the quality of pits when
produced by an etchant where its dilution reached beyond

a certain concentration (e.g. 10% for propionic acid). The
present observations have shown very clearly that it is
possible to obtain fairly sharp pits by etching the crystal
by glacial acetic acid or hydrochloric acid of very low
concentration. Figs., 4.29a and 4.29b (x 320) show the
photomicrographs of matched regions of cleavage counterparts
etched by 0.001 % of glacial acetic acid for 10 hours. The
isolated sharp etch pits with triangular outlines have
fairly good correspondence on cleavage counterparts. The rate
of attack on the crystal surface is found to be less in very
low as well as very high concentration (more than 95%) of
glacial acetic acid. Hanke (1961) had studied the etching
behaviodr of cagleite by different concentration of glacial
acetlc acid and conjectured that the origin of eteh pits

to be at some impurity centres which might occur in process
of natural growth. Figs. 4.20a and 4.30b (x 120) show the
Photomicrographs of the matched areas on the counterparts,
one etched "qy concentrated formic acid for 40 seconds and

other by 95% glacial acetic acid for 2 hours respectively.



Nearly complete correspondence of the etch patterns are
observed on counterparts. These observations glong with no
increase in eteh pit density [refer to 4.3 (¢), (4)] on
multiple etching show that all the concentrations of
hydrochloric acid and of glacial acetic acid are capable

of revegling dislocations intersecting the surface.

If pits are produced at the sites of disloecations,
depths of pits should increasse with etching time. It is
reported by Hanke (loc. cit.) that depth of point—bottomed
etch pits produced by lower concentration of glacial acsetic
acid is not more than 2 to 3 microns. Further, after some
depth plt becomes flat-bottomed. It is observed that depth
of the point-bottomed pits produced by dikfferent
concentration of etchants (HC1 or HAC) can be increased to
more than 5 microns if ebtching is proionged. Fig., 4.3la
(x 120) is an interferogram tdken over the surface etched
by 0.22% glacigl acetic acid for 3 minutes. It is seen wvery
clearly that depth of pits are more than 3 microns which is
determined by counting the number ofAi-'ringes and multiplying it

by %, where A = 5461° A, The exact correspondence of
etch pits on matched surface (fig. 4.31b,X 120) can also be
seen very clearly. Fig. 4.32 (x 120) shc‘ws ano ther
interferogram tdten over the cleavage surface etched by 50%
HC1 _f_or a second. Triangular etch pits are observed.

Average depth of triangular pits are more than 7 microns.
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Howevdr, it should be noted that all etch pits are not
of equal depths.

When the faces forming a pit are very steep, the
plits are very deep. In this case, it is not possible to
determine their depths by multiple beam interferometry.
This 1s found to be the case for pits produced by acetic
acid of high concentratlon (>50 %) In such cases light
profile microscopy has used to determlne their depths
(fige 4.12).

It is desirable to estimate the angles made by
various planes forming a pit with the observation plane.
T‘his is done by using light profile and multiple beam
interferometric technique (for determining depths) and
filar micrometerr eyepiece (for measuring linear distances
on the surface). ‘?_lit is found that these angles vary
between 2° and 4% this shows that these planes are
slightly deviated from the cleavage plane. Hence they must
be vicinal faces, i.e. faces having high 'giller indices.
This view is supported by the fact that when surface, etched
by an etchant of a given concentration, say 0.25% glacial
acetic acid, to produce rhombic pits, is re~-etched by the
sane (or different) etchant of different concentration,

Say 0.6% glacial acetic acid, to produce hexagonal eteh pits

at the same unchanged locations, the variation in angles
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made by the faces forming these pits is not guite
significant and that the cleavage plane and the faces
forming these pits are glmost equally attacked by both the
etchants. It is also found that sometimes those faces
forming a pit do not meet at a point (which is the point
of maximum depth of the pit), but meét in a straight line.
This line is usually found to be parallel to direction
[110] o« Figs. 4.33a and 4,33b (x 170) represent the
mabched areas of the cleavage faces, one etched by 1.5%
glacial acetic acid for 45 seconds and the other etched by
1% glacigl acetic acid for % seconds respectively. In
addition to exact matching of point-bottomed hexagonal
etch pits on the counterparts, the following features are
interesting. (1) Pits marked as D , F in fig. 4.33a and
corresponding pits Py F "in fig. 4.33b are point-bottomed.
(2 F—foint-bottomed pit marked as E in fig. 4.33a has
corresponding pit & 'in fig. 4.33b having line at the
centre., The occurrence of line in direction [110] at the
centre may be due to small dislocation loop in the 21103 "
plane. Matching of point-bottomed pits with pits having
tline~centret can be explained by the schematic diagram
(fig. 4.34). RS is a dislocabion line passing thrmough the
91103 plane of a crystal. Suppose a close loop of very
small width is formed with end points T =nd U on this
line. Now if this crystal is cleaved along the direction
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MN, and the resulting match cleavage faces were etched for
a certain period, new faces with traces AB and CD in fig.
4,34 gre developed and that the point at which the
dislocation intersects the traces, viz. T and T' are
preferentially attacked with the formation of point-

bo ttomed pit at T and a corresponding line-bottomed pit
at T, It can be explagined by the azbove diagram: that
line-bottomed plits may coincide with line-bottomed etch
pits.

4,42 Shapes of etech figuress

Different shapes of etch figures are produced dus
to different chemical reaction rates along various
directions on a crystal surfagce. Chemical reaction rates
may change their magnitude or directions or both due to
different concentration of the etechant and anisotropiec
character of crystal. It is very difficult to say which
regction rates are prominent at particular concentration
of an etchant. The change in magnitude of reaction rates
does not change the shape of etch pits. Within certaln
concentration range energy of etchant is such that it does
not produce any change in the direction of reaction rates
i.e. no change in shape of etch pit is produced. If the

energy is more to produce change in the directions of etech



rates, etch pits with different shapes are observed. From
the whole spectrum of etch pit shapes it is clear that pits
are usually bound by directions of low indices. Geometrical
outlines of etch pits having more than seven sidses are not
observed on the crystal surface. Since the shape of etch
pits remains nearly ssme, when they are produced at line
defects or point defects, the normal rate of disselution
for these pits does not affect the shape noticeably. The
factor governing the shape of eteh pits is the lateral

rate of dissolution, Vgy along different directions on the
surface. From the study of change of shapes of pits with
Progressive change in the concentration of an etchant, it
can be conjectured that there is a systematic change in

the direction of reaction rates on the surface. This in
turn suggests creation of new directions of reaction rates
and elimination or modification of old directions. This
view is supported by the fact that when the pit shgpe
changes from a triangular outline to a quadrilateral one,
produced by a change of one concentration range (90% to
25%) to another concentration range (254 to 15%) of an
etchant HCl, a fourth direction of reaction rate has
developed in gddition to the reaction rates along these
directions (table 4.2) for triangular pits,, and has
consequently given rise to a small plane OPQ and a
quadrilateral outline on the surface. The area of this plane

increases with the progressive decrease in the concentration
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of hydrochloric acid. Similarly septagon etch pits change
into pits with pentagonal outlines by the eliminagtion of
sides along [5%0] and [350] . This means that reaction
rates along [370] , [730] are reduced to zero. It should
be noted that directions of reaction rates which are
meking equal angles with the line of symmetry [110] are
simultaneously eliminated or produced byjsystematic
change in the concentration of an etchant (tébles 4,2 and
“4.3). Due to production or anhilation of palrs of
reaction rates around (110] , the pyramidal pit or flat
bottomed pit with any geometrical outline on the surface
remains symmetrical asbout the line of symmetry of a

erystal face,110] .

4,43  Ipdentical shapes of eteh pits produced by
various etchants of different concentrationss

Identical shgpes are also produced by different
concentrations of various etchants. Rectangular etch pits
whose sides are parallel to , 110> are formed by highly
concentrated formlec, glacial acetic and propionic acids.
The rate of reaction of glacial acetic acid is less than
that of formic acid but is greater than that of propionic
acid. These are true for acids of high concentration only.
If the chemical structure of these acids is tsgken into

account, it can be said from the above observation that



greater is the length of carbon chain in the structure
of an acid less is its resctlivity on the cleavage surface
of cglecite. Keith and Gilman (loc. cit.) had observed
change in orientation of the ?itx boundary when
concentrated glacial acetic acid is used as an etchant
instead of concentrated formic acid. This observation is
at variance with the one described hgre. Rhombic etéh
pits obtained by them on the cleavage surface of calcite
by highly concentrated HAC should be actually due to low
concentration of glacial agcetic acid. It is very likely
that these pits are produced during rinsing of the
crystal after etching., In the present work it is shown
above (fig. 4,19] that such pits can be produced by
etching the crystal cleavages by concentrations ranging
from 0.005% to 0.5% of glacial acetic acid for a few
seconds, This shows that the directions of reaction rates
are identical for highly concentrated monocarboxylic acids
used for etching calecite surfaces. BEqual decrease in
concentration of all these acid§,;produce different cycles

of etech pit shapes.

Identical shapes of eitch pits are also obtained by
using glacial acetic aecid and hydrochloric geid in
appropriate concentration renge. The irregular pentagon
etch pits of almost equal sizes are produced by etching
cleavage surfaces by 10% HCL and by 104 HE for one second
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and 30 seconds respectively. This suggests that

directions of reaction rates are similar for both
concentration of acids but their magnitudes is much more
for hydrochlorie acid than for glacial acebic acid.
Rhombic etch pits are produced by both etchants HC1(0.01%
to 0.15%) and HAC (0.005% to 0.5%) . Rhombic etch pits
are also obtalned by using low cong:entration of propionie

acid and NH,Cl solution. The reaction rates slong <150 >

only produce rhombic etch pits on the rhombohedral cleavage
surface of calcite. The change in maghitude of reaction
rates along <1650 » shifts the depth point from geometrical
centre and both types of (+ve and -ve) eccentricity can
be observed in all the etch pits produced by appropriate

concentration of HCl, HAC, NHaCl and propionic acid.

It is possible toc}dconjecture from a study of the
bonding energy between different atoms on a cleavage face
of calcite that due to minimum amount of bonding energy
% 100 3 perfect cleavages are obtainable. Hence directions
perpendicular to < 100) will be easy direction of
propagation for latersl dissolution of crystal surface.

If the concentration of an etchant is progressively
reduced, the geometrical shape, an etch pit assumes on the
surface, should be afrhombic pyramidal or flat-bottomed pit

with sides aglong {100 . However, this is at variance with
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the observation where an etchant of extremely low
concentration (0.0001% HAC and o.oqgl% HCl) produces
triangular etch pit with negative orientation on the
cleavage surface. It should further be noted that etch
pits with triangular outlines and having negative
orientations are zlso produced by inorganic acids (such
as HaS04, HNO3 ) of high concentration (figs.4.1, 4.2 and

4.5) [

4,44 Cycles of etch pit shapes produced by progressive
changes in concentration of various acids:

It is mentioned above that irregular pentagon and
rhombic pits are formed by different concentrations of
both acids i.e. hydrochloric and glacial acetic acid. The
cycles of etch pit ghapes v%rying from pentagon to rhombiec
outlines on a c¢leavage surface produced by hydvocﬁloric
and by glacial acetic acids with concentrations changed in

a systematic manner are different.

(D The cycles of etch pit shapes produced by HCL
successlively diluted are as follows:

a) For a concentration ranging from 15% to 5%, the
pits with irregular pentagonal outlines are produced, The
pentagon is bound by sides with direction[gsb][ﬁo] L350}
[100] ana [o107] . The concentration decides the lengths



of the sides.

b) By using concentration ranging from 5% to 1.5% of
HCL the quadrilateral pits are obtained. They are bound by
['é:?o] [1'!:0] &50] and g curved line produced by removing

fhe intersection point of lines with direction [IOO] and [O.loj.

c) The pits with regular pentagonal outlines and side
with directions shown in a) are produced by hydrochloric

acid with concentration ranging from 1.5% to 0.5% HCl.

d) Use of concentration range (0.5% to 0.2%) of HCL
produces pits with septagonal g‘%@ﬁlines whose sides are
parallel to (5%] (Goo) [1io) B0} [sd] fookk[oio) . The
lengths a}Long Eé’sb] and [350 diminish with the regular

decrease in concentrabtion of the acid.

e) The pits with pentagonal outlines are produced by
HCl and with concentrations ranging from 0.2% to 0.15%. The
sides along (3%} and [350) are eliminated ad the
penfagons ars bound by sides parallel to Liéo] (ﬁo) &)_3_0]

(00) ana [oI0]) 1.e. by €200 Saa [1B07 .

i) The etchant with concentration range (0.15% to

0.001% of HC1) produces pits with rhombic outlines and having



boundariss along directions < 100> .

g) Hydrochloric acid of concentfation less than
0.001% produces pits with trisngular outlines bound by the
straight lines with directions [100] and [010] and a

eurved line,

In all these cases it is observed that the lengths
of the boundaries of a pit depend on the value of the
concentration within a given range produces a displacement
of the point of maximum depth from the geometrical centre

of the regular outline of the pit.

(2) The cycles of etech pit shapes produced by glacial
acetic acid successively diluted are as” follows:

a) Bteh pits with irregular pentagon outlines are
produced by acetic acid with concentrations ranging from

15% to 6%. The boundaries of this pentagon are essentialy
the same as those produced by HCl and mentioned in a) of (1).

b) Use of concentration of range from 6% to 2% of
acetic acid produces guadrilateral pits bound by sides
parallel to [520] , [350) , [100] end[010] . It should
be noted that for quadrilateral pits produced by HCL and

mentioned in b) of (1), the curved side is formed by
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removing the intersecting point of [100) and [010] ,
whereas in the present case the line [1’10] of irregular
pentagon pit mentioned above in a) has dlisappeared,

thereby giving rise to quadrilateral pit.

c) When the concentration range of acid was changed
to 2% to 0.5% the hexagonal pits are produced. For forming
this plt, the sides of quadrilateral pit, viz. [—5?50'} and
[ 350] are segmented into two parts with direction f—lioj y
["100] and {010] , [110] . This change of shape from
quadrilateral to hexagon pit by a change of concentrgtion
range from (6% to 2%) to (2% to 0.5%) of acetic acid - -~
should be compared with the change of shagpe from ..~ 7
gquadrilateral to regular pentagon etch plts produced by

a change in concentration range (5% to 1.5%) to (1.5% to
0.5%) of hydrochloric acid.

d) Etch pits with rhombic outlines on cleavage surface
are produced by acetic acid whose concentration varies

from 0.5% to 0.005%. The etch pit is formed by sides
parallel to ¢ 100> . This shows that< 110> boundariss of
hexagona,l pit have disagppesred. For the formation of
rhombic pit by HCLl acid (concentration range - 0.001% to
0.15%) the side of a pentagon pit parallel to (f!o] is

reduced to zero.



e) By using acetic acid of concentration less than
0.005% triangnlar etch pits with boundaries parallel to
Cioo] and {0101 ana@ a curved line are obtained. This is
identical with the triasngnlar pit produced by HCl acid

having concentration less than 0.,001%.

Again in gll these cases the length of the
boundarieé of a pit depend upon the concentration chosen,
whereas the point of maximum depth is displaced from the
geometrical centre by using a concentration within g
given range. It is clear from the atove discussion_'that
the shape-cycles of plts produced by HC1l and HAC having
concentration changed in a systematic manner are different
and that in some cases the formation of pits take place by
a different mechanism which is a characteristic of the
etehant used. From the observations at very low_
concentrations ( 0.15% HCL and 0.5% HAC) it can be
conjectured that same mechanism operates for the

formation of eteh pits of identical shapes. Looking to
the complicated motion of steps induced by an etchant
on the surface, it is rather difficult W give a complete
theoretical explanation for the formation of different

shapes observed on the cleavage surface of calecite.



4,45 Change ip orientstion of etch pits:

The different shgpes of etch pits produced by
various stchants of different concentragtions bring to the
forefront the change in orientation of etch pits with
respect to a line on a cleavage plane. This actuglly
happens for the etch pits produced by 924 acetic acid
(fig. 4.263) and 0.4% acetic acid (fig. 4.26b). The
boundaries of pits produced by 92% acetic acid are in
the directions< 110> , while for pits produced by 0.4%
acetic acid the directions of houndaries gnd diagonals
of etch pits are< 100> and< 110> respectively. This can
be explained by the change in direction of reaction
rates due to change in concentration of an etchant. The
reaction rates are only along < 110> for rectangular pits
while for rhombic pits reaction rates are dlong <150> ,
The change from a rectangular pit to a rhombic etch pit
consists of long cycle as shown in table 4,3,This type
of orientation change can also be observed using
propionic acid of varying concentrations. In the present
case of the change in orientation of etch pits, the
directions of boundaries and diaggonals can be interchanged.
Since the geometrical outline is a rhombus, the change has

given rise % a rectangular pit from s rhombic one.
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30% HC1 produces triangular etch pits with

negative orientation, whereas 3% HiAC producss

triangular eteh pits in positive orientation with respect
to a percussion mark on the cleavage surface. The
directions of boundaries of the positively oriented pits
and negatively oriented pits are same and reaction rates
are in the same line but in opposite directions for hoth
types of etech pits. This shows that action of ¥ acetie
acld and %0% HCL geid is different and they act in
oprosite directions. The magnitudes of reaction rates

are also different for these acids becaise large time is
required for formation of etch pits by glacial acetic
acid. Triangular pits are also produced by HCl acld and by
glaclal acetic acid of very low:ccncentrations. In this
case the pits hagve identical boundaries and identical
orientation (negative) with respect to percussion mark.
However, direction of boundaries of etch pits in these
cases are different than those of triangular pits
produced by 0% HCL or 3% HLC.

It is possible to consider the orientation of
etch pits with respect to position of depth point from the
geometrical centre of the plane figure of an etch pit.
This change is brought about by a change in the

concentration within a given range of concentrabions of
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an etchant., This study is made for the first time by the

present anthor. The distance between depth point and
geometrical centre of a plane figure of an eteh pit is
called shift, which is related with the rate of lateral
dissolution, Vg 4 on a crystal surface. For an etch pit
with rhombic outline on a cleavage surface, it“can be
shown that the lateral dissolution rates are along {1so)
(510} (150} and {510} . Reaction rates along [510] ana
ElSOl $ and [3.503 and [55.0] is same for preserving
symmetrical nature of etch pit about {110\ . If the
reaction rates along [150] and [,5:79] are same,
symmetrical pit arises where depth point coincides with
geometrical centre giving a zero shift. If resction
rates slong [150] are more thsn those along Eﬁio]
negative shift results and vice versa. The values of
Vg along &.50] and E%ib] depend# upon the concentration
of an etchant. Higher concentration of etchant produces -

a larger value of Vg glong L‘éiﬁ] than glong [150:) while

for lower concentration of the ssme etchant produces
larger Vg along [150] than along {,Bio] . The shift of
depth péint from geomstrical centre is 6bserved in both
directions [110] andﬁiol s for rhc’;inbic egtch pits. Hence
orientation of etch pits with respect to depth point
through an angle of 180° can be obtalned. This type of
orientation change 1s also observed for pits produced

by HCX of appropriate concentration.
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4,5 Conclusions:

(D Etch pits produced by different concentrations of
various etchants (such as HCl, HEL ... ) on cleavage

faces of cglcite are at dislocation sites.

(2) The shapes of etch pits depend on the concentration
of an etchant. The change in the shape of an etch pit

is due to different reaction rates along different
directions for various concentration ranges. However, for
a given range of concentration of an etchant (HCL or HAC)
unequal rates of reaction along one/or more directions

do not produce a change in the shgpe of etch pits.

(5) The two ptypes of orientation of etch pits viz.
a) the rotation of an etch pit with respect to a crystal
face and b) the shift of the point of maximum depth
in an etch pit of constant shape, are found to be due to

different reaction rates along different éirections.

(&) Similar etch pit shapes may be observed on calcite
clsavages by different concentrations of various etchants.
Similar shape~cycles are not observed for systematic
change of concentrations of various etchants. However,
for very low range of concentration of etchants (HC1 or

HAG), similar shape-cycles of etch pits on rhombohedral



cleavage faces of calcite are observed.

(%) The pyramidal or trunctated planes forming etch

pits on g caleite cleavage surface are vicingl faces.



