Bull. Mater. Sei.,Vol. 8, No. 4, October 1986,pp. 519-525.
© Printed in India.

Studies on etching of gel-grown barium oxalate dihydrate crystals
S M D H A R M A P R A K A S H and P M O H A N RAO
Department of Physics, Mangalore University,Mangala Gangotri 574 199, India.
Abstract. Etch pits produced by selectiveetchants such as 1 M HCI, 1 M HNO3, 4 M
BaCI2, 4 M NH4C1 and 4 M NH4CI-I M HCI solutions on the as-grown {110} faces of
barium oxalate dihydrate crystals are illustrated and explained. The kinetics of etching is
studied. From Arrhenius plots, the activation energy of etching and the pre-exponential
factor are computed. An empiricalequation governingthe kinetics has been suggested.
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1. Introduction
Etching technique is a powerful tool to study the nature of crystal dislocation.
Gilman and Johnston (1956) and Keith and Gilman (1960) showed that etch pits
nucleate at the points of emergence of dislocations and other defects on the crystal
surfaces. Though a voluminous literature can be cited on the study of dislocations by
chemical etching, a generally complex etching mechanism (Batterman 1957; Gatos
and Lavine 1960; Warikose et al 1962) which is at variance with the material and the
etchant, is not understood properly to-date. Hence, a trial and error method is
adopted for the determination of suitable etchant for a material. Since there exists no
report in the literature about etching studies on barium oxalate dihydrate crystals it
was considered better to subject the crystals to various dislocation etchants.
The present study reports the effect of etching parameters like temperature,
composition and time on selective etch rate with the different etchants used. All the
etching experiments were conducted on as-grown {110} faces.

2. Experimental procedure
The barium oxalate dihydrate crystals employed for etching studies were grown by
the gel method (Dharmaprakash and Mohan Rao 1985). A number of AnalaR grade
chemical reagents were examined for possible use as dislocation etchant, viz HCI,
H N O 3, BaCI2, NH4C1. It was felt necessary to establish the reliability of an etchant
to determine the dislocation on crystal faces, for which microscopic examination was
made of the successively etched faces. Etch pit size was determined by taking an
average of measurements on a number of etch pits at a constant magnification using
a filar micrometer eye piece fitted to the optical microscope. Crystals were etched at
different constant temperatures between room temperature (31°C) and 49°C.
Temperature was controlled using a bath regulated within +0"5°C. Etch rate for
different compositions of the etchants was calculated from a number of
measurements of the pit size.

3.

Observations, results and discussion

Figures 1-3 depict the etch patterns produced by 1 M hydrochloric acid, 1 M nitric
acid and 4 M barium chloride after etching for 30 seconds. The etch pattern
519

520

S M Dharmaprakash and P Mohan Rao

produced by 4 M ammonium chloride after etching for one minute is shown in figure
4. Figure 5 represents etch pits formed by a mixture of 1 M HCI and 4 M NH4CI
after 30 seconds. It can be seen from these figures that the etch pit morphology
depends on the nature of etchant used. Some shallow pits on the etched planes are
seen together with deep ones. Micropits are also found (figures 1, 2 and 5) which
indicate the general dissolution of the surface, because point defects are too sensitive
to etching. Individual pits, not endowed with regular symmetry, are formed some of
which are fiat-bottomed and the others point-bottomed. Such shallow, fiat and
micropits formed during etching need not necessarily be related to the sites of
dislocation intersection with the surface. Point defect clusters, impurity inclusions,
surface damage, foreign particles on the surface, and other often in tractable factors,
may also lead to the formation of pits on the habit faces. In order to test whether the
etch pits are produced at the emergent sites of dislocation, successive etching is tried
with each of the etchants. Successive etching results in pit widening and deepening in
all the etchants, thus providing reliability of etchants. Some of the etch pits on the
same face are not of the same size and depth. This discrepancy can be explained by
the studies of Patel and Desai (1965) who postulated that, while the surface is
dissolved by the micropit mechanism, new layers are exposed during continued
etching, which means that new end points of defects terminating in the layer just
below the cleavage face are attacked by the etchants. At the sites of these newly
exposed defects the etch points are therefore bound to form. The time lag in the
formation of pits is responsible for the non-uniform sizes of etch. In figures 2-4 the
point bottoms of some of the rectangular shaped pyramidal pits are shifted from
their geometric centre. The eccentricities of the pits can be explained by postulating
the existence of inclined dislocation lines in the body of the crystal (Patel 1961).
When the etchant attacks the dislocation sites, the pits thus produced will follow the
dislocation lines into the body of the crystal. If the dislocation lines are perpendicular
to the face, symmetric pits will be produced. On the other hand, for inclined
dislocation lines asymmetric pits will result. When a series of dislocations lying in the
same slip plane meet a barrier such as a grain boundary, the dislocation pile-up takes
place. The row of etch pits shown in figure 6 represents such an example of the pileup.
In order to study the kinetics of etching in barium oxalate dihydrate crystals, the
etch rates are determined at various temperatures for different concentrations of the
etchants. The plots of logarithm of etch rate lnR vs reciprocal temperature T - t of
the etchant in the temperature range 31-49°C for 1 M HNO3, 1 M HC1, 4 M BaCI2,
4 M NH,CI and a mixture of 4 M NH4CI and 1 M HC1 are illustrated in figures 7, 8
and 9. Evidently the curves follow the Arrhenius equation:
R = A e x p ( - E/K T),

where A is the pre-exponential factor, E the activation energy of the etching process,
K the Boltzmann's constant and T the temperature of etchant. From these Arrhenius
plots, the values of activation energy and pre-exponential factor are calculated and
the results are presented in table 1.
The faster etch rate in NH4CI-HCI may be because the fast etching is not sensitive
to the energies of the atoms at the surface or to their geometrical configuration
(Gatos 1975). It may be the fact that the chemical reaction and diffusion both operate
simultaneously making the etching or dissolution process less sensitive to
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Figures I-3.
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Etch patterns produced (at 30 sec) by: 1, 1 M HC1. 2. I M HNO 3. 3. 4 M

BaCI/.

temperature change, thus giving a very low value of activation energy. As the etching
proceeds, etchants such as HC1, HNO3 react with crystals to form oxalic acid, which
in turn dissolves in water. Therefore these dissolutions are reaction rate-controlled.
Among the etchants presently investigated, the etch rate in BaClz is low giving the
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Figures 4 ~ . 4, 5. Etch patterns produced (at 30 sec) by: 4. 4 M NH4C1. 5. 4 M
NH4CI+ 1 M HC1. 6. A row of etch pits on a surface etched with 4 M NH4CI (1 min)
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Figure 7. Plot of lnR against reciprocal temperature for HCI
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Figure 8. Plot of lnR against reciprocal temperature for HNO3

highest activation energy. Also the dissolution in BaC12 is diffusion-controlled,
because of the common ion of the solution and the solvent. The observation that
high activation energy characterizes diffusion-controlled dissolution (as of barium
oxalate in barium chloride) is contrary to the observation by Abramson and King
(1939) and Tuck (1975) on certain semiconductor materials in which the activation
energy for a diffusion process was found to be less than that for a chemical reactioncontrolled dissolution. It follows, therefore, that the other conclusion of Tuck (1975)
that the diffusion-controlled mechanism of dissolution is not sensitive to changes in
temperature is contradicted in the present situation. The values of activation energy
are independent of acid concentration (table 1) indicating the dependence of etching
rate on temperature alone. Further, since the value of pre-exponential factor A
increases with increasing acid concentration, it implies that A has to be the function
of etch concentration. Figure 10 illustrates the graph of lnA vs lnC from which A can
be expressed by the empirical relations
A = 11"896 C~3143; A = 10"8519 C °'4444

524

S M Dharmaprakash and P Mohan Rao
0

-I

Iv,
t-

-2-

-4
3.0

I

I

I

3.1

3.2

3.3

y-I (10-3 K -I)
Figure 9. Plot of lnR against reciprocal temperature for BaCI2, NH,CI and NH4CI-HCI

Table 1. Activation energies and pre-exponentiai factors calculated from
Arrhenius plots.
Dislocation
etchants
HNOa

HCI

NH4CI
BaC!2
NH4CI and HCI

Etchant
concentration
(M)

Activation
energy E
(in ev)

Arrehenius preexponential factor
( x 104)

0-5
1.0
1-5
2-0
1-0
1"5
2.0
2"5
4
4
4

0-36
0-36
0-36
0.36
0.34
0"34
0.34
0.34
0.38
0-44
0-22

12-53
14.64
16-33
18.84
5"87
6"82
7-77
8-93
10.28
92"72
00.13

in the case of H N O 3 a n d HC1 respectively. This w o u l d e n a b l e us to r e p r e s e n t the
d i s s o l u t i o n of b a r i u m o x a l a t e d i h y d r a t e crystals b y writing the A r r h e n i u s e q u a t i o n in
the form
R = 11.896 C °'314a exp ( - E/KT)',
R = 10.8510 C °'4444 exp ( - E/KT),
where C is the etch c o n c e n t r a t i o n of H N O 3 a n d H C I respectively.
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Figure 10, Plot of lnA vs lnC
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