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5,1 INTRODUCT ION - 30

The gel method has proved to be a promising
technique for growing single crystals which are
insoluble or sparingly soluble in water and which

1S
cannodt be grown from melt or from the vapour.1 (Suri

et al., 1970). It has been reported?”6

(Henisch,
1970 ; Kratochvil a;d Sprusil, 1968 ; Liow and

Faust, 1971 ; Halferstadt and Hanisch, 1968 ;

Pillai and Itlyachen, 1978) that a variety of crystals
suitable for research and technology can be grown

in silica gel, Gels can act as excellent supporting
medila thrcggh vhich the reactin§ materials can
diffuse at a suitable rate promoting crystal growth,
Crystals grown by gel technigue are normally
geometrically well-defined and exhibit many
crystallographic features. Research in this field
has progressed by leaps and bounds with the pioneering

work of Henisch (1970)2

The growth of single crystals of ammonium-
hydrogen-d-tartrate is of considerable interest in
view of the fact that it exhibits plezoelectric
properties and its growth morphology and other

properties are relatively unknown, The importance



of gel technique and its preference to other
crystal growth techniques have been emphasized

in Chapter-4. In this chapter the perform;nce and
potentiality of the gel technique is tested in
producing larger and more perfect single crystals
of ammoniumehydrogen-d-tartrate (ammonium acid

tartrate),

5,2 EXPERIMENTAL

5.2.1 Preparation of Silica Gel

The solution of commercial water glass in
distilled water was filtered with ordinmary filter
paper to separate the floating and suspended
impurities, As a result transparent golden coloured
solution of sodium meta-silicate was obtailned and
could be preserved as a étock solution for quite a
long time, To this solution of sodium meta-silicate,
was added a required quantity of distilled water so
as to obtain a solution of specific gravity 1.4 gm em™3
When this solution is mixed with any mineral or organic
acid, gel formation takes place due to polymerization
as formation takes place due to polymerization as
described earlier (cf Chapter-4). Time required

for gelation depends on a number of factors such as



density and pH of gel solution, acid used for
gélation, ambient temperature etc, Gels of\low
density and low pH values required relatively longer

time for setting,

In‘ the present work, solution of d-tartaric
acida (C 4H6©6) (GR quality 99,5% pure) was prepared
by dissolving it in an appropriate amount of distilled
water to give required molar concentration

(c£ Chapter-2) as shown in the table 5.1

Table 5,1

Molar concentration of TA (d-tartaric acid)
in distilled water at 35°C

Sr, Amount of Volume of Molar
No, d-tartaric solution Concentration
acid in gm in c.c. (M)
1l 225,135 1000 1.5
2 300,180 1:000 2.0
3 375,225 1000 245
4 450,270 1000 3,0

5 525,315 1000 3,5
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Gels were prepared by mixing sodium
meta-silicate solution (sp. gra. 1,04) with
d-tartaric acid solution in different propertiesns
The pH of the mixture was measured by pH meter. In
what follows, tartaric acid alwags means d-tartaric

acid.

5.3 RESULTS AND DISCUSSION

5.3.1 Crystal Growth

Crystallization was carried out in standard
test tubes of different dimensions (2.5 cm diameter
and length 22,5 cm ; 3,6 cm diameter and length
20 cm), Silica gels Were prepared by mixing sodium
metasilicate solution (sp. gr. 1,04) with tartaric
acid (TA) solution having different molar concentrations
in different amounts as described in the last section.
The gel 1is usually set within 4 to 18 days, depending
on the gel density, pH of the gel solution and the
environmental temperature, After ensuring proper gel
setting, the growth experiment was started by adding
the feed solution (¥S) ammonium chloride (GR quality,)
having different concentrations varying from 1 ,.,5M
to 3,5M (Table 5,2) above the set gel with the help

of a pipette (Least count 0,1 ml).



Table 5,2

Molar concentration of FS (feed solution -
ammonium chloride) in distilled water at 35%C

Sr. Amount of Volume of Molar

No. ammoniuam solution Concentration

chloride in in c.c. M)
gm

1 80,240 1000 1.5

2 106,990 1:000 2,0

3 133.740 1000 2,5

4 160,490 1000 3,0

5 187,240 1000 3.5

The drops from the pipette were allowed to fall

gently along the sides of the test tube in order to

prevent breaking of the surface and inner structure

of the gel, Slowly the FS will diffuse in gel and

react with gel incorporated TA, forming transparent

geometrically well defined single crystals of ammonium

hydrogen~d-tartrate (d-AHT) in the test tube (fig. 5.1)

The chemical reaction between these reagents is as

follows :



Pig. 5.1 Scheme tic drawing of
test tube containing

(a*) Rubber cork

@)
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Ic)

(d)

©)

Ammonium-ch 1 or ide-
Feed solution (FS)

Liquid expelled from
gel due to syneresis

Crystals on gel -
liquid interface
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needle-shaped IN)
orthorhombic

di sphenoidal lo) and

sphenoidal (s)
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Fig. 5.2 Photograph of a test tube
showing
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1d)

le)

Ammon ium-chlor.ide-
feed solution IFSj

Crystals on gel-
liquid interface

Crystals in qgel
needlm-sha ped IN),
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enoidal (o) and

sphenoidal (s)

d-tartaric acid
impregnated sodiim
metasil ica te gel,.



NHCL + CHO,  e—mmeeeees)

/

NH4.H,C4H4@6 *+ K1 ... (5.1)

There are basically three regions in a test tube

where the crystal nuclei have the opportunities to

grow, They are as follows @

(a)

(o)

The interface between the gel and the FS is one
of the places where reaction between FS and gel
takes place, resulting in the production of
crystal nuclei., The interface is also the place
where the phenomenon of syneresis takes place.
This phenomenon constitiutes one of the important
properties of a gel, It is a spontaneous
liberation of liquid from the gel. Obviously .
this liquid is tartaric acid. It can also be
considered as internal dehydration, It is
associated with the shrinking of the gel, thereby
affécting the pore size. In fig. 5,2 the

interface is represented by ‘a’‘’.

The second region is obviously the central part
of the test tube, The FS percolates through

pores of the gel and reacts with gel acid. The

crystal nuclei begin to develop in the gel pores



o

of the central part of the tube (Fig. 5.2),

(c¢) The FS can also slip through some space between
gel and tube walls, The solution reacts with
the impregnated acid in the gel, with formation
of crystal nuclei near the wWalls and bottom of

the test tube (Fig. 5.2).

From these three regions crystals were collected
after allowing sufficient time (about 6 to 8 weeks)
to develop the nuclel and subsequent growth. The
graphical study of the effect of different,grow61
parameters on nucleation is given in the next chapter,
Qualitative features regarding morphology etc., are

discussed here,

5.3.2 Crystal Morphology and Habits

A large range of concentration of reactants
(tartaric acid impregnated gel and ammonium chloride)
is used to determine optimum conditions of growth of
good quality single crystals of 4-AHT, 1In what follows
the sodium metasilicate solution (SMS) in watef has a
specific gravity 1,04 g;ggﬁmqa The concentration of
tartaric acid solation (TA) in SMS was varied. The

gel concentration refers to the concentration of TA
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in it, Further with a fixed comcentration of TA,
the gquantity of TA added to SMS was also varied,
This amount is indicated in percentage of the entire
solution (SMS & TA), The experimental work was

carried out at room temperature RT - 35% ,

It is observed that minimum concentration of
tartaric acid for initiating the growth is»O.SM,
Below this concentration, growth is almost impossible.
It is possible to grow crystals by varying
concentrations from Q,5M to 5,099 M which corresponds
to the saturated solution of TA in water at R.T.
For lower gel concentration (between O,5M to 1,5M)
the quantity of TA should be more than 5% to
obtain crystals of good geometrical shape., The
concentration of FS in the above case was varied
from 1,5M to 3,5M, For concentrations less than
1.5M, the ability of the FS to diffuse is greatly
diminished, thereby decreasing the probability of
formation of crystal nuclei and subsequent growth,
For concentration 7 3.5M, the diffusion is heavy,
resulting in the growth of translucent crystals, In
between the above extreme cases good quality ’
transparent crystals with well-defined ge&metrical

shapes could be obtained. For temperatures lower than



RT (35°C) the concentration values of TA would
obviously change to lower values and for FS inverse
is the case. The detailed observations are described

below

There are basically three habits of the 4-AHT

crystals grown in silica gel. They are as under :
(i) Needle-shaped crystals (Fig. 5.3a)
(11)  Orthorhombic disphenoidal crystals (Fig. 5.3b)

(1ii) Sphenoidal (Tetrahedral) crystals (Fig. 5.3c)

It should be noted that only three habits
mentioned above are observed for all possible
combinations of differcnt factors affecting the

growth of these crystals in gel,

The needle-shaped crystals start growing from
a bunch of nucleil at the interface between gel .and
FS, With the timely arrival of the FS, they start
getting separated as fine needles, The gradual
deposition of crystal material thicxies the needle
and also extends its growth along one direction viz.
C -direction, which is the growth direction of g-AMT
crystals of different habits, Further the direction
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Fig. 5.3 Photographs of d-AHT crystals of
different habits obtained by allowing
TA of 3M concentration in a silica gel
of sp. gravity 1.04 to react with 2.5M FS

(@ 20% TA of gel pH 3.0 to obtain needle-

shaped crystals.

(b) 40% TA of gel pH 2,2 to obtain ortho-
rhombic disphenoidal.

(c) 60% TA of gel pH 1.7 to obtain sphenoidal
crystals.



is inclined with the vertical, i.e. with the test
tube, Many observations regarding orientation of
these crystals with vertical axis of test tube.

are made. There does not appear to be any preferredt
orientation. Fig. 5.4a,b represent the different

stages of growth of needle-~shaped crystals.

The orthorhombic disphenoidal and sphenoidal
crystals are normally found at the central §art of
gel and bottom part of the lest tube, Some
interesting growth features for these two habits
are noticeable. (a) The orthorhombic disphenoidal
crystals grow by having (i) growth in bunches
(Fig. 5.5a,b) and also (ii) penetration of a crystal
into another at a definite angle (Fig. 5.6) (b) Raws
of sphenoidal crystals (Fig. 5.7a,b). There is one
common feature in these habits. During growth the
twinning between the growing crystals sometimes takes

place resulting in the continuous twinned growth.

Prom Fig. 5.8 it appears the excessive growth
of crystal in the horigzental direction has damaged
the gél net work and hence formation similar to
that of cusp resulted. There is also a possibility

of formation of two crystals in the horizontal
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Pig* 5.5(a) Photograph of bunch-growth of
orthorhombic disphenoidal crystals

(b) Enlarged portion of bunch-growth (e) ,
shown in (a)

Pig. 5.6 Photograph showing penetration of 4
growing orthorhombic disphenoidal
crystals, in a twinned from (T)



Fig. 5.7(a) Photograph showing growth of twinned
sphenoidal crystals in rows (R)

(b) Enlarged portion of sphenoidal crystals
in rows (R) shown in (a)

Fig. 5.8(a) Photograph of cusp formation around
twinned sphenoidal crystals

(b) Enlarged portion of cusp around twinned
sphenoidal crystals.
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direction (Fig, 5.8a,b), a smll one and large
sized one in twinned position. In the absence of
full knowledge of twinning laws operating for these
crystals, it is difficult to arrive at a definite

conclusion.,

The size of a face of a grown crystal depends
upon the amount of feed material available to a
growing crystal. This can be gqualitatively connected
with various parts of the test tube at vwhich crystals
of different habits have grown, Thus when fairly
large amount of FS is available, needle-shaped
crystal grow, With decreasing amount the crystal
habit becomes orthorhombic disphenoidal, With a
further drop in the availability of feed solution
only sphenoidal crystals could be obtained., This
also suggests rather an elegant method to grow
crystals of desired habit, In majority of the
grown crystals C-axis happens to be the growth
axis, which is slightly inclined with the vertical,
However, there are a few exceptions to this general
observation, The reason for this, could not be
deduced from the available data. Further, the habit
and quality of grown crystals depend not only on the

amount of material (FS) available at a place but also



on the rate at which the material is made available
at that place, It is observed that the crystals
with very high growth rate are of inferior quality.

The converse of this statement is also true.

5.3.3 Effect of gel pH on Grow;h
(a) pH of a solution

There are several factors which influence size
and morphology of growing crystals in a gel medium,
They are gel pH, concentration and quantity of FS
and 4-TA, specific gravity of SMS, number of nuclei,
temperature, ©QOut of these factors, it is found that
the gel pH is influencing quite significantly the
size and morphology of d-AHT crystals. In order to
understand and appreciate the importance of gel pH,
it is desirable to héve a clear meaning of pH, The
term pH, also known as hydrogen ion concentration,
is always mentioned with respect to the universal
solvent water which is amphoteriq and poor conductor
of electricity, Dissociation of water creates the
formation of H' and OH™ ions, Pure water is capable
of acting either as a weak acld or a weak base by
virtue of its ionization to a slight extent into H*

and OH  ions :-

Ho =—— H* & OH cees (542)
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The above equation is applicable to any
aqueous solution. Application of the law of mass

action to the above reversible reaction yields

Cyt x Conu™
- Ko
CHQ_‘O 000(503)

where symbol C represents concentration and Kw
the ionic product of water or dissociation constant
of water. Electrical measurements give K= 10"14
(gm = ion per litre) at room temperature.‘ The
concentration of undissociated or unionized water is
practically constant and is very close to unity

(CH o = 1). Substitution of values of Kes amd Co4,0
2 ;

gives

._.)[*
CH“’X COH‘ = 10
ese (5.4)

Thus the product of the concentrations of u*
and OH ions in water or in any aqueous solution is
constant at constant temperature, Further (5.4)
indicates that in a completely neutral solution,
the hydrogen and hydroxyl ion concentrations are

equal and each has a value 1077 gm-ion per litre :

Cy* = Cor < JKe - o’ qm- ion per Litre
*e ® (5.5)

-
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If hydrogen ion concentration Ci* exceeds
this value, the solution is said to be acidic and
obviously in such a solution hydroxyl ion
concentration ()fwill be less than 10”7 gm-ion
per litre., ©On the other hand if C)y' is less than

°7, (:oﬁ'will be greater than 10°7 and the aqueous

10

solution is said to be alkaline, Thus the product
Cut - Cod for a solution must be 1074 at room

temperature whether the solution is acidic, alkaline

or neutral,

Hydrogen ion concentration, expressed in terms
of normality or gramme equivalents per litre, can
vary from about 1 gm-ion per litre in a normal

o 14 in a normal solution

solution of strong acid to 1
of alkaii. It is\evident that expressing hydrogen
ion concentration in the form 1 x 10”2 normal is
inconvenient. Hence it was suggested by Sorenson

that hydrogen ion concentration should be expressed

in terms of hydrogen ion exponent. This is a number
obtained by giving a positive value to the negative
power of 10 in the expression 10" " normal and is
usually written as pH, Hence the pH value is defined
as the légarithm to the base 10 of the hydrogen ion

concentration with a negative sign or the logarithm



to the base 10 of the reciprocal of the hydrogen
ion concentration expressed in gramme-ions per

ed
litreg express algebraically
[ |
e
pi = - logjq (5] = logyo L H

or | H] = 10°PH ceee (5,6)

+
where H is the hydrogen ion concentration in
gramme-ions per litre. In this way the hydroxyl

ion concentration, pOH can also be expressed

pOH = - logloj:OHv] 'YX (507)
or

['OH-] = l’o-p‘OH s eed (508)

Thus equation (5,5) can be written as
pH * pDH = pKo.J = 14

An idea of the acidity or alkalinity of a

104

solution can be obtained at a glance from the following

table :



|
l
l
|
pH1

I

|
t
|
l
pH:

Hydrochloric acid solution

N N N
1 10 102
D 1 2

Pure Water

N

109

N N N

10I 105 3
4 5 6 7

]
l
|
10 f
|
l

Caustic soda solution

N N N N N

- ——— - —— - ————

10° 10° 10% 103 102
8 9 10 11 12

Pure water

N N
10 1
13 14

FProm the above table it will observed that

high pH values correspond to low hydrogen ion

concentration and an alteration of one unit in the

pH value amounts to tenfold alteration in hydrogen

ion concentration,
the hydrogen ion concentration all degrees of

acidity or alkalinity from that of a solution

By this method of expressing

containing 1 gm - equivalent of hydrogen ion per

105

litre to that of a solution containing 1 gm eguivalent

of hydroxide ion per litre can be expressed by a

series of positive number from O to 14,

In the present case the gel pH of a mixture

containing d-TA and SMS solution (sp. gra. 1.04 — ~ _
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was measured by a pH meter (Systronics pH meter

with glass-calomel electfodes, model No. 325,

L,C, = 0,1 pH)r before the comnencement of gelation.
The values of gel pH mentioned in tables 5,3 and 5,4

were obtained by using the above pH meter.

(b) Gel pH and Crystal Growth

The effect of gel pH on the morphology of
grown crystals is qualitatively studied by keeping
all other factors constant, In what follows the
gel solution means the solution containing tartaric

acid of certain concentration mixed with SMS of

=3

specific gravity 1.€M-fff*ﬁ .+ In this solution

the concentration of SMS remains constant. The pH
of the gel solution can be changed by changing the
quantity of TA or SMS, or concentration of one
of the components or both of the solutions Further
the pH was determined at the time of mixing TA &
SMS, The network of silisic acid is formed, giving
rise to the formation of gel with a definiée
extension of network in the available space and a
fixed size of pores of network. In the present case
the gel pH was varied from 1,56 to 3,72, with varying

concentrations and quantities of TA ~-".73 and

also varying quantity of SMS, The sizes of the test



tubes in which the gel was set were also fixed,
Further for avoiding the temperature fluctuations,
test tubes containing gel solution & FS were kept

in oven and incubator, the temperatures of which
were thermostatically controlled. Under these
conditions, the present study was carried out, The
observations were extended over a periond of two ‘
months and the results vore reported in tables

5.3 & 5,4, The formation of gel depends not only

on the concentration of TA, but also on its
quantity., The setting time is found to vary from

a few days say 4 days to about 18 days. It is
observed that with 1,5M and 604 TA, the number of
days required for the formation of gel is about 18
days. When test tube was kept for more days, a
fungus growth was found on the surface. Hence the
formation period'canypot be increased beyond 18 days.
Further this has also restrained the utilization of
gel with 1,7 £ pH £ 3 with concentration

©0,1,54 < TA < 3,5M, and quantity of TA between
2046 & 60k. The studf was divided into two parts as
mentioned in tables 5,3 & 5,4, Table 5,3 summarizes
the results of experiments carried out over a period
of more than two months. In this study with a fixed

quantity and concentration of TA with formation
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Table 5.3

- Data on crystal morphology, gel pH molar co;\xcentra.tion
of TA for a fixed molar concentration of FS

" R,T, = 35%

FS conen = 2 M
¥ "
TA % acid Gel pH Crystal Morphology Gel
conen  with, Maximum linear growth settin
SMS parallel to tire 9
C -axis [001) be1J

Needle Ortho- Sphenoidal
shaped rhombic

disphe-
(mpl) (in rm) (231,‘3‘?“} (in mm) (in days
20 % 3.72 40 13 7 4
3% 3,20 - 16 10 6
1.5 M 40% 2,82 - 31 7 10
506 ' 2.51 - 16 10 15
60% 2,30 - - 8 is
20% 3,30 36 12 - 5
30% 2,87 - 16 8 8
2.0 M 4% 2.56 —— - 14 9
50% 2,30 - - 13 14
60% 2,10 - - 11 16
20% 3.18 31 13 - 6
30% 2,70 | -~ 16 8 8
50/3 2.@ hadad - 9 11
60% 1.85 - - 10 1%
20% 3,00 56 i4 — 5
3% 2450 - 22 6 6
3.0M 40% 2,20 — 17 8 7
50% 1,90 - - 10 8
0% -0 - - &l q
2% 2.65 - 22 7 6
30% 2425 - 10 11 7
3.5 M 40% 1,95 - 14 12 8
50% 1.73 - 14 9 9
6% 1,56 —— - 12 10

+ TA o Tartaric acid solution
* SMS ~ Sodium metasilicate solution
AFS - Feed So[ul’oﬁ



Table 5.4

Data on crystal morphology, gel pH, molar concentration
3
of FS for a fixed molar concentration of TA

R,T, 35%
TA conen = 3.0M

% aciad Conen gel pH Crystal Morphology
with of 4 Maximum linear growth
sMs” FS parallel to
¢ -axis L[o01) [¢o1]
Needle orthorhombic Sphenoidal
shaped disphenoidal
(in M) (in mm) (in ram) (in mm)
1.5 27 21 -
2,0 56 14 -
20% 2.5 3,0 63 11 -
3,0 60 17 -
3.5 60 17 -
1,5 —— 20 8
2,0 - 22 6
3% 2,5 245 33 42 7
3.0 37 - 10 4
3.5 37 7 -
1.5 - -9 10
2¢0 —— 17 8
40% 2.5 2,2 - 20 8
3.0 — 14 12
2.5 hnd 17 8
105 -~ - 12
2.0 - , - R 10
50% 2.5 1.9 - - 15
3,0 - 12 13
3.5 - 12 16
1,5 - i1 9
2,0 - - 11
6 0% 2.5 1.7 - - 12
3.0 - -— 13
3.5 - - 17

* SMS . Sodium metasilicate solution

% FS - Feed Solution (Ammonium chloride solution)
., TA - Tarkwic  acid
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periods of gel extending from 4 days to 18 days,
The maximum length obtained along the growth axis
[001] in the case of needle shaped and orthorhombic
disphenoidal shaped crystals and along IEE C101]
direction in case of sphenoidal shaped crystals
are mentioned. Thus with 1,5M & 2:0% TA length
(40 mm; ;2 needle-shaped crystals were found with
progressive reduction in length for orthorhombic
disphenoidal and sphenoidal habits i.e. 13 mm of
orthorhombic disphenoidal and 7 mm of sphenoidal
habit . The table indicates that with a suitable
combination of conditions regarding concentration,
pH, gel setting time etc. it is possible to grow
cryst;ls of desired morphology and size, Téble 5.4
presents results with 3M TA of varying quantity &
gel pH and fixed quantity of FS of varying

; concentrations, The table indicates very c¢clearly
that optimum conditions can be evolved to grow

crystals of desired morphology & size.
5.4 CONCLUSION

From tables 5,3 & 5.4, it is possible to deduce
optimum conditions for the growth of good quality
crystals of definite morphology. It is understood
by the term ' good quality crystals ' that the crystals
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are geometrically well-developed and are completely
transparent. Further the specific gravity of SMS

is 1,04, and the ambient temperature 35°%C. and quantity
70 c.c. The optimum conditions for different

morphologies are as follows -

1. TFor needle-shaped crystal's
(i) gel pH 773

(11) Quantity of TA solution should be 20% of
the total solution ASMS + TA) at 35%,

(iii} Concentration of FS should be > 2M,

2. For orthorhombic disphenoidal crystals
(1) 2 £ gel pH £ 3,

(11} Quantity of TA solution in the total
solution should be between 3% & 40%,

(iii) Concentration of F5 should be between 2M
and 3M¢

3. For sphenoidal crystals
(1) gel pH £ 2

(11) Quantity of TA solution > 40% of the
total solution,

(iii) Concentration of FS should be between
2.4M & 3,.,5M,



These conditions are true when test tube size
is 3,6 c.m. diameter and length 20 c.m, The size
of a test tube is likely to alter the morphological
conditions of the growth of 3d-Ail crystals. However,

this is not studied in detail.
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Schematic drawing of test tube containing

(a') Rubber cork

(a) Ammonium-~chloride~Feed Solution (FS)

(v) Liquid expelled from gel due to syneresis
(¢) Crystals on gel-ligquid interface

(d) Crystals in gel s needle-shaped (N) ;
orthorhombic disphenoidal (o) and
sphenoidal (s)

€

(e) d-tartaric acid impregnated sodium-
metasilicate gel.

Photograph of a test tube showing

I

(a) Ammonium~chloride-feed solution (FS)
(¢) Crystals on gel-liquid interface.

(@) Crystals in gel : needle-shaped (N),
orthorhombic disphenoidal (o) and
sphenoidal (s).

(e) d-tartaric acid impregnated sodium
metasgilicate gel,

Photographs of d-AHI' crystals of different
habits obtained by allowing TA of 3M
concentration in a silica gellof sp. gravity
1,04 to react with 2,5M FS,

(8) 20% TA of gel pH 3,0 to obtain needle-shaped
crystals,

(b) 404 TA of gel pH 2,2 to obtain orthorhombic
disphenocidal.

(c) 60% TA of gel pH 1,7 to obtain sphenoidal
crystals,



5.4 (a,b)

5.5 (a)

(b)

S.6

5.7 (a)

(b)

(b)

Schematic drawing of the (a) bunching
of nuclei (shown by lines) (b) subsequent
separation into fine needles,

Photograph of bunch-growth of orthorhombilc
disphenoidal crystals.,

Enlarged portion of bunch-growth (e),
shown in (a),

Photograph showing penetration of a growing
orthorhombic disphenoidal crystals, in a
twinned form (T),

Photograph of growth of twinned sphencoidal
crystals in rows (R)

Enlarged portion of sphenoidal crystals in
rows (R) shown in (a).

Photograph of cugp formation around
twinned sphenoidal crystals,

Enlarged portion of cusp around twinned
sphenoidal crystals. ’
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6,1 INTRODUCT LON

The problem of nucleation is of great importance
in practical operation, since a crystal which grows
in any particular gel system compXete with others
for solute, This competition limits their size and
perfection and it is obviously desirable to supress
a large number of nucleations until, ideally only
one crystal grows in a predetermined location, The
available techniques have not yet reached this level

of perfection,

The suppression of a large number of nucleation
centresis the principél function of the gel, but it
is apparent that the degree of suppression
ordinarily obtained is insufficiegt for many of
the crystals one wishes to grow, Though ionic
diffusion is showed by the soft three dimensional
gel frame work, this suppression reaction rate is
still larger than the one required for liquid
nucleation. Hence nucleation control in a gel medium
remains one of the serious problems for a crystal
grower, It may be envisaged that the potential nuclei
are physically enclosed in gel cells of varying sigzes

and varying degrees of communication with neighbouring
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cells, Gel cell size is influenced by gel density,
gel age,1 (Henisch, 1970) gel sz (Patel and Rao,
1978) and temperature3 (Nassau et al., 1973), Hence
nucleation control can ke achieved to some extent
by varying these parameters, Other conventional
methods such as neutral gel technique4 (Nickel and
Henisch, 1969), seeding,1 addition of impuritiess'6
(Henisch and Dennis, 1967 ; Barth et al, 1971) have
also been employed by some cryséal growers, Recently,
the growth of single crystals in silica gel media
under the influence of an externally applied x
electric field has drawn the attention of many

crystal growers.7’8

(Suib, 1980 ; Kurian and
Ittyachen, 1980) This method is gquite promising

for a controlled growth of metallic =y crystals,

In this chapter, influence of several parameters
such as gel setting time, gel age, concentration of
feed solution, gel pH, concentration of incorporated
gel acid, syneresis effect of gel on nucleation and

growth of crystals are discussed,

6,2 EXPERIMENTAL

The gels were prepared by mixing pure sodium

metasilicate solution of known density 1.04 gm cm'3



with different amounts of d-tartaric acid solution
having concentrations from 1,5M to 3,5M as described
in section 5,2 (Chapter 5). The pH of the mixture
is measured by pH meter. The gel solutions thus
prepared were transferred to 3,6 cm diameter and
20 cm long glass test tubes and allowed to set at
room temperature which was maintained constant by
leaving the test tubes for a number of days in
incubator or oven having accuracy of f 1%, The
feed solution, having different concentrations
ranging from 1,5M to 3,5M was placed above the set
gel for percolation through it and initiation of
chemical reaction between F5 and TA in the gel

under controlled conditions,

6.3 ‘OBSERVATIONS AND DISCUSS ION

Different parameters such as gel setting time,
gel age, gel pH, concentration of feed solution,

concentration of incorporated gel acid, etc. which

influence directly or indirectly the pore size of a

gel were studied to secure optimum conditions for
the growth of better quality crystals and also to
study the effect of gel syneresis, by which crystals

growg on gel surface.

113
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643.1 Effect of setting time of gel on morphology
of @-AHT crystals :

9,1

It is now well established 0 {Desai and Rai,

1982 “P(s?rlx—eéQ Venkateswara Rao, 1978) that density of
sodium metasilicate solaution should be takep as

1.04 gm cm™3 for preparing a silica gel. Experiments
were conducted in the laboratory by different workers
to determine appropriate density of smsll,12 (Patel
1979 ; Parikh, 1978), It was found from those
experiments and others carried out by the present
author that the density of SMS solution should be

taken as 1,04 gm em™3

for preparing tartaric acid
impregnated gel, Hence in what follows the density
of sodium metasilicate solution would be always
1,04 gm em™3. Setting time of a gel containing
different amounts of tartaric acid of varying
concentrations is different., The amount of ¥S and
its molar concentration was fixed, This was gently
added to set gel, The observations are given in
Table 6,1 and graphical plot of setting time of
gel in days versus quantity of acid in percentage
(204 to 60%) with varying acid concentrations ranging

from 1.,5M to 3,5M are shown in Figs. 6,1 and 6.2,
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In Fig. 6,1 straight line plots of gel
setting time in days versus quantity of acid in
gel for varying concentrations of acid are given.

Some salient features of the plots are as follows :

(1) Needle-shaped, orthorhombic disphenoidal and
sphenoidal crystals are obtainable at 204

quantity of acid, irrespective of gel pH.

(2) Por 30% and 40% quantity of acid, only
orthorhombic disphenoidal and sphenoidal

crystals are obtainable,

(3) The sphenoidal crystals are obtainable for 50%
and 60% quantity of acid.

(4) It is also clear from the plots that gelation
time varies in inverse proportion with gel pH
at a given temperature., Greater is the gelation
time, larger is the gel pH and conversely

(Fig. 6.2).

(5) For concentrated acid in gel, the variation
of gelation time with quantity of acid in

percentage in SMS solution is less, as can be
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seen from the slopes of these straight line
plots (Fig., 6,1), The slopes which represent
gel setting time in days per unit percentage
of TA in SMS for a given acid, pH decreases
with increase in concentration: of TA and
based on the experimental observations that gel
setting time reguired for saturated solution
of TA is constant for different quantities of
acid in gel, 1t can be concluded that the slope
should be almost zero for the saturated

solution,

It is rather remarkable that it is the quantity
of acid in gel and not the gel pH which is solely
responsible for the crystal habits. This conclusion
is also supported by phot2graphs 6,3 a,b,c, which
depict growth of d-AHT, obtained from a chemical
reaction between 3M tartaric acid in gel (79 c.c.
mixture) and 2,.5M ammonium chloride (70 c.,c.) with

varying quantity of acid 20%, 40% and 604,

643.2 Growth of crystal Dimensions with gel age

It is shown above that all habits of 4-AHT

crystals are observable when the quantity of tartaric



CcO

Pig. 6.3

@

()

(c)

Cb} (To

Photographs of d-AHT crystals of
different habits obtained by 3M TA
incorporated gel reacted with 2.5M FS

20% TA of gel pH 3.0 to obtain needle-
shaped crystals

40® TA of gel pH 2.2 to obtain
orthorhombic disphenoidal and sphenoidal
crystals.

60% TA of gel pH 1.7 to obtain
sphenoidal crystals.
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acid in gel was 20%, Since the length. of needle-
shaped crystal is maximum (56 mm) at gel pH 3
(table 6,1), SMS gel impregnated with.2% TA
(of 3M concn) and FS of 2M concentratién was used
in the present experiment (R.T. 33°%C).! In order
to determine the effect of gel age on crystal
dimensions, travelling microscope with'a least
count of 0,001 cm was employed.(f all the habits,
needle~shaped crystals were easily amenmable for
measurement along the vertical directié;n of growth,
The set gel was aged in a regular manner,
After a certain age fixed quantity of FS (of 2,5M
conen) was gently added to the gel surface to
initiate a chemical reaction between ¥FS and gel
acid. The observations of time (gel aée), length
along the growth axis and ¢growth rate for different
gel ages at room temperature (33°C) are given in
table 6.,2. The variation of linear dimension of
needle-shaped crystals along the vertical C-axis
with time for various gel ages are graphically
studied (Fig. 6.,4a,b). It is clear from the plots
that the growth of needle-shaped crystéls increases
with the time of arrival of feeding material to the

crystal, attains an optimum value and remins
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practically constant, The growth slowé down after
8 hours or so, this is indicated by the curvature
in the plot. Further the results indic;te that
so far as the gel remains wet and free from fungus
formation, the gel age does not affect‘ the growth
significantly, as can be seen from the growth rates
(tables 6,2). Identical conclusions were obtained
for the variations of lateral dimensions of crystal

with gel age,

6.3.3 Effect of Concentration of Feed Solution

FS solutions with concentrations varying from
1.5 to 3.5M were prepared, It is clear from
table 6,1 that for the same molar concentration of
TA, gel pH depends‘ on the cuantity of TA and
gelation time e.g. for gel pH 2.3, underlined in
the table, for 604 quantity of TA, gelation time
18 days, the molar concentration of TA is 1,5M,
whereas for the same gel pH (2,3), molar concentration
(2M) and the quantity of TA (50%), the gel setting
time is 14 days. Hence in the present: experiment
with fixed gel pH, different concentrations and
quantity of TA and gelation time were taken.

Alternatively with fixed concentration of TA, guantity
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of TA and gelation time were chosen for obtaining

the desired gel pH, Density of SM5 was 1,04 gm/cm3.
Different amounts of TA in gel varying:from 20 to -
60% were taken. The gel pH was measured in the

usual way. IS of different concentrations were gently
added to the set gel for Stﬁﬁﬁﬁﬁ?g§§§6ét of FS
concentration on nucleation. The results are shwwn
graphically by plotting the number of érystals per
unit volume of gel at the'gel interface and also
inside the gel versus FS c@ncentration; for different
values of gel pH, The significant po%nt; for these

graphs are as follows

(1) Due to syneresis, crystals grow on gel,
surface and maximum number of crystals per
unit volume are indicated by ex#remum points f
C and D (Fig. 6.5a) for gel pH 1,7 and 2,2,
respectively. ©On either side of these valuey,
the variation of number densityiwith

concentration is almost linear.

(ii) Inside the gel the variation of‘number
density with ¥S concentration is almost linear.
Linear character is more sharp for gel pH 1.7
at wh&ch the concentration of feed solution is
not having any noticeable effec; on number
density (Fig. 6,5b).
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(iv)

Combination of visual inspection of

crystals growing in a gel and careful study
of plots show that pH values 1.7 and 2.2

and concentration range 1,5 to 2,5M of FS
are useful for obtaining transparent crystals,
Beyond 2.5M concentration, (Fig. 6.6a,b) the
size of the needle shaped crystal increases
and the number of translucent crystals areis
more than the number of tranSpafent crystals,
whereas for sphenoidal crystals (6.7a,b)

the size does increase with more number of
transparent crystals and less number of
translucent crystals. This is obviously
influenced by gel pH and the availability

of quantity of gel acid.

Incidentally comparison of plots of Fig. 6.5a
and 6,5b provide valuable information about
the useful molar concentrations of FS5, namely
2.0 and 2,5M in the gel growth of 4-AHI', This
shows that while considering growth of good
quality crystals phenomenon of syneresis has

to be carefully considered.

120
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Fig. 6.6 Photograph of test tubes showing needle-
shaped d-AHT crystals formed by using
25M TA with (a) 25M FS (b) 35M FS,
showing the increase in the number of
crystals with FS concentration.

Cco

Fig. 6.7 Photograph of test tubes showing sphenoidal

d-AHT crystals formed by using 2.5M TA with
(a) 3.£M FS and (b) 3.5M FS showing the

increase in the number of crystals with FS
concentration.



6.3,4 Effect of Gel-pH

It is knOWn)that pH of a gel is associated
with its pore size ; larger is the pore size in a
gel, smaller is its pH valuel. Pore size in turn
controls the intake of chemicals taking part in a
reaction in pore volume, This produces different
crystallographic habits of crysta1.13 Typical
experimental set up and observations are shown in
table 6,3. In all cases gel pH was determined at
the time of mixing gel solutions and feed solution
is added on surface of a set gel in a test tube.
Fig. 6.3a exhibits noticeable growth of a-AHT
crystals along the vertical direction parallel to
tube walls, Since the lateral growth is comparatively
insignificant mostly needle-shaped crystals are
formed, The growth took place when gel pH was 3 or
more, In Fig, 6.3b the top portion of the gel in
the tube consists of orthorhombic disphenoidal
crystals whereas central and bottom part near the
corner exhibit a number of well-developed sphenoidal
crystals, One crystal at the bottom is orthorhombic
disphenoidal, which is likely to be due to slipping
of FS near tube wall, When gel pH is in between 2

and 3 the orthorhombic disphenoidal and sphenoidal
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crystals are obtainable, Fig, 6.3 shows the
growth of sphenoidal €rystals, This habit is
obtainable when gel pH is less than 2, Since larger
pH value corresponds to a loosely bound platelet
structure of gel, crystals in the form of needles
are obtained. At such gel pH value crystals are
found to be translucent and not well defined, As
pH of the gel decreases, the box-like net-work
structure takes place,1 (Henisch, 1970) the
diffusion of feed-solution is slow14 and as a result
the trapping of molecules by crystal nuclei is less
ander these conditions sphenoidal crystals are
observed. These conclusions are in tune with those
observed in the earlier chapter, Fig. 6.8a,b are
the plots of the number of crystals perunit volume
of gel at the gel interface and also inside the
gel versus gel pH for a few concentrations of FS

(1,5, 2,5 and 3,5M),

The following points are noticeable :

(1} The plot (6,8a) exhibit extremum points A & B
for gel pH 1,9 and 2,5 respectingly. These
points indicate different habits of Jd-AHT
crystals, namely sphenoidal and orthorhombic
disphenoidal and sphenoidal (Figs, 6.3c and
6.3b) .
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of acid liberated on gel top and associated with
pores inside gel with feed solution, The plots of
welght of grown crystals per unit gel volume of
total crystals grown in test tube and inside the
gel with gel pH are shown in Fig. 6.9a,b, The

noticeable features of these plots are as follows :

(1) The total weight increases non-linearly with
gel pH and molar concentration of FS

(Fig, 6.93) .

(ii) At 2,5 gel pH a turning point P is noticeable,
except for plot corresponding to 1,5M of FS,
(Fig. 6.9D).

(iii) After the above pH value, the weight remains
almost constant with increase of pH, This is

found to be true for all concentrations of FS,

(iv)  For lower gel pH, number of nuclei inside the
gel is less (Fig. 6.8a,b). This is true for
higher FS concentration, whereas weight of
crystals increases noticeably with FS
concentration at lower gel pH, The crystals
are of bigger size with increase of FS

concentration, (Fig. 6.7b, 6.8b).
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In the earlier cases the number of crystals
per unit volume of gel (1) grown inside the gel
and (ii) grown at different parts of the gel and
also at the gel interface versus gel pH for
different FS concentrations were graphically studied,
It is also desirable to determine the number of
crystals at the gel interface only, i.e. those
crystals which were formed due to chemical reaction
between FS and the expelled acid, Fig. 6,10
represent typical plots for the number density
versus gel pH for different FS concentrations (1,5M
2,5M and 3,5M), All £hese plots exhibit maximum
number of crystals at a certain gel pH 1,9 and less
number of crystals on either side of these maxima.
. This value of gel pH is almost the same as that
shown in Fig. 6,.,8a, indicating that syneresis
phenomenon has to be considered while discussing

the effects of other parameters mentioned above,

6.4 CONCLUS ION

The quantitative study of various gel parameters
on nacleation and growth of A4-AHT crystals has

clearly shown that

(1) quantity of acid in gel has a dominating effect

on the morphology of d-AHT crystals,
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(i)

(ii1)

(iv)

For a wet and fungusfree gel, the gel age

does not noticeably affect crystal growth,

While considering the effect of concentration
of F8 and of gel pH on the number of grown
crystals per unit volume of gel, the
rhenomenon of syneresis has to be carefully
considered for obtaining useful information

about F5 concentration and gel pH,

The above conclusions fairly agree with
those obtained in chapter 5 on the
qualitative study of growth of d-AHT crystals

of different habits.
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Crystal dimension along growth axis,
morphology f£or varying concentrations of

tartaric acid,

Growth rate of needle-chaped crystals for

different gel ages$.

Data on number density of d-AHI crystals
and their weights for varying concentrations

of FS and gel pH.
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Plot of gel setting time (T) in days versus

‘percentage of acid (TA) in SMS for different

concentrations of TA and different crystal
habits needle-shaped (N), orthorhombic

disphencidal (o) and sphenoidal (s)

Plot of gel pH (initial value of pH of a
mixture of TA + SMS) versus percentage of

acid (TA) in SMS,

Photographs of d-AHI crystals of different
habits obtained by 3M TA incorporated gel

reacted with 2,5M FS

(a) 20% TA of gel pH 3,0 to obtain needle-

shaped crystals

(b) 40% TA of gel pH 2,2 to obtain ortho-
rhombic disphenoidal and sphenoidal

crystals,

(¢) 60% TA of gel pH 1.7 to obtain sphenoidal

crystals,



6.4(a.b)

G.S(a,b)

6.6(3 Jb)

6.7 (a .b)

6.8 (a’b)

Plots of growth of needle-shaped crystals

for different gel-ages.

Plots of number of crystals per unit

volume of gel for (a) total crystals

growth at interface and in gel (b)

crystals grown in gel versus concentration
of FS, for different gel pH,

Photograph of test tubes showing needle-
shaped d-AHl crystals formed by using 2.5M'
TA with (a) 2.5M FS (b) 3,5M FS, showing
the increase in the number of crystals with

FS concentration,

Photograph of test tubes showing sphenoicdal
d-AHT crystals formed by using 2,5M TA with
(a) 3,04 FS and (b) 3,5M FS showing the
increase in the number of crystals with FS

concentration,

Plots of number of crystals per unit volume
of gel for (a) total crystals grown at -
interface and in gel (b) crystals grown in
gel versus gel pH, for different FS

concentration.,



6.9(a,b)

6,10

Plots of weight of crystals per unit
volume of gel for (a) total crystals
grown at interface and in gel (b)

crystals grown in gel wversus gel pl,

for different FS concentrations.

Plots of number of crystals grown at
interface per unit volume of gel versus

gel pH for different FS concentrations.
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7,1 INDPRODUCTION

Ammonium~hydrogen-d~tartrate (d-AHT) crystals
grown by cel method (cf. Chapter 5) are characterised
by different chemical and physical methods.
Juantitative chemical analysis was used to check
the chemical constitution and x-ray diffraction
technique was used to determine lattice parameters,
The single crystalline character was tested by etch
method and Q;;; diffraction method. Other physical

properties such as optical activity, density,

hardness, etc. were also determined.

7.2 CHEMICAL ANALYSIS

Microchemical analysis was carried out to
determine elemental content present in g-AHT
(NHA.H;C43406) crystals, Fairly big size d-AHT
crystal was selected and it was cut into two parts,
one part was used for determination of carbon and
hydrogen and the other was used for deciding content
of nitrogen by Dumas's method, Carbon, hydrogen,

nitrogen and oxygen atoms were found to be present,

by the following guantitative method.
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Analysis for Carbon and Hydrogen :

Carbon and hydrogen estimation was
carried out by Paigal standard methbd1
(Hendrickson et al, 1970) using Coleman C-H
analyzer. A welghed portion of the compound
was burned in oxygen, over hot copper oxide
at about 700°C, Carbon dioxide and water
vapour were produced and Were individually
captured and weighed in absorption tubes, For
COZ, the reagent used for adsorption was sodium
hydroxide coated over soda asbestos, and
magnesium perchlorate Mg(ClO4)2 was used for

water, The chemical reactions taking place were

as under :

E WA, ewem e CQ
2 NaOH # CO2 >4 Naz 3 * H20
Mg(ClO4)2 * 2H,0 —-os > Mg(OH)Z ¥ 2110,

In the present case, the amounts of sample

taken and those collected of CO_. and H,O were

2 2
as under
Amount of sample (d-AHT) used = 5.650 mg
Amount of COZ collected = 6,074 mg
Amount of H, O collected = 2,554 mg

2
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From these values, the percentage of C &

H in the sample present were found to be

% C 29.31 %

H]

% H 5.055 %

i

Analysis for Nitrogen :

Dumas analysis was used o determine the
percentace of nitrogen, The sample (3-AHI')
was mixed with cupric oxide (Cu0) and was heated
to a dull-red heat, which resulted in complete
oxidation of the organic material. The resulting
gases Were passed over a surface of hot copper
0 reduce nitrogen oxide to nitrogen., The other
more active gases (chlorine,' ozone, carbon
dioxide etc.) were chemically absorbed and the
residual voluge of nitrogen was measured carefully
at definite temperature and pressure, The weight
of nitrogen was calculated (by ideal gas law)
and was divided by the initial sample weight
to give the fraction of nitrogen in the original

compound.

The nitrogen content in the sample was

found to he as under
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Initial weight of sample (g-AHT) = 5,089 mg

Vol, of nitrogen collected = 0,3659 ml
By a calculation

% N observed = 7.957 %

Estimation of oxygen :

| By the stoichiométric principles of general
chemistryl (Hendrickson, 1970}, the sum of g
percentages of components equals approximstely
100 per cent, The sum of the percentages of
C, H and N was found to be (29,31 * 5,055 #
7.957) 42,322, which is less than 100, This

means that oxygen is present in the compound.

% oxygen = 100 . 42,322

55,678%

The above percentage value of oxygen
also includes the imparities inherently present
in the reacting chemicals, namely ammonium
chloride and d-tartaric acid, which contains
permissible impurities given by the manufacturers

(Table 7,1 and 7.2). As a matter of fact, this



Table 7.1
Ammonium Chloride (G.R.) (NH4Cl)

Sarabhai M. Chem., Baroda, India

Assay min 99.8%

pHd value (5% aqg. soln) 4.5 to 5,5
Insoluble portion mx O, 001 %
Residue on ignition (as 50,) max 0.005 %
Arsenic (As) max ©O,00005 %
Calcium (Ca) max 0,001 %
Copper (Cu) mx 0,00025%
Iodide (I) max ©O,001%
Iron (Fe) max O, »0002%
Heavy metals (as Pb) max ‘O,"OOO%S%

Nitrate (NO3) max D.,00005 %

Phosphate (PD4) max ©,0003 %

Pyridine and homologdues max 0,001 %

sulphate (304) max 0,002 %



Table 7,2

Tartaric acid (C4H696) (G.R,)

B,N, OLg(01452

(sarabhai M. Chemicals, Baroda, India)

i

Agsay min 99,5 %

In water insoluble substancCes max 0,003 %
Residue on ignition (as 59,) max 0,00 %
Arsenic (As) max ©,00002 %
Calcium (Ca) max 0.004 %
Chloride (C1) max 0,0005 %
Copper  (Cu) mx 0,00005 %
Iron (Fe) max 0,0003 %
Heavy metals (as Pb) mx 0,0003 %
Nickel (Ni) max 0,000 %
Oxalate (C2i04) max O,005 %
PhOSphate(FO4) max 02,0005 %

Sulphate (50,) max ‘0,005 %
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is supported by the calculation of percentage
deviation from the calculatedoé to observed
value, given in Table 7.3. The deviations in

some cases are positive and in other negative.

(d) Calculated percentage :

The chemical formula of 4-AHT is NH§C4O6
(NH4,H,C4H406), having molecilar weight 167.122
(Weast et al., 1964), From which percentage
welight of each element in it is given in Table

7.3.

Table 7.3

Percentage of d-AHT elements

Element Calcilated Observed Percentage
_______ percentage percentage deviation
TTTTTTTTTS TR o~ TTR o-¢
1, c 28,75 29,31 * 0.56
2. H 5a43 5.06 b 0037
3. N 8,38 7.96 - 0.42
4, 0 57,44 57.68 + 0,24

The percentage difference, in the observed
and calcilated values of oxygen mentioned in the

last column of the Table 7.3, namelv + 0,24
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accounts for the experimental errors and the
assay impurities present in the basic chemicals
ammoniim chloride, d-tartaric acid and sodium
metasilicate, Looking to the availabilities
of experimental technijues in the laboratory,
it is difficult to ascertain the content of

each impurity in the gel-grown crystals of
a~-AHT, ’

7.3 X-RAY DIFFRACTION METHOD

X-ray diffraction method is used to determine

crystal structure of a material, In the present
investigation, it is used to determine lattice

parameters, and single crystalline character
of d-AHI, The x-ray generator No. 1009, manufactured
by M/s Phillips was employed. It was operated at

35 KV and 20 mA with a copper target and the ?“Ut?ﬂﬂ/

unfiltered x~-ray beam was used in the present work.

743.1 Determination of lattice parameters

Debye-Scherrer powder method’ (Azaroff and
Buerger, 1958) of x-ray diffraction was employed to
Yhe Qullered Cuk nadiakton was us
determine lattice parameters. , Fig, 7.1 shows the

powder psttern with the camera of radius Ry = 29,016 mm.






With an exposure of about 3 hrs, there was negligible
intensity recorded in the back reflection region

and hence only the front reflection region is shown
in the figure. As can bz seen in the pattern,

there is quite a sufficient number of arcs available
for measurement, However, at the same time the arcs
are too closely spaced to allow accurate measurements.
Therefore, the same pattern was obtained on a larger
camera With radius Rp = 114,592 mm giving gquite
gufficient separation 2f arcs, Due to the limited
scanning range of this camera, many of the outer arcs
vere lost, Hence another camera of intermediate
radius (Rp = 57,296 mm) was also used to obtain the
pattern, With such a combination ofppatterns,

first eight arcs were measured on the £ilm with

Rp = 114,592 mm and fuarther six arcs were measursd
on the film with Ry = 57.296 mm., The radii mentioned
above are the actual radii of the cylindrical surfaces

of films exposed to diffracted beams of x-rays.

The readings Were made in succession on two
corresponding arcs (left and right) by placing the
indicator at the centre of each arc and recording
the value with accuracy + 0,01 cm, The seguence of

separations can be best understood by preparing a data

133
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sheet as shown in Table 7,4 . The larger reading
is placed under the column heading X, and the smaller
under x,. The difference of these two readings (S)
gives diameter of arc. The next column contains
the sum of Xy and Koo which shouidd remain constant
with # 0,1 mm accuracy. This is observed in the
Table. ©Out of 14 lines (arcs), corrections are
made for the first 8 arcs whereas readings for the
remaining arcs except 13 are equal, Since the
weightage of five observations for arcs 9412 and 14
is much more than that for arc 13, it should have
been re jected in usual analysis. However, for
ma;.ntaining the sequence for arc 9-14, 0,05 mm is

added to the reading for arc 13 so as to bring it

in tune with other observations,

For correction P, mean of (x2 £ xl) is
subtracted from each observation for time nos. 1 to
8. This correction is added in § value, The
Bragg angle O is calculated from corrected S value

by the following eguation 3

0 = ..-E..- X -1-%9- (in degrees) ...{(7.1)
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where S is arc in mm and

RF is radius of the camera used.

In the columns listed as 1,2,3 ..... n, the
. L2 .2
differences (sin“g, - sin”@ ) are calculated. The
analysis of observations was z carried out by
Hesse.Lipson method> (Azaroff and Buerger, 1958)

developed specially for orthorhombic system,

The interplansiar spacing for the orthorhombic

system can be written as

ees (7.2)

On the other hand, the Bragg equation can be

written in the form

______ = e S S o o ) "o (713)

Equntion (7.2) and (7,3) are squared and

combined, to sbtain the following relation ;

4 sin®Ohk1 1



1 1
a 2 b2 2 > e (7 - 4)
in2Q’ niA% R .
. 1222
-———z—
4 c
= nfa + k% + 1% .... (7.5
2 2 2

4a , 4b 4c

An interesting characteristic of egwmtion (7.5)

2

is that sin"@ is a simple sum of several parts,

each part depending on its index h, k or 1. Thus

' sinzghoom =  n°a cees (7.6)
& sin’g, o = Kk’ ceee (72D
it follows that
sinze hoo “* sin2 Goko = th + sz

- 9 .‘(7Q8)
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But this has exactly the same value as

2 i 2 2
Sln ehko bt h A %; K B .o.-.(?og)

Consetaently relationship of the following types

occur :
sin® © nk, O T sin’g h, 00 * sin’Q ok, o
sin’ @ nk1 = sin2 Gooll %+ gin? Ghlklo
sinz S h1°3"1 = sin2 shloo + gin? 60011

etc- ces (701‘0)

Difference relations also occur for example,

.2 . 2 .2

sin“ 8 = sin“8 - sin® 8
oklo hlklc N hloo

. 2 .28 209

sin® § = sin -~ sin 0
ooll hlklll hlkl

. 2 L2

sin® 8 = sin“0B .2
ooll hzkzll - sin Qh k o

etCe  oes(T411)
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The Hdesse-Lipson method is ased on the
assumption that, if all possible combinations of
sin28 values are used to form egiations like
those shown above, then the sin2@ values in these
equations are those of the pinacoid reflections

{hoo), (oko), (0O01).

By examining Table 7.4 the frequency of

occurrence of various differences is tabulated

below :
Difference value Ocgurrence
0,015C 4 times
00,0049 3 times
0,0294 3 times
0,0343 3 times
3, 0097 2 times
Q. 0200 2 times

s 2 \
Three values of sin‘f 1007 51n28‘017@ and
,2
sin” O 00p 2re selected according to equation 7,10
and 7.11. Two points are considered for selection,

The first is to check whether higher order reflections



are present, that is, after sinQG\lQO is selected,

. .2
values of smnzezgo. sin 8300 etc, should be
observed in the table, The second point is that one
or more of the sinze values of a pinacoid reflection
must be equal to, or smaller than, the smallest value

of the observed sin®® values.

First of all, the smallest value is selected
for sin® 0, o, which is equal to 0.0049 and which
is observed three times. The hicher order of which
sin? 62@0 = 10,0196 is approximately equal to the
value 0.0195 in the table., E&ven sin263‘oo = 0.0441

which is nearer the value 0.0435, This means that

the first selection is proper.

The second selection is made for sin2® oLo edqual

to 0.0097, occurring 2 times, the hicher order of
which is sinzegzo = 40,0388, This approximately

equals 00,0387, observed in the table,

The third value appears indirectly ; it can be

calculated by taking sinzﬁozo = 0,02, observed twice

giving sinZGOl‘o equal to 0,010, which is present in
the table, Other values are not useful becauase they
do not satisfy the two conditions of equation 7.10

and 7.11.

133



- 140

For further varification, the above selected
values are substituted into (7,10) and (7.11), The
equations are found to be satisfied indicating
selection to be proper, Now using following eqns,

the three parameters are computed.

a® = 7\2/4 S1in’ 100 eseves (7.12)
2 2 2
b = 7\ /4- Sin (01»0 EERTEE] (7@13)
cz = 7\2/4 Sin2 001 aeveeq (7t14)
(o]
where X\ = 1,5418 A
By which a = 11,0129 a°
b = 7.8273 a°
c = 7 - 7090 a°

These values are in reasonable agreement with
those reported in the literatureo4 (Mullica, et al.
1979).,

Thus the determination of lattice parameters
also indicates that the crystal belongs to orthorhombic

system.



Te3.2 Iaue method :

The Laue method of x~rays is used to determine
symmetry of d4-AHI, 1In the present case, the same
Phillips gener or No, 1899 was used with copper

aﬂo{ uﬂ ‘ ne‘d &CLJJ ten .
target, It was operated at 35KV and 20 mA, Unicam

camera was used to take photographs,

An orthorhombic crystal has the following

projection symmetries3 (Azaroff and Buerger, 1958).

Direction [100] (ool ooyl [oved] Luvad]

Symmetry - 2 mm 2 mm 2 mm m 1

This indicates that it has a 2-fold symmetry

axis and two reflection planes perpendicular to all
with %-%ay beam

pinacoids, The photograph taken is normal to cleavage
plane, which implies 2-fold symmetry and two wmirror
lines (Fig., 7.2a). Because of crystal tilt, the
Laue spots are not exactly at the corresponding
symmetric positions, Fig. 7.2b shows the schematic
diagram showing cleavage plane with respect to
crystal habits (i) orthorhombic disphenoidal

(i1) sphenoidal,



Fig. 7.2(a) laue x-ray photograph of single synthetic
d-AHT crystal,x-ray beam is normal to cleavage
plane (GIO) of d-AHT.

Fig. 7.2(b) Schematic diagram of a cleavage plane shown by
shaded region in
() orthorhombic disphenoidal and
.(i1) sphenoidal d-AHT crystals.
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It is thus, confirmed that the cleavage plane
is one of the pinacoids, The indices are determined
by stereographic projection, Besides the
identification of plane, the laue pattern also shows

single crystallinity,

7.4 INDICES OF THE GROWN FACES

The arrangement of habit planes on a crystal,
when they are allowed +o grow freely, follows the
symmetry of the crystal and relative size developments
follow successively increasing indices of plane,
Moreover, the law of constancy of angles, a
fundamental law of crystallography first observed
by steno, extended by Domenico and later confirmed
by Rome'de I' Isle® (Philips, 1971), served as a very
useful tool for crystal identification, For ortho-
rhombic crystal, all three parameters are different
and the interaxial angles are each 9@9. For ammonium-
hydrogen-d-tartrate (d-AHT), the stereogram is prepared
with the help of parameters and with its help, faces

are indexed,

7+.4.1 Stereographic Projection of g-AHI

Stereographic projection is a versatile geometric



construction quite useful for crystallographic
analysisf;eometric data obtained from study of a
crystal, It is also an attractive medium to represent
crystallographic correlations of physical properties
of a crystal., It is much used for determining

crystal crientation, indexing surface markings such

as slip lines, twins, deformation bands, cracks,

etch pits, patterns made by magnetic powders, for
solving crystallographic problems involved in

precipitation, transformaticns in solkd state and

overgrowths,

In all the present stﬁdy it has been used to
index the habit faces of the grown crystals and in
turn, to supplement the confirmation of the lattice
system and lattice parameters inferred from x-ray

powder diffraction data,

The stereographic projection is a projection of
spherical space on a plane, the angular relations
being preserved on the plane, In crystallography,
it is projection of intersections of the normals to
real or fictitious planes of a crystal infinitesiml

in size and imagined to be positioned at the centre

of the sphere, In principle, there are infinite
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number of such planes defined for a crystal., However,
in practice, only rational planes are useful since
primarily only such planes significantly participate

in the physical phenomena observable with a crystal,

If lattice parameters and interaxial angles

for a crystal are known, the stereographic projection
of the crystal can be prepared, §ince,due to
decreteness of distinct crystal structure, there are
relations between the indices of a crystal plane
being projected and the position of the corresponding
projection, These result into the so-called zone-
laws relating the plane-indices and indices of the
zone to which a plane belongs. The mutual angular
relations between various crystal planes represented
by their indices are decided by the lattice
parameters and the interaxial angles, For constructing
the stereogram and analysing its data Wulff-net is

a convenient graphical aid.6 (Pana, 1985). The
procedure of constructing stereogram of the d-AHI
'crystal is described below, It is directly based on
thévcorrelation mentioned above and is applicable in
general to any crystal oncCe the lattice parameters

and the interaxial angles of a crystal are known,
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For the cubmic system, stereographic projection
is the same for all crystals because (i) all
parameters are equal giving unit ratios and (ii)
interaxial angles are constant (90°%), For other
systems, it varies from crystal to crystal. The
stereogram displays symmetry of a system, as well as

of a crystal in guestion.

Ammonium-hydrogen-d-tartrate (d-AHT} belongs
to orthorhombic system, so all pinacoids are at 90°,

The parameters are as follows :

(I) Reported by (II) Determined by
Mullica? (1979) author

a = 11,096 A° ’ 11,013 a°

b = 7,843 a° 7,827 A°

e =  7.648 A° 7,709 a°

These can be normalized to the ratios taking

largest value equal to unity i,e. 1.
(I 1 : 0,7987 : O,6911 (II)y 1 : ©,7107 : ©,7900

(by reported values) {(by determined value)

To drawW a sterecgram of d-AHT, the Wulffnet is

used, Plane of projection selected is (0O01), the



pole of which is plotted at the centre of the circle
(Fig. 7.3). The other pinacoids are placed at 90°
to each other along the circumference of the

st:reogram i,e, primitive circle.

To plot other poles, the following method
is adopted. The angle between two vectors is defined

by their dot product,

&

13
g o
hlklll . Vh2k212 = r1r2c056

F I Y (7'15)

vhere 0 = angle between vectors representing

(hyk,1;) and (k1)

¥
1 ¥
cos B =  ~xsg- i '
7,72 hik 1 Thykl,
L et F 1) Lhd ke
= ';} V“ 1 1 277 My 2
1'2 1253
1l 2 22 2
- _&_:.9_— hlhza 4 klkzb + 11120
172 ,

L X

+ (h k, + klhz) ab cos ¥
N *

* (gl + Lyk) b*c* cos o
# (Lh. % h1.) c'a* *
130, 1ty €@ cos B

seo e (7.16)
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Fig. 7.3

Stereogram of d-AHT crystal
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2 2 2 2
a b c
e ° 1 1
Lg D( p = { = 90 and -Ei-- == dl, —E'-Z-o == d2'
1 - 1
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2 2 2
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h k 1
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a2 b2 c.?. aZ - b2 cZ

sese (7.17)



Using eqn. (7,17} the angles (111) A (100)

and (111) /\ (©01) are calculated and (111) is plotted

at the calculated angles subtended by (111) with

(100) and with (001),

The angles between different faces were computed

on the basis of parameters reported elsewhere and

by the author and are presented in a tabular form.

Angle between Angle calculated on the Difference
faces basis of

Reported Parameters

paramete- determined

r's by author

A B B - A

(111) A (100) 63,67° 63, 49° - 0,16°
(111) A (001) 50, 08° 50, 39° + 0,31°
t122) A (o01) 72.69° 72,33° - 0,36°
(212) A\ (001) 85,00° 84.77° - 0,23°
(130) A\ (100) 76,71° 76.67° - 0,04°

A S GRS TP Ay N O SO W A T S WO O L BUD S0 B S W e U A S S s SO VP00 PR Bl W Y it st

In the same way, angles between other faces were

also determined,

It is clear from the aboye angles

between corresponding faces that individually considered
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the difference is quite noticeable, However, while
plotting them on the Wulff'# net and having a complete
stereogram depicting different zones the difference
loses its importance. This was checked by comparing
two stereograms (one prepared from reported parameters
and the other based on the parameters determined by
the author). Hence, only one of them is retained and

presented here,

With the help of the Wulff-net, the two zones
defined by (111) with (100} and (111) with (001) are
traced out, Where these two zones intersect, the
(111) pole is plotted. In the same way, (121) and

(211) poles are alsc plotted (Fig. 7.3).

For the plotted poles on a zone, zone law
is used6 (Dana, 1985), The zones defined by the
pairs (100) & (001}, (010} & (@01) and (10D) & (OLO)
are drawn first, The first two are perpendicular
diameters drawn from plotted pinacoids, The third
is the primitive circle, As for example, indices of
the pole occurring between (UV®) & (x y z) and on

the mone defined by them will be (u % x, v +y, ©+ z),
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Als0 in the same way, the zone defined by
(111) and (001) is drawn to intersect the primitive,
the intersection being indexed as (110) on both sides.
Same way, the zones defined by the pairs (010) &
(111), (100) ana (111), (010) and (121), (0OL) and
(121), (O0L) and (211) etc. are drawn for further
necessary poles., Thus with the help of zone law
all intersections are indexed, Here on égg'side,
indices are shown without bar, to show the index on
opposite side of axis, bar on the index nunber is used,

Fig. 3 shows the stereogram of the 4-AHT crystal,

7.4,2 Miller indices for natural habit faces of

d-AHT crystal

Interfacial angles are measured by optical
goniometer, described in Chapter-4. The d-AHT
crystal is having one zone parallel to LOOL], The
crystal of the habit orthorhombic disphenoidal is
used to find out zone angles. The crystal was stuck
with plasticine on goniometer head such that the edge
formed by the tWo faces was parallel to the goniometer
axis. Keeping goniometer under table microscope and
focusing all faces of the zone one by one, the

14
observations were made having accuracy 1 In the
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same way, the angles between sphenoidal faces were

also measured.

Different zones and measured angles were checked
for corresponding match on the stereogram. In the
present case the primitive of the stereogram
(Fig. 7.,3) showing zone (0L0) and (100) is the ma jor
zone of the crystal. The aftaces are indexed according
to matched poles, This is given in Table 7.5 and 7,6.
Fig., 7,5a and 7,6a shows schematic diagram of
crystals having different habits with symbols of faces,

Other habits were indexed by similar comparisgon,

it is obvious from the comparison of CalculaFed
and observed values of interfacial angles that im
gome cases (marked with asterik in table 7,5)
differences between their two values were noticeably
large, There are several reasons for these
differences, The orthorhombic éisphenoidal crystal
exhibits a large number of prism faces {hkoj} . The
striations reported in Chapter-8, were prominent on
these faces. These striations are parallel to the
vertical edges of prism faces (i.e. C-axis), The
whole model (cf., Fig. 8.5) was prepared on the basis

of these observations (cf, Fig, 8.2 and 8,3), Further



the widths of the prism faces Were rather very

small and exhibit a large number of striations. As !

a result it is difficult to get consistent set of
observations marked in Table’7.5, However, there

were a few faces of larger widths for which consistency
could be obtained. IM addition to this, the (hko)
faces were not flat, The faces with less widths

were optically found to have noticeable curvature,

which in turn affected marked observations significantly.
As compared to these faces, the sphenocidal faces
exhibit striations ; however the faces are having

much bigger sizes, Hence on these faces plane areas,
free from striations and curvature could be obtained
This produced fairly consistent results, Since
experiments on chemical analysis, optical rotation

and specific gravity of d-AHI' had invariably shown

the material t@iéhe A-Al' for which the crystallographic

2,4, (Weast et al, 1964 ; Mullica

data was available.
et al, 1979 ; Vanbommel and Bijvoet ; 1958), Some
adjustment while utilizing these observations in

stereograms were made,

After careful consideration of the above factors,

planes shown in Fig, 7,53 are indexed as follows
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Reference Designation
plane ___ index _____

1 (11:0)

2 (130)

3 (110)

4 (100)

5 (110)

6 (130)

7 (110)

8 (100)

In the orthorhombic

Re ference

111

Vi

VII

. ViI

133

Degsignation
index

T v 2 o - -

(111)

(111)
(111)
(111)
(213)
(212)
(213)

(212)

disphenoidal habit, the

sphenoidal faces are not plane, they are slightly

curved, so the angles measured are approximately

geometry«true angles.

different planes.

a =
b =
C =
a =

These faces are mixtures of

(221),
(121),
(125):

(221),

(111),
(111,
(111),

(111),

(121)
(221)
(221)

(122)



Reference

-~ s

— oo o

¥ Obgerved

-

Pig. 7.5 (a) Sketch of ortho-

rhombic
disphenoidal
crystal with
symbols of faces.

Fig. 7.5 (b) Observed and

30"
3o
300

C

alculated inter—

facial angles

4:3°

40°

Calcilated

- K - - —— - — -



Fig. 7*5 (K)b) cont.

Reference Observed Calculated
faces ___ angle angle ____
I -3 72° s0¢ 75°%  17¢

I -2 45° 44°  arf

S R & 101° 100° 12t

II -8 110° 46! 114°  15*

II -7 73° 20* 75°  17*

VII -1 113° 30 117°  35¢

VII ~ I 18° 22° 19°  4at

VII - II 35° 36° 49!

- I 64% 4t 60° 45°

- II 6292 30t 60°  40¢

-5 90° 35° 89° s56*

III - 1 76° 75° 17°¢

JIII - 8 114° 25° 116°  20°
v -7 39° 53 39° s55¢

v -5 73° 10* 75°  17?

VIII. III 50° 12° 60° 44

VIII - 4 56° 54! 58°  of

VIII - IV 59° 33* 60° 36

VI - III 87° 10 88® 41°*

VI - 7 50° 17% 52°  29¢
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These curved faces are observed when in a
zone, more than four prismatic faces are observed,
At the corners of sphenoidal faces, Small faces

are observed, having higher indices viz., (213) ang (212).

The indices for reference faces given in Fig.

7.6a are as follows

Reference_plane Designation Index
1 (111)
II (111)
III (111)
v (111)

From observations of different crystal habits,
it is found that four sphenoidal faces 2 {111} are
always present in the crystal habit, vwhich are freely
grown (except in needle-shaped crystals grown at the
gel surface), Whereas in orthorhombic disphenoidal
and needle-~shaped crystals additionally four prismatic
faces m{110D) are always present. In zonal planes,
(130) plane is always thinner than other planes,

implying that it vanishes at a faster rate, and growth



111

Fig. 7.6 (a)

(b)
Reference
faces____

i - IX
I - 11X
I - IV
II - ISI
IT . IV
I1T . IV

fg )

Sketch of sphenoidal crystal
with symbols of faces

Observed and calcilated
interfacial angles

Cb?
Jbserved Calculated
angle __ angle ____
102° 100° 12°
101° 102° 31
129° 127° 20
127° 127° 20
15° 102° 31°
ﬁ 100° 100° 12°¢
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rate is more in the direction normal to it, (100)
plane is broader than other planes, which is
perpendicular to cleavage plane. The corresponding
axial parameter is also the biggest (11.0581 A°)

that means in that direction the interatomic cohesion

is the least and growth rate is also less.

The crystal belongs to space-group P ®
212121

It has two fold symmetry about all the three axis
and habits are also found to repeat according to the
symmetry. About [100] airection crystal shows

mirror images.

7.5 SPECIFIC ROTATIN

In case of liquids and solutions (which are
organic compounds) optical activity is due to molecular
structure, All substances, which show optical activity
in liguid state or in solution have in their molecules
some asymmetry, The molecules of optically active
compounds possess at least one carbon atom joined to

four different atoms or groups.,

The substance (d-AHT') is dissolved in distilled

water in different amounts (from 0,5 gm to 3,0 gm in



100 c.c, distilled water) and its optical rotation
was measured by ARICO, polarimeter manufactursd by
Advance research instruments Co,, made in India.
The instrument is having least count 3* and

monochroma tic godium light was used as source,

FPor zero reading, a tube having length of
2 decimeter was kept empty, After that, one by one
solutions of different concentrations were f£filled in
the tube, Care was taken that no air bubble remains
in the path of light, The observations are recorded
in Table 7,7. The graph is drawn for specific
rotation O against mass m of d-AHT in 100 c,c.
of distilled water (Fig. 7,4). The graph passes
through origin. In all cases, rotation observed
was dextro i.e, it rotates the plane of polarisation
in a clockwise direction, when facing the source of

light,

From graph, taking the slope G/'m and

substituting it in following eqguation.

Specific rotation = @ =~w-aas-% eess (7,18)
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Readings of optical rotation for different

concentrations of d-AHT agqueous solution

m gram Polarimeter Observed

in 100 c.c. observation rotation

of distilled

water (in gm) (in degree)

zero reading o° o* -
0,5 : o° 30 o° 30
1,0 o°® g5t 0° 55
1,5 12 22t 1° 200
2,0 12 57+ 1°  s7¢
2.5 2°  15°¢ 2° 15t

3,0 2° 46 2° 46

- — - — D A U I S e S A D T W A D PR W S s e - -
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— Qoptical rotation

0
0
/° Slopesm=27
o}
Scale:

i X-axis2cm-059 In
100¢cc
water

y-axis:2cm=30"
1.0 1.5 2.0 25 30 3.5

— C gm in 10cc water

Fig 7.4



where © = observed angle
1 = length of the tube (in decimeter)

m = gram of optica}.!aactive substance in
100 c.,c, of distilled water

can be determined

5 = eI te>- (here 27" -
from graph is converted
into decimzl

Specific rotation S = * 45 (% sign due to
clockwise rotation)

The rotation of the solution is found dextro
which may be dus to the fact that one of the reactants
used to grow crystal is dextro rotatory tartaric acid.

This is sapovorted by the data in the literature,

7.6 SPECIFIC GRAVITY OF CRYSTAL

The specific gravity (S.G.) of d-AHT was determined
by specific gravity bottle, The specific gravity is
defined as : the weight of the body divided by the
weight of an equal volume of water, The crystal is

partially soluble in water, whereas it 1is insoluble in
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O’;’\) Ck
kerosene was used to determine S.G. of d-AHT crystal.

The observations and calculations are as under :

(i) Wt, of empty specific
gravity bottle = Wl = 19,504 gn
% Crystals
(iii) Wt, of S.Ge bottle - 60.12
# crystals + = 73 F -129 gm
Kerosene
(iv) Wt, of 8.G. bottle = W, = 59,660 gm at 23%
¥ kerosene
(v) We. of S.G. bottle = W, = 69.375 gm at 23°%
# dist., water
: W4 - W
Sp g of kerosene = & = 4. i
W, - W
= -40.156 _
49 .871

0,805 ]



W b W Fi
S.G. of d-AMT crystal = IR’ S S x %

= - _-ngggé ....... x 0.805

i
Py
*
1))
[
fuacs

i

Several determinations of S5.G. were made. The

mean value of 5P -gha~ig 1,631 + 0,002 7

Pislocation density on a cleavage plane is
determined by etch technigque (cf. Chapter-8) Knoop
hardness number & Vickers hardness number under an
applied load,35.4 kg/ma® and 51,2 kg/mm® are determined
by employing Knoop and Vickers indenters (cf, Chapter-il).
Table 7.8 summarizes all characterizations made by

the author,



Table 7.8

Characteristics of synthetic d-AHl' crystals grown
in silica gel

Sr. A
No. Property studied
1. Crystal habits and Maximum
size obtained
(a) needle shaped ‘ 42 % 11 x 11 mm
(b) orthorhombic disphenosidal 21 x 9 x 6 mm
(¢) sphenoidal 10 x 10 x 8 mm
2. Colour Colourless
3. Taste Savour
4, Faces obtained {100}, {110} {30l
fr11} , {213], {212}
5, Unit cell dimensions a = 11.013a°
b = 7,827A°
¢ = 7,700a°
-3
6., Density 1,631 gm om
7. Average microhardness at R.T. 30%
(a) Knoop hardness 35,4 kg mm™2
(b) Vickers hardness 51.2 kg R
8., Estimated dislocation density 5 x 105 cm™2
9, Decomposiertemperature at 120°%
atmospheric pressure
10,

Optical nokakion o} aqueous -d-AHT +45
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7.1 Xeray powder photograph of d-AHI', Camera

radius is 29,016 mm,

Ta2 (a) Iaue x-ray photograph of single synthetic
d-AHI crystal., X-ray beam ig normal to

cleavage plane (010) of g-AHT,

(b) Schem=tic diagram of a cleavage plane
shown by shaded region in (i) orthorhombic
disphenoidal and (ii) sphenoidal d-AHI

crystals,

7,3 General stereogram of d-AHL crystal.

T4 Plot of optical rotation of d-AHI with

concentration of squeous solution of d~AHT,
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8,1 INTRCDUCTION

Dissolution of a crystal surface occurs by
retreat of monomolecular steps, being reverse to
that of growth, which takes place due to motion of
steps on a surface. The microtopographical study of
grown faces of a crystal provides information about
mechanism of growth, whereas dissolution reveals
early stages of growth and/or defect structure,
Several investigators had carried out microtopographical
study of natural grown faces and/or theoretical work
to unfold growth mechanism (e.g, Verma, 19511
Augustine and Hal®, 1960° ; Desai, 1979° ; Joshi et al.
1080% ; Frank, 1949° etc.) Since the classic work on
controlled chemical dissolution of LiF crystals was
made by Gilman (1958) and his collaborate,® much
work in this direction has appeared in the literature
on dissolution e.g. see Ives and Mcausland k1963),7
Ives and Hirth (1960)%, Urusovkaya (1965)%, Haripabu
and Bansigir (1969)1@, Ra ju Bhagwan et al. (197{011,
Raju and Bhagwan (1971)12, Sangwal and Patel (1978)13,
Popkova and Predvoditelev (1979)14, Popkova et al,
)15 )16

, Pandya and Tolansky (1954)"°, Ram et al.

)19’

(1969
17 i8

(1973)*7, Takoo (1985)"F, Bhagia and Pandya (1985

Shah and Pandya (1985)20 etc, As a part of programme

of studying dissolution phenomena on crystal surfaces
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e.ge See Meht§A11972)21, Acharya (1978)2%2, Shah
(1976)23, Bragia (1983)%% and Shah (1984)2%, the
present work on controlled chemical dissolution of
synthetic single crystals of d-Ail is taken up and
reported here, The primary aim is to determine

qualitatively density of dislocations of the grown

crystals,

8,2 EXPERIMENTAL

Chemical dissolution of natural faces and
cleavage faces of synthetic d-AHI crystals of
different habits grown in a silica gel mediuy was
optically studied., There are several habits
exhibited by synthetic d-AHT crystals; they are shown
in figure 8.£?glongwith their line diagrams. Since
d-AHT is slightly soluble in water (3,2 gm in 100 cc
of water), the natural faces Were cleaned by well-
known liquid cleaners and/or rinsers free from
water, such as petroleum ether, Xylene, absolute
alcohol ete, The cleavage faces were produced in
the usual way. By trial and error method, it was
found that water, formic acid, a solution of
crystalline trichloroacetic acid in a fixed amount
of glacial acetic acid were suitable for delineating

defect structure on crystal faces. 'The etching was



fig. 8.1(A) A Comparative sizes of

various crystal habits of
d-AHT
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carried out by dipping a crystal in an etchant for
a fixed time in static condition of etchant at room
temperature (30%), Thé etched samples were rinsed
by alcohol and dried by hot air blower., The C-2
VERTIVAL microscope, described in Chapter-2, was
employed to carry out microtopographical study of

the natural and cleavage faces of a-AHT,

8,3 OBSERVATIONS AND DISCUSSION

From a study of a large number of sphenoidal
and orthorhombic faces, it was noticed that a large
number of growth features were intimately mixed with
etch features, due to the fact that in a chemical
reaction between d~tartaric acid impregnated gel and

ammonium chloride solution (FS)

C4H6Q6 ¥ NH4C]_ ) NH4,H,C4H406 * HC1

.o (8‘1)

along with the formation of d-AHT nuclei, hydrochloric

acid nuclei were also formed, Further water was

already available in the gel and FS, d-AHT is soluble

not only in water but it also reacts with X1, As a

result the growth and chemical dissolution of d-AHT

162
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occur simultaneously., Since the growth process is
more dominant of the two, the faces do grow. It

is not possible to detect oaccurately when the growth
process is completed and the chemical dissolution

has an edge over the former, The result is the
mixture of gfowth and dissolution patterns on the
naturai faces. It is obviously difficult to

separate the two features in a conclusive manner.
However, of all the features, one feature which was
consistently observed on the prism faces {hKO} has
striations, consisting of a series of parallel lines
running over the entire face. Same were also observed
on a cleavage face, etched by hydrochloric acid. The
etching was so fast that even in 2-3 seconds deeply
etched striations were observed, Hence this etchant
was not used for deleneating dislocations on a
cleavage surface. Further it can be conjectured from
this action of hydrochloric acid on d-AHT cleavages
that the striations and layvered structures observed
on natural prism and sphenoidal faces are most likely
to be due to etching of these faces by hydrochloric
acid produced from the chemical reaction between
ammonium chloride and TA impregnated SMS, This etching

action produces ' growth striaticns ' of unequal depths
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and elevations and also their non-uniform spacing.

At the same time, this suggests that in the growth

of d-AHI', striations play an important role. These
striations have [0Q01l direction, the direction of
crystal growth axis of 4-AHT', Figure 8,2 ics a
photomicrograph of striations on a prism face (110)
It shows that striations are parallel to C-axis
and depressions of varying depths. The spaces between
consequtive striations is not constant., Further some
are shallow and some are deep. ©On a large number

of sphenoidal faces {1181 , a layered structure
similar to that of figure 8,2 was observed, Fig. 8,3
represents such a‘layered structure starting from a
sphenoidal edge and ending on the other. It is now
well-known from the theory of crvstal growth that
corners and edges can serve as the initiation sites
for growth layers, The distinguishing feature of
these layers as compared to those observed in Fig. 8,2
is that many of them are quite sharp. Water and
unsaturated solution of d-AHT in water (3,2 gm d-AHT
in 100 c,c, of water foru a séturated solution at
25%C) can also act as etchants. Controlled etching
of prism and cleavage faces by one of the above
etchants produced needle shaped etch pita:gssorted
sizes parallel to direction [001] (Fig. 8,4). This

also suggests that striations are associated in some



y 25-

Fig. 8.2 Striations on a prism face (110)
parallel to [OQU

Fig. 8.3 Layered structure on a sphenoidal face
(Gln with lines parallel to each other
and starting from a sphenoidal edge and
ending on the others



Fig. 8.4

X- 200

Needle-shaped etch pits of
assorted sizes prod'Jced by
etching d-AtiT prism face (110)
by distilled water for two

seconds
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way with the growth of 4~AHT crystals. From a
detailed study of such patterns on a large number

of prism and sphenoidal faces and also f£rom the
earlier study of habit faces of g-AHL, it is possible
to conjecture the growth of a full fledged ortho-
rhombic disphenoidal crystal. The cluster of

needles with their cross sectionmal edges arranged

in a particular manner can create orthorhombic
disphenoidal crystal (Fig. 8,5), The growth of
different prism faces would olwiously change the

cross-sectionmal sphenoidal edges.

Formic acid (98%) was also used as an etchant
for d-AHT crystals. The chemical reaction and
dissolution between formic acid and 4-AHT is very

rapid. It is given by

PR
1 Cc H,C OONH
HCOO0H NH4,H,C4H4O6 e 4H606 + . N 4

eee (8,2)

The reaction is reversible, The reaction produces
comparatively large etch pits within a few seconds.
Fig. 8.6 is a typical photomicrograph of etch pits
produced on a fresh cleavage surface of d-AHT, It

shows a big point bottomed pit with trapezium as a






plane outline on observational surface and
microéitting over the entire surface. The parallel
sides of the trapezoidal etch pits are par%llel to
C~axis and the longer diagonal of the trapezium
makes ah angle of 45° with C-axis (along [101]).
Further one side of the etch pit is curvilenear
(Fig, 8,.6) indicating that the basic etch pit for a
certain etchant concentration should be a pentagonal
etch pit which could be point~bottomed or flat-
bottomed, Fig., 8,6 also exhibits a large number of
grooves parallel to each other and to the etch pit
sides, The formation of etch pits in therxe grooves
indicates that etch pits are produced at the sites
of a specific type of defects, likely to be of a
class of linear defects., It is clear from the shape
of a pit that the depth point does not coincide with
the geometric centre of the pit, giving rise to
eccentricity. It was found that almost all pits
observed on the cleavage surface wWere eccentric,
The eccentricity changes with concentration, This
supports the observations on the eccentricity of
etch pits, studied on a cleavage surface of calcite,
etched by organic and inorganic acidsunder different

26~31

conditions, (Mehta and Pandya, 1982 ; Mehta,

1980 ; Mehta, 1981 ; Pandya and Mehta, 1969 ; Pandya
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and Bhagia, 1983), The matching of etch patterns
on the oppositely matched cleavage counterparts
was also studied, Fig. 8,7a,b represent cleavage
counterparts of d-AHI etched by concentrated formic
acid (98%) at room temperature, for 5 seconds.
There is a one to one correspondence between the
shape, orientation and location of eté¢h pits, which
are numbered for the sake of convenience., Further,
the sizes of etch pits on one photomicrographs are
little different from those on the other. This is
due to the fact that etching time is very small and
that a little change in rinsing process of etched
crystals enahances further etching of cleavage plane
of d-AHI', The striations are also etched, giving
rise to series of faint lines parallel to each other
having direction [001], Further, depths and elevations
of striations are d4different, hence striations which
formed deep grooves are etched faster, giving rise
to thick dark lines, similar to strips. These
me tching of pits indicates that theyreveal

dislocations intersecting the observational plane.

Crystalline trichloroacetic acid dissolved in
glacial acetic acid produces an etchant mixture, which

is capable of creating etch pits. Further the plane



Fig. 8,6 Trapezoidal etch pit on a cleavage plane (QLO)
produced by formic acid (etching time 5 sec. at
30™) parallel sides are having direction 001

Fig. 8.7a,b Matching of cleavage counter parts etched
by formic acid for 5 sec. showing one-to-
one correspondence between etch pits.
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shape of etch pits on a cleavage surface is dependent
on the amount of crystalline trichloroacetic acid

in a fixed amount of glacial acetic acid, Fig. 8.,8a,b
represent opposi£ely mztched cleavage counterparts
etched by a solution of 5 gm of trichloroacetic acid
in 100 c.c. of glacial acetic acid for a minute at
room temperature. An excellent correspondence between
the location, size and shape of etch pits on cleavage
counterparts is noticeable., This also indicates that
the etch pits are at dislocations ending on a cleavage
surface, The density of etch pits produced by formic
acid and also by a solution of trichloreacetic acid

in glacial acetic aéid is ~ 5 x 1@5/cm2. This
represents the average of the density values calculated
from a iarge number of matched surfaces (about 2

dozens) .

The variations of guantity of crystalline
trichloroacetic acid in a fixed guantity of glacial
acetic acid changes the pit shapes on a cleavage
surface of 4-AHT, Fig. 8,9 1s a photomicrograph of
" cleavage surface etched for 60 seconds by an etchant
containing 5 gm of trichlorcacetic acid in 1900 c.c,
of glacial acetic acid, at room temperature (30°C).

The etch pattern consists of curvilinear trapezoidal
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Fig. 8,8a,b Matching of cleavage counter parts
etched by mixture of 5 gm
trichloroacetic acid in 100 c.c.
glacial acetic acid for 60 sec.
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etch pits, The parallel sides and longer diagonal
make angles of 60° and 45° respectively with C-axis
i.e. direction [001l, They are directed along [20L]
and [191) respectively., The shorter diagonal is
normal to C -axis, whereas striations on the surface

are parallel to C-axis,

Fig. 8,10 represents glongated triangular etch
pits pointing in the direction [20L] and produced
by etc¢hing in a solution of 10 gm of trichloroacetic
acid in 100 c.c. of glacial acetic acid for 90 sec,
It also exhibits shallow vertical striatilon in the
direction [00i] , Assorted elliptical pits (Fig. 8,11)
with ma jor axis in the direction [ 20f{] are produced
by etching a cleavage surface in a solution of 15 gm
of trichloroacetic acid in 100 c.c. of glacial acetic
acid for a period of 120 sec., It should be noted
that on the left hand side of this photomicrograph
is a heavily etched striation showing the formation
of etch pits along it, In this part, the unevenness
of the etched surface is quite noticeable, Leaf-
shaped etch pits of varying sizes (Fig, 8,12) in
the direction [201] are observed, when d=-AHT
cleavage surface was etched by solution containing

20 gm of trichloroacetic acid in 100 c.c. glacial



Fig. 8.9 Curvilinear trapezoidal etch pits on cleavage
plane, by solution of 5 gm trichloroacetic acid

in 100 cc of glacial acetic acid for 60 sec.
at 30°C.

*2.5-0

Fig. 8.10 Triangular etch pits on cleavage plane, obtained
by etchant 10 gm trichloroacetic acid in 100 c.c.
glacial acetic acid for 90 sec. at 300c.



Fig. 8.11 Elliptical-shape etch pits on cleavage

surface by 15 g. trichloroacetic acid in
100 cc. glacial acetic acid for 120 sec .at 30"

Fig. 8.12 Leaf-shaped etch pits on cleavage surface
by 20 gm trichloroacetic acid in 100 c.c.
glacial acetic acid for 180 sec. at 3000
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acetic acid for 180 sec, It is thus clear that
as the amount of trichlorocacetic acid in 100 c¢,c,
of glacial acetic acid is progressively increased
from 5 gm to 20 gm, the plane outline of an etch
pit changes from a curved trapezium to elongated
triangle, to ellipse and finally to a leaf-like shape,
They are schematically represented in the Table B8,1.
This type of changes in the plane shape of etch |
pits was also observed while studying chemical and
thermal dissolution of calcite cleavages by varying
concentrations of organic and inorganic acid826'31
(Mehta and Pandya, 1982 ; Mehta, 1980 ; Mehta, 1981 ;
Mehta, 1981 ; Pandya and Mehta, 1969 ; Pandya and
Bhagia, 1983} at room témperature and thermal

21,23-25
dissolution of calcite cleavages at high temperatures
(Mehta, 1972 ; Shah, 1976 ; Bhagia, 1983 ; Shah,
1984), Similar explanations based on anisotropic

etch rates and eccentricity can be given for these

changes in plane-shape.

It was reported above that d-AHT cleavage
surface etched by a solution of 15 gm trichlorcacetic
acid in ¥00 c,.c. glacial acetic acid at 30°C exhibits
elliptical pits (Fig. 8.11). The multiple etching

of a cleavage surface by the above solution for 45, 90,
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135 and 170 seconds, is shown in Fig. 13{a,b,c,d).
It is noticeable that pit shape remains unchanged,
hovwever théir sizes increase with etching time and
as a result they begin to coalesce, the pit density
practically remains unchanged., The etching of a
striation produces a series of etch pits along it,
The successive etching for this point of the surface
is faster than the rest of the surface and as a
result it is slightly out of focus as compared to
the rest of the etched surface under observation.
Tables 8,1 and 8,2 present brief features of etching
by the etchants used to produce selective etching

d-AHT cleavages,

8.4 CONCLUSIONS

(1) The natural faces of d-AHT crystals are
sphencidal and prism faces, These faces
exhibit features (layers and striations), which
represent a mixture of growth and etch patterns.

It is difficult to identify them separately.

{2) The occurremce of striations on prism faces
and layers on sphenoidal faces suggests a model,
most likely to represent the growth of ortho-

rhombic disphenoidal crystal, The model is



Fig. 8.13 Successive etching of cleavage surface
by etchant 15 gm trichloroacetic acid
in 100 c.c. glacial acetic acid for

45, 90, 135 and 170 sec. respectively.



(3)

(4)

(5)

(6}
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formed from a basic unit consisting of a needle
with cross~sectional edges parallel to the

sphenoidal edges.

Water, unsaturated solution of 4-AHT in water,
formic acid and varying amounts of trichloro-~
acetic acid dissolved in fixed quantity of
glacial acetic acid preferentially act on a

d-AHT surface.

Etch pits on successive etching of the same
cleavage surface and matching of etched cleavage
counterparts has shown in a gqualitative manner
that etch pits are at dislocations ending on

the observational plane.

The average value of density of dislocation

etch pits is 5 x 10° cm™2,

The shape cycle of etch pits on a d-AHT cleavage
surface is obtainable by progressively increasing
the gquantity of trichloroacetic acid in a fixed
quantity of glacial acetic acid and can be
explained on the basis of anisotropic etch rates

and eccentricity of etch pits.
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