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1.1 INTRODUCTION:

The applications of single crystals in industries are
wide and manifold. e.g. Single crystals of semiconducting
materials are employed on a very large scale in diverse
fields of technology and engineering. It is therefore
obvious to study properties by employing single crystals.
The present work is centered on studying microhardness and
chemical dissolution of single crystals of Sodium Chloride
(NaCl), Potassium Chloride (KCl1) and Potassium Bromide (KBr),
all grouped under the name of alkali halides. These halides
form a very important class of materials exhibiting thermal
stability at elevated temperatures. It is therefore decided
to grow single crystals of these materials from melt by using
Kyropoulos method.

1.2 CRYSTALLOGRAPHY OF SODIUM CHLORIDE, POTASSIUM CHLORIDE
AND POTASSIUM BROMIDE:

1.2.a Group and Structure :-

Alkali halides belong to cubic system. The X-ray
studies indicate the arrangement of atoms to be that of a
simple cubic 1lattice. For NaCl the symmetry 1is cubic
holohedral whereas it is plagihedral for KCl and KBr. The
crystal class and space group are m3m and Fm3m respectively
/1,2/. The crystal structure of these crystals studied by
X-rays indicates thate, Sodium (or Potassium) and Chlorine
(or Bromine)atoms considered form a face-centered cubic
lattice, the two cubic lattices interpenetrating each other. The
octahedral plane (111) alternately contain all Sodium (or
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Potassium) or all Chlorine {(or Bromine) atoms. Whereas cubic
planes contain alternately Na and Cl atoms along directions
<:100:>. There are four molecules in a unit cell.

The isometric system embraces all the forms which are
‘referred to three axes of .equal lengths at right angles to
each other. Since these axes are mutually interchangeable it
is customary to designate them all by the letter 'a' or aq,
a, and az. 'al' and 'a2' lie in the horizontal plane and
‘a3’ is the vertical axis normal to these plane.

The symmetry elements for all these crystals are as follows

1. Axes of Symmetry :

I Cubic axes of symmetry :- There are three principal
tetrad axes of symmetry which are coincident with the
crystallographic axes and are sometimes known as the cubic
axes, since they are perpendicular to the faces of the cube.

II Diagonal axes of symmetry :- There are four triad axes
of diagonal symmetry which emerge in the middle of the
octants formed by the cubic axes. These are called
octahedral axes, since they are perpendicular to the faces of
the octahedron.

I1I Binary axes of symmetry :- There are six axes of
binary symmetry which bisects the plane angles made by the
cubic axes. These are the dodecahedral axes.

2. Planes of Symmetry :

I Principal Planes of symmetry :- There are three
principal planes of symmetry which are at right angles to
each other and whose intersections fix the position of the

crystallographic axes.



11 Diagonal planes of symmetry :- There are six diagonal
planes of symmetry.

3. Centre of Symmetry :
These crystals possess a centre of symmetry.

Each of the above crystal has three tetrad axes, four
triad axes, six binary axes, three cubic planes of symmetry,
six dodecahedral planes of symmetry and a centre. 1i.e., in
all there are 23 elements of symmetry.

1.2.b Form and Habit :-

The faces occuring in a crystal group themselves into
sets in each of which the members are similarly oriented to
the crystal axes. Each of these sets of crystallographically
similar faces, having the same Millerian indices (except as
regards sign), constitutes a form.

The various possible forms belonging to this class, and
possessing the symmetry defined may be grouped under seven

types of solids. These are enumerated in the following table

Types General form Miller Indices

(1) Cube {100} (100),(010),(001),
(100),(010) & (001)

(2) Octahedron {111} (111),(T11),(111),
- (111),(1IT1),(111),
(111),(111)



(3) Dodecahedron {110} (110),0101),(011},
(110),(110),(110),
(1o1),(101),(101),
(011),(011),(011)

(4) Tetrahexahedron {hko} as (310), (210),
(320), etc.

(5) Trisoctahedron {hhl} as (331), (221),
' (332), etc.
(6) Trapezohedron {h11} as (311), (211),
(322), etc.
(7) Hexoctahedron {hkl} as (421), (321),
etc.

It should be noted that in the present work single
crystals are grown from melt. Hence all of them are having
cylindrical forms from which cubes {100} were obtained. If
the crystals are grown from their solutions it is possible to
observe some forms during growth and some after growth.

1.3 CLEAVAGE, GLIDING AND TWINNING :

All  these three crystals have perfect cleavage
planes {100}. The fracture is conchoidal in NaCl and uneven
in both KCl1 and KBr. NaCl is rather brittle and KCI
not as brittle as NaCl, whereas KBr is soft enough to
be readily scratched with a knife.

The phenomenon of twinning occurs in almost identical
fashion in all these crystals on {111} only. Translation
gliding is observed with T{100},T{110} and possibly with
T{111}.



1.4 PERCUSSION FIGURE :

A blow with a somewhat dull-pointed nail on a crystal
surface develops a figure usually referred to as percussion
figure for mark or star) which reflects some characterestics
of the surface. In the absence of natural faces of crystal,
the study of this figure brings out certain characterestics
such as plane of symmetry, line of symmetry and important
crystallographic directions provided surface under
consideration is a crystallographic plane of low indices.
Pressure, instead of a blow on a surface can also produce
figure known as pressure figure which also provides useful
information about the crystal.

Percussion stars also produce rosette pattern on
crystallographic planes of some crystals /[73-77/. The
principal physical, chemical and mineralogical informations
along with references are given in table I.
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TABLE - I

Principal Physical, Chemical and Crystallographic Properties
of Sodium Chloride, Potassium Chloride and Potassium Bromide.

°c /8/

Sr. Sodium Potassium | Potassium

No. Chloride Chloride Bromide

1. Chemical Formula | NaCl KCl1 KBr

/8/
2. Molecular Weight | 58.44 74.55 119.01
(gm) /8/
3. Molar Volume 27.0 27 .4 42.9
under At.
Pressure (cm3)
/1/
4. |Solubility in 36.0 34.0 65.2
water at 20°C
g/100 g /8/

5. Colour /3,7,8/ Usually Colourless|Colourless
colourless and trans—-{and trans-
and trans- parent when{parent when

- parent when |pure pure
pure

6. Sp.gravity /8/ 2.165 1.984 - 2.750

7. Melting point 801 776 730

under At.pressure




Sr. Sodium Potassium | Potassium
No. Chloride Chloride Bromide
8. Boiling point 1413 Sub: 1500 | 1435
Under At.Pressure
°c /8/
9. Hardness on mho's 2.5 2.0 Less than
Scale /10/ 2.0
10. Elasti? consta?ts C11:4'85 C11:3.98 011:3.45
(Elastic coeffi- 012:1.23 012:0.62 612:0.54
cients, bars) 013: 044:0.508
at 27°C /6/ Cha: 1.26
33
644:
11. |[Elastic Moduli/6/ il
a.Young's Modulus|3.9989 x 1011] 2. 9640x10" 2.6889 x 101
b.Bulk Modulus |2.4338 x 1011]2.7375x10*] 1 5030 x10!t
(dynes/cm3)
12. |Sp.heat g-cal/
g(15°) /6/
:at 0°C 0.204 0.162 0.104
rat 100°C 0.217 0.168 0.108
13. | Thermal 0.0155 at 0.0156 at {0.0115 at
conductivity 16°C 42°C 46°C

cals/cm-S-°C

16/




Sr.
No.

Sodium
Chloride

Potassium
Chloride

Potassium
Bromide

14.

15.

16.

17.

18.

AH - Heat of for-
mation, at 25°C
Kg.-Cal/mol.,

-ve values indi-
cate heat is
evolved in the
process of for-

17/

mation

AF - Free energy

of formation at

25°C,Kg-cal/mol.
/7]

Dielectric

constant /1/

(frequency
10% Hz)

Velocity of
sound at room
temperature
(longitudinal
velocity)
Km/sec. /8/
Electrical condu-
ctivity.: at390°C

mho/cm  : at600°C
/11-16/

-43.50

6.16

4.53

1.62 x 10712
3.17 x 10711

~51.6

-56.2

5.03

3.88

-9
7.12 x 10
9.52 x 109

-93.73

-90.63

4.90

3.08

1.00 x 1077
3,33 x 1070




Sr. Sodium: Potassium | Potassium
No. Chloride Chloride Bromide
19. | Refractive 1.5442 1.4900 1.5590

Index /10/

20. | Crystallographic
data :/3,4,7,8,9,
25-35/

(I} System Cubic Cubic Cubic
(Point (4/m 3 2/m) | (4/m 3 2/m| (&/m 3 2/m)
group)

(II) Class m3m m3m m3m

(I1I) Space group|{Fm3m Fm3m Fm3m

(IV) Lattice a. a. a.
parameters |b. 6.5780 b. 6.2800 |b. 5.6273
A.U. c. c. c.

W) Unit cell f.c.c. f.c.c. f.c.c.

(VI) Symmetry Cubic Cubic Cubic‘

(Holohedral) | (Plagi- (Plagi-
hedral) hedral)

(VII) Cleavage {001} {001} {001}
(Perfect)

(VIII)Fracture Conchoidal Uneven Uneven

(IX) Slip (110) <1io> {110}<11(> (1103 <10y
system

(X) Elasticity |Brittle Not as Soft

brittle as

NaCl
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Sr. Sodium Potassium | Potassium
No. Chloride Chloride Bromide
20. | (XI) TWINNING {111} {111} {111}
(XII) Lustre Vitreous Vitreous |Vitreous
(XIII)Fusibility | Fusible often|Easily Decomposes
with decrepi-| fusible rather more
tation easily than
the chlori-
des when
fused with
clay or
silica,
(XIV) Habit Usually Cubic, Cubic
Cubic, less
rarely commonly
octahedral Cubo-
octahedral
or octa-
hedral
(XV) Structure Na4C14 KQCIQ K,Br,
cell,
4 molecules
(cell
content)
(XVI) Streak Colourless Colour- Colourless
to white less
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Sr. Sodium Potassium | Potassium
No. Chloride Chloride | Bromide
20. | (XVII)Diapha- Transpa- Transpa- Transpa-
neity rent to rent rent
translucent
(XVIII)Occur- Occurs in Occurs Does not
rence and | extensive basically |occur in
mineral bends formed |in basin- | compact
associa- by the evapo-{like bed- |masses in
tions ration of ded salt nature,and
enclosed deposits is made in
bodies of of sedi- practice
salt water mentary from the
subsequently | orgin but |reaction of
buried by in much free Bromine
other sedi- less with potas-
mentry _common sium
deposits. than NaCl.|Hydroxide.
(XIX) Uses Main uses As a In chemical
are culinary |source of |laboratories
and preser- potash medically in
vative. For compound some nervous
soda ash used in diseases and
preparation fertili- in photogra-
zer. phy.
(XX) Artificial |From soln. From soln.|From soln.
growth and also and also and also

J17-24/

from melt

from melt

from melt
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Sr.
No.

Sodium
Chloride

Potassiunm
Chloride

Potassium
Bromide

21.

22,

Dissolution :

(a) Chenmical

/36~53/

(b) Thermal

/11,54-63/

Hardness
[64-72/

Organic
acids and
alcohols
which may
or may not
contain
active
ions.

Thermal

dissolution
at elevated
temperatures

Maximum for

octahedral
face,
minimum

for cubic
face and

a value in
between for
dodecahedral
face.

Same as
NaCl

Same as
NaCl

bame as

NaCl

Same as
NaCl

Same as

NaCl

Same as
NaCl




10.

11.

12.

13.

14.

REFERENCES

Mellore, J. W., A Comprehensive Treatise on Inorganic
and Theoretical Chemistry, Longmans, Green and Co.,
New York, (1952).

Bragg, W. L., Proc. Roy. Soc. Lond. 89A, 468, (1914).

Palache, C., Berman, H. & Frondel, C., '"Dana's Systenm
of Mineralogy" 7th ed. (1951) John Wiley & Sons., Inc.,
(New York), Chapman and Hall Ltd., London.

Phillips, F. C., "An Introduction to Crystallography",
2nd ed., Longmans Green & Co., London, (1956).

Rogers, A. F., Introduction to the Study of Minerals
Mc Graw Hill & Co., Ed. III, (1937).

Driscoll, W. G., & Vanaghan, W., Hand book of Optics,
Mc Graw Hill Book Company, New York, (1978).

Lange's Hand Book of Chemistry, J. A. Dean (Ed.), 11th
Ed. Mc .Graw Hill Book Company, New York, (1973).

Moses, A. J., The Practising Scientist's hand book - a

guide for physical and terrestrial scientists and

?ngineers. Van Nostrand Reinhold Company, New York,
1978).

Wade, F. A. & Mattox, R. B., Elements of
Crystallography and Mineralogy, Oxford & IBH
Publishing Co., Culcutta, (1960).

Hand Book of Chemistry & Physics, Chrles. D. Hodgman
(Ed.), Chemical Rubber Publishing Co., Cleveland, Ohio,
39th Ed. (1958).

Acharya, C. T., Ph.D. Thesis, M.S.University of Baroda,
Baroda, (1978).

Shah, R. T., Ph.D. Thesis, M.S.University of Baroda,
Baroda, (1976).

Fuller, R. G., Physics Review, 142, 524, (1966).

Allnatt, A. R. & Jacobs, P.W.M., Trans. Faraday, Soc.,
58, 116, (1962).



15.

16.

17.

18.

19.
200

21.
22.

23.

24,

25.
26.
27.
28.

29.

30.

ii

Beanman, J.H. & Jacobs, P.W.M., J. Chem. Phys., 45,
1496, (1966). __

Driyfus, R.W. & Nowick, A.S., J. Appl. Phys., 33, 473,
(1962). / -

Holden, A. & Singer, P., Crystals and Crystal Growing,
Doubleday and Co., Inc., N.Y., (1965).

Ikornika, N.Yu., Growth of Crystals (New York
Consultants Bureau), 3, 297, (1962).

Buckley, H.E., Crystal Growth, John Wiley & Sons.,
Inc.,, N.Y., (1952).

Gilman, J.J., 'The Art and Science of Growing Single
Crystals', John Wiley & Sons., Inc., N.Y., (1963).

Czocharalski, J., Z. Phys., 92, 219, (1918).

Kyropoulos, S., Z. Anorg. Uall Gem. Chem., 154, 308,
(1926). —

Bridgman, P.W., Proc. Am. Acad. Arts Sciences, 60, 303,
(1925).

Lawson, W.D. & Nelson, S., Preparation of Single
Crystals, Butterworths Scientific Publications, London,
(1958).

Posghl, V., 'The .Hardness of Rock Materials',
(Dresden), (1909).

Bierbaum, C., Trans. Amer. Inst. Min. (Metall.)
Engrs., 69, 972, (1923).

Conley, W.J. & Conley, W.E., King. H.J. & Unger, L.E.,
Trans. Amer. Soc. Metals, 24, 721, (1936).

Shore, A.F., Amer. Mach., 30, 747, (1907).

Huntington, H.B., Dickey, J.E. & Thomson, R., Phys.
Rev., 100, 1117, (1955).

Davidge, R.W. & Pratt, P.L., Phys. Status. Solidi,
(Germany), 6, 759, (1954).



31.

32.

33.
34.

35.
36.
37.
38.
39.

40.

41.
42.
43.

44,

45.

46,

47.

iii

Stokes, R.J., Johnston, T.L. & Li, C.H., Phil., Mag.,
4, 920, (1959). '

Frank, F. & Read, W.T., '"Multiplication Process for
slow moving Dislocations', Pittsburgh Symposium, Office
of Naval Research, 44, (1950).

Koehler, J.S., Phys. Rev., 86, 52, (1952).
Koehler, J.S., Acta Mett., 1, 377, (1953).

Verma, A.R. & Srivastava, O.N., Crystallography for
Solid State Physics, Wiley Eastern Ltd., New Delhi,
(1982).

Johnston, W.G., Dislocation etch pits in non-Metallic
Crystals, 2, Pergaman Press, New York, (1962).

Gilman, J.J. & Johnston, W.G., "Dislocation and
Mechanical Properties of Crystals', John Wiley,
New York; 116, 357, (1957).

Cabrera, N. & Levine, M.M., Phil. Mag., 1, 450, (1956).
Sears, G.W., J. Chem. Phys., 32, 1317, (1960).
Vermilyea, D.A., Acta Met., 6, 381, (1958).

Young, F.W. & Gwathmey, A.T., J. Appl. Phys., 31,
(1960).

Amelinckx, S. & Votava, E., Naturwissenschaften, 41,
422, (1954).

Gilman, J.J. & Johnston, W.G., J. Appl. Phys., 31, 687,
(1960).

Moran, P.R., J. Appl. Phys., 29, 1768, (1958).

Sakamoto, S. & Kobayashi, S., J. Phys. Soc., Japan, 13,
800, (1958).

Martin, G., J. Appl. Phys., 44, 1105, (1973).

Kozuhiko Yoshida, J. Appl. Phys., 4, 587, (1965).



48.

49,

50.

51.
52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

iv

Glen, A, Slack, Phys. Rev., 105, 832, (1957).

Subramanian, K.N., J. Amer. Soc., 59, 456, (1976).

Amelinckx, S., Dislocation and Mechanical Properties of
Crystals, (John Wiley), 3, (1957).

Jessensky, B., Nature, 181, 559, (1958).
Evans, T. & Sauter, D.H., Phil. Mag., 6, 429, (1961).
Slack, S.A., Phys. Rev., 105, 832, (1957).

Hendrickson, A.A. & Machlin, E.S., Acta Met., 3, 64,
{1955). -

Hirth, "J.P. & Vassamillat, L., J. Appl. Phys., 29,
595, (1958).

Hondros, E.D. & Moore, A.J.W., Acta Met., 8, 647,
(1960).

Sharma, R.B., Acta Cryst., a-26, 631, (1969).

Shiegeta, J. & Hiramatsu, M., J. Phys. Soc., Jap., 13,
1404, (1958).

Smakula, A. & Klein, M.W., Phys. Rev., 84, 1056,
(1951).

Saran, D. & Parasnis, A.S., Ind. Jr. of Pure and Appl.
Phys., 13, 725, (1975).

Patel, A.R., Bahl, O.P. & Vagh, A.S., Acta Cry., 19,
1025, (1965).

Patel, A.R., Bahl, O0.P. & Vagh, A.S., Acta Cry., 20,
914, (1966).

Deo, P.G. & Sharma, S.D., Brit. J. Appl. Phys., 16,
1907, (1965).

Sudhakar, V. & Bhagavan Raju, I.V.K., Surface Techn.,
16, 349, (1982).



65.

66.

67.

68.

69.

70.

71.

72.

73,

74‘

75.

76.

77.

Pratap, K.J. & Hari Babu, V., Bull. Mater. Sci., 2,
No.1, 43, (1980).

Reddy, K.N. & Hari Babu, V., Phys. Stat. Sol., (a)70,
k97, (1982).

Gilman, J.J., J. Appl. Phys., 44, 982, (1973).

Dryden, J.S., Morimotto, S. & Cook, J.S., Phil. Mag.,
(G.B.), 12, 379-91, (1965).

Subharao & Hari Babu, V., Pramana, 11, 149-157,
(1978).

Ghadekar, S.R., & Deshmukh, B.T., J. Phys. D.: Appl.
Phys., 15, 2241-2246, (1982).

Takeuchi, N. & Kitano, F., Japan J. Appl. Phys., 10,
951, (1971).

Rao, L.M. & Hari Babu, V., Ind. J. Pure and
Appl. Physics, 16, 821-826, (1978).

Keh, A.S., J. Appl. Phys., 31, 1538-45, (1960).

Pariiskii, V.B., Soviet Physics Solidstate (USA), 8,
976-83, (1967).

Hopkins, J.R., Miller, J.A. & Martin, J.J., Phys.
Status solidi A., (Germany), 19, 591-5, (1973).

Swanson, T.B. & Laune, V.W., J. Chem. Phys. (USA), 49,
4407-11 (1969).

Raman, C.V., Proc. Ind. Acad. Sci., A-48, 307, (1959).



