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1.1 INTRODUCTION:

Sodium nitrate and calcium carbonate are isostructural and isomor-
phous. They are available in nature under the names of soda-niter
(saltpetre) and calcite respectively. The size and perfection of these
crystalline structures in general and particulérly of calcite has
attracted the attention of crystallographers. Looking to the availability
of natural crystals of these two materials all over the world, the
natural nitrates are few in numbér and are of rare occurrence whereas
in the entire mineral kingdom, next to quartz, calcite crystals are
more abundant, widespread, bsautiful than any other species and
exhibit probably the largest number of habits {about 700) and as
a result played a prominent role in the history of mineralogy.

Chemically sodium nitrzte and calcium carbonate belong to a
group of salts known as oxysalts with a general formula AX03. "A'
represents cation and XO3 anion (X 1s carbon or nitrogen). Their
structure types correspond to a member of the calcite group. Their
bonding is basically ionic. There are several important characteristic
features. For example, comparison of their structures with those of
other oxysalts of the aragonite - structure type (AST) indicates that
these materials with calcite structure type (CST) have relatively small
cations 'A' where 'A' may be Li, Na, Mg, Ca, Fe", Zn, Co and Cd.
The ASTs have large cations, 'A' (A = K, Ba, Sr, and Pb}. A few
compounds near the critical radius ratioc of 0.73 between the two types
are polymorphous. These include CaCO3 and_KNOs: the lower tempe-
rature polymorphs crystallizing in the CST. In what follows NaNO3
and CaCO3 will mean sodium nitrate crystal and calcium carbonate
crystal or calcite crystal. NaNO3-, and CaCO3 possess extreme birefren-
gence and optically negative character, exhibit perfect rhombohedral
cleavages, gliding and twinning. However, there are differences between

these materials for some other properties, e.g. in the binary series
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between the members of the c:alcite group the available evidence
indicates that complete series exists between CaCO3 - MnGOS, FeCO3
- MgCO3, FeCO3 - MnCO3 and probably between ZnCO3 - MnCOS.
Extensive series with small central gaps apparently extend between
MgCO3 - MnCOa and CaCO3 - FeCO3 and less extensive series between
ZnCO3 - CaCO3, ZnCO3 - FeCOs, ZnCO3 - MgCO3 and Ca(303 - MgCO3.
These relations are predicted from the relative sizes of the ions
involved, except that the series of ZnCO3 with FeCO3 and MgCO3 should
be complete. These features are not exhibited by NaNOB. Calcite is
sparingly soluble in distilled water whereas NaNOS is highly soluble
in water. However, solubility of NaNO3 in water is more a chemical
property than a physical one because it is an endothermic process
whereas CaCO3 is soluble to some extent in carbonated water leading
to the formation of calcium bicarbonate as the end product. NaNO3
undergoes lattice distortion at temperature approaching A -transition.
These being less than 2% change in volumeyl/. The transition takes
place reversibly over the range 150°C to 270°C/2/. It gradually changes
from calcite structure to a closely similar one, still rhombohedral
in which nitrate ions are essentially (but not strictly} disposed at
random between two possible orientations < and ‘3 . differing by a
60° rotation about 3-fold axis. Its melting point is 308°C and
decomposes at 380°C under atmospheric pressure. For calcite it is
reported /71,73/ that it decomposes into calcium oxide (lime} and
carbon dioxide at 850°C. However, by conducting studies on thermal
etching of calcite cleavages in this laboratory, it is shown that the
decomposition on microscopic “scale starts, under atmospheric pressure,
at about b500°C /3/. CaCO3 melts at 1289°C under a pressure of 110
atmospheres. At the time of Second World- War due to shortage of
calcite, polarizing prisms of calcite were replaced by those of NaNOS.
Since NaNO3 is hygroscopic, precautions were taken to keep it free
from moisture. Even then replacement was not found convenient, In
view of the chemical and crystallographic importance of these
materials, successful attempts were made to grow them in the form
of synthetic single crystals. Thus NaNO3 crystals were grown from
melt /4-7/ and from solution /8/ whereas calcite crystals by solution

growth /9-15/, crystal pulling /16/, Gel /17-21/, solvent zone melting



/22,23/ and hydroﬁhermal growth /24/. NaNO3 read;ily forms overgrowth
upon calcite /25/ . The crystal axes of the substances are usually
parallel. Its growth and orientation- on muscovite /26/*, on dolomite
/27/*, on baryto-calcite /28/*. on alkali halides /29/*. on certain
/30/* and also
Thermal and chemical dissolution of calcite under controlled conditions
studied extensively /3,31-67/ Dby the
laboratory and Excellent

phenols upon 'NaNO3 rhomtohedra are well-known,

has been workers in this
are now available in
text-books and fireatises /68-72/. Since CaC0, has

3
many multifarious uses, several titles are now available /73-79/. The

elsewhers, accounts

several monograms,
physical and chemical features are

properties and mineralogical

summarised in table 1-1.

TABLE 1.1

Physical and chemical properties and mineralogical features

Sr.No. Sodium nitrate Calcite
1. Chemical formula /73/ NaNO3 CaCC\3
Molecular weight /73/, gm 85.0 100.1
Molar volume  /76/, cm® 41.9 36.934
under atmospheric
pressure
Solubility /73/, g/100g 88 0.0065
of water at 20°C
Colour /73,75,78,79/ Colourless, Colourless, white,

Specific gravity /73/

Melting point under atmos-
pheric pressure /73/, °C

Boiling point under atmos-
pheric pressure /73/ °G

White, Brown,

Lemon yellow;
Crveen

2.26
308

380
(dissociates)’

Red, Blue, Violet,
Green, Yellow

2.93

850
(dissociates)



Sr.No. Sodium nitrate Calcite
9. Phase transformation /77/ oC 150 to 273 -
10, Hardness /75/, on Mho's scale 1.5 to 2 3
11. Elastic constants /74/ Cll: 8.67 C11 : 13.71
(Elastic coefficients, bars) c. . 1.e3 c . 4.56
at 27°C 12 = 12 )
C13: 1.60 (313 4,51
(333: 3.74 C33 7.97
{344: 2.13 Cﬁ14 ;o 3.42
12.  Elastic Moduli /74/:,Young's . 7.24 x 100+
Modulus, dynes/cm (parallel)
8.825 x 10L+
{(perpendicular)
. Bulk Modulus 2.619 x 10°% 1.296 x 102
13. Specific heat /74/, g-cal/g(15°)
: at gec ~ - 0.247 0.203
at 100°C 0.270 0.214
14, Thermal conductivity /74/,
cal/cm-s-°C : at 0eC - 0.0132
at 100°C - 0.0111
15. AH - Heat of formation /78/ - 111.72 - 288.1
at 18°C, kg-cal/mol., -ve values
indicate heat is evolved in the
process of formation
16. AF - Free energy of formation - - 207.22
/78/, at 25°C, kg-cal/mol.
17. Dielectric constant /76/ 2.18 -
18.  Electrical conductivity /76/, _17
Mho's : at  52°C 0.662 x 10 -
at 200°C 0.176 x 107/ -
: at 289°C 0.155 x 1074 -
19,  Velocity of sound in inorganic 5.31 6.45

solids at room temperature /73/
(longitudinal velocity) km/sec



Sodium niirate

Sr.No. Calcite
20.  Refractive index Y}D /62/ 0 : 1.5874 0O : 1.65838
E : 1.3361 E : 1.48645
21. Optic axis /747 [111] [111]
22. Birefrengence /75/ negative negative
23. Crystallographic data: /75,78,79/
(i) System Hexagonal Hexagonal
(Trigonal) {Trigonal)
cs = 2 - 2
(ii) Class 3 o 3 o
(iii) Space group R 3 C R 3C
(iv) Lattice parameters atc :: 1:0.8276 a:c :: 1:0.8543
® = 102°46%" < = 101°55"
(v) Unit cell Rhombohedral Rhombohedral
{vi) Symmetry Rhombic Rhombic
(vii} Cleavage {1011} perfect {3011} perfect
(viii) Fracture Conchoidal, but Conchoidal, but
seldom difficult to
observable produce
{ix) Elasticity Sectile Brittle
{x) Lustre Vitreous' Vitreous to earthy
{xi) Fusibility Fusible ‘ Infusible
(degres 1)
(xii) Sclubility Soluble in HZO Soluble in HC1
{xiii) Special properties Deflagrates, |, Glows under
diamagnetic {before blow

pipe) some
variety fluoresce.
red; pink;
photoluminescent



Sr.No. Scdium nitrate Calcite
{(xiv) Locality (chief) Northern Chile, Abundant worldwide,
Nevada, California optical, Pedro mountains,
 Northern Mexico
{(xv) Habit Rhomhcohedral Prismatic, scalenochedral,
crystals, similar to rhombchedral, tabular,
those of calcite, or acicular, often
are uncommon. twinned. Also massive,
Usually granular, cleavable, ooclitic,
encrusting or stalactitic, granular or
efflorescent. garthy.
{xvi) Structure cell, 1\1512(1\10312 in the Caz(COB]2 in the
Celv contentk rhombchedral unit rhombohedral unit
{xvii) Streak Colourless White to colourless
{xviii} Diaphaneity Trahsparent to Transparent to
translucent opague
(xix) Effervescence - Freely in dilute acids
{xx) Occurrence and As a surface Common in sedimentary
mineral deposit in arid rocks; of hydrothermal
associations regions. origin in some basic
Associated minerals rocks; a primary con-
include niter, stituent of some alkaline
gypsum and halite. rocks; wvein deposits;
replacement materials
in some fossils;
skeletal materials of
some past and present
organisms. Mineral
associates are too
numerous to mention.
{xx1) Uses Fertilizer, also Cements, optical equip-
noted® in the manu- ment, chalk, rubber
facture of nitric filler, putty, paint
acid and potassium and metallurgy.
nitrate.
{xxii) Other names Soda niter, -
saltpetire ‘
{xxiii) Secondary names - Calc-spar, dogtooth spar,
‘nailhead spar,
Iceland spar.
{xxiv}) Artificial growth From solution /8/ From solution

and melt /4-7/

/9-15/,

' by crystal pulling /16/,
. in gel /17-21/, solvent

zone melting /22,23/,
hydrothermal growth /24/.



1.2 CRYSTALLOGRAPHY OF SODIUM NITRATE AND CALCITE:

Sodium nitrate and calcium carbonate belong to a hexagonal system

2/m and space group R3C. Some crystallographers prefer

with class 3
to group the above to a trigonal (rhombohedral) system., There is now
a tendency to group all the classes of these two systems (hexagonal
and trigonal) together in sub-divisions of one larger hexagonal system.
The full symmetry of the rhombohedral crystals of calcite group consists
of the following: (1) centre of symmetry (2) one triad axis (3} three
diad axes (4) three planes of symmetry. The. crystallographic axes
for this system are in terms of either Miller-Bravais axial scheme
or Miller scheme alone /80/. h

1.2.1 Miller-Bravais Notation:

Three vertical diagonal planes of symmetry meet in the triad
axis, and normal to these three planes are three horizontal principal
axes of 2-fold symmetry which, in the Miller-Bravais notation, are
the axes 8y, 8y and 8g, the C-direction being parallel to the vertical
axis of 3-fold symmetry. The three axes are  coplanar and inclined
at an angle of 120° with each other. The three directions are all of
equal significance. These crystals are thus described in terms of four
crystallographic axes (Fig.l.l}._ namely thrge horizontal axes ai(H),
az(H) and aa(H) at an angle of 120° to each other and normal tc the
vertical axis, C{H). The diad axes chosen as the az(H) direction runs
horizontally to the right, +a1(H) direction runs upwards tfowards the
left and +a3(H) downwards towards the left., The direction C(H)} is
ofcourse normal to the plane of axes al(H). az(H) and a3(H); it is
also the intersection of the polar edges of crystallographically funda-
mental cleavage rhombohedron of this group. The general symbol of
the form is hoEl, such as 1011, normal to one of the vertical planes
of symmetry. The operation of the triad axis gives only three such
faces 1011, 1101 and 0111 on top {or above) and the operation of the
centre (or of the horizontal. diads) gives three parallel faces 1011,
1701 and 0111 below (or down). There are no faces of this form symme-

trically below the upper faces. This is obvious from the stereogram



of the form {1031} of a holosymmetric trigonal crystal (Fig.1.2).
The forms {hoﬁl} constitute a family of rhombohedra which become
more and more acute as the ratio h:l becomes larger. In terms of
the lengths of the axes a and C, the rhombohedrons become more and
more flattened or obtuse with the decrease of C-axes and vice versa.
A cube placed with an octahe‘dral axis vertical 1is obviously the
limiting case between the obtuse and the acute forms where the inter-
facial angle is 8§0°,

Various nomenclatures have been introduced to differentiate a
rhombohedron such as -{1031} or {ho‘ﬁl‘; (Fig.1.3) from its geometrically
similar complementary rhombchedron,{ﬂﬁl‘; or {okjd} (Fig.1.4). Thus
one is termed a positive rhombohedron with an upper face towards
the observer and the other a negative rhombchedron, with an edge
towards the observer, but this mode of distinction seems specially
undesirable in view of the established usage of +ve and -ve in optical
work. Direct and inverse or obtuse and reverse are more satisfactory
terms, but not widely used. The siereogram of this holosymmetric
trigonal crystal is shown in Fig.1.5 (a).

1.2.2 Miller Notation for Trigonal Crystals:

Instead of using a four-index notation for describing a trigonal
crystal, it is possible to use -a three-~index notation. In this case
the crystallographic axes are parallel to the three polar edges of
the fundamental (unit) rhombochedron usually described by <1011>
in Miller-Bravais notation. It should be noted here that these axes
are not parallel to symmetry axes and selection of axes is not in
tune with the guidelines of the law of rational indices. The axes are
equally inclined to the triad axes and are non-orthogonal, but make
equal angles with each other; this angle between the axes is the plane
angle of the face of the rhombohedron (not the crystallographic inter-
facial angle) and it depends upon the shaps of the rhombohedron in
the particular substance in question. Insiead of a characteristic axial
ratic for each substance, a characteristic angle « is given in this
method of description.



The crystals are still set up as before with the triad axis
vertical, and are projected on a plane normal to the triad axis. Since
the edges of the fundamental rhombohedron define the directions of
the crystallographic axes, the “indices of the three upper faces must
be 100, 010 and 001 (Fig.1.1). Note that the three axes do not emerge
through the poles of these faces, since they are parallel to the edges
and not to face normals. The points of emergence of the axes a3,
and a; can be located in the projection by finding the poles of the
zones 010 - 001, 001 - 100 and 100 - 010 respectively. Since the three
axes are equally inclined to the plane of projection, t&f-Miller indices
of the forms described in the Miller-Bravais ﬁotation can easily be
determined. It should be remarked here that this (Miller} notation
is not used for truly hexagonal crystals as it creates sericus misunder-

standing while labelling adjacent faces of a single form, say hexagonal
bipyramid.

It may sometimes be necessary to connect an index pgr of a
face in Miller notation to the corresponding index hkil in Miller-
Bravais notation or vice versa. This is readily accomplished on a
stereogram (Fig.1.5(b)) by adopting the convention that the particular
face 100 in one notation shall always be ilixdexed 1011 in the other.

The tables 1.2 and 1.3 present conversion tables for Indices of planes
and Indices of directions.

TABLE 1.2

{(a} Conversion table for indices of planes

Face x with Miller-Bravais indices (hkil} and Miller indices
{pgr) where

s

(1y h

t

p-q,k=q-~-r,i=r-p,l=p+qg=+r

(2) p

h-i+1l,g=k-h=+1, r=1-%k+1
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(b) Conversion table for indices- of direction

Transformation relation between the indices of a direction [X
y z) and [u v t w] when referred to the system of axes al(R),
aZ(R) § aS(R} and aitH), aZ(H}, aS{H) & c{H), respectively,

as
Zx -y 2y - X
u = , vV = . t = ~-{u + v), w =z
3 3
Also note
X = u-t, y = v -1t and zZ = W

The table 1.3 describes the standard forms/family of planes
in Miller-Bravais notation and Miller notation whereas table 1.4
describes the transformation of Miller Indices to Miller-Bravais Indices

of some prominent/major planes in rhombochedral crystals.

TABLE 1.3

Standard forms/family of planes of holosymmetric trigonal

crystal {calcite} in Miller-Bravais and Miller notation

Form/Family of Miller-Bravais Miller
Planes Notation Notation
Basal Pinacoid 10001} uig
Hexagonal Prisms {1010} {211}
{1120} {101}
Dihexagonal Prisms {hkio}
Rhombohedron: Positive { hohl}
{1011} {100}
Negative {okkl}
10111} {221}

Ditrigonal Scalenchedron {hkil} $par}
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TABLE 1.4

Table of transformation of Miller indices {MI) to Miller-Bravais

indices (MBI) of some prominent/major planes in rhombohedral

crystals
MI MBI MI MBI
100 1011 112 0110
010 1101 121 1100
001 0111 111 0221
110 0112 111 2021
011 1012 111 2201
101 1102 . 201 2131
111 0001 021 2311
101 1120 120 3211
011 1210 102 1231
110 2110 012 1321
101 1120 210 3121
011 1210 310 2134
110 2110 130 2314
211 1010 » 031 3214
112 0110 013 1234
121 1100 103 1324

211 1010 301 3124




1.2.3 Crystal structure:

The crystal structures of NaNO3 and CaCO3 are almost similar.
The calcite structure was one of the earliest studied by X-rays in
1914 by Bragg /81/. Its optical properties were derived in terms
of the atomic structure. In the Fig. 1.6 calcium (or sodium) atoms
are represented by blank circles, carbon (or nitrogen) atoms by
lined circles and oxygen atoms by black circles. The calcite lattice
may be regarded as a deformed rocksalt lattice. The later is stood
on a diagonal (looked at from above in the Fig.1l.6(a)), all the Na®
ions replaced by ca’™ (or Na' in NaNOS) ions and all the Cl  ions
by Cc~3- {or NO—'B) ions, consisting of central carbon {or nitrogen)
atoms surrounded by an equilateral triangle of oxygen atoms in a
plane at right angles to diagonal, i.e. the plane of the paper. On
account of the space occupied by these ions, the cube expands in
a horizontal direction and forms- the cleavage rhombohedron of calcite
(or sodium nitrate), calcium (or sodium) and carbon (or nitrogen)
atoms are spaced at equal intervals along the crystal axes. However
there is a little difference between the orientation of CO':; and NO“?)
ions. The carbonate ions are having a mere planar structure than
that of nitrate ions. In case of co’a' ions, the distances between
central carbon atom to oxygen atom is 1.23 A° while side of equi-
lateral iriangle, made by oxygen atoms, has a length of 2.13 A°,
For NOS ions, the distance between central nitrogen to oxygen atom

is 1.21 A° and the distance between any fwo oxygen atoms is 2.108
A°.

The lattice constants of these trigonal crystals are as follows:

Sodium nitraté Calcite
a 5.07 A° 6.36 A°
c 16.81 A° 17.02 A°
o< 102° 46%' 101° 55!

In the rhombohedral unit cell, the content is 2 molecules of each
for the above.
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1.2.4 Cleavage, Gliding and Twinning:

[

Sodium nitrate and calcite exhibit perfect fhombohedral cleavage
{10?.1} ., a cleavage in three directions at obl"ique; angles to each other
and are susceptible to abrasion or scratching. In case of calcite
some crystals exhibit cleaved areas upto 0.2 tx 0.2 mm free from
cleavage lines. Over such an area the crystais appear to have cleaved
true to a single molecular plane {Tolanski and Khamasavi. 1946) /82/.
Both crystals sometimes exhibit parting parallél o -{_01I2§. {10?23
and {OODI} . Fracture is conchoidal but seldom observable, since
the crystals are brittle. NaNO3 is softer than (;aCOS; their hardness
on Moh's scale are 1 and 3 respectively. This property varies on
different planes and in different directions.

The phenomenon of twinning occurs in almost identical fashion
in both these crystals. In view of the enorxhousz uses and availability
of calcite, this feature is studied in much mc;re detail for calcite
than for sodium nitrate. The following rules are i)"ound {o be observed:

I
i

(1) Twin plane §.02.2'1§ is rare with composition plane {02515; some-

times it occurs on aggregates of a few individuals.
1

{2) Twin plane {_00013 as the composition surf;ace‘ Re-entrant angles
are about the equator of the crystal except when bound laterally
by {105075. Twinning is then revealed by‘ cleavage or by the
apparent horizontal plazne of symmetry.

{3) Twin plane {10':{1} is not common withicomposition surface
{10113 . The twinned individuals have their axes nearly at

right angles and also have a cleavage plane: in common.
|

{4) Twin plane {_013:2} is very common with {oﬁz} as the compo-
sition face. This 1is often known as polys?nthetic twinning with
striations parallel to the Ilong diagonal ‘of the rhombohedral
cleavage plane. |
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Sodium nitrate exhibits twin-gliding with K, &10121, Kz{onﬁ.
The percussion figure on cleavage planes of NaNO3 and CaCO3 are

almost identical.

1.2.5 Percussion mark:

Whenever a dull conical point, kept on. a crystal face, is given
a sharp quick blow, a figure is usually formed. This figure is known
as a percussion mark. It can also be produced by allowing the impact
of a solid polished steel sphere on the crystal surface (Raman, 1959)
/83/. The formation of figure with the attendant features on a surface
is a characteristic property of the crystal itself and is related to
the structure of the crystal and to the orientation of the face on
which the impact occurs. The study of percussion figure on a crystal
surface is important in revealing the effect of concenirated siress

and its propagation in and around the crystal_ face under consideration.

When a percussion figure produced on a cleavage face of sodium
nitrate (Fig.l1l.7a) or calcium ca;rbonate (Fig.1.7b) was examined under
a microscope, it was observed that on either side of the area of
contact between the dull conical point (or impinging sphere) and
the crystal surface, two cleavage lines (or a number of pairs of
cleavage lines) making an obtuse angle 102° with each other developed
and extended outwards from the edge of that area (Fig.1.8). These
lines are clearly visible on the face of the crystal and they sharply
limit the area within which fracture develops. Another interesting
feature is the appearance of a whole series of parallel lines outside
the region of contact and only on one side of it. These 1lines are
equally 1inclined to the two sets of cleavagé lines and may be
explained as being due to glides occurring within the crystal along
the direction of a rhombchedral edge. The percussion figure with
the point of impact as the vertex of the triangle formed by the two
cleavage lines and the series of parallel lines is oriented oppositely

with respect to that corner of the crystal, where three obtuse angles



meet. The line which is perpendicular to the series of parallel lines
and passing through the vertex of the triangle has the direction
[{110] which is also the line of symmetry for the cleavage surface
and percussion mark. Sometimes interference colours are also observed
between the thin cleavage flake (through the air gap produced)} and
the main cleavage surface; the flake and the surface being loosely
attached to each other through the air gap produced by the impact.
This effect can be minimised by taking adequate precautions while
impinging the crystal surface by a dull point. The percussion figures
can be utfilized to determine the orientation of etchpits and their
boundaries. The line diagram on a cleavage plane of rhombohedral

crystals showing the above features of percussion mark is given
in Fig.1.8.



Fig.1.1

c{H)

Positive unit rhombohedron {_10_1-15 with axes a (H), a,(H),
a3(H) and C{H) in Miller-Bravais notation and al(R), aZ(R)
and ag(R) in Miller notation. In hexagonal system with four-
index notation, the three horizontal coplanar axes ai(H}, aZ[H)
and ag(H) are inclined at an angle of 120° with each other
and vertical axis C{H) is normal to the plane of the three
coplanar axes. The diad axis +a2(H] runs horizontal to the
right, +a1{H] direction downwards towards the left and +83(H)
direction upwards towards "the left. In terms of the three-axes
notation, the- axes al(R), aZ(R) and a'3(R) are parallel to the
edges of the fundamental rhombohedron,



Fig.1.2 Sterecgram of the form 1011 of a holosymmetric trigonal
crystal. The operation~vof triad axis gives three faces 1011,
1101 and 0I11 shown by black circles and that of the centre

{or of the horizontal diads) three feces 1011, 1101 and 0131
shown by open circles.



~

Fig.1.3 Unit positive rhombohedron {1014 with axes in

Miller-Bravais scheme.-
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Fig.1.4 Negative fundamental rhombohedron {101‘1}.
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Fig.1.5(a) Stereogram on a basal plane (0001) of a typically complex
crystal of calcite, showing the symmetry in the distribution
of faces. Forms in Miller-Bravais notation are-

(i) Prisms {1120}

(six faces a, 8y, 8y, a3, 8y . 85)

(ii) Prisms { mio‘g -

(six f'aces m My, My, Mg, my, & ms)

(iii) Positive rhombohedrons {1011}

(three faces r, r, & r

1 &1yl

(iv) Negative rhombohedron § 0112} and {0221}
(three faces in each: e, e & &y f, f1 & fz}

(v) Scalenohedron positive {2131y and {2134%
{six faces in each: V, V., V V, §V

10 Vg Vg Yy 8 Vg
tooty, by, gty & 1)



Fig.1.5(b)

Stereogram on a plane (111} of a typically complex crystal
of calcite, showing the symmetry in the distribution of faces.
Forms in Miller notation are-

{i) Prisms il(ﬂ ‘3

(six faces a, ai. az, a3, a4 & as)

(1) prisms {211

(six faces m, ml,‘ mz. mg. 1134 § mS}

(iii) Positive rhombohedrons 3100%

(three faces r, v, § r

10

(iv) Negative rhombohedrons {110} and {111}
(three faces in each: e, e, & eyl f, f1 § fz)

(v)  Scalenohedron positive 201} and 9310}
(six faces in each:

v, Vl‘ VZ' \’3, V4 § V5; t, tl' t2’ t3' t4 & t5)



Fig.1.6 Crystal structure of calcite (or sodium nitrate}.

The calcite (or sodium nitrate) lattice, with calcium
(or sodium) atoms by black circles, carbon (or nitrogen)
atoms by lined circles and oxygen atoms by small black

circles.

Distance between

c -0 1.23 A°

0 -0 2.13 A°

N -0 1.21 A°

0-0 2.108A°

Lattice parameters

for CaCO3 : a : 6.36 A°
c : 17.024°
for NaNO3 : a : 5.07 A°

c : 16.81A°



Fig.1.6(a)

A drawing showing the relation between correct unit
rhombohedron of the sodium nitrate (or calcite) arrange-
ment and its cleavage rhombohedron. The bimolecular
unit is the elongated cell, the cleavage pseudocell is
that outlined by thick lines. Small circles at the corners

are nitrogen (or carbon) atoms. Big circles are oxygen
atoms.



Fig.1.7(a)

Percussion mark on cleavage face of synthetic single
crystal of sodium nitrate (showing two cleavage lines
making an obtuse angle 102° with each other, extending
outwards from the edge of the indented area and appear-
ance of a series of parallel lines outside the region of
contact and only on one side of it. The lines are equally
inclined with the cleavage lines).



Fig. 7(b) Percussion mark on cleavage face of natural calcite
crystal, which is lightly etched by a concentrated
solution of sodium sulfate.



Fig.1.8

Two cleavage 1lines with directions [100] and [010] making
an obtuse angle 102° with each ofher are present. Also,
series of parallel lines with direction [110] which are
equally inclined to the two sets of cleavage lines are pre-
sent. These make a triangle. A line of symmeiry perpen-
dicular to {110} direction is [110].
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