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Minerals

Long range, 3D internal order

lons or groups of atoms repeating at
regular intervals throughout the mineral

Symmetry

Repetition of objects though rotation,
reflection, inversion, and translation

Physical properties

e External form

e Mechanical properties (cleavage)
e Thermal expansion

e Optical properties

e Magnetic + electrical properties




Crystallography

The study of the external form and internal atomic arrangement
of crystalline solids, and the principles that govern their growth,
external shape, and internal structures.

Crystalline solids

Internal atomic arrangement
Growth

External form

Symmetry

Describes the periodic repetition of structural features

Simplifies the description of minerals — we only need to specify
a pattern and how it is repeated
Each mineral has a specific symmetry

Minerals with the same chemical composition and different
symmetry?




Two types of symmetry Periodic repetition of a motif

. across a length or through an area
Translation symmetry g &

or volume
Point symmetry around a point
Symmetry
Translation symmetry Point symmetry
Unit cell, lattice, crystallographic Reflection, rotation, inversion,
coordination system roto-inversion

32 Crystal classes

14 Bravais lattices .
(point groups)

6 Crystal systems

Screw axis, glide planes

230 Space groups




Translational symmetry

Translational symmetry

Repetition by movement in equal increments

Unit cell

The smallest unit of a structure (or pattern) that can be
infinitely repeated to generate the entire structure (or to
generate the complete print of a pattern)




Structure (or pattern) = motif + lattice

Motif: Unit of pattern — what is repeated

Lattice: An imaginary pattern of points in which every point has
an environment that is identical to that of every other point —

How to repeat

No specific origin as it can be shifted parallel to itself

Lattice:
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Motif: }&

Structure = Lattice + motif

Structure (or pattern):

________




Size of a unit cell

Atoms along the outside of the unit cell are shared with
adjacent cells
interior atoms count as 1 each

atoms on corners count as 1/8 (each corner shared among
eight cells)

atoms on edges count as 1/4 (shared among four cells)
atoms on faces count as 1/2 (shared between two cells)

Example:

. 18
Count Na (filled symbols): Jé)_

- -
1 interior (in center) Y
\ e

12 edges *1/4=3 %
Total=1+3 =4 Na o Na

OCl




o " ¢
% 0 2

o, @
o @ vy O

€2 2 0 2
o B

£2 £2 €2 €2
ERERTRE

£2 €2 €2 £2
¢33

2 SENET o ST, ST s S a2

&N &N & & &
& &N & &N &
& A& & &

FPRERTRE

ZRERTRE

ZRERTRET

P RERTRE




Crystallographic coordinate system

Unique to a mineral and forms the edges of its unit cell

Crystallographic axes
Crystallographic angles

Crystallographic axes

All other systems: a, b, ¢

Hexagonal system: a,, a,, a;, ¢

Each axis is of different length
If they are equal, then label as a,, a,, etc

Ends of axes are designated + or —




Crystallographic angles

a = between b and ¢
B = betweenaandc
y = betweenaand b

Bravais lattices

The number of possible lattices is limited

French crystallographer Auguste Bravais (1811-1863):

In three-dimensional space only 14 different lattices may be
constructed — Bravais lattices




The 14 Bravais lattices can be divided among 6 crystal systems,
each corresponding to a type of coordinate system

Triclinic

Monoclinic
Orthorhombic
Tetragonal
Trigonal/Hexagonal
Cubic

azb#c,azp#y=z90°
azb#c,a=y=90°%f3
azbz#c,a=B=y=90°
a=bzc,a=B=y=90°
a=b#c, a=90°y=120°
a=b=c,a=B=y=90°
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- = 80
y = 90

Orthorhombic

ey, INlEr
endicular to

Monoclinic Tetragonal

+ g

secting at 120° a; = a, = ay; all axes

plane with ay, a;, a3 at 90* to each other
Hexagonal Isometric
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The 14 Bravais lattices are furthermore of 3 different types
Primitive lattice (P)
Lattice point at each corner of the three-dimensional unit cell

Body-centered lattice (1)
Lattice points at each corner of the unit cell
A lattice point at the center of the three-dimensional unit cell

Face-centered lattice (F or C)
Lattice points at each corner of the unit cell

Lattices points at either the centers of just one pair of faces (C) or the
centers of all three pairs of faces (F)

Triclinic azbzc,azpBzy=90° P
Monoclinic azb#c,a=y=90°%pB P,C
Orthorhombic azb#c,a=B=y=90° PC I F
Tetragonal a=b#c,a=B=y=90° A

Trigonal/Hexagonal a=b#c, a=90°y=120° P, R
Cubic a=b=c,a=B=y=90° PIF
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Cell centering symbols

P: primitive

F: face centered (extra lattice point on each face)

I: body centered (lattice point in the center of cell)

C: c-centered (lattice point on the plane normal to c);
B or A centering also possible

R: rhombohedral

The Bravais Lattices
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[z The Bravais Lattices
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Planes and Miller indices (hk/)

We need a way to identify planes in crystals
Some planar objects of interest:

crystal faces

cleavage planes

Planes are identified by Miller indices (hk/)

Miller indices (hk/)

The Miller indices of a face consist of a series of whole numbers
that have been derived from the intercepts by inverting and, if
necessary, the subsequent clearing of fractions.

Always given by parentheses
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How to get Miller indices

Write the intercepts of the plane in units of the cell edge

lengths

Invert the intercepts

Clear fractions

Remember that 1/(infinity) =0

Negative indices are given by a "bar" over the number

FIG. 6.29 (a) A plan view showing intercepts and Miller indices for some planes in an isometric
latti (1) Intercepts and Miller indices of some faces modifying the corner and edges of a cube

\\Q Intercepts for:
ay AAd-liw:
vertical ‘\_* 'B'F- AB A'A'-2:00 ;00

7 as BB—co:1: e

; AB-1:1:wm
A— A lay:wag:lag
100 Miller indices for:
A’ TR AA-§ L L =100
l‘ _ AA~(355)x2=100
111
: BB-111 _010
AB-1411 =110

010

ay

(

(a)

laj:= az:way
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Example: plane intercepts at 2 units along a; 3 units along b,
but is parallel to ¢

Intersects: 2, 3, @
In\lr(-zrslt;'n-1 11
"2'3'

Miller index: (3 2 0}

Example: (110) is the “one bar one oh” plane
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Hexagonal system: (hk i )]

ay, Ay, ag, C

Bravais- Miller system of indexing

+a3

-a,

+0,
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- \ [ +a crystal ay a
crystal face

face
Intercepts for shaded faces:

lay, way, lagl-), =c lay, lay, Yeaz(-), e lay, lag, Yaayl-), le
Miller—Bravais indices for shaded faces:
LA F A Lt T 1 L o o
1 o 1 o 1 1 % o T 1 %1
1010 1120 112

Lines [u v w]

Zone
a collection of faces with parallel edges

Zone axis
A line through the center of the crystal

Parallel to the lines of face intersections

Always in square brackets: [u v w]
u = number of units along a
v = number of units along b
w = number of units along ¢
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Example:

[3 2 0] corresponds to a line from the origin through the point
(3a, 2b, Oc)
This line is perpendicular to ¢

Special lines
[100]isthe g axis
[0 10]isthe b axis
[00 1] is the c axis
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7 nal external form
” of larger crystal

i Original crystal ;
[ nucleus (2)

PG 10.5 (a) Schematic cross section of a crystal that grew
age (1), a nucleus (with only o, octahedral faces), via

3 to the final form of (4], with only a icube) faces

18 growth vectors reprasanting the direction of

crystal growth. Note that the faces perpendicular to

vectors (o faces) are finally eliminated in stage (4),

emselves cut of existence. (b) llustraton of the

rystals {at the various stages 1 10 &), far which (a)

& schematic cross section. The form consisting of

5 an octahedron, thi one with a faces only is a cube,

rtermediate forms are combin of the

the cube in cifferent stages of development

ROM module II, under “Crystal Growth. ")

#

(4)
(b)

Calcite crystals

_ Calcite crystals,
112 and f(0221},
hombohedrons,
L1} and M 14041}
tive thombohedrons.
{1010}, prism.
basal pinaceid.
scalenchedron
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