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Crystallography deals with crystals

A crystal is a solid with an
orderly, repeating arrangement of atoms
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Crystal Shape i‘i

 General Shapes g B
— prismatic 4, "

Crystal Shape

— platy .
— blocky | ,' /|  Special named shapes

— tabular !;': — cube Pyrite
— bladed 3

— dodecahedron Garnet 8§ ;

— octahedron
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Crystals found in everyday life
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salt\NaCl.cif
sugar\SUCROS01.cif

Crystals found in everyday life
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carbon structure\diamond.mryx
carbon structure\YOPTUU.mryx
carbon structure\SOCTOT13.mryx

What is crystal?

U Historic definition before the advent of crystallography

-A solid with well-defined faces

U Crystallogr:
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Whaittidsa € sjalfal?

A Regular Arrangements of Atoms, lons or Molecules
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cifs\BENZEN15pac.mryx

CLASSIFICATION OF SOLIDS BASED ON ATOMIC

ARRANGEMENT

AMORPHOUS QUASICRYSTALS CRYSTALS

Short range order order long range order
+ + . + . .

No periodicity No periodicity periodicity

Amoa)hous Si0; crysm"ne so,
(Quartz)
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Quasicrystals.ppt

Crystallography = what & why?
What?
X Science of the arrangement of atoms in molecules

X Science of the arrangement of molecules with respect to
each other

x Implications for these arrangements for a myriad of
areas of science from bioscience to nanotechnology

X Not the science of crystals
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Crystallography - what & why?

Why?
C Mat er prapkrsed are intimately related to their structures

Understanding certain properties requires knowledge of

atomic arrangement, e.g. piezoelectric, polarization, optical

activity, hardness, compressibility, solubility, colour , density etc.

C This technique is essential forc h e mi ®day ®r knowledge of accurate

molecular structure, which is an essential for structure based functional

studies to aid in the development of effective materials.
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Crystallography Developments: 4 erief History

Geometrical Crystallography-

Study of external shape of crystal
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Early thoughts about crystals
Symmetry

Crystals are solid - but solids are not necessarily crystalline

Crystals have symmetry (Kepler,1611) and long range order

- First speculation on the nature of six -fold symmetry of
snowflakes based on the observation that small ice spheres can
produce a regular polygon

N
3
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Grauplidésssiesion

Kepler wondered why snowflakes have 6 corners,
never 5 or 7. By considering the packing of polygons
In 2 dimensions, demonstrate why pentagons and

heptagonss houl dn.0t occ
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Empty space
IS not allowed
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Space filling repeat patterns

Only 2, 3, 4 and 6-fold rotations can produce space filling patterns
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External Appearance of Crystals

Crystal faces: crystal usually Crystal edge: It is formed by
bounded by a number of flat intersection of two adjacent
surfaces (faces). faces
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External parts of crystal

Solid angle: It is formed by Interfacial Angle: It is angle between two
intersection of more than two adjacent faces.
adjacent faces More accurately it is angle locates between
two verticals drawn to any two adjacent
faces.
_/ / Interfacial
| //Angle
_________ )
|
o
4 + 4 = 8 Solid angle Interfacial Angle R
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Law of constant interfacial angles

Angles between the crystal faces of a given species are
constant

Contact (A. Carangeot,1783): To
determine the angle between two
surfaces, one has to hold the crystal
edge at the scissor opening between the
limbs of the goniometer. The angle being
measured Is read from the scale.

Reflecting (W.H. Wollaston, 1809).
Instead of measuring the angle formed by
the meeting of two faces of a crystal
directly, it measured the angle formed by
the meeting of rays of light reflected from

» CL Council of Scientific and Industrial Research
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http://dssmhi1.fas.harvard.edu/eMuseumMedia/eMuseumFull/B503191_pro/

Classification of Crystals Based on their
Shapes

Seven (7) Crystal Systems

1. Cubic
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2. Hexagonal a=b=zec: a=8 _
3. Rhombohedral a = b =¢; a = = vy =% 90°
4. Tetragonal a=b=#c¢; a=p=y=90°
5. Orthorhombic a#b #¢; a = =y = 90°
6. Monoclinic axb=#c¢; a=y=90° B=£90°
7. Triclinic azb=c¢c; a#p=zy=z90°
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CRYSTAL SYSTEMS

CRYSTAL SYSTEMS -arel divided intd main
groups.

The first group is the

ISOMETRIC (Cubic).
This literally means
Nequal mea

refers to the equal size G

) ) the crystal axes.
Fluorite Crystals Pyrite Crystals

f
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ISOMETRIC BASIC CRYSTAL SHAPE

Cube with Pyritohedron
Striations

PR A ﬁ
Garnét® Podecahedro
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HEXAGONAL CRYSTALS

Threehorizontal axes meeting at anglesl@f? and one
perpendicular axis.

This modelrepresenta hexagonaPRISM
(the outside hexagon- six sided shape)
The top and bottom faces are called

PINACOIDS and are perpendiculato the
verticaln caxis

BERYL
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WULFENITE

APOPHYLLITE
on Stilbite
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Pinacoid View

Prism View
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Microcline, variety
Amazonite
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Geometrical Crystallography

x Abbé René Just Ha T({1743 71 1822):
Father of Crystallography

Gabriel Delafosse Auguste Laurent Christian Samuel Weiss

1

4
L} Crystal Structure Model Symmetry in Crystal
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Augustie Bravais (1811 -1863)

Bravais, a graduate of the Ecole Polytechnique and a
professor of physics, worked out a mathematical
theory of crystal symmetry based on the concept of

the crystal lattice, of which there were 14,
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http://en.wikipedia.org/wiki/File:Bravais2.gif

The Unit Cell

N T hsmallest repeat unit  of a crystal structure, in 3D,
which shows the full symmetry of the struc

f

The unit cell is a box /

with: /‘ ‘."
A 3sides-a, b, c ﬁ

A 3 angles - a, b, g z ¥

/ b

Only 1/8 of each lattice point in a unit cell can actually

be assigned to that cell.

Each unit cell in the figure can be associated with 8 x

L/ 8.7 sLdallice:...point .
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Building a crystal Z
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Lattice Crystal

Translationally periodic
arrangement of points in
Space

Translationally periodic
arrangement of motifs

Crystal = Lattice + Motif

Lattice U the underlying periodicity of the crystal
Basis or Motif 0 atom or group of atoms associated with each lattice points

Lattice U how to repeat
Motif U what to repeat

Council of Scientific and Industrial Research
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Crystal structure can be obtained by attaching atoms,
groups of atoms or molecules which are called basis
(motif) to the lattice sides of the lattice point.

Lattice

Motif

+ a
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Crystal
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Crystal Structure = Crystal Latticee + Basis 5}

8888

Elemental solids (Argon): Basis = single atom.
Polyatomic Elements: Basis = two or four atoms.
Complex organic compounds: Basis = thousands of atoms
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Bravais basis crystal
lattice
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Y- Seven unitrcelllshapes:s :

(# should be read "not
constrained to be.")

Triclinic a, b, c a.b,g, 90°
Monoclinic a b, c a=g90°, b, 90°
Orthorhombic a, b, c a=b=g90°
Tetragonal a=Db,c a=b=g90°
Rhombohedral a=b=c a=b=g90°
Hexagonal a=Db,c a=b=90°, g=120°
Cubic a=b=c a=b=g90°

P . Council of Scientific and Industrial Research
- CCL National Chemical Laboratory



The> 141 Bravaisis laiticeses

Triclinic P Monoclinic P Monoclinic (C)
a,b.ca b ., a,b.ca »m 9 oo a,b.ca » 99,8 9
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http://www.york.ac.uk/depts/chem/course/studhand/bravais.html
http://www.york.ac.uk/depts/chem/course/studhand/bravais.html
http://www.york.ac.uk/depts/chem/course/studhand/bravais.html

The2144 Bnavaisis latticeses

I O | o
Orthorhombic (P) Orthorhombic (C) Orthorhombic (1) Orthorhombic (F)

a,b ,c,a=R=g90 a b  c,a=R=g0 a, b c,a=R=gol a. b ca=R=go0
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The> 14} Bnavaisis lattiteses
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The2144 Bnravaisis latticeses

Cubic (P) Cubic (1) Cubic (F)
a=b=c, a=R= g90° a=b=c, a=R= g90° a=b=c, a=R= g90°
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Symmetry Elements and Operations

NSy mmedlemgnts define the (conceptual) motion
of an object in space,

the symmetry operation, leads to an arrangement
that Is Indistinguishable from the initial
arrangement.o
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Symmetry Operations & 32 Point Groups

Rotation,
reflection and
Inversion
operations
generate a variety
of unique
arrangements of
lattice points (i.e.,
a shape structure)
In three
dimensions.
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From Bloss, p. 6

FromBloss, pp. 4, 5 a= _360°/n
4. INVERSION =i n = fold of axis = 1,2,3.4 or 6
3. ROTATION 217
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Rotational symmetry

Rotation about an axis:
1,2, 3,40r6
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Rotational symmetry

ESCHEROS DRAWI NG
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Right and left hands are
Identical by reflection through a
mirror plane.

Imagine U as a plane pointing
Into the page. This mirror plane
IS the symmetry element.

The motion of taking one hand
through the plane to give its

o reflection is the symmetry

operation.
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Centre of
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Symmetnyy (i)

Npr es efnyou can draw a straight line from
any point, through the centre, to an equal
distance the other side, and arrive at an
identical poi nt o

C

C
~ Hg

a dimethyl mercury

b
Cr(0) hexa-
carbonyl

60
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Thainnwversion, |
. Centre of symmetry

Breflection through the centre
of the molecule to an equal
distance on the opposite
site.

Point of inversion, |
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