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Crystallography deals with crystals

A crystal is a solid with an

orderly, repeating arrangement of atoms
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Crystals are everywhere!

Hexagonal System, Sp. Gp. P63/mmc



Transparent Opaque

Translucent
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Crystals are everywhere!
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Crystals are everywhere!



fibrous

Prismatic
Tabular

Needles
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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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Diamond
Graphite Fullerene

carbon structure\diamond.mryx
carbon structure\YOPTUU.mryx
carbon structure\SOCTOT13.mryx
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üHistoric definition before the advent of crystallography

-A solid with well-defined faces

üCrystallographic definition

- A material with a regularly repeating structural motif

üThe strict definition is more vague

- Any material that gives diffraction pattern with sharp peaks
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What is a Crystal?
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What is not a Crystal?



A Regular Arrangements of Atoms, Ions or Molecules
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What is a Crystal?

cifs\BENZEN15pac.mryx


AMORPHOUS

CLASSIFICATION OF SOLIDS BASED ON ATOMIC 

ARRANGEMENT

QUASICRYSTALS CRYSTALS

Short range order

+

No periodicity

order

+

No periodicity

long range order

+

periodicity

Quasicrystals.ppt
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× Science of the arrangement of atoms in molecules

× Science of the arrangement of molecules with respect to 

each other 

× Implications for these arrangements for a myriad of 

areas of science from bioscience to nanotechnology

× Not the science of crystals

What?
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Why?

ÇMaterialsôproperties 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.

Ç This technique is essential for chemistôstoday for 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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Geometrical Crystallography-

Study of external shape of crystal
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· 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

Early thoughts about crystals

Symmetry
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Group discussion

Kepler wondered why snowflakes have 6 corners, 

never 5 or 7.  By considering the packing of polygons 

in 2 dimensions, demonstrate why pentagons and 

heptagons shouldnôt occur.

Empty space 

is not allowed













?

Empty space 

is not allowed



Empty space 

is not allowed

?



Space filling repeat patterns

Only 2, 3, 4 and 6-fold rotations can produce space filling patterns



Crystal faces: crystal usually 

bounded by a number of flat 

surfaces (faces). 

Face

Crystal edge: It is formed by

intersection of two adjacent

faces

4 + 4 + 4 = 12 edge



External parts of crystal

Solid angle: It is formed by 

intersection of more than two 

adjacent faces

Interfacial 

Angle

Interfacial Angle: It is angle between two 

adjacent faces.

More accurately it is angle locates between 

two verticals drawn to any two adjacent 

faces.

Interfacial Angle4 + 4 = 8 Solid angle
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Law of constant interfacial angles

Angles between the crystal faces of a given species are

constant

üContact (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.

üReflecting (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

them.

http://dssmhi1.fas.harvard.edu/eMuseumMedia/eMuseumFull/B503191_pro/




CRYSTAL SYSTEMS  are divided into7 main 

groups.

Fluorite Crystals

The first group is the 

ISOMETRIC (Cubic).  

This literally means 

ñequal measureò and 

refers to the equal size of 

the crystal axes.
Pyrite Crystals



Octahedron

Spinel

Cube

Fluorite Pyrite

Cube with Pyritohedron

Striations

Trapezohedron

Garnet

Garnet - Dodecahedron Grossularite, 

Dodecahedra



Three horizontal axes meeting at angles of 120o and one 

perpendicular axis.

BERYL

This modelrepresentsa hexagonalPRISM

(the outside hexagon- six sided shape).

The top and bottom faces are called

PINACOIDS and are perpendicularto the

verticalñcòaxis.
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WULFENITE 

APOPHYLLITE 

on Stilbite



Topaz from Topaz 

Mountain, Utah.



STAUROLITE

Prism View

Pinacoid View



Gypsum

Mica

Orthoclase

Top View



Microcline, variety 

Amazonite



×Abbé René Just HaŤy(1743 ï1822):

Father of Crystallography

Auguste LaurentGabriel Delafosse Christian Samuel Weiss

Crystal Structure Model Symmetry in Crystal

http://images.google.com/imgres?imgurl=http://www.lmcp.jussieu.fr/sincris_fr/html/histoire/Hauy.gif&imgrefurl=http://www.lmcp.jussieu.fr/sincris_fr/html/histoire/hauy_rj.html&h=344&w=283&sz=91&hl=en&start=13&um=1&tbnid=c2pOtanHoIM3mM:&tbnh=120&tbnw=99&prev=/images?q=hauy+rene+just&svnum=10&um=1&hl=en&rls=GGLD,GGLD:2004-53,GGLD:en&sa=G
http://fr.wikipedia.org/wiki/Fichier:Delafosse.gif


Bravais, a graduate of the École 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.

http://en.wikipedia.org/wiki/File:Bravais2.gif
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ñThe smallest repeat unit of a crystal structure, in 3D, 
which shows the full symmetry of the structureò

The unit cell is a box 

with: 

Å3 sides - a, b, c

Å3 angles -a, b, g

·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

1/ 8 = 1 lattice point .

The Unit Cell



Building a crystal

0 a               2a                3a                4a                                           ta

b

2b

c

2c

vc

ub
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Translationally periodic 

arrangement of motifs

Crystal

Translationally periodic 

arrangement of points in 

space

Lattice

Latticeüthe underlying periodicity of the crystal

Basis or Motif üatom or group of atoms associated with each lattice points

Latticeühow to repeat

Motif üwhat to repeat

Crystal = Lattice + Motif



·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.

+ à
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Elemental solids (Argon): Basis = single atom.

Polyatomic Elements: Basis = two or four atoms.

Complex organic compounds: Basis = thousands of atoms.





Ý Seven unit cell shapes

·Triclinic a b̧ ç a b̧ ģ̧ 90 °

·Monoclinic a b̧ ç a=g= 90 ° , b 9̧0 °

·Orthorhombic a b̧ ç a=b=g= 90 °

·Tetragonal a= b ç a=b=g= 90 °

·Rhombohedral a= b= c a=b= ģ90 °

·Hexagonal a= b ç a=b= 90 ° , g= 120 °

·Cubic a= b= c a=b=g= 90 °



The 14 Bravais lattices

Triclinic P

a b c, a b g¸ ¸ ¸ ¸
o o

 Monoclinic (C )

a b c, 90 , ß 90a g¸ ¸ = = ¸

Monoclinic P

a b c, 90 90a g b¸ ¸ = = ¸A A

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


The 14 Bravais lattices

o

Orthorhombic (P) 

a b c, =ß= =90a g¸ ¸ o

Orthorhombic (C)

a b c, =ß= =90a g¸ ¸ o

Orthorhombic (F) 

a b c, =ß= =90a g¸ ¸
o

Orthorhombic (I) 

a b c, =ß= =90a g¸ ¸

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
http://www.york.ac.uk/depts/chem/course/studhand/bravais.html


o

Tetragonal (P) 

a=b c, =ß= =90a g¸

The 14 Bravais lattices

o

 Tetragonal (I)

a=b c, =ß= =90a g¸
o o

Hexagonal (P) 

a=b c, =ß=90 , =120a g¸

o

Rhombohedral (R)

Trigonal P 

a=b=c, =ß= 90a ģ

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
http://www.york.ac.uk/depts/chem/course/studhand/bravais.html


o

Cubic (P) 

a=b=c, =ß= =90a g

The 14 Bravais lattices

o

Cubic (I) 

a=b=c, =ß= =90a g
o

Cubic (F) 

a=b=c, =ß= =90a g

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


ñSymmetryelements define the (conceptual) motion

of an object in space,

the symmetry operation, leads to an arrangement

that is indistinguishable from the initial

arrangement.ò



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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Rotational symmetry

Rotation about an axis: 

1, 2, 3, 4 or 6
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Rotational symmetry

ESCHERôS DRAWING 
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Mirror Plane Symmetry

ñArises when one half of an object is the mirror image 

of the other halfò

m

file:///C:/Documents and Settings/Administrator/Desktop/Form.mry


Mirror Symmetry

Right and left hands are 

identical by reflection through a 

mirror plane.

Imagine ůas 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 

reflection is the symmetry 

operation. 
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Centre of Symmetry (i)
ñpresentif you can draw a straight line from
any point, through the centre, to an equal
distance the other side, and arrive at an
identical pointò

Centre of symmetry at S



The inversion, i

·Centre of symmetry
Ɓreflection through the centre 

of the molecule to an equal 
distance on the opposite 
site.

Point of inversion, i


