
Crystal Structure



Possess rigid and long-range order; atoms, 
molecules, or ions occupy specific positions

Crystalline Solids

the tendency is to maximize 
attractive forces

Amorphous Solids
lack long-range order



Cell Unit
the basic repeating unit of a crystalline solid.



Lattice Points
each sphere represents a lattice point

the spheres 
represent 
atoms, ions or 
molecules



Crystal Lattice

graphical depiction of atomic positions

(lines between in a lattice are not necessarily 
covalent bonds; they simply trace the shape 
of the lattice and locate the atoms more 
clearly)

all crystal lattices are built of unit cells



There are seven kinds of crystal lattices

cubic
tetragonal

orthorombic
monoclinic
Triclinic 
hexagonal

rhombohedral
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simple cubic
a = b = c

α = β = γ = 90° 
a = b = c

tetragonal

α = β = γ = 90° 

orthorhombic

α = β = γ = 90° 
a = b = c a = b = c

rhombohedral

α = β    γ = 90° 

monoclinic

α = γ    β = 90° 
a = b = c

triclinic
a = b = c

α = β    γ = 90° 

hexagonal
a = b = c

α = β = 90°  γ = 120° 
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Crystal Lattices

 Within each major lattice 
type, additional types are 
generated by placing lattice 
points in the center of the 
unit cell or on the faces of 
the unit cell.



Types of Cubic lattices

simple cubic

body-centered-cubic

face-centered-cubic



Simple Cubic Unit Cell



Body-Centered Cubic Unit Cell



Face-Centered Cubic Unit Cell
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Metallic Structure

 The structures of many metals conform to 
one of the cubic unit cells. 
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Close Packing

 The atoms in a 
crystal pack as close 
together as they can 
based on the 
respective sizes of 
the atoms.



Types of Crystals



Types of Crystalline Solids

Determined by the kinds of forces that hold 
the particles together

Ionic

covalent

molecular

metallic



are hard and brittle, have high melting points, 
and are poor conductors of heat and 
electricity

Ionic Crystals

composed of charged species



Packing of ionic solids

ions at lattice points

maximize electrostatic attraction between 
oppositely charged ions

minimize electrostatic repulsion between 
ions of same charge



Crystal structures of cesium chloride

CsCl



atoms held together by covalent bonds

Covalent Crystals

atoms occupy lattice points

properties: hard, high melting point, poor 
conductors of heat and electricity



Tetrahedral Carbon and a Carbon 
Lattice



Diamond

-  the whole crystal is one 
giant molecule

Network solid



Trigonal Planar Lattice

Carbon bonded to three other atoms is  
sp2 hybridized



Benzene



Graphite
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Covalent-Network and
Molecular Solids 

• Graphite is an 
example of a 
molecular solid, in 
which atoms are 
held together with 
van der Waals 
forces.
– They tend to be 

softer and have 
lower melting points.



lattice is held together by van der Waals 
forces

Molecular Crystals

species at lattice points are covalent 
molecules

are soft, low melting, and poor conductors of 
heat and electricity

examples include ice, sucrose, sulfur, solid 
carbon dioxide



nuclei and core electrons occupy lattice sites, 
valence electrons move throughout the lattice

Metallic crystals

lattice points occupied by metal atoms

metal atoms are difficult to separate from one 
another but can be moved relative to each 
other

electrons delocalized over many, if not all, 
atoms in the lattice



Metallic crystals

Each circled positive charge represents the 
nucleus and  inner electrons of a metal atom. The 
gray area a indicates a sea of mobile electrons
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A Molecular-Orbital Approach

 As the number of 
atoms in a chain 
increases, the energy 
gap between 
molecular orbitals 
(MOs) essentially 
disappears, and 
continuous bands of 
energy states result.



Properties of Metals

Conduct electricity

malleable

ductile



Metal Alloys

Contain a mixture of elements and have 
metallic properties  



Substitution  Alloys

Some of the host metal atoms are replaced by 
other metal atoms of similar size

Brass
copper and 33.3% zinc 

Sterling silver

Silver and 7% copper



Substitution  Alloys



interstitial Alloys

Formed when some of the interstices (holes) 
in the closest packed metal structure are 
occupied by small atoms 

low  .2%                      some what malleable

Steel
carbon in the holes of iron

medium  .2 - .6%        harder
high         .6 - 1.5%      tool grade



interstitial Alloys
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Alloys

• In substitutional alloys, a second element 
takes the place of a metal atom.

• In interstitial alloys, a second element fills a 
space in the lattice of metal atoms.


