


Bravais lattice
a lattice is a regular periodic array of points in space
a (3D) Bravais lattice consists of all points with position vectors R of the form 
R = n1a1 + n2a2 + n3a3  where a1, a2, a3 are any vectors not all in the same plane
and ni range through all the integer values

ai – primitive vectors
primitive vectors generate the lattice

the Bravais lattice specifies the periodic array in which the repeated units of the crystal are arranged
the units themselves may be single atoms, groups of atoms, molecules, ions, etc.

2D Bravais lattice
P = a1 + 2a2 
Q = - a1 + a2 

a simple cubic 
3D Bravais lattice

the set of primitive vectors is not 
unique – there are infinitely many 
nonequivalent choices



a volume of space that, when translated through all 
the vectors in a Bravais lattice, just fills all the space 
without overlapping itself or leaving voids is called 
a primitive cell or primitive unit cell of the lattice

several possible choices of primitive cell 
there is no unique way of choosing a primitive 
cell for a given Bravais lattice

a primitive cell must contain exactly one lattice point

the volume of the primitive cell v = V/N = 1/n, 
where n is the density of points in the lattice
the volume of the primitive cell is independent 
of the choice of cell

Wigner-Seitz cell
a primitive cell with the full
symmetry of the Bravais lattice

primitive cell



The 14 Bravais lattices
in 3D

Bravais 
lattices

(few notes/
pictures 

complementary to 
the A&M book)

M. Peressi 
Cond Matt Phys 1, UniTS

the dashed lines in this figure indicate 
the nearest neighbour distances =>
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7 Crystal systems                      14 Bravais Lattices
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Figure 4   The 7 crystal systems and the 14 Bravais lattices

see also this figure that 
specifies the cell parameters

(distances and angles):



The 2D Bravais lattices

Note that this is the 
proper primitive cell 
for the centered 
rectangular lattice 
type (why?  It contains 
only one lattice point)

(this is called a rhombus)

The 5 Bravais lattices in 2D



Wigner-Seitz cell
around a lattice point

• region of space that is closer to that point 
than to any other lattice point (topological 
def.)

• each point pertains to 1 WS cell

• translation => covers the whole space

• no reference to a particular choice of the 
primitive vectors: same symmetry of the 
lattice!



a Wigner-Seitz cell:
construction and properties



2D examples

some possible 
choices of 

primitive unit 
cells 

for oblique 
lattice

Wigner-Seitz cell for 
oblique lattice



examples of crystal structures

body-centered-cubic (bcc) Bravais lattice

bcc = scA + scB

a set of primitive vectors
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the Wigner-Seitz cell of
the bcc Bravais lattice
a “truncated octahedron”

primitive and unit cell or
conventional unit cell
generally chosen to 
have the lattice 
symmetry
bcc lattices are 
described 
by cubic unit cell

a – lattice constant



3D examples:  Wigner - Seitz cell for BCC



face-centered-cubic (fcc) Bravais lattice

a set of primitive vectors
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primitive cell and 
unit cell
fcc lattices are 
described 
by cubic unit cell

the Wigner-Seitz cell of
the fcc Bravais lattice
a “rhombic dodecahedron”
the surrounding cube is not
the conventional unit cell
but one in which lattice points
are at the center of the cube

fcc Bravais lattice



Wigner - Seitz for all Bravais Lattices



Crystalline lattices with basis



crystal structure consists of identical points of the same physical unit, 
called the basis, located at all the points of a Bravais lattice

crystal structure is a lattice with a basis



Crystalline lattices with basis

diamond
(FCC+basis)

graphite
(HEX+basis)

c/2

a

example: two allotropic forms of Carbon
(elemental solid - only one atomic type)
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zincblende
(NOT a Bravais lattice: FCC+basis with 2 different atoms)

reduces to diamond 
in case of one atomic type



diamond structure

the diamond lattice consists of two 
interpenetrating fcc Bravais lattices 
displaced by (a/4)(x + y + z)

diamond lattice is fcc lattice with the 
two point basis 0 and (a/4)(x + y + z)

formed by the carbon 
in a diamond crystal

zincblende structure

ZnS consists of equal number of zinc and sulfur 
ions distributed on a diamond lattice so that
each Zn has 4 S as its nearest neighbors
= fcc lattice with a basis consisting 
of Zn at 0 and S at (a/4)(x + y + z)



Hexagonal closed packed
(NOT a Bravais lattice: HEX+basis)
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hexagonal close-packed (hcp) structure

simple hexagonal Bravais lattice
2D triangular nets stacked 
above one another

c-axis
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a set of primitive vectors
hcp structure consists of two interpenetrating
simple hexagonal lattices displaced by a1/3 + a2/3 +a3/2

8
ideal

3
c a=

truly close-packed structure with the ideal 
value of c/a – an ideal hcp structure

hcp – …ABABAB…
fcc - …ABCABCABC…

infinitely many other closed 
packing arrangements, e.g.
…ABACABACABAC…



rocksalt
(NOT a Bravais lattice: FCC+basis with 2 different atoms)

(basis with different positions w.r.t. the zincblende)

mp
(sodium chloride structure)



CsCl
(NOT a Bravais lattice: SC+basis with 2 different atoms)

reduces to the BCC Bravais lattice 
in case of one atomic type

mp
(cesium chloride structure)



The Sodium Chloride structure The Cesium Chloride structure

NaCl consists of equal number of Na and Cl ions 
placed in alternative points of sc lattice so that
each Na has 6 Cl as its nearest neighbors
= fcc Bravais lattice with a basis consisting 
of Na at 0 and Cl at (a/2)(x + y + z)

CsCl consists of equal number of Cs and Cl ions 
placed at the points of bcc lattice so that
each Cs has 8 Cl as its nearest neighbors
= sc Bravais lattice with a basis consisting 
of Cs at 0 and Cl at (a/2)(x + y + z)



coordination 
number

diamond lattice 4
sc 6
bcc 8
hcp 12
fcc 12

coordination number – the number of the nearest 
neighbors to a given point in the lattice



packing fraction - the fraction of volume occupied by 

Number of
center

packing fraction - the fraction of volume occupied by sphere 
closely packed with respect to the available volume    

Example:
BCC

packing fraction f



FCC = 2
6 π ≈ 0.74

BCC = 3
8 π ≈ 0.68

SC = π
6 ≈ 0.52

diam = 3
16 π ≈ 0.34

packing fraction - the fraction of volume occupied by sphere 
closely packed with respect to the available volume    


