
Interstitial Sites (FCC & BCC)
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•In the spaces between the sites of the closest packed lattices (planes), there are a number of well 

defined interstitial positions:

•The CCP (FCC) lattice in (a) has 4 octahedral, 6-coordinate sites per cell; one site is at the cell 

center [shown in (a) and the rest are at the midpoints of all the cell edges (12·1/4) one shown in (a)].

•There are also 8 tetrahedral, 4-coordinate sites per unit cell at the (±1/4, ±1/4, ±1/4) positions 

entirely within the cell; one shown in (a)].

Alternative view of CCP 

(FCC) structure in (a):

•Although similar sites occur in the BCC lattice in (b), they do not possess ideal tetrahedral or 

octahedral symmetry. 
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Interstitial Sites (HCP)
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• HCP has octahedral, 6-coordinate sites, marked by ‘x’ in below full cell, and 

tetrahedral, 4-coordinate sites, marked by ‘y’ in below full cell: 



Interstitial Sites (continued)

•It is important to understand how the sites are configured with respect to the closest packed 

layers (planes):

•Of the six N.N. to the octahedral (OH) site in the CCP lattice, three are in one close packed 

layer (-11-1) and the remaining three are in the adjacent layer (1-11) (darkened triangles above).

•The most symmetric octahedral position is, thus, midway between these 2 close-packed planes.

•For the tetrahedral (TD) positions, three of the atoms that make up the tetrahedron lie in the 

same close packed plane (-111) and the fourth (apex of the tetrahedron) lies in another (1-1-1).

•We expect the interstitial atom to occupy a position equidistant between the 4 ligands.

•Because this position is not halfway between the 2 close-packed planes, as the octahedral site is, 

the sites above (T+) and below (T-) a central reference {111} plane are distinct (different orientation)

•It is useful to remember that for each close packed site in the FCC and HCP structures, there is 

one 6-coordinate octahedral site and two 4-coordinate tetrahedral sites (1 T+ site and 1 T- site).

•The 4 coplanar atoms in the octahedral

symmetry are usually called the in-

plane or equatorial ligands, while the 

top and bottom atoms are the axial or 

apical ligands.

•This representation is convenient since 

it emphasizes the arrangement of px, py

and pz orbitals that form chemical 

bonds (see pp. 16&17, Class 1 notes).
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Looking down any body diagonal <111> :



T- (-111) T-

All 4 T- tetrahedral interstitial sites (TD) in 

Diamond cubic structure (FCC lattice)
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n = number of atoms/unit cell or n’ = number of formula units/u.c. 

A = atomic weight 

VC = Volume of unit cell, a3 (cubic), a2c (hexagonal)

NA = Avogadro’s number

= 6.023 x 1023 atoms/mol

Bulk Density 

(BD) ≡   = VCNA

n A
CellUnitofVolumeTotal

CellUnitinAtomsofMass

Recall: Theoretical Bulk Density, 

2

3

-Other volumes are tabulated

= where

 of Cr (BCC):

a
R

A = 52.00 g/mol; R = 0.125 nm ; n = 2 a = 4R/ 3 = 0.2887 nm

 = 

a 3

52.002

atoms

unit cell
mol

g

unit cell

volume atoms

mol

6.023x1023

theoretical = 7.18 g/cm3
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Adapted from 

Fig. 3.2(a), Callister & 

Rethwisch 3e.

Example:



Example:  linear density of Al in [110] 

direction

a = 0.405 nm

Linear Density of Atoms  LD=

a

[110]

Unit length of direction vector

Number of atoms centered on direction vector 

# atoms

length

13.5 nm
a2

2
LD

-==

Recall: Linear and Planar Densities

Planar Density of Atoms  PD =
Area of plane

(001)

7

Number of atoms centered on a plane 

→Make sure you know/remember how to do BD, PD and LD calculations
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Cubic Heusler Structure

Example of a compound that has interstitial sites is ternary nickel-manganese-gallium, an important ferromagnetic and shape 

memory alloy, with the cubic Heusler structure:

Basis positions: 

Ni@8c( ¼, ¼, ¼), 

( ¼, ¼, ¾); 

Ga @ 4a(0, 0, 0); 

Mn @ 4b(½, ½, ½) 

Ga

Ni

Mn

2-D Projection 

down any axis 

(x,y,z)

See De Graef

Structures 

Appendix2.pdf on 

course website 

(ex.: A-9)

Questions:  1) What is Bravais lattice?

2) How many atoms/unit cell?

3) Stoichiometry(formula) of this compound?

4) How many formula units/unit cell?

5) Ni sits in what type of sites?

6) Mn sits in what type of sites?

7) Ga sits in what type of sites?

8) Same basic crystal structure can be 

maintained for a composition of NiMnGa, 

how would you sketch this crystal structure?

Same 

cell



.pdf & http://www.aflowlib.org/CrystalDatabase/strukturberichts.html

Naming Crystal Structures
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•We define a structure type as a specific configuration of atoms.

•Two materials have the same structure type if the atoms in the crystal 

structure have the same configuration and connectivity.  The lattice 

parameters will differ because of differences in atomic volumes.

•First way, we have already seen, e.g. NaCl is Rocksalt structure.

•Second way is to use the Strukturbericht “Structure Report” names:

•The number following the letter gives the sequential order of the 

discovery of the particular structure type. 

•Examples, A2 structure refers to BCC and B2 refers to an ordered AB 

compound with B atoms on cell vertices and A atoms on B.C. site.  

•In some cases, there is more than one derivative of an elemental 

structure within a crystal structure type (denoted by subscript).

•Example, two derivates of FCC (A1) structure are the L10 and L12…...

Strukturbericht Designation (SBS) Crystal Type

A Elements

B AB compounds

C AB2 or A2B compounds

D AmBn compounds

E,F,G,H··· K More complex compounds, e.g. ternary

L Alloys (metallic+intermetallic)

O Organic compounds

S Silicates

From Rohrer book

(b-W)



AuCu (L10)

tetragonal

AuCu3 (L12)

cubic
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Two derivatives of FCC (A1) structure are 

the L10 and L12

1) What are their Bravais lattices?

2) How many formula units/unit cell for each?

Cu

Au



Classifying Crystal Structures

•We will classify a large number of crystal structures using a small number of common 

characteristics, namely packing, compositional ordering, and filling of interstitial sites.

1. For packing, we identify the atoms that belong to a close packed framework with either BCC, 

FCC(CCP) or HCP.  

•These framework atoms need not occupy the “ideal” close packed sites (we will overlook small 

displacements), nor must they be in contact.  

•This `expanded´ definition of close packed is especially important for ionic compounds, where 

we expect the anions & cations to be in contact, while species of like charge should repel.  

•Eutactic (“well arranged”) arrangement is when atoms are configured in close packed positions 

but not in contact (pseudo close packed framework).

2. How the framework sites are occupied; the simplest case is single type of atom occupies the 

eutactic sites.  If more than one type of atom occupies a single type of eutactic site in a periodic 

arrangement, we say that the structure has compositional order and this can lead to larger unit 

cells and/or lower symmetries than the elemental prototypes. 

•Such arrangements are referred to as superlattice structures. 

3. Specify how the tetrahedral and octahedral interstitial sites are occupied.  

•The sites can be empty, partially occupied, or completely filled.  Also, it is possible to have 

compositional ordering on the interstitial sites.  11



•Table on the right lists a number of structures 

that are classified based on the packing 

configuration , compositional/chemical ordering, 

and the interstitial site occupancy.

•Usually the more electronegative atom is chosen 

as the framework atom and the other is the 

interstitial atom, e.g. Al2O3…..

•We will return to this Table later, since we need 

to now discuss ionic (ceramic) packing, 

crystallography and symmetry concepts.

Classifying Crystal Structures (continued)

From Rohrer 

book
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