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Tilley, “Understanding solids”:

“Traditionally materials have been divided into three 
major groups: Metals, Ceramics and Polymers.”
“ In addition… Composites and biomaterials.”

Q: What characterize a material?
A: …

Q: What do you mean by “metals”?
A: …
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Another classification of materials:

Construction materials
Functional materials

Materials are:
Solids? Not always
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The crystal chemistry of the ionic bond

As opposed to the directional nature of the covalent bond, 
the ionic bond is non-directional.

Laves' Principle: 
The most stable structure for a solid is one in which the most efficient 
use is made of space. When a compound forms a crystalline solid, its 

atoms, ions, or molecules pack as closely as possible.

1. Space Principle: Space is used most efficiently
2. Symmetry Principle: Highest possible symmetry is adopted
3. Connection Principle: There will be the most possible "connections" 

between components (i.e. coordination numbers are maximized)

Followed by metals and inert gases - close-packed structures
Deviations include:- bcc metals
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This open arrangement of atoms 
is unknown in a metal.

This close packed arrangement 
of atoms is typical of a metal.

Efficient packing of spherical atoms is obtained by close 
packing (hcp and ccp (fcc)) 
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A1: ccp Cu-structure ABCABC
A2: bcc W-structure
A3: hcp Mg-structure ABAB

Allotropes: High temperature structures of metals (Table 6.1)

More complex structures, e.g. Co, below 435˚C: random stacking of A, B, and C-layers
Annealing at temperatures below 345˚C: A3, hcp
At temperatures above 345˚C: A1, ccp

Mixed close packing
La, Pr, Nd: ABAC
Sm: BABCAC 

Hg: rhombohedral: distorted (compressed) ccp

C: graphite, diamond. Si, Ge, 
Sn: diamond below 13.2˚C (grey tin, α-tin, sp3) 

above 13.2˚C (white tin, β-tin) metallic, complex structure
Pb: ccp
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Grey/white tin

Grey, cubic (diamond), sp3, semiconducting (0.7ev)
White, tetragonal, metallic

C, Si, Ge, grey Sn: bandgap: 5.5, 1.1, 0.7 and 0.1eV

Figure 7.1

Text...: In the diamond structure solids, the tetrahedral bonding does indeed come from 
sp3 hybridization, but it is not obvious that this will produce a semiconductor, and the 
question of the size of the band gap, and whether this is direct or indirect, is much more 
subtle, as indicated in figure 7.1. The s-p level separation in the free atoms is about 7-8 
eV, but the bonding integrals are large enough to enforce the s-p mixing and to open up 
an energy gap (valence-conduction, equivalent to bonding-antibonding) within the sp3 
band, largest in C (diamond) at 5.5 eV, and 1.1, 0.7 and 0.1eV for Si, Ge and (gray) Sn
respectively. Sn has two structures; the semi-conducting low temperature form, alpha or 
gray tin, (with the diamond structure) and the metallic room temperature form, beta or 
white tin, (body centered tetragonal, space group I41/amd).
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Figure 7.1: a) Hybridization gap in due to 
sp3 bonding in diamond, Si, Ge and gray 
Sn; 

b) stages in the establishment of the valence 
and conduction bands via s-p mixing, 
involving DEsp and the overlap integral h 
(after Harrison 1980 and Pettifor 1995). 
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Alloys: Substitutional solid solutions

Hume Rothery
The likelihood of obtaining a solid solution between two metals is highest when:

• The crystal structure of each element of the pair is identical (isostructural)
• The atomic sizes of the atoms do not differ by more than 15%
• The elements do not differ greatly in electronegativity
• The elements have the same valence

Do predict alloy formation fairly well. (Ni-Cu, Cu-Au)
Do not predict ordering

Cu-Au: random when quenched, ordered by annealing
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Alloys: Substitutional solid solutions

Disordered CuAu

Ordered CuAu(II)

Ordered Cu3Au Ordered CuAu (I)
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Alloys: Interstitial solid solutions

Small atoms

Steel: C in interstitials in fcc iron
H in metal hydrides LaNi5H6, MgH
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Metallic glasses Cooling 105-106K/s

Metglas: Fe-Si-B, Fe-Ni-P-B, …

Liquidmetal® (Zr41.2Be22.5Ti13.8Cu12.5Ni10.0)
Bounce.mov

Bounce.mov


