AP Chemistry Unit 2

Unit 2.4 — Structure Metals and Alloys

Learning Objectives

O

Atomic structure and bonding in metals, including metallic
bonding

Arrangement of atoms in different crystal lattices (BCC, FCC,
HCP).

Explain the physical properties of metals such as malleability,
ductility, electrical, and thermal conductivity.

Learn the types of alloys (substitutional and interstitial),
= their structures, and properties, along with
= specific examples like brass, bronze, and steel.

Master the interpretation of phase diagrams, including liquidus,
solidus, and solvus lines,

Eutectic and peritectic reactions.
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Metallic Bonds

o Definition: Metallic bonds form between metal atoms, where
electrons are free to move throughout the structure, often described
as a "sea of electrons."

o Formation: Between metal atoms.
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Examples: Uectrore Delocabied Eiectrons
o Aluminum (Al): Aluminum atoms share a pool of electrons.

o Gold (Au): Gold atoms share a sea of electrons.

Metallic Bonds - Properties

o High Electrical Conductivity: Allows the
easy flow of electric current. Ductiny

o High Thermal Conductivity: Efficiently
transfers heat. ih____q,

o Malleability: Can be hammered or rolled into
thin sheets without breaking.

Maikanly

o Ductility: Can be drawn into wires.

o Luster: Has a shiny, reflective surface when
polished



Crystal Lattices of Metals

Metals crystallize in specific geometric arrangements known as crystal lattices. The most

common types are: P A [_ _—(q
o Body-centered cubic (BCC) ¢ i =
= Structure: Each atom is at the center of a cube of eight other atoms.

= Atoms per Unit Cell: 2 g e ﬁ
) oo R dhed
o Face-centered cubic (FCC) a3 e contm 4

= Structure: Atoms are located at each of the corners and the centers of all the faces
of the cube.

= Atoms per Unit Cell: 4

coraned Fuct|

o Hexagonal close-packed (HCP) AR i
= Structure: Atoms are arranged in a hexagonal pattern where each atom is
surrounded by 12 other atoms.

= Atoms per Unit Cell: 6

Coordination Number

o Is the number of atoms,
molecules or ions, the central
atom is bonded to it.

- Values: 5 i g
- BCC: 8 s

. FCC: 12 _— C_l";Ptih"' "'N_"';cloim’

cl NH, HN | 'NH
- HCP: 12 g

Coordination Number
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Alloys

O Alloys are materials composed of two or more
elements, at least one of which is a metal

= Mixed together to enhance or modify the
properties of the base metal.

= The elements are usually melted together and
then solidified to form a homogeneous mixture,
which often results in improved strength,
durability, corrosion resistance, or other desirable
characteristics compared to the pure metal.

———————————————
Types of Alloys

Substitutional Heterogeneous
Alloys Alloys

Types of Alloys
Interstitial Intermetallfic
Alloys Compounds
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Types of Alloys

&

1. Substitutional Alloys

o  Substitutional alloys are formed when atoms of the solute metal

replace atoms of the solvent metal in the crystal lattice.

m  Structure: In substitutional alloys, the atoms of the solute metal
take the place of some of the solvent metal atoms in the lattice.
For example, in brass, zinc atoms substitute for copper atoms
within the copper lattice. This substitution affects the overall
properties, such as hardness and corrosion resistance.

= Examples:
o Brass (Copper and Zinc)

o Bronze (Copper and Tin)

Interstitial Alloy

Types Of AI onS 0O Steel is an interstitial alloy because

the carbon atoms fit into the "holes”
between the iron atoms in the crystal
structure.

Inserynsinl Ve
2. Interstitial alloys are formed when smaller atoms fill the interstices
(spaces) between the larger atoms in a metal's crystal lattice.

m  Structure: In interstitial alloys, small atoms like carbon occupy
the spaces between the larger iron atoms in the lattice of steel. The
addition of these smaller atoms can significantly strengthen the
metal by impeding the movement of dislocations.

Examples:

o Steel (Iron and Carbon)
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Types of Alloys

3. Heterogeneous Alloys

o Heterogeneous alloys consist of distinct regions or phases, each with
different compositions and properties. These phases can form during the
solidification process when the elements involved have limited solubility
in each other.

o Structure: The structure of heterogeneous alloys includes different
phases that are present within the material. For instance, in pearlite,
alternating layers of ferrite (iron) and cementite (iron carbide) form a
lamellar structure, contributing to the alloy's strength and toughness.
= Examples:

m  Pearlite in steel (mixture of ferrite and cementite)
= Aluminum-silicon alloys

Types of Alloys

4. Intermetallic Compounds

o Alloys with a defined
stoichiometric ratio and
ordered crystal structure.
They exhibit distinct
chemical and physical
properties compared to
their constituent metals.

Intermetallic Alloy

o Structure: Intermetallic compounds have a highly ordered structure, often
with complex arrangements of atoms. For

= Example: nickel aluminide forms a specific cubic crystal structure
where nickel and aluminum atoms occupy distinct positions, resulting in
high strength and resistance to oxidation.
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