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Ch 12: Solids and Modern Materials
Learning goals and key skills:

Classify solids based on their bonding/intermolecular forces and understand how difference in bonding relates to physical properties.

Describe the difference between crystalline and amorphous solids. 

Define and describe the relationships between unit cells, crystal lattice, lattice vectors and lattice points.

Explain why there are a limited number of lattices. Recognize the five 2d and seven 3d primitive lattices. Describe the locations of 

lattice points for body-centered and face-centered lattices.

State the characteristics and properties of metals.

Calculate the empirical formula and density of ionic and metallic solids from a picture of the unit cell. Estimate the length of a cubic unit 

cell from the radii of the atoms/ions present.

Explain how homogeneous and heterogeneous alloys differ.  Describe the differences between substitutional alloys, interstitial alloys, 

and intermetallic compounds.

Explain the electron-sea model of metallic bonding.

Use the molecular orbital model to generate the electronic band structures of metals and qualitatively predict the trends in melting point, 

boiling point, and hardness of metals.

Predict the structures of ionic solids from their ionic radii and empirical formula.

Predict the empirical formula from the structure of an ionic solid.

Interpret melting point and boiling point data of molecular solids in terms of intermolecular forces and crystalline packing.

Identify the valence band, conduction band, and band gap, for semiconductors and insulators.

Account for the relative band gap energies of semiconductors in terms of periodic trends, Calculate the wavelength of a photon emitted 

from an LED given its band gap.

Predict how n-type and p-type doping can be used to control the conductivity of semiconductors.

Define the terms monomer, plastic, thermoplastic, thermosetting plastic, elastomer, copolymers, and cross-linking.

Describe how polymers are formed from monomers and recognize the features of a molecule that allow it to react to form a polymer. 

Explain the differences between addition polymerization and condensation polymerization. 

Describe how the interactions between polymer chains impact the physical properties of polymers.

Describe how the properties of bulk semiconductors and metals change as the size of the crystals decreases into the nanometer-length 

scale.

Describe the structures and unique properties of fullerenes, carbon nanotubes, and graphene.

Classifications of Solids
Properties: Properties:

Properties: Properties:
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Crystalline Solids – have 
atoms arranged in an 
orderly repeating pattern

Amorphous Solids –
lack the order found in 
crystalline solids

Unit cell – relatively small repeating unit that 
is made up of a unique arrangement of atoms 
and embodies the structure of the solid.

Crystal lattice – geometrical pattern of points 
on which the unit cells are arranged
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Lattice points – each lattice point has an 
identical environment.  The positions of the 
lattice points are defined by the lattice vectors.

Not all shapes tile space*.

* Exception, Nobel Prize in Chemistry 2011, Dr. Dan Shechtman, "for the discovery of quasicrystals"
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Seven three-dimensional primitive lattices

• Primitive lattices
have atoms only in 
the lattice points.

• Centered lattices
have atoms in 
another regular 
location, most 
commonly the body 
center or the face 
center.
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X-ray diffraction

X-ray diffraction is the technique used to determine 
the crystal structure of crystalline solids.

2d×sin(θ) = nλ
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Malleability and ductility

1) Malleability – metal may be hammered into thin sheets

2) Ductility – metal may be drawn into wires.

packing efficiency Most efficientLeast efficient
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Close Packing

Alloys
Alloy – a metallic material that contains more than 
one element
• Adding a second (or third) element changes the 

properties of the mixture to suit different purposes.
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Alloys

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

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

Heterogeneous alloy 
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Intermetallic compounds

• Compounds, not variable mixtures

• Distinct properties, definite composition

• Ordered atoms (not randomly distributed)

• Often more brittle than substitutional alloys

Pure gold is denoted 24 karat
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Metallic Bonding

Metallic Bonding

• Valence electrons 
delocalize to form a sea 
of mobile electrons that 
surrounds and binds 
together an extended 
array of metal ions

• Electrical and thermal 
conductivity, ductility, and 
malleability of metals is 
explained by this model.
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Molecular-Orbital Approach

The number of molecular orbitals equals the number of 
atomic orbitals that combine to form molecular orbitals.
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Band theory predicts bonding is strongest when 
the band is half-full, with the most filled bonding 
MOs and the fewest filled antibonding MOs.

Brittleness and faceting 
in ionic crystals. 

Ionic compounds have a cation and 
anion. The chemical formula contains the 
cation(s) first and the anion(s) second.
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“rock salt”
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Molecular Solids

Covalent-Network Solids
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Band structure of semiconductors
In the closely packed molecular orbitals, there is a 
gap between the occupied MOs (valence band) 
and the unoccupied ones (conduction band).

• Band gaps decrease as one 
proceeds down a group. 

• Band gaps greater than 3.5 eV 
are so large that material is an 
insulator, not a semiconductor.



18

Doped semiconductors

By introducing 
very small 
amounts of  
impurities that 
have more (n-
type) or fewer (p-
type) valence 
electrons, one can 
increase the 
conductivity of a 
semiconductor.

Solid-state lighting
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Polymeric Solids

Polymers are molecules of high molecular mass made by 
sequentially bonding repeating units called monomers.
• Natural polymers include silk, leather, and cellulose.

Addition Polymers
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Condensation Polymerization

Condensation polymers are made by joining two 
subunits through a reaction in which a smaller 
molecule (often water) is also formed as a by-product.
These are also called copolymers.

Synthesis of Nylon

Nylon is a condensation polymer.
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A segment of a polyethylene chain. Interactions between polymer chains.   

Cross-linking of polymer chains.Vulcanization
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Polymers that are more crystalline have:
• higher melting point
• higher density
• increased stiffness
• increased yield stress

Vulcanization of natural rubber

In vulcanization, chains are 
cross-linked by short chains of 
sulfur atoms, making the rubber 
stronger and less susceptible to 
degradation.
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Importance of particle size
Cd3P2

• Smaller particles have a larger band gap energy and larger 
particles have a smaller band gap.

• A particle with a large band gap does not absorb visible light. All 
wavelengths of light are reflected and the particles appear white.

• A small band gap absorbs all visible light and the particles 
appear black.

Photoluminescence
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Nanomaterials

• Particles that have 
three dimensions 
on the 1–100 nm 
size.

• Their properties 
are the study of 
many labs around 
the world.

Gold Nanoparticles

colloidal gold nanoparticles 

Chartres Cathedral 
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Carbon on the nanoscale

Buckminsterfullerene (C60)

carbon nanotubes

graphene 

Modern Materials in the Automobile
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Microporous and Mesoporous


