
Work through these problems for next time:



For problem 1.6: 

• Parse the symbol.
Split it into lattice centering (first capital letter: P, A, B, C, I, F, R) and the symmetry part (numbers, bars, 
m’s, glides/screws). E.g., C2/m → lattice C; symmetry 2/m. 

• Identify the crystal family/system from the symmetry part.
Highest fold tells you the family: triclinic (1, -1), monoclinic (2 or m or 2/m), orthorhombic (222, mm2, 
mmm), tetragonal (4, -4, 4/m, 422, 4mm, -42m, 4/mmm), trigonal (3, -3, 32, 3m, -3m), hexagonal (6, -6, 
6/m, 622, 6mm, -6m2, 6/mmm), cubic (23, m-3, 432, -43m, m-3m). 

• Read off the Bravais lattice.
Combine the family with the centering letter to name the Bravais lattice (one of the 14).
Examples: F+orthorhombic → face-centered orthorhombic; I+tetragonal → body-centered tetragonal; 
R → rhombohedral (trigonal); trigonal symbols starting with P use the hexagonal primitive Bravais 
lattice. (The hexagonal family contains both trigonal and hexagonal crystal systems.)

• Derive the point group from the space group by removing translations.
• Replace screw axes by pure rotations (e.g., 2₁ → 2, 3₁/3₂ → 3, 4₁/4₂/4₃ → 4, 6₁…6₅ → 6).
• Replace glide planes by mirrors (a, b, c, n, d, e → m).

The result is the point-group HM symbol (possibly with orientation details like 312 vs 321, both 
belonging to point group 32). CCP4Wikipedia

https://www.ccp4.ac.uk/html/symmetry.html
https://en.wikipedia.org/wiki/List_of_space_groups?utm_source=chatgpt.com






https://onlinelibrary.wiley.com/iucr/itc/doi/10.1107/97809553602060000928



•“6” = sixfold rotation axis along the c-
axis (the hexagonal axis).

•“/m” = a mirror plane perpendicular to 
the sixfold axis (i.e., a horizontal mirror 
plane at c = 0).

•“mm” = mirror planes parallel to the c-
axis:

•One 6-fold rotation axis along c

•Six 2-fold axes perpendicular to 
c (in the basal plane)

•Horizontal mirror plane 
perpendicular to c

•Six vertical mirror planes 
containing c

•Inversion center at the origin







How do we represent Crystal 
Structures? 

• Sometimes there are hundreds of atoms per unit cell
• We don’t want to draw them all out
• How do we represent the crystal structures more compactly?
• How can we use software to better visualize crystal structures?  



Learning objectives: 

Represent Crystal Structures: Understand the compact formalism used to 
describe complex crystal structures, including the space group, unit cell 
dimensions, and WyckoL sites.

Interpret WyckoC Sites: Learn how to use WyckoL site information from the 
International Tables for Crystallography to determine atom positions, multiplicity, 
and site symmetry within a unit cell.

Handle Centered Lattices: Understand how centering operations (like face-
centering) generate additional atomic positions from a single set of fractional 
coordinates.

Calculate Crystal Density: Be able to calculate the theoretical density of a crystal 
using its unit cell dimensions, atomic contents (derived from WyckoL 
multiplicities), and atomic masses.





How to read the notation (Hermann–Mauguin)

For cubic point groups the three symbol positions map to fixed direction families. The full symbol for m-3m is 
4/m −3 2/m, interpreted as:

•First position (〈100〉): 4/m → three 4-fold axes along x, y, z, each with a mirror plane ⟂ to the axis (i.e., {100} 
mirrors).

•Second position (〈111〉): −3 → four body-diagonal 3-fold rotoinversion axes (each axis runs through 
opposite cube corners).

•Third position (〈110〉): 2/m → six 2-fold axes along face diagonals, each with a mirror plane ⟂ to the axis 
(i.e., {110} mirrors).

•The condensed m-3m omits the explicit “4/” and “2/” because those rotations are implied by the mirrors and 
−3.
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Summary - Representing Crystal Structures (Example: CaF₂)

Why compact representations?
Unit cells can contain many atoms → instead of listing all positions, we use:
Space group symmetry
Unit cell dimensions
WyckoL positions + fractional coordinates of unique atoms

Case study: Calcium Fluoride (CaF₂)
Space group: Fm-3m (#225), cubic, a = 5.46 Å
Atoms: Ca at WyckoL 4a (0,0,0), F at 8c (¼,¼,¼)
Multiplicities & centering operations generate all atoms in unit cell
Coordination: Ca in cubic (octahedral) environment; F in tetrahedral environment

Density calculation
4 CaF₂ units per cell → 4 Ca + 8 F = 312.32 amu
Converted mass: 5.19 × 10⁻²² g
Cell volume: (5.46 × 10⁻⁸ cm)³ = 1.63 × 10⁻²² cm³
Density = 3.19 g/cm³ (reasonable for a mineral solid)

Tools
Visualization/drawing: VESTA (free), CrystalMaker, Diamond
Useful for measuring distances/angles & building polyhedral views



Learning Objectives

By the end of this lecture, you should be able to:

Classify extended solids into metallic, ionic, and covalent types, based on bonding and structural features.

Explain packing in metallic solids, including two-dimensional hexagonal packing and its extension into three 
dimensions.

Differentiate close-packed structures: hexagonal close-packed (HCP) vs cubic close-packed (FCC), 
including stacking sequences (ABAB vs ABCABC).

Describe metallic unit cells (FCC, BCC, primitive cubic) and compare their coordination numbers and 
packing efficiencies.

Recognize periodic trends in metallic crystal structures and their relation to bonding and band filling.

Identify variations and intermetallic structures, such as alternative stacking sequences (e.g., ABAC), 
ordered compounds (CsCl, Cu₃Au), and high-coordination examples (e.g., SmCo₅).



























Summary:

Extended (non-molecular) solids can be classified as metallic, ionic, or covalent based on bonding and 
structural features.

Metallic solids favor close packing due to delocalized electrons, leading to dense structures like HCP (ABAB) 
and FCC/CCP (ABCABC).

Unit cells:
HCP: 2 atoms, 12 neighbors, 74% packing.
FCC: atoms on corners + faces, 12 neighbors, 74% packing.
BCC: body atom + corners, 8 neighbors, lower packing.
Primitive cubic: corners only, 6 neighbors, lowest packing.

Stacking variations (e.g., ABAC) exist in rare-earth and other metals; described with Ramstell or Jagodinsky–Y-
Coff notation.

Ordered intermetallics (e.g., CsCl, Cu₃Au) arise when different atoms occupy lattice sites, reducing symmetry.

Some complex structures, such as SmCo₅, exhibit unusually high coordination (CN = 18).

Choice of metallic structure is influenced by band structure and bonding, not just packing efficiency.





































Homework:


