
Consider the cubic crystal system. Why is there no dis'nct “base-centered cubic” la3ce?
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Learning Objectives

• Define and describe the basic crystallographic point-symmetry elements 
(iden7ty, inversion, mirror, rota7on, rotoinversion).

• Dis7nguish between point groups (fixed point symmetry only) and space 
groups (point symmetry plus transla7on).

• Recognize and interpret non-symmorphic symmetry elements (glide 
planes and screw axes).

• Understand why only 2-, 3-, 4-, and 6-fold rota7ons are compa7ble with a 
laGce.

• Relate sets of symmetry elements to crystal systems, with the idea that 
these are organized into the 32 crystallographic point groups.



What is a Symmetry Opera6on? 

A symmetry opera+on is any transforma-on (rota-on, 
reflec-on, inversion, transla-on, etc.) that maps a 
structure onto itself — i.e. a;er applying it, the object is 
indis-nguishable from where it started.

Symmetry is a way crystallographers classify different 
types of crystals. 













RotoInversion
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Let's take a twofold rotaBon axis. And let's have a mirror plane perpendicular to it. 

Is that a valid point group, just those two symmetry operaBons?

If not, what other symmetry operaBons do we need to add to those two operaBons or elements to 
get a valid point group? 

QuesBon













Who Cares about Point Groups?

• This classifica*on gives a “shorthand” for the full set of symmetries — instead 
of lis*ng all opera*ons one by one, you just say “C₂v” or “m3̅m” and an 
expert immediately knows the symmetries present.

• Many physical proper*es (op*cal, electrical, mechanical) depend directly on 
the symmetry of the crystal:

• Piezoelectricity only occurs in non-centrosymmetric point groups.
• Ferroelectricity only occurs in certain polar point groups.
• Op.cal anisotropy (birefringence) depends on whether the point group has 

rota*onal symmetry axes that constrain refrac*ve indices.
• By knowing the point group, you can immediately rule in or rule out whole 

classes of proper*es.





Homework 

• List the five fundamental point-symmetry elements and 
briefly describe what each does.

• Why are only 2-, 3-, 4-, and 6-fold rota-ons allowed in 
crystals?
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