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Welcome again! 

 

We are right in the middle of exploring point symmetry - and two SEs are still missing: the center 

of inversion and the so-called rotoinversion axis. 
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Let’s move on to the center of inversion! 

 

If an object has a center of inversion or shows ‘origin symmetry’, then the object is constructed 

in such a way, that there are always two matching parts, which have the same distance from the 

center of inversion but lie in opposite directions.  

 

An octahedron for instance, has a center of inversion, namely right at the center. It has of 

course also other SEs, mirrors, rotational symmetry and so on, but also this inversion symmetry, 

and this means, every two pairs of points of this octahedron have the same distance from this 

center but lie at opposite directions. 

 

The octahedron is perhaps not the best example, because of its high symmetry. Let’s look at an 

example which only has origin symmetry. For instance look at this playing card - a queen; this 

queen has an inversion centre - the face, these symbols, here clubs, and any other part of this 

card is present twice and each pair of such identical points are related to each other by this 

center of inversion. 

 

This means, if we have a point at the coordinates x,y,z, then there must also be a point at the 

exact opposite coordinate minus-x, minus-y, and minuz-z and not only any arbitrary point, but 

this exact point, of the same colour, nature, specification! You can think of a center of inversion 

also as a point at which you carry out a mirroring, not at a line or plane but at a point. 

 

Some characters of the alphabet show origin symmetry as well, think about a few! Yes, for 

example the S, or the Z.  

 

As you probably already noticed: if we look at 2-dimensional objects, then a center of inversion 

is identical with a two-fold rotational axis. The symbol for such a center of inversion is i, or one-

bar, which is only a different notation for minus-one, in a crystallographic context. 
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Only one last SE concerning point symmetry is left, and this can be illustrated at such a 

tetrahedron -  a tetrahedron is a equilateral, triangular pyramid, with a regular triangle as basal 

face. Such a tetrahedron can be derived from a cube, at which only every second corner is 



occupied. A tetrahedron is also a very high symmetric object, it contains mirror planes, and two-

fold as well as three-fold axes of rotation - but in contrast to the octahedron it has no center of 

inversion. However, this tetrahedron has a so-called rotoinversion axis as SE - so what is a 

rotoinversion axis? 
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The respective SO - the rotoinversion - is a combined SO, where two transformations have to 

be carried out: first a rotation by 360 divided by n degrees, where n is the order of this 

rotoinversion, followed by an inversion at the center of this object. 

 

Let’s look at the tetrahedron: here we a 4-fold rotoinversion axis, this means, in order to obtain 

an indistinguishable configuration, we first have to rotate this tetrahedron by 90 degrees and 

then we carry out an inversion at the center, so, this point is mirrored at the center to end up 

here, this point here, and that point over there, and finally this over here.  

 

The respective symbol for a 4-fold rotoinversion is 4-bar, which is the combination of a 4-fold 

rotational axis with a center of inversion - and the graphical symbol is shown here, a rhombus 

with an incorporated ellipse. 

 

What is important here is, that this tetrahedron has neither a center of inversion alone, nor a 4-

fold axis of rotation alone - only the combination leads to an indistinguishable configuration. 
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Let’s now look at the different rotoinversions, which are crystallographically relevant, and these 

are the rotoinversions of the order 1 to 4, and 6! Here you see three point assembles which 

show rotoinversions of the order one, two and three. 

 

The first two are not very interesting, because these rotoinversions can also be described as a 

simple center of inversion for the order of one and a rotoinversion of the order two is simply 

identical with a simple mirroring, so they do not constitute a new SE on their own.  

 

This is different for the rotoinversion of order three, which is shown here on the right. As you can 

see, rotoinversions of odd order (one and three) possess automatically a center of inversion 

 

Slide 6 

 

Two further rotoinversions are left, namely rotoinversion axes of the order 4 and 6, which are 

shown on this slide. This 4-fold rotoinversion was already exemplary explained with the help of 

this tetrahedron. 

 

As you already know, rotational symmetry in crystalline matter is limited, we can find only 

rotoinversion axes of the order 1 to 4 and 6.  



 

Two further principles can be derived concerning the totality of rotoinversions: 

 

Even rotoinversions automatically contain an axis of rotation of half of the order: the 

rotoinversion 4-bar contains a 2-fold axis of rotation, and the rotoinversion 6-bar always 

contains automatically a 3-fold axis of rotation.  

 

And secondly: if the order of the rotoinversion axis is even and not divisible by 4, then there is 

automatically a mirror plane perpendicular to this axis -  as we only consider crystallographic 

rotoinversions, this principle holds for 2-bar and 6-bar. 
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In principle, up to this point we dealt with all point SEs. However, these rotoinversion axes can 

also be described as rotary reflections - and how these two SO are related to each other will be 

discussed in the next unit.  

 


