
Script Unit 4.7 

 

Welcome to unit 4.7! 
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In the last unit, we learned how to read and construct such general position diagrams. 

 

In this unit we will proceed with the exploration of the International Tables, and this diagram will 

also help us, to understand, for instance what “special positions” are. 

 

But let’s take one step after the other. 
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We will now have a look at this part of the entry of Pmm2 of the International Tables. 
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This part is headed with “Positions” - here we find the positions as coordinates. 

 

But also three additional data are given: 

 

1. the so-called multiplicity, which is the number of equivalent sites within one unit cell. 

2. the Wyckoff letter. These are sorted alphabetically, always beginning with “a” at the last row, 

and… 

3. the Site symmetry, which gives the answer to the question: “on which symmetry element is 

this  specific position located?” 

 

Let’s examine this more closely and let’s start with this first row. 
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Here the general positions are given again, but not in form of a diagram, but as coordinates! 

 

We see that there are 4 general positions, and they are located at these coordinates. We can 

also read them as coordination transformations, when applying the respective symmetry 

operations, which lead to the copies of a given object, located at the first, general coordinate 

x,y,z! 

 

The first entry is a transformation which leaves the coordinates unchanged, thus x,y,z is 

transformed into x,y,z - and this is nothing else as the symmetry element ‘Identity’! 

 



The second entry transforms x,y,z into -x,-y, z   - so what kind of symmetry element or 

symmetry operation turns two of the three coordinates into their negative counterparts and 

leaves the third unchanged? 

 

Yes, a two-fold axis of rotation! And as z is unchanged, we know this must be a 2-fold axis of 

rotation running parallel to the c-axis… 

 

The third and fourth transformations, in contrast, change only one coordinate in its negative 

counterpart and two remain unchanged - and this is the impact of a mirror plane! A mirror plane, 

which lies parallel to the a,c-plane for the third coordinate, and a plane, which lies parallel to the 

b,c-plane for the fourth coordinate. 

 

In summary: if you place an object at a general position x,y,z, automatically copies of these 

objects are generated by the symmetry framework of this space group; in total 4 copies.. 

 

And this is expressed as the so-called ‘Multiplicity’, here four. 

 

And now we also have an idea what ‘Site Symmetry’ means: it specifies which symmetry is 

related with such a given position - and as we consider here a general position, it is clear, that 

the object is located anywhere in the cell where no symmetry element is located - this is given 

as 1, which means ‘Identity’ or ‘No Symmetry’. 
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What is the opposite of general positions - yes, special positions. These special positions are 

listed here. A special position is a position which is located at one or more symmetry elements. 

 

Okey, so, let’s see what kind of special positions exist, and let’s begin with this first entry here. 

 

We see a multiplicity of two, and the site symmetry is given as m-point-point, these points are 

placeholders for possible symmetry elements in the second and third viewing direction - but are 

empty here. 
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So, the first viewing direction in the orthorhombic crystal system is along the a-axis, and as the 

direction of a plane is given as the direction of the normal vector of the plane, this means, the 

object should be at a position on one of these mirror planes. 

 

We can read the coordinates of the first special position, and we see, that it determines the first 

coordinate, a should be one half, but we are free to place it anywhere along the y- and z-axis - 

let’s choose y = 0.3. 

 

 



Now we apply all symmetry operations of the space group - this means another object is 

generated at one-half, minus-y, and z, so y = - 0.3; and if we choose the same cell, not the 

neighbouring, this means plus 1. Minus 0.3 plus 1 gives 0.7 - voila, there should also be an 

object, this is expressed here with the second coordinate one-half, minus-y, z´. 

 

If we applied all other symmetry operations of the group, we would see, that no more points will 

be generated - we have a multiplicity of only 2. 

 

Okey, let’s switch back to the list of special positions. 
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There is a second special position, which also is located on the first mirror plane, namely, at 

0, y,z 
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So, x = 0 means, here anywhere on this mirror plane – let’s choose y = 0.8. 

 

The second coordinate is: 0, minus-y, z. 

 

So, minus-y means minus 0.8, and then we can add again plus 1 to reach the same unit cell, 

and this means, the second object is at y = 0.2. 

 

We could have also applied this two-fold-axis of rotation to generate the second point. 

 

Are already all objects generated by the symmetry elements of this space group? And what 

value has the multiplicity? 

 

Well, we have to apply also this mirror plane, and this generates two further objects lying here. 

 

But now we created all possible copies. And if we count the objects, which lie inside the cell, this 

is one-half, plus one-half, plus one-half, plus one half, it gives 2! It’s the multiplicity of this site 

symmetry as shown here!  
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Maybe, a last example of special positions. 

 

There is also a special position, which is located at three symmetry elements simultaneously: 

here at m-m-2. 
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The coordinate is specified as one-half, one-half, z, and this means it is located here. At this 

point where two mirror planes intersect and at their line of intersection there is also the 2-fold 

axis of rotation located. 

 

Will any further objects be generated by applying all of the symmetry operations of this group? 

 

No, that is not the case. If we rotate around this axis, if we apply this mirror plane or that, no 

more copies will be generated - this means, the multiplicity is one!  

 

This makes sense :-) 

 

Okey, in the next units, we will have a look at other space groups, to practise the handling with 

these International Tables further, and some outstanding issues belonging to space groups and 

International Tables will be explained!  

 

We will do this, while we will simultaneously look at some real crystal structures in these 

respective space groups. 

 


