CON R
neleh no. 9 pp. 139-175 1980

GROUP-SUBGROUP RELATIONS BETWEEN SPACE GROUPS:
A USEFUL TOOL IN CRYSTAL CHEMISTRY

H. Barnighausen
Institut fiir Anorganische Chemie

der Universitdt Karlsruhe (TH)

Engesserstrafie, D 7500 Karlsruhe, Germany

Summary

One of the main objectives of crystal chemisiry is to order the wealth of known
structures and to elucidate general principles. Quite obviously relations of cog-
nate structures have to play a major role in such endcavors. If two structures
are topologically equivalent these relations can be conveniently and clearly ex-
pressed by group-subgroup relations between their space groups. CGraphic rep-
resentation of these reclations leads to a hierarchic ordering resembling a ‘fa m-

ily tree’

At the top of each tree resides a highly symmetrical structure,
the so-called ‘aristotype’, from which the other structures of the tree
can be derived along certain pathways of symmetry reduction . In order to
describe the relations precisely, the symmetry reductions are broken down into
minimal sieps so that a space group is always followed only by maximal
subgroups. These are appropriately characterized by the terms 'translationen-
gleich’, ‘klassengleich’ or ‘#quivalent’ and by their index of symmetry reduc-
tion. Examples from crystal chemistry demonstirate various applications and
show the wealth of information contained in the details. The prime veason for
this success of the abstract framework of group theory in crystal chemistry
evidently lies in the so-called symmetry principle. In the first chapter a com-
prehensive formulation of ithis empirical principle is given, and important stcps

of its historical development are outlined.
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Conients

1. The symmetry principle in crystal chemistry.

2. The group-theoretical representation of crystal-chemical relationships.

3. Examples for the simplest possibility of a symmetry relation between cog-
nate crystal structures: The space group of one crystal structure is a
maximal subgroup of the space group of another siructure.

.1. The maximal subgroup is lattice-equivalent {’translationengleich’).

.1. The structural relationship between high quartz and low quartz.

.1.2. The structural relationship between a- and B-tin.
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.1.3. The structural relationship between diamond and sphalerite.
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The maximal subgroup is class-equivalent (‘klassengleich’).

3.2.1. The structural relationship between RhsGe3 and CaSSbB‘

3.2.2. Formation of antiphase domains in hexacelsiun during a class-equivalent
phase transition.

3.3. The maximal subgroup is equivalent.

4. Examples for more complex cases of symmetry relations between cognate
crystal structures: The space group of one crystal structure is a general
subgroup of the space group of another structure.

4.1. The structural relationship between NiAs and MnP.

4.2. The disorder — order transition of the alloy MoNi4,

5. An example for another frequently observed possibility of a symmetry
relation between cognate crystal structures: The space groups of iwo
(or more) different crystal structures have a common supergroup.

6. General application of group-subgroup relations.

6.1. Synopsis of symmetry-related crystal structures: Compounds with the
same formula type.

6.2. Synopsis of symmetry-related crystal structures: Compounds with
different formula types.
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(iii) During a solid state reaction which results in one or more products of
lower symmetry very often the higher symmetry of the starting material
is indirectly preserved by the orientation of domains formed within the

crystalline matrix.

After this presentation of my own version of the symmetry principle some his-
torical remarks are appropriate. As far as I know FEDOROV [3], [4] was the
first scientist who had recognized the true nature of the symmetry principle.
From extensive studies of the morphology of crystals he deduced the following
'symmetry law’: "All crystals are either cubic or hexagonal, at least approxi-
mately'. Obviously, this statement corresponds to aspeet (i) mentioned above.
Also aspect (ii) has alrcady been expressed by FEDOROV [3] in 1904: "The main
value of the symmetry law is that the greater the measurable deviation is from

either the cubic or the hexagonal symmeltry, the fewer representatives are known'',

In the twenties the famous Swiss mineralogist NIGGLI [5] supported FEDOROV's view
emphatically. He restricted the ‘symmetry law’ only in so far as he pointed out that

there is no rigorous proof of it. Consequently, he characterized the symmetry prin-

ciple as a 'philosophical doctrine” or as a ‘working hypothesis’. Furthermore, he

added the important viewpoint that sometimes reminiscences to more than one









































































































