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The fact that these ratios are constant means that, if these
structures are oxides, M3;0, apparently only the crystal
atomic diameter of the metal atoms determines the lattice
constants of the A15 structures mentioned. In the light of
the foregoing it is remarkable that pure Mo30, according
to Schonberg (19545), does not crystallize in the A15 struc-
ture.
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Additional to the well known crystailographic space groups
and point groups there exist further kinds of symmetry
group, such as groups in other than three dimensions,
groups of antisymmetry, black-white symmetry, crypto-
symmetry, colour symmetry, multiple symmetry and so on.

Different nomenclatures and symbols for the individual
groups belonging to some of these kinds of symmetry
group were proposed by various authors. But the fact that
in each case these symmetry groups have geometrical rep-
resentations may be used to obtain a survey and classifica-
tion (Holser, 1961; Bohm, 1963), and geometrical symbols
may be given to all symmetry groups. Such ‘International
Symbols’ for the 230 space groups and the 32 point groups
are familar to crystallographers; corresponding symbols for
the 80 ‘antisymmetric plane groups’ or the ‘plane space
groups’ have been proposed by Dornberger-Schiff (1956,
1959, 1964) and in a somewhat modified manner by Holser
(1958). Geometrical symbols avoid the use of special anti-
symmetric or other special symmetry elements. They have
the great advantage that all data given for the three-dimen-
sional space groups in International Tables for X-ray Crys-
tallography (1952) (coordinates of general and special pos-
itions, structure factor formulae etc.) may be used as they
stand or after a simple transformation.

In this paper proposals will be made for a nomenclature
of some further kinds of symmetry group. Various names
of these different kinds are quoted; in this paper a symbol
Gyee. .. 1s used, as proposed by one of us (Bohm, 1963). In
such a symbol the indices rs¢ . .. give the dimensions of the
sub-spaces which remain invariant under the operations of
the particular symmetry groups and lie one inside the other.
(This proposal is a generalization of a proposal by Niggli

1959); details are given in Bohm (1963), where, however,
no mention is made of the fact that some of the listed kinds
of symmetry group are identical.)

In the following, geometrical symbols of the groups of
G31, GJ]O—_-GBZO, G321, G3210, G»>1 and GZIO are described
and listed. Together with the earlier proposals (Dornberger-
Schiff, 1956) they furnish a complete set of geometrical
symbols for all kinds of symmetry group up to three dimen-
sions,

1. The groups of &3, ; the groups of G310

(‘Linear space groups’, ‘three-dimensional line groups’,
‘Balkengruppen’, ‘one-dimensional colour groups’, ‘one-
dimensional cryptosymmetric groups’, and the correspond-
ing point groups.)

The number of the groups of G3, is, strictly speaking un-
limited. But if only subgroups of the three-dimensional
space groups are admitted, there are 75 different groups.
The proposed symbols of the groups are listed in Table 1.
The symbols begin with the lattice-symbol P, because the
lattice of groups with a single periodicity is necessarily
primitive; a capital letter is used because the objects are
three-dimensional (¢f. § 3, where p is used in G for two-
dimensional objects). The symbols of the symmetry ele-
ments retain their well known meaning: 1, 1, m, ¢, 2, 21, 3,
3, 31, 32, ... etc. The sequence of symbols is exactly as in
space group notation; for certain cases a 1 (monad axis) is
added (corresponding e.g. to space group P31m). For the
symmetry elements there are three positions in the symbol;
the two positions corresponding to the directions of missing
periodicity are put into a pair of brackets (see Table 1).

There are possibilities to write abbreviated symbols,
which are not listed. Table 1 contains some further in-
formation: Those groups which permit enantiomorphy are
marked by + . There exist pairs of ‘enantiomorphous groups’
among the G, groups (as among the ordinary space groups).
They contain an enantiomorphous screw axis and are not
to be confused with those groups which permit enantio-
morphy (¢f. Bohm & Kleber, 1958/59). The enantiomorph-
ous pairs are marked in Table 1 by a curly bracket before
their numbers. Amongst the 75 G3; groups there are 8 pairs
of enantiomorphous groups. Symbols of the G3, groups
according to Alexander (1929) are given in Table 1 for com-
parison.

The point groups G311 are identical with the point groups
G0 of a ‘two-sided plane’ or the ‘two-dimensional anti-
symmetric point groups’. They are listed in Table 1 side by
side with the corresponding groups of Gi;. To indicate
which dimensions are transformed separately from the
others the symbols of two positions are enclosed in one pair



