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1. INTRODUCTION TO SPACE-GROUP SYMMETRY
groups are rearranged in such a way that space groups of the
same arithmetic crystal class are grouped together. The arithmetic crystal classes are separated by rules spanning the last three
columns of the table and the geometric crystal classes are separated by rules spanning the full width of the table. In all cases not
listed in Table 1.4.1.3, the Schoenﬂies sequence, as used in the
space-group tables, does not break up arithmetic crystal classes.
Nevertheless, some rearrangement would be desirable in other
arithmetic crystal classes too. For example, the symmorphic space
group should always be the ﬁrst entry of each arithmetic crystal
class.

A screw rotation is symbolized in the same way as a pure
rotation, but with the screw part added between parentheses.
Example: 3 ð0; 0; 13Þ 23 ; 13; z indicates a clockwise rotation of 120
around the line 23 ; 13; z (or rotation in the mathematically negative
sense) if viewed from the point 23 ; 13; 1 towards 23 ; 13; 0, combined
with a translation of 13c.
A reﬂection is symbolized by the letter m, followed by the
location of the mirror plane.
A glide reﬂection in general is symbolized by the letter g, with
the glide part given between parentheses, followed by the location of the glide plane. These speciﬁcations characterize every
glide reﬂection uniquely. Exceptions are the traditional symbols
a, b, c, n and d that are used instead of g. In the case of a glide
plane a, b or c, the explicit statement of the glide vector is omitted
if it is 12a, 12b or 12c, respectively. Examples: a x; y; 14 means a glide
reﬂection with glide vector 12a and through a plane x; y; 14;
dð14; 14; 34Þ x; x  14; z denotes a glide reﬂection with glide part
ð14; 14; 34Þ and the glide plane d at x; x  14; z.
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One of the aims of the space-group tables of Chapter 2.3 is to
represent the symmetry operations of each of the 17 plane groups
and 230 space groups. The following sections offer a short
description of the symbols of the symmetry operations, their
listings and their graphical representations as found in the spacegroup tables of Chapter 2.3. For a detailed discussion of crystallographic symmetry operations and their matrix–column
presentation ðW ; wÞ the reader is referred to Chapter 1.2.

An inversion is symbolized by 1 followed by the location of the
inversion centre.

A rotoinversion is symbolized, in analogy with a rotation, by 3,
4 or 6 and the superscript + or , again followed by the location
of the (rotoinversion) axis. Note that angle and sense of rotation
refer to the pure rotation and not to the combination of rotation
and inversion. In addition, the location of the inversion point is
given by the appropriate coordinate triplet after a semicolon.
Example: 4 þ 0; 12; z; 0; 12; 14 means a 90 rotoinversion with axis at
0; 12; z and inversion point at 0; 12; 14. The rotation is performed in
the mathematically positive sense when viewed from 0; 12; 1
towards 0; 12; 0. Therefore, the rotoinversion maps point 0; 0; 0
onto point 12; 12; 12.

1.4.2.1. Symbols for symmetry operations
Given the analytical description of the symmetry operations by
matrix–column pairs ðW ; wÞ, their geometric meaning can be
determined following the procedure discussed in Section 1.2.2.
The notation scheme of the symmetry operations applied in the
space-group tables was designed by W. Fischer and E. Koch, and
the following description of the symbols partly reproduces the
explanations by the authors given in Section 11.1.2 of IT A5.
Further explanations of the symbolism and examples are
presented in Section 2.1.3.9.
The symbol of a symmetry operation indicates the type of the
operation, its screw or glide component (if relevant) and the
location of the corresponding geometric element (cf. Section
1.2.3 and Table 1.2.3.1 for a discussion of geometric elements).
The symbols of the symmetry operations explained below are
based on the Hermann–Mauguin symbols (cf. Section 1.4.1.4),
modiﬁed and supplemented where necessary.

The notation scheme is extensively applied in the symmetryoperations blocks of the space-group descriptions in the
tables of Chapter 2.3. The numbering of the entries of the
symmetry-operations block corresponds to that of the
coordinate triplets of the general position, and in space groups
with primitive cells the two lists contain the same number
of entries. As an example consider the symmetry-operations
block of the space group P21 =c shown in Fig. 1.4.2.1. The
four entries correspond to the four coordinate triplets of
the general-position block of the group and provide the
geometric description of the symmetry operations chosen as

The symbol for the identity mapping is 1.
A translation is symbolized by the letter t
followed by the components of the translation
vector between parentheses. Example: tð12; 12; 0Þ
represents a translation by a vector 12a þ 12b, i.e. a
C centring.
A rotation is symbolized by a number n = 2, 3,
4 or 6 (according to the rotation angle 360 /n)
and a superscript + or , which speciﬁes the
sense of rotation (n > 2). The symbol of rotation
is followed by the location of the rotation axis.
Example: 4þ 0; y; 0 indicates a rotation of 90
about the line 0, y, 0 that brings point 0; 0; 1 onto
point 1; 0; 0, i.e. a counter-clockwise rotation (or
rotation in the mathematically positive sense) if
viewed from point 0; 1; 0 to point 0; 0; 0.

Figure 1.4.2.1
General-position and symmetry-operations blocks for the space group P21 =c, No. 14
(unique axis b, cell choice 1). The coordinate triplets of the general position, numbered
from (1) to (4), correspond to the four coset representatives of the decomposition of P21 =c
with respect to its translation subgroup, cf. Table 1.4.2.6. The entries of the symmetryoperations block numbered from (1) to (4) describe geometrically the symmetry
operations represented by the four coordinate triplets of the general-position block.
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