
5. SCANNING OF SPACE GROUPS

of the space group G as well as of the scanning group H in this
interval. This length so is a fraction of unit interval, so ¼ 1

f , where
f ¼ ½H : L�, 2½H : L� or 3½H : L� according to the centring of the
scanning group and L is the point group of sectional layer groups
corresponding to a general orbit.

5.2.2.7. Orthogonal, inclined and triclinic scanning

It is convenient for future reference to refine the basic cate-
gories of orthogonal and inclined scanning as follows:

(1) Orthogonal scanning. We call the scanning orthogonal if
the scanning group is orthorhombic, tetragonal, trigonal or
hexagonal.

(2a) Monoclinic/orthogonal scanning. This term is used if the
scanning group is monoclinic and the vector d defines its unique
axis.

In both cases the vector d is orthogonal to the vectors a0 and b0

and they occur whenever the orientation orbit is a special orbit
with fixed parameters.

The absolute value d ¼ jdj of the scanning vector is, in cases of
orthogonal scanning, equal to the interplanar distance defined by
the Miller indices of the orientation.

(2b) Monoclinic/inclined scanning. The scanning is called
monoclinic/inclined if the scanning group is monoclinic and its
unique axis is one of the vectors a0, b0. The vector d is actually not
necessarily inclined to the orientation Vða0, b0Þ. It may be
orthogonal owing to special metric conditions of the lattice which
are determined by the scanned group G. It is, however, a vector of
a monoclinic basis which lies in the plane orthogonal to the
unique axis. This case occurs when the orientation orbit is a
special orbit with one variable parameter.

The interplanar distance d in the case of inclined scanning is
d ¼ jdj cos ’ where ’ is the angle of the vector d with the normal
to the plane.

(3) Triclinic scanning. The scanning is called triclinic or trivial
if the scanning group is triclinic. This case occurs when the
orientation orbit is a general orbit.

The difference between monoclinic/orthogonal and mono-
clinic/inclined scanning is illustrated in Fig. 5.2.2.2. The orienta-
tion in the first case is fixed, while the second case applies to
various orientations containing the monoclinic unique axis. The
orientation can be defined by one free parameter, the angle ’; we
use instead Miller indices ðmn0Þ.

5.2.3. The contents and arrangement of the scanning tables

In the scanning tables two formats are used:
Standard format: This is the format in which the complete

tables for triclinic and monoclinic groups and the tables of
orthogonal scanning for all other groups are presented.

Auxiliary tables: These tables represent, in an abbreviated
form, the cases where the scanned group is orthorhombic or
belongs to a higher system and the orientation defines mono-
clinic/inclined scanning. The scanning is represented implicitly by
referring to respective tables of monoclinic groups.

The tables are grouped according to crystallographic systems.
Within each system, the standard-format tables are grouped into
geometric classes in the same order as in IT A. The auxiliary
tables follow the tables of standard format at the end of each
Laue class.

5.2.3.1. The standard format

The content and arrangement of the standard-format tables
are as follows:

(1) Headline.
(2) Orientation orbit.
(3) Conventional basis of the scanning group.
(4) Scanning group.
(5) Translation orbit.
(6) Sectional layer group.
The standard tables for triclinic groups describe the trivial

scanning where the scanning group is P1 or P�11. The tables for
monoclinic groups describe monoclinic/orthogonal scanning and
monoclinic/inclined scanning. The standard tables for the
remaining groups describe only orthogonal scanning for these
groups.

5.2.3.1.1. Headline

The headline begins with the serial number of the space-group
type identical with the numbering given in IT A, followed by a
short Hermann–Mauguin symbol. The Schönflies symbol is given
in the upper right-hand corner.

The next line is centred and contains the full Hermann–
Mauguin symbol of the specific space group for which the scan-
ning is described in the table. This is followed by a statement of
origin in those cases where two space groups of different origin
are considered, or by a statement of cell choice when different
cell choices are used for a monoclinic space group.

The specific space group considered in the table is that space
group, including its orientation (setting) and location (origin
choice), the diagram of which is presented in IT A, assuming that
the upper left-hand corner of the diagram represents the origin P,
its left edge downwards the vector a, its upper edge to the right
the vector b, while vector c is directed upwards. In the case of
orthorhombic and monoclinic groups, this is the diagram in the
(abc) setting, the so-called standard setting. For some group
types, two different origins are given in IT A. Both are used to
consider two specific groups of the same type with different
locations in the present tables. The scanning for each of these
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Fig. 5.2.2.2. Monoclinic/orthogonal (left) and monoclinic/inclined (right) scanning.
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5.2. GUIDE TO THE USE OF THE SCANNING TABLES

groups is described in a separate table. In the case of monoclinic
groups, one, three or six different cell choices, depending on the
group type, are considered, see Section 5.2.4.2.

5.2.3.1.2. Orientation orbit

Each table is divided into five columns. The first column is
entitled Orientation orbit ðhklÞ or Orientation orbit ðhkilÞ. The
orientations are specified by their Miller or Bravais–Miller
indices. Each orientation defines a row for which the scanning is
described in the next columns. Orientations which belong to the
same orbit are grouped together and orientation orbits are
separated by horizontal double lines across the table for space
groups of the tetragonal and higher-symmetry systems and for the
monoclinic groups. The vertical separation for orthorhombic
groups is explained in Section 5.2.4.3.

Orientation orbits are listed in each table in the following
order from top to bottom:

(1) Special orientation orbits with fixed parameters which
contain just one orientation. Such orbits do not occur in triclinic
and cubic groups.

(2) Special orientation orbits with fixed parameters which
contain several orientations. Such orbits do not occur in triclinic,
monoclinic and orthorhombic groups.

(3) Special orientation orbits with variable parameter. Such
orbits do not occur in triclinic groups. They are presented in
standard format for monoclinic groups. In this case, the orien-
tations are defined by Miller indices ðn0mÞ (unique axis b) or
ðmn0Þ (unique axis c) and the orbit contains just one orientation.
For higher symmetries, these orbits contain several orientations
which are given in the auxiliary tables.

General orientation orbits are not included; the corresponding
scanning is trivial and the presentation of these orbits would take
up too much space.

5.2.3.1.3. The scanning group and its conventional basis

The second column is entitled Conventional basis of the
scanning group and it contains three subcolumns headed by the
symbols of vectors a0, b0, d. Next to it is the third column with the
heading Scanning group H. In the subcolumns, the vectors a0, b0

and d of the conventional bases of the scanning groups H are
specified in terms of the conventional basis (a, b, c) of the
scanned group G. The scanning groups are described in the third
column by their short Hermann–Mauguin symbols.

(1) Orbits with one orientation: With the exception of cubic
groups, all space groups are reducible so that the orientations
(001) or (0001) are invariant under the point group G and the
orbit contains only one orientation. The scanning group H in
these cases is identical with the scanned group G and its
conventional basis ða0; b0; dÞ is identical with the conventional
basis ða; b; cÞ so that the groups G andH are denoted by the same
Hermann–Mauguin symbol. The row for this orientation is
always listed first.

The scanning groupH also coincides with the scanned group G
for the orientations (100) and (010) in orthorhombic groups.
However, the Hermann–Mauguin symbol for the scanning group
may differ from that of the scanned group. This is a result of
having the a0 and b0 basis vectors of the scanning group always
representing the basis vectors of the resulting sectional layer
groups. The alternative setting symbols used are those listed in
Table 4.3.1 of Part 4 of IT A.

Example: Space group Pbcn, D14
2h (No. 60). The group itself is the

scanning group for all three orientations (001), (100) and (010).
However, in view of the conventional choice of the basis of the
scanning group, its symbols are Pbcn, Pbna and Pnca, respec-
tively.

Monoclinic groups. The scanning group H coincides with the
scanned group G for the orientations (010) (unique axis b) and

(001) (unique axis c). These are the cases of monoclinic/ortho-
gonal scanning and, according to convention, the scanning vector
d is chosen as the vector of the unique axis. The symbol of the
scanning group coincides with the Hermann–Mauguin symbol for
unique axis c in both cases.

The scanning groupH also coincides with the scanned group G
for orientations ðn0mÞ (unique axis b) or ðmn0Þ (unique axis c).
These cases lead to monoclinic/inclined scanning described below
in conjunction with the auxiliary tables. Vector a0 is, in these cases,
chosen as the vector of the unique axis. Since this vector is
considered as the first vector in the conventional basis of the
scanning group, the Hermann–Mauguin symbols for the scanning
group are the symbols that correspond to unique axis a. They may
differ further depending on the choice of vectors b0 and d.

(2) Orbits with several orientations: There are several Miller
indices in each box of the first column which denote the orien-
tations belonging to one orientation orbit. In the three subcol-
umns of the second column, the conventional bases of the
scanning groupsHi, i.e. the vectors a

0
i, b

0
i, di, are specified in terms

of the conventional basis vectors a, b, c of the space group G and
of the Miller indices. The vectors a0i, b

0
i, di then represent the

conventional bases with respect to which the scanning groups Hi

are given by their Hermann–Mauguin symbols in the third
column. These scanning groups are of the same type for all
orientations of the orbit and they are also oriented in the same
way with respect to their bases; they may, however, have different
origins. Therefore, the Hermann–Mauguin symbols of the scan-
ning groups are the same for all orientations of a given orbit up to
a possible shift of origin.

Example: Space groups P4212, D
2
4 (No. 90), P4122, D

3
4 (No. 91)

and P41212, D
4
4 (No. 92), the orientation orbit (100) and (010): In

the case of the group P4212, the scanning groups for the orien-
tations (100) and (010) are denoted by the same symbol P21221
with reference to coordinate systems ðP; a0; b0; dÞ ¼ ðP; b; c; aÞ
and ðP; a0; b0; dÞ ¼ ðP;�a; c; bÞ, respectively.

In the case of the group P4122, the scanning group for the
orientation (100) is written as P2212 ðb0=4Þ. This is equivalent to
the statement that the scanning group is the group P2212 with
reference to coordinate system ðPþ b0=4; a0; b0; dÞ ¼
ðPþ c=4; b; c; aÞ. The scanning group for the orientation (010) is
the group P2212 with reference to coordinate system
ðP; a0; b0; dÞ ¼ ðP;�a; c; bÞ.

In the case of the group P41212, we conclude analogously that
the scanning group for the orientation (100) is the group P212121
with reference to coordinate system ðPþ 3b0=8þ d=4; a0; b0; dÞ ¼
ðPþ 3c=8þ a=4; b; c; aÞ, while for the orientation (010) it is the
group P212121 with reference to coordinate system
ðPþ b0=8þ d=4; a0; b0; dÞ ¼ ðPþ c=8þ b=4;�a; c; bÞ.

The vectors a0i, b
0
i also define the translation subgroup TGi of all

sectional layer groups corresponding to a given orientation,
which are listed in the fifth column. The vectors either themselves
constitute the conventional basis of these layer groups or the
conventional basis is expressed through them.

The scanning groups Hi are conjugate subgroups of the space
group G in cases when there is more than one orientation in the
orbit. They are accordingly expressed by the same Hermann–
Mauguin symbol with respect to different coordinate systems.
There are cases when the origins of these coordinate systems for
the conjugate scanning groupsHi coincide. In this case, one block
of the table is sufficient to describe the scanning groups, the
translation orbits and the corresponding sectional layer groups in
the same manner as in the case of an orbit with one orientation.
The common origin Pþ s is stated in a line above the block in the
form ‘With respect to origin at Pþ s’ if it is different from the
origin P of the coordinate system of the scanned group G.

When origins are different, there appear several blocks with
Hermann–Mauguin symbols of the scanning group at different
locations for different orientations. The blocks are then separated
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