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1. INTRODUCTION TO SPACE-GROUP SYMMETRY

Rabinovich et al. (1991) and by Shmueli & Wilson (2008) for all

the space groups up to and including Fd3.

The following example deals with a very high sensitivity

to atomic heterogeneity. Consider the crystal structure

of [(Z)-ethyl N-isopropylthiocarbamato-�S](tricyclohexylphos-

phine-�P)gold(I), published as P1 with Z = 2, the content of its

asymmetric unit being AuSPONC24H45 (Tadbuppa & Tiekink,

2010). Let us construct a histogram from the jEj data computed

from all the observed reflections with non-negative reduced

intensities and compare the histogram with the p.d.f.’s for the

space groups P1 and P1, computed from equations (1.6.2.5) and

(1.6.2.4), respectively. The histogram and the p.d.f.’s were put on

the same scale. The result is shown in Fig. 1.6.2.2.

A visual comparison strongly indicates that the space-group

assignment as P1 was correct, since the recalculated histogram

agrees rather well with the p.d.f. (1.6.2.4) and much less with

(1.6.2.5). The ideal Wilson-type statistics incorrectly indicated

that this crystal is noncentrosymmetric. It is seen that the ideal

p.d.f. breaks down in the presence of strong atomic heterogeneity

(gold among many lighter atoms) in the space group P1. Other

space groups behave differently, as shown in the literature (e.g.

Rabinovich et al., 1991; Shmueli & Weiss, 1995).

Additional examples of applications of structure-factor statis-

tics and some relevant computing considerations and software

can be found in Shmueli (2012) and Shmueli (2013).

1.6.2.3. Symmetry information from the structure solution

It is also possible to obtain information on the symmetry of the

crystal after structure solution. The latter is obtained either in

space group P1 (i.e. no symmetry assumed) or in some other

candidate space group. The analysis may take place either on the

electron-density map, or on its interpretation in terms of atomic

coordinates and atomic types (i.e. chemical elements). The

analysis of the electron-density map has become increasingly

popular with the advent of dual-space methods, first proposed in

the charge-flipping algorithm by Oszlányi & Süto�� (2004), which
solve structures in P1 by default. The analysis of the atomic

coordinates and atomic types obtained from least-squares

refinement in a candidate space group is used extensively in

structure validation. Symmetry operations present in the struc-

ture solution but not in the candidate space group are sought.

An exhaustive search for symmetry operations is undertaken.

However, those to be investigated may be very efficently limited

by making use of knowledge of the highest point-group symmetry

of the lattice compatible with the known cell dimensions of the

crystal. It is well established that the point-group symmetry of

any lattice is one of the following seven centrosymmetric point

groups: 1, 2/m, mmm, 4/mmm, 3m, 6/mmm, m3m. This point

group is known as the holohedry of the lattice. The relationship

between the symmetry operations of the space group and its

holohedry is rather simple. A rotation or screw axis of symmetry

in the crystal has as its counterpart a corresponding rotation axis

of symmetry of the lattice and a mirror or glide plane in the

crystal has as its counterpart a corresponding mirror plane in the

lattice. The holohedry may be equal to or higher than the point

group of the crystal. Hence, at least the rotational part of any

space-group operation should have its counterpart in the

symmetry of the lattice. If and when this rotational part is found

by a systematic comparison either of the electron density or of

the positions of the independent atoms of the solved structure,

the location and intrinsic parts of the translation parts of the

space-group operation can be easily completed.

Palatinus and van der Lee (2008) describe their procedure in

detail with useful examples. It uses the structure solution both in

the form of an electron-density map and a set of phased structure

factors obtained by Fourier transformation. No interpretation of

the electron-density map in the form of atomic coordinates and

chemical-element type is required. The algorithm of the proce-

dure proceeds in the following steps:

(1) The lattice centring is determined by a search for strong

peaks in the autocorrelation (self-convolution, Patterson)

function of the electron density and the potential centring

vectors are evaluated through a reciprocal-space R value.

(2) A complete list of possible symmetry operations compatible

with the lattice is generated by searching for the invariance of

the direct-space metric under potential symmetry operations.

(3) A figure of merit is then assigned to each symmetry operation

evaluated from the convolution of the symmetry-transformed

electron density with that of the structure solution. Those

symmetry operations that have a good figure of merit are

selected as belonging to the space group of the crystal

structure.

(4) The space group is completed by group multiplication of the

selected operations and then validated.

(5) The positions of the symmetry elements are shifted to those

of a conventional setting for the space group.

Palatinus & van der Lee (2008) report a very high success rate in

the use of this algorithm. It is also a powerful technique to apply

in structure validation.

Le Page’s (1987) pioneering software MISSYM for the

detection of ‘missed’ symmetry operations uses refined atomic

coordinates, unit-cell dimensions and space group assigned from

the crystal-structure solution. The algorithm follows all the

principles described above in this section. In MISSYM, the metric

symmetry is established as described in the first stage of Section

1.6.2.1. The ‘missed’ symmetry operations are those that are

present in the arrangement of the atoms but are not part of the

space group used for the structure refinement. Indeed, this

procedure has its main applications in structure validation. The

algorithm used in Le Page’s software is also implemented in

ADDSYM (Spek, 2003). There are numerous reports of

successful applications of this software in the literature.

Figure 1.6.2.2
Exact p.d.f.’s. for a crystal of [(Z)-ethyl N-isopropylthiocarbamato-
�S](tricyclohexylphosphine-�P)gold(I) in the triclinic system. Solid
curve: P1, computed from (1.6.2.4); dashed curve: P1, computed from
(1.6.2.5); histogram based on the data computed from all the reflections
with non-negative reduced intensities. The height of each bin
corresponds to the number of reflections (NREF) in its range of jEj
values. The p.d.f.’s are scaled up to the histogram.
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