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SHORT COMMUNICATIONS

Discrimination between two enantiomorphously related space groups, without structure determination,
by means of anomalous diffraction. By J. KrooN, W. M. G. F. PONTENAGEL, H. KRABBENDAM and A. F.
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Abstract

For the eleven pairs of enantiomorphous space groups there
are special sums of triple-product phases (identities), the
values of which depend on the space group. By means of
anomalous diffraction that sum of phases can be estimated
without a priori determination of the structure [Kroon, Spek
& Krabbendam (1977). Acta Cryst. A33, 382-385]. It is
shown that, as a consquence of this, a priori space-group
determination (and enantiomorph determination) can be
effected for this class of space groups.

Application of anomalous diffraction enables us to estimate
triple-product phase angles @; (including their signs) that
differ from 0, without previous localization of the anomalous
scatterers (Kroon, Spek & Krabbendam, 1977; Heinerman,
Krabbendam, Kroon & Spek, 1978). Origin-invariant phases
that differ from O or 7 are enantiomorph sensitive.

In enantiomorphously related space groups, space-group-
dependent (and thus enantiomorph-dependent) relationships
exist between phases ¢; of appropriate symmetry-related
structure factors. For example, in P4, and P4; we note the
following phase relationships of interest (/ = 4n + 1):

P4, o(hkl) = 31/2 + o(khl)
Pd,: o(hkl) = 7/2 + o(khl).

For | = 4n + 3 the relationships are found to be
interchanged.

The above implies that triple-product phases, as estimated
by means of anomalous diffraction, are compatible with only
one of the two space groups, i.e. compatible with only one of
the aforementioned phase relationships. By examining
whether experimentally obtained triple-product phases and
assumed enantiomorph-dependent phase relationships are
consistent or not it should be possible to discriminate
between two enantiomorphously related space groups.

One way to carry out such a procedure is by means of
special linear combinations of triple-product phases (so-
called identities). We restrict ourselves to the case of
quadruples

V=@, + D, + &, + P,

consisting of Bijvoet pairs [i.e. reflections related by 1
(Friedel pairs), 2, 3, 4 or 6 symmetry in reciprocal spacel.
From this condition it follows that ¥ is structure indepen-
dent. However, its value depends on the reflections partaking
in the quadruple, in combination with the space group, and it
is restricted to O or to specified fractions of 27. We observe

that in the eleven pairs of enantiomorphous space groups the
value of ¥ differs from O or = if the quadruple contains an
appropriate number of Bijvoet pairs of reflections between
which space-group-dependent phase relationships exist.
Those quadruples are suitable to determine the enantio-
morph and thus the space group.

To be more specific, the discrimination between the space
groups P4, and P4,, mentioned above, requires the inclusion
in the identities of a number of reflections with /= 2n + 1,
leading to an odd number of Bijvoet pairs of reflections that
are related by 4 symmetry. For example,

»(221) + @(401) + 9(222) = D,
0(221) + (103) + ¢(122) = @,
0(401) + o(103) + ¢(304) = @,
0(222) + ¢(122) + o(304) = &,.
Taking all pertinent phase relationships into account,
o(hkl) = —(hk)
o(hkl) = n— @(khl), 1 = 4n + 2,
P4, (I=4n + 1): p(hkl) = 37/2 — (khl)
P4, (I =4n+ 1): (hkl) = /2 — @(khl)
we find
Y(P4)=n/2 and W(P4,)=3m/2.

For the other ten pairs of enantiomorphous space groups,
analogous space-group-dependent expressions for ¥ can
readily be evaluated.

The value of ¥ calculated from the estimated values of the
@,’s is indicative of which space group is the most probable.
Since the triple-product phase determination is of a statistical
nature and is also subject to experimental errors, one should
involve as many identities as possible in the discrimination
procedure. Finally, we stress that in the discussed case of the
eleven pairs of enantiomorphous space groups the a priori
determination of the correct space group is of vital
importance for structure determination by direct methods.
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