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MS-17.01.07 NEW APPROACH TO REPRESENTATIONS OF
SPACE GROUPS AND SUBPERIODIC GROUPS. By V. Kopsk§,
Department of Physics, University of the South Pacific, POBox
1168, Suva, Fiji.

It has been recently found that subperiodic groups appear as factor
groups of reducible space groups (Kopsky, V. (1989). Acta Cryst.
A45, 805-815 and 815-823). This has immediate and useful conse-
quences in the theory of representations of both space and subperi-
odic groups analogous to known relationship between space groups
and corresponding point groups. The point group G of a space
group G is isomorphic to the factor group G/Tg where Tg is the
full translation subgroup of G and there exists a homomorphism
o G — G with Ker 0 = Tg.. The lattice of equitranslational
. subgroups of G is isomorphic to the lattice of subgroups of G and
representations of G engender those representations of G, the kernel
of which contains 7. These are exactly the representations which
correspond to wavevector k = O and the kernels are the equitrans-
lational subgroups of G.
Let us now consider a reducible space group G, the translation
subgroup of which splits into a direct sum T = Ta @ Tg2 of
G- invariant subgroups Tg1 = T(a, b) and Tg; = T(c). These two
groups are normal in G and the corresponding factor groups G /T(c),
G/T(a,b) have the structure of a layer group £ with translation
subgroup T(a,b) and of a rod group R with translation subgroup
T(c), respectively. Both the layer group £ and the rod group R
belong to the same geometric class G as the space group G. There
exist homomorphisms oy : G — £ with Ker oy = T(c) and
03: G — R with Ker 3 = T(a,b).
The lattice of subgroups of the layer group £ is isomorphic to the
lattice of those subgroups of G which contain T'(c) and representa-
tions of £ engender those representations of G, the kernel of which
contains T(c).

"The lattice of subgroups of the rod group R is isomorphic to the
lattice of those subgroups of G which contain T'(a,b) and repre-
sentations of R engender those representations of G, the kernel of
which contains T(a, b).

The reciprocal space V_also splits intg a direct sum of G-invariant

subspaces Vi = V(&,b) and V; = T(<). Representations of £,

‘R and respective Ag"ﬁgéndered representations of G correspond to

wavevectors ky € V7 and k; € V5.

The best way to record ireps (irreducible representations) is to give
- their kernels and mapping of cosets onto matrix images. Kernels
“of ireps generate by intersections the lattice of normal subgroups

which contains implicitly important information about mode inter-

actions (Kopsky, V. (1988). Comput. Math. Applic. 18, 493-505).

These lattices are especially simple for irreducible space and subpe-
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In contrast with the closest packing of circles, with plane group
p6émm, packings of ellipses with 6 contacting neighbours do not
always have the maximum density p = 7/2v3. Nowacki (1948)
indicated five different densest packings of ellipses in 4 different
plane groups: p2, c2mm, p2gg and p31m. In all of these packings,
every ellipse is in contact with 6 neighbour ellipses. These
packings could be considered to be the densest among the possible

forms of ellipse packing.

Ma_tsumoto‘ (1968) and Matsumoto and Nowacki (1966) have
shown that the first two of the above densest packings of ellipses,
p2 and c2mm, always attain the above maximum density. That of
the third, p2gg, cannot exceed this maximum density. Namely, the
densest p2 and c2mm packings of identical ellipses are derived
from the densest packing of circles by affine transformation, while
the p2gg packing of ellipses can never attain the above maximum

density p.

Tanemura and Matsumoto (1992) have shown that the density of
p31m packings of ellipses, the fourth one of the above list, never
exceeds the above maximum density p. Griinbaum and Shephard
(1987) have published a fascinating book, in which 58 types of
periodic patterns of ellipses are listed. Among them, 54 types are
due to Nowacki (1948), and the other four are new packings, three
of them with 6 contacting neighbours. Whether or not the density
of these packings is limited to the value m/2V3 still remains to be

established.
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Types of

Table 1
Indexes of
substrate

Expected types
of defects
90° -twins
(an angle between
"c'-axes of twins is 90°)

{111} density of nucleation

PERIODIC CLOSE PACKINGS OF IDENTICAL
ELLIPSES. By Takeo Matsumoto*, Department of Earth Sciences,
Kakuma-machi,

DEFECTS OF HETEROSTRUCTURES CAUSED RY THE
SYMMETRY DISCREPANCY (AN EXAMPLE OF HTS-LAYER ON PEROV-
SKITE-LIKE SUBSTRATES). By A.N_Efimov* and A.0.Lebedev,
Iloffe Physical-Technical Institute, Petersburg, Ruasia.
structural defects in heterostructures "lay-
er on non-isomorphic substrate”, causes of their origin
and their density as a function of techniques and crys-

Parameters determining
the density of defects

riodic groups (Kopskf, V. (1987). Czech. 1. Phys. B37, 785-808) {001} 450 -twins density of nucleation

from which the systematic theory and recording develops. They (axes "a" and "b" of twins

have been actually derived already time ago by Fuksa & Kopsky replace each other)

} ? L. coherent. polysynthetic

but so far unpublished; it is necessary to (‘%evelop first a starllda.rd twins with interface on (110)

system of symbols for space and subperiodic groups which will in- or (110), incoherent

clude the specification of the origin, of nonstandard orientation and interfaces between them,

of translation subgroup. antiphase domains angular deflection of

It would be desirable to develop correlated standards of ireps for the supstrate plane

d subperiodic groups to replace existing systems which are | from singular one

space an periodic group rep lng sy ‘ {110} antiphase dowains density of nucleation

not quite compatible. Standards of subperiodic groups (pending {hh1} 450 —tuins density of nucleation

Vol E of International Tables for Crystallography) correlated with coherent polysynthetic

standards of space groups will provide necessary background for twins with interface on

this project including system of Hermann-Mauguin symbols which (110) or (110)

will suit the purpose. antiphase domains density of nucleation
and angular deflection
of the substrate plane
from (001)

{0k1}, antiphase domains density of nucleation
{hkl} and angular deflection

of the substrate plane
from (001)
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tallographic constraints (Pond R.C., J. Crystal Growth,
1986,79,946; Efimov A.N., Thesis, Leningrad, 1986) are
presented for the case of negligible metric misfit.

As example an analysis of epitaxial defects was carri-
ed out for the structure "rhombic yttrium HTS 1-2-3 on
SrTi0s". Result is shown in table 1. All these types of
defects was observed experimentally by using electron
microscope technique.

Possibilities of single crystalline growth for rhombic
yttrium HTS -crystal 1-2-3 on substrate with structure
of distorted perovskite (Fesenko E.G., Perovskite fami-
ly and ferroelectricity, Moscow, Atomizdat, 1972) are
illustrated by table 2 (only planes (001), (010), (100)
of reduced unit cell are considered).

Table 2.
Symmetry of
reduced -
perovskite (001) (010) (100)
unit cell
Cubic twinning twinning twinning
Tetragonal twinning single crystal aingle crystal

Rhombic 1 single crystal single crystal single crystal
Rhombic 2 single crystal twinning* single crystal
Rhombohedral twinning* twinning* twinning*
Monoeclinic single crystal twinning single crystal

* Polysynthetic twinning without incoherent interfaces
is possible.

It is shown that defect-free heterocomposition should
be created provided the translation groups of layer and
substrate are in agreement meanwhile defects caused by
the discrepancy between the point groups ought to be
removed by the angular deflection of substrate plane
from singular one.

PS-17.01.10 pETERMINATION OF LAUE SYMMETRY USING
CONVERSE - TRANSFORMATION ANALYSIS. Vicky Lynn Karen*
and Alan Mighell, Reactor Radiation Division, National
Institute of Standards and Technology, Gaithersburg, MD
20899 USA.

Our newly-developed theory of Converse-Transformation
analysis (J. Appl. Cryst. (1991) 24, 1076) permits
symmetry, as a theoretical concept, to be abstracted
directly from the experimental data. In practice, the
Converse-Transformation matrices are calculated as soon
as any unit cell has been determined. This new approach
permits the collection of experimental data, the
evaluation of experimental errors, the determination of
metric symmetry and the assignment of the Laue symmetry
with respect to ANY basis, no matter how skewed. The
metric symmetry is deduced simply by counting; the
greater the number of matrices, the higher the symmetry.
All possible symmetries and pseudo-symmetries within any
specified tolerance are immediately apparent. This is
especially important in preliminary structure work and in
protein crystallography where the experimental errors may
be large. The Laue symmetry is assigned by using the
Converse-Transformation matrices to generate sets of
equivalent hkl's, then measuring and evaluating the
intensities of the equivalent reflections. Mistakes in
Laue symmetry are avoided since it is not necessary to do
key experimental steps out of order. With this approach,
all the data required to assign the Laue symmetry are
collected before a conventional cell is determined. In
contrast, procedures currently used in diffractometry are
based on the risky practice of assuming a conventional
cell and symmetry, and then collecting data to verify the
assumption. -This erroneous strategy may lead to the
assignment of a Laue group of too low symmetry. This new
method has many experimental applications including the
automation of diffractometers and the editorial review of
manuscripts prior to publication. Software for analyzin
symmetry and for determining general lattice :
relationships may be obtained from Dr. Vicky Lynn Karen.
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PS-17.01.11 FREE SPACE CRYSTALLOGRAPHY AND
THE VOLUME TERM OF GIBBS ENERGY: COMPARISON
OF THREE PATTERNS OF HEPTAGONS!

By Doleuschner, Dresden, Germany

In many cases space f£illing is of interest

in crystallography (Paufler, Leuschner 1975).
In this connection the study of gaps is rele-
vant. Here the free space in three patterns
of heptagons (generalization from 2-D nets to
3-D lattices is also performed) 1s investiga~
ted. Geometrical and physical peculiarities
are considered. For instance the effect in
volume term of the Gibbs energy (Leuschner
1979, 1989) is estimated.
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