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ML.15-2 QUASIPERIODIC CRYSTALS. By Dan Shechtman,
Department of Materials Engineering, Technion, Haifa,
Israel.

Quasiperiodic crystals are a new class of aperiodic
atomic structures which have &-functions in their
Fourier transform but non-crystallographic point
symmetries. The mathematical background for the
formation of Bragg diffraction from quasiperiodic
structures have been well established long before the
announcement of the Icosahedral phase, the first
quasiperiodic crystal, in late 1984. It was this
discovery and the realization that crystals can be
quasiperiodic that started the larger intermational
interdisciplinary scientific activity to study and
understand the structure and properties of
quasicrystals. It is by now well established that
crystals can have quasiperiodic order in addition to
the periodic one. Also, it has been found that a large
number of metallic systems form the icosahedral phase,
and in some cases the decagonal phase (another
quasiperiodic phase). The techniques to produce
quasicrystalline phases include now among others rapid
solidification, thin film deposition, single crystal
growth from the melt and a large variety of properties
have been theoretically predicted and experimentally
measured. The crystallography of this new class of
materials is probably the most intriguing property, and
electron microscopy as well as X-rays and neutron
diffraction play complementary roles in deciphering the
code of its local atomic structure.

ML.17-1 LATTICE DEFECTS STUDIED BY HIGH RESOLUTION
ELECTRON MICROSCOPY. BY M. Hirabayashi, The Research
Institute for Iron, Steel and Other Metals (Renamed
Institute for Materials Research), Tohoku University,
Sendai 980, Japan.

The continual progress in the spatial resolution of
electron microscopes 1s improving the reliability and
accuracy of detail in the atomic scale structure
investigations, and high resolution electron microscopy
(HREM) 1is extending its applications to wide areas of
solid state science. In surface science, as an
example, dynamic motion of atoms in surface processes
as well as static steps of monoatomic height are
revealed by means of HREM. In-situ HREM observations
of dynamic behavour at the atomic level are opening up
unigue applications in materials science.

Here we shall deal mostly with three subjects; (1)
lattice fringe observations at elevated temperatures,
(2) modulated block structures induced by shock wave,
and (3) defects in quasicrystal structure.

(1) Combining with a video-recording system, lattice
fringe imaging is wutilized to investigate dynamic
formation and growth processes of the one-dimensional
long period antiphase structure of CuAuIl at elevated
temperatures. The growth of CulAull occurs apparently
like drawing of a maze pattern of the lattice fringes
which correspond to the periodic antiphase boundaries
with the spacing of 2nm. In-situ lattice fringe
observations are also applied to the study of an
incommensurate-commensurate phase transition of the
one-dimensional long period antiphase structure of
Ag3Mg. Discommensuration lines disappear gradually
with annealing time in forming the commansurate
structure,
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(2) Recently Kukuchi et al., (Jpn. J. Appl. Phys.,
1985, 24, 1600) found by HREM that complete conversion
of singze crystal H—szo (monoclinic) to single
crystal T—szo (orthorhomgic) occurs under shock wave
pressure in tge range of 20-40 GPa. When single-
crystal H-Nb, O, is shocked perpendicular to the b-axis,
a modulated Stfucture is formed besides T-Nb OS' This
structure is a two-dimensionally discrdereé H-Nb_O_.,
which is probably realized in the shock-releaséd
process from T-Nb_O.. The high resolution image shows
a bundle-like . patfern consisting of various sizes of
the columnar blocks of which the orientation is
completely random keeping the longer or shorter edge of
individual blocks apparently either parzllel or
perpendicular to each other.

(3) HREM may be only the way to elucidate structures

" of the qguasicrystal with icosahedral symmetry found in

the rapidly solidified alloys. The observed images are
interpreted well with the projection of three-
dimensional Penrose tiling with long-range
quasiperiodic translational order (Hiraga, K. et al.,
J. Microscopy, 1887, in press). Deviations from the
basic structure occur freqguently in the guenched

alloys. Lattice defects cbserved in the icosahedral
quasicrystal are explained in terms of frozen phason
strain and dislocation. Recovery processes to a

stable crystalline phase are investigated by HREM.
The appearance of two-dimensional quasicrystal having
decagonal symmetry and of structure modulations
associated with the quasicrystal to crystal transition
will be discussed in some detail.

ML.17-2 THE STRUCTURE OF A BACTERIAL PHOTO-
SYNTHETIC REACTION CENTER. By J. Deisenhofer
and H. Michel, Max-Planck-Institut fir
Biochemie, Martinsried, FRG

The first step in photosynthesis is the absorp-
tion of a light quantum, followed by the
transfer of an electron across a cell membrane.
This light driven charge separation happens
with high speed and a quantum efficiency of
near unity within a membrane-bound complex of
proteins and pigments, the photosyntheatic
reaction center (RC).

The RC from the purple bacterium Rhodopseudo-
monas viridis was one of the first membrane
proteins for which well ordered 3-D crystals
were obtained (Michel, J. Mol. Biol., 1982,
158, 567-572). The X-ray structure analysis of
these crystals allowed the construction of an
atomic model including the RC’'s protein
subunits L, M, H, and cytochrome, and 4
bacteriochlorophyll-b (BChl-b), 2 bacterio-
pheophytin-b (BPh-b), 1 menaquinone, 1 non-heme
iron, and 4 heme groups (Deisenhofer, Epp,
Miki, Huber, and Michel, J. Mol. Biol., 1984,
180, 385-398; Deisenhofer, Epp, Miki, Huber,
and Michel, Nature, 1985 318, 618-624; Michel,
Epp, and Deisenhofer, EMBO J., 1986. 5,
2445-2451). BChl-bs, BPh-bs, non-heme iron, and
guinone are associated with the subunits L and
M in the central part of the RC complex. The
arrangement of the pyrrole ring systems of the
BChl-bs and BPh-~bs shows approximate twofold
symmetry. Near the symmetry axis two BChl-bs
are in close contact and form the "special
pair", the primary electron donor of the photo-
synthetic charge separation process. From the
"special pair" two branches of pigments extend



