07. MATERIALS SCIENCE

07.X-01 MATERIALS WITH VALENCE INSTABILITIES.
E. Kaldis, Laboratorium flir Festkdrperphysik,
ETHZ, 8093 Zirich, Switzerland

Materials with valence instabilities are small
gap semiconductors (e.g. SmS, Sm3Sy) or metals

(e.g. TmSe, CeN) which under pressure may change
the valence state of their cation. Although this

phase transition is followed by a large volume
contraction (approx. 10 %), no change of the
structure (NaCl) takes place. The change of va-
lence can be achieved in TmSe also by variation
of nonstoichiometry (E. Kaldis et al J. Phys.
40 (1979) C5-366) or mixed crystal formation

like TmSexTej-x, Tmj.yBuyxSe (E. Kaldis, B. Fritz-

ler, J. Phys. 41 {1980) C5-135). Both of ‘these
parameters lead to changes of the crystal field
splitting of the 5d-band and therefore vary the
degree of overlapping of the 5d-band with the

4f localized level.

Solution calorimetry (TmSe, Sm3Syz) and T-x phase

diagram studies (TmSe, TmSej_yTeyx, Sm3Sa) indi-
cate that valence instabilities introduce phase
instabilities. The thermodynamically unstable

phases show, however, appreciable metastability.

Calorimetric measurements in CeN show that al-
loying with less than 1 % at. oxygen increases

the stability (decrease of the heat of solution)

by approx. 30 %. This effect is probably due to
a destruction of the unstable mixed valence
state of CeN by the oxygen doping.

07.X-02 FINE METAL CRYSTALLITES:

MORPHOLOGY AND STRUCTURE
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Fine metal crystallites of diameter less than
1 um can be produced by the evaporation and
subsequent condensation of a metal in an
atmosphere of inactive gas. A study of these
crystallites by electron microscopy and
electron diffraction was initiated in 1962

by the present author and pwrsued in Nagoya
University and Meijo University. Up to the
present most of the ordinary metals and semi
metals (30 elements) have been studied [1,2].

Some of the important results are as follows:

Metal crystallites produced by the condensa-
tion in the gas look like a smoke. Those of
crystallographic interest are produced at gas
pressures between 10 - 100 Torr. A typical
smoke has a shape like a candle flame, con-
sisting of inner, intermediate and outer
ZOnes.

The mechanism of crystal growth in a smokew.s
studied. A remarkable result is that the
crystallites grow not only by condensation of
vapour, but also by collision and subsequent
coalescence of crystallites.
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Since crystallites grow in a free atmosphere
without any substrate, those grown under
appropriate conditions, which are single
crystals and twins, show beautiful crystal
habits: rods, plates or polyhedra.

Among them truncated octahedra, rthombic
dodecahedra and hexagonal prisms are appro-
ximately the equilibrium forms respectively
of fcc, bec and hcp. They are produced in the
intermediate zone of a smoke.

The so-called multiply twinned particles [3],
icosahedra and pentagonal decahedra, are
found for fcc metals and Ge. They have no
crystallographic symmetry and are better to
be called large metal molecules.

Metals with phase transformation show habits
belonging to more than two phases. The

“external shape is preserved when the inner

structure transforms £rom a high temperature
phase to a low temperature phase.

New structures special to fine particles are
found for Cr, Mn and Ge. That for Cr is iden-
tified as A-15 type [4], while the others are
not yet analysed.

A number of slides will be projected in the
talk to show beautiful crystal habits.
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07.X-03  MECHANISMS OF EPITAXY.
By R. Kern, C.R.M.C. -~ CNRS, Campus de Luminy, case
913713288 MARSEILLE CEDEX 9,  FRANCE.

The understanding of epitaxy has received a great im—
pulse by extensive use of surface physics methods. The
methods are briefly considered and their practical
power analysed. In-situ methods have received special
attention in recent years and very original results
have been obtained.

Ellipsometry is such a method which is able to give
simultaneocusly information about thickness and compo-
sition inside an industrial epitaxy reactor.

Some typical examples will be given on systems as
metal - insulator, metal - semiconductor, semiconduc—
tor - semiconductor.



