
posed to atoms), which results in the appearance of
charged fragments, have revealed the laws governing
the emission of the ions whose formation is preceded by
the dissociation of molecules on solid surfaces.

It was found that many classes of organic compounds
(containing heteroatoms belonging to group five in the
Periodic Table) formed fairly stable radicals and com-
plexes with low ionization potentials on hot metal oxides,
and were readily ionized through surface ionization. The
mass spectra of the positive ions of these compounds
had relatively few lines, and could be characterized and
predicted by established rules. t 3 ' 4 ] This gave rise to a
considerable simplification in the solution of many ana-
lytic problems. u ~ 6 ]

Surface ionization has become one of the most effec-
tive techniques as a result of investigations of elements
with different ionization potentials (up to about 10 eV)
and electron affinities (from about 1 eV), using specially
developed mass-spectrometric procedures (see, for ex-
ample, Zandberg and PaleevC7]), studies of the ioniza-
tion of simple and complex molecules on the surfaces of
solids with different properties (metals, semiconduc-
tors, and film systems with homogeneous and inhomo-
geneous emission), and the utilization of electric fields.
This has not only substantially extended the range of the
traditional applications of surface ionization (in ion
sources and neutral-particle detectors), but has also led
to applications of the phenomenon in many physicochemi-
cal studies of the properties of particles, the surfaces
of solids, and particle-solid interactions.C 1·2·8 3 The
total number of surface-ionization methods currently
used in physicochemical studies is approaching 30. It
includes: various methods for the determination of ion-
ization potentials of atoms and radicals of organic com-
pounds, C1~3] measurements of electron affinities, [ 1 > 2 · β ]

measurements of bond energies in ions of organic com-
pounds, i3'n a method for studying the emission inhomo-
geneity, i. e., the contrast of solids,C1>2] and the phase
transitions in submonolayer films of adsorbed materi-
als, a o ] a method of studying the growth kinetics of is-
land structures in adsorbed films, : ι 1 · 1 2 : methods of de-
termining true temperatures of solids and the mono-
chromatic emissivity, t l t l 0 ] methods of investigating the

diffusion of impurity atoms within solids c i : and through
phase boundaries, [ 1 0 : methods for studying chemical re-
actions in adsorbed layers and their temperature depen-
dence, C1>4] a method for studying the activity of catalysts
in dissociation reactions,C l o : l and various methods of de-
termining the kinetic properties of particle desorption
on the surfaces of solids. Ε 1 · θ · 1 3 ] Physicochemical prin-
ciples have now been developed for the surface-ioniza-
tion mass-spectrometric analysis of amines, hydra-
zines, and their derivatives, with sensitivity much
higher than that of other methods.C8]
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P. G. Borzyak, G. A. Katrich, Yu. A. Kulyupin, and
P. M. Tomchuk, Electronic Processes in Metal Island
Films. The individual metal islands on a dielectric sub-
strate of which the "film" consists are combined into a
single system through electron transfer between them
(in our cases, this is usually transfer by tunneling).
The result of this is that the system as a whole exhibits
electrical conductivity as if it were a real film. We
have now clearly demonstrated that the electrical prop-
erties of such films reflect their structure. By specify-
ing particular structural inhomogeneities, we can pro-
duce films in which the potential barriers near elec-
trodes depend on the polarity of the applied voltage,
while, in others, the resistance of the film depends on
this polarity. In the third group of films, we can pro-
duce N- or S-type switching effects, and, in the fourth

group, negative differential resistance. All these phe-
nomena are of undoubted physical and practical interest.

However, even when the films are structurally homo-
geneous, the current-voltage characteristics are non-
linear, and this is thought to be due to the heating of
electrons in the islands. Because of the reduction in the
electron-phonon interaction in small particles of the
metal, the heating of electrons in the island films can
be very considerable and may lead to cold electron emis-
sion from the islands. This is already being used in
practical cold cathodes.

A whole series of experiments has been carried out,
including some relatively refined observations. The re-
sults show that the observed cold electron emission can-
not be explained in terms of the usual field emission me-
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chanism but is satisfactorily interpreted in terms of the
electron heating process. Some of these experiments
have led to very promising practical applications.

The idea of inelastic tunneling of hot electrons, or
their inelastic reflection from the potential barriers on
the islands, also suggests that electron emission should
be accompanied by cold luminescence from the islands.
This effect has, in fact, been observed. If this is so, it
should also be observed during the generation of hot
electrons under the electron bombardment of any metal
target, both film and bulk. This phenomenon has also
been observed and is being investigated. In the case of
bismuth, for example, a correlation has been found be-
tween the emission spectra obtained by passing a cur-
rent through an island film and when the film is bom-
barded by electrons.

The emission spectrum produced by bombarding cop-
per has been found to contain a well-defined maximum

Y. G. Ptushinskii, A. G. Naumovets, and O. A.
Panchenko, Electron-Adsorption Phenomena on the Sur-

face of Metal Single Crystals. Physics of surfaces is
one of the most intensively developing branches of solid-
state physics. It provides the scientific basis for such
important areas of technology as catalysis, protection
of metals against corrosion, electronics, vacuum tech-
niques, and so on.

The development of ultrahigh-vacuum technology and
of a complex of powerful experimental techniques has
provided the means whereby experiments can now be
carried out with atomically pure surfaces and accurate
information can be obtained on the atomic and energy
structure of surfaces and their chemical composition.

This paper is based on a series of experiments at the
Physics Institute of the Ukrainian Academy of Sciences.
Physical properties of the surfaces of high-melting sin-
gle crystals of metals, both atomically pure and coated
with controlled submonolayer films, were investigated.
The experiments were carried out in a vacuum of 10'11

Torr at surface temperatures between 5 and 2500 °K.

Submonolayer (i. e., "thinner" than the monolayer)
films of strontium on single crystals of tungsten and
molybdenum were used to obtain data on the structure
and phase transitions in quasi-two-dimensional crystals.
The structure of the surface and of the films was ex-
amined by the low-energy electron diffraction method.

Analysis of the observed structures has led to the
conclusion that, on the close-packed (110) plane of tung-
sten and molybdenum, the dipole-dipole repulsive in-
teraction between the adsorbed strontium atoms (ad-
atoms) is the predominant interaction. Nevertheless,
certain differences between the structures of strontium
films on similar tungsten and molybdenum surfaces in-

which corresponds to an equally sharp maximum on the
curve representing the distribution of the density of
electron states. It reflects the density of states at 2 eV
below the Fermi level. This result shows that studies
of the emission produced by the bombarded metals can
serve as an additional source of information on the elec-
tron energy structure of solids.

Electron bombardment has also been found to produce
radiation connected with the radiative decay of collective
plasma excited states. When the islands are very small,
a size-dependent shift of the plasma resonance has been
found to take place toward shorter wavelengths.

Size-dependent changes in band structure have been
investigated in gold. When the island size is sufficiently
reduced, the s band begins to "disintegrate" and be-
comes insignificant for islands consisting of a few tens
of atoms. The d band remains stable under these con-
ditions.

dicate that another type of force may play an important
role, namely, the indirect interaction between the ad-
atoms through the electron gas in the substrate. This
type of interaction is particularly well defined in the
case of adsorption on the (112) plane with anisotropic
structure.

Order-disorder transitions have also been investigated
for adsorbed films, and a qualitative difference has been
found between the behavior of films that were matched
and unmatched to the substrate. The former films be-
come disordered in a narrow temperature band and the
latter in a broad temperature band. We see this as a
confirmation of the theoretical prediction that matched
films have true long-range order whereas unmatched
films exhibit only short-range order which is gradually
reduced as the temperature increases.

The second group of experiments was concerned with
the scattering of conduction electrons by the surface of
a single crystal of tungsten (and molybdenum), both
atomically pure and covered by submonolayer films.
Scattering data were obtained by measuring the static
skin effect and by examining the Sondheimer oscilla-
tions. It was found that the atomically pure (110) sur-
face scattered the conduction electrons almost specu-
larly, whereas the (100) surface produced practically
diffuse reflection. The latter is explained by electron-
hole transfers on the surface (this is a consequence of
the anisotropy of the Fermi surface). Deposition of
submonolayer films results in a deterioration in the
specular properties of the surface, and the degree of
this deterioration depends both on the nature of the de-
posited atoms and on the degree of order in the film.

Observations on Sondheimer oscillations can be used
to obtain information on the scattering of a particular
group of electrons by the surface.

I. A. Abroyan, V. V. Korablev, Ν. Ν. Petrov, and
A. I. Titov, Secondary-Emission Methods of Investigat-
ing the Structure and Composition of the Surface Layers

of Solids. Comprehensive systematic analysis of the
surfaces of solids and of their surface layers (element
composition, structure, electron properties, and so on)
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