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TITLE: On the Problems of Semiconductor Theory in Connsotion
with the Catalysis Theory (0 zadachakh, stoyashchikh
pered teoriyey poluprovodinikov Vv svyazi 8 problemoy
kataliza)

PERIODICAL: Izvestiya Akademii Nauk SSSR, Vol. XXI, f#2, pp 176-178
1957, USSR, Seriya f£12zicheskaya

ABSTRACT: The surrface of a semiconductor posses3es & specific
property to catalyze many chemical reactions. The
phenomenon is reduced to the following process: mole-
cules of reacting gases are absorbed on the surface
of a semiconductor, then being in the absorbed state
react with each other, and the reaction products are
desorbed again. Thus the reaction is transferred
from the gas phase to the semiconductor surface.

The problem is why this leads to its substantial ac-

Card 1/3 celeration (sometimes in tens of thousands of times)?
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TITLE: On the Problems of Semiconductor Theory in Connection

with the Catalysis Theory (0 zadachakh, stoyashchikh
pered teoriyey poluprovodinikov v svyazi s problemoy
kataliza)

The other problems awaiting their theoretical clari-
fication are as follows:
1. The mechanism of catalytic property of a semi-
conductor is hidden within the semiconductor itself.
The problem is %o discover this mechanisn:
2, Adsorption in question is & so-called "khemoso=-
rbtsiya", chemical adsorption, caused by the forces
of chemical nature. #nat is the mechsnism of the
chemical adsorption, that is the mechanism of forming
a chemical connection between a crystal and & gas
molecule?
3, What is the origin of the potential barrier on
the adsorption curve, the origin of the activation
energy?
4. Molecules are often dissociated during the
chemical adsorption. #nat is the mechanism of this

Card 2/3 dissociation?
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On the Problems of Semiconductor Theory in Connection
with the Oatalysis Theory (0 zadachakh, stoyashchikh

pered teoriyey poluprovodinikov v svyazi B problemoy

kataliza)

5« The catalytic activity ofbpemiconductor essentially
depends on the character and concentration of admixtures
contaired _ within its volume. By what a way do admixtures
so considerably affect chemical processes taking place

on the semiconductor surface?

6. Why is the activity of a semiconductor connected

with the concentration of free electrons and holes
contained in it?

These problems have been the subject of theoretical
investigations in the Catalysis Laboratories of the
Institute of Physical Chemistry. No references arefcited=

Institute of Physical Chemistry of the USSR Academy of
Sciences

No date
At the Library of Congress

i
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AUTHOR: Vol'kenshteyn, F.F. (Wolkenstein, F.F.)

TITLE: On Some Problems of Semiconductor Catalysis (O nekoto-
rykh voprosakh poluprovodnikovogo kataliza)

PERIODICAL: Izvestiya Akademii Nauk SSSR, Vol XX1, #2, pp 179-182
1957, USSR, Seriya fizicheskaya

ABSTRACT: There are experimental facts which indicate a close
ocorrelation between electronic properties of a semi-
conductor and its catalytio and adsorption qualities.
Chemical adsorption results in charging the surface of
a semiconductor. Therefore, energetic zones are ‘being
curved at the surface and the contact potential and
elaectric conductivity of a semiconductor can change.
These changes following adsorption have been actually
observed by V. Lyashenko mnd-I. Stepko.

The probability for a chemically adsorhed'molecule to

be in a neutral or charged state depends on the level

of the chemical potential or the conceatration of free
Card 1/4 electrons and holes in the crystal.
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On Some Probleps of Semiconductor Catalysis (0 nekoto-
rykh voprosakh poluprovodnikovogo kataliza)

The dependence of the adsorption activity of mercury
sulfide on its stoichiometric composition and the

effect of lighting on the adsorption activity point

out in this direction. Sometimes, however, the lighting
leads to an opposite effect, i.e. decrease of the
adsorption activity, as- Terenin and Myasnikov experiments
showed.

Another group of facts is concerned with effects of
admixtures on the semiconductor catalytic activity.
The latter is characterized by the conatant of rate
K which usually satisfy Arrhenius' law:

— ~E/KT
K=K,€
where E is activation energy and T is temperature.
The insertion of an admixture info asemiconductor

leads to the change of both@€tivation energy E an
pre-exponential multiplier Koe
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Oon Some Problems of Semiconductor Catalysis (0 Nekoto-
rykh voprosakh poluprovodnikovogo kataliza)

Reaction of ethylene oxidation on catalyzer MgO\.Crzo3
with admixture of Na250 studied by Krylov and
Margolis showed that ong and the same admixture, and
used in the same quantitygexpedites the reaction at
low temperatures and dopes the catalyzer, l.e.,
innibits the reaction at high temperstures. Dapending
on its concentration, one and the same admixture, at
the same temperature, can either promote 2 reaction or
inhibit it.

In the author's opinion, the insertion of admixtures
changes the concentration of the electronic and hole
gas in a semiconductor- This concentration determines
the reaction activity of the molecules adsorbed on the
semiconductoT surface and catalytic activity of the
molecules. '

Theories used at present are of a phenomenological
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TITLE: On Some Problems of Semiconductor Catalysis (O Nekoto-
rykh voprosakh poluprovodnikovogo kataliza)

character. The future thaory, the electronic catalysis
theory, is in the beginning phase of its origination.
The article contains 4 graphs. No references are

given,

INSTITUTION: Institute of Physical Chemistry of the USSR Academy of
Sciences

PRESENTED BY:

SUBMITTED: No date

AVAILABLE: At the Library of Congress
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USSR/Physical Chemistry ~ Kinetics, Combustion, Explosinns, Topo-
ckemistry, Catalysis. B9

Abs Jour; Referat. Zhurnal Khimiya, N5 2, 1958, 3891.

Author : F.FP. Vol'kenshteyn.

Title : Some Questions Concerning Semicondnctor Catalysiz (According
to Materials of International Catalysis Congress at Philadel-

phia).
Orig Pub: Uspekhi khimii, 1957, 26, No 6, 659-672.

Abstract: No abstract.
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YOLKENSHTEYN, Fedor F. (Moscow)

"Towards the Electron Theory of Chemical Absorption in Sewmi-Conductors,”
(Plenary lecture).

report submitted for Amnual Meeting Eas German Chemical Soclety, 28 Oct -
1 Nov 1958, Leipzig, G.DR.
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Akademliye naai Belorusskoy SSR. Institut ¥himil

Sbornik psuchnykh rabot, VyDe 6 (Collection of Scientific wWorks of the Tnstitute
of Chemistry, Belorussian SSR Academy of Sciences , W 6) Minsk, 1z4~-vo AN
Belorusskoy gsr, 1958. 271 Pe 1,100 copies printed.

Bd.: YerofeyeV, B.V., Acedemician, BSSR Acedemy of Sciences; Tech, Ed.:

Volokhanovich s Le

PURPOSE: The book 18 {ntended for chemists engaged in regasrch in specialized

fields.

COVERAGE: The book is & collection of scienﬁific articles dealing with varied
subjects, such a8 problems {n electron theory of gemiconductors, catalysis,

autoxidation of gbietic acid, thermdynamics of some reactions of 8
¥ radicals 1in the

orgenic compounds and reactions of aikyl, ayl, acyl~OX
1iquid phase. Personelities are mentioned in the {pdividual articles.
' 30 Gexmen,

There are 331 references, of which 215 ere soviet, 75 English,

10 French, and 1 Finnisb

card 1/5
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Collection of Scientific Works (Cont.) 50V/1285

TABLE OF CONTENTS:

Vol'kegshteyn, F.F. Some Problems in the Electron Theory of Catalysts
on Semiconductors

Yerofeyev, B.V., and V.A, Protashchik. Study of Contact Conditions
Between Partlicles of gobalt Formate and Metallic Cobalt With the
Aid of the Isotope o0,

Markevich, S.V. Attachments for the MS-2M Mass Spectrometer for
Studying Geseous Phase Deuterium Exchange Reactlons on Sol1id Surfaces

Osinovik, Ye.S. Study of the Formation of Initiml Reaction Centers in
the Induction Period of Thermal Decomposition of Bexrium Azide

Mitskevich, N.I., T.I. Soroko, and B.V. Yerofeyev., Conjugated Decarboxy-
lation in the Autoxidetion of Abietic Acild

Yerofeyev; B.V. and S.E, Neumove., Thermodynamics of Some.Reactions of
" Orgenic Sulfur Compounds
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SOV,/30-58-T7-34/49
AUTHOR: Krylov, O« Vo, candidate of Chemical gciences

TITLE: Physics and Physical Chemistry of Catalysis (Fizika i fizike-
-knimiyse kataliza) Transactions of the All-Union Ccnference
(Vsesoyuznaya konferentsiya

PERIODICAL: Vestnik Akademii nauk SSSR, 1958, Nr T, Ppe V19 - 122 (USSR)

ABSTRACT : This conference convened in Moscow beliween March 20‘“ and
March 23T¢, It wes called by the Department of Chemical
Sciences and the Institute of Physical Chemistry cf the AS

USSR {Otdeleniye khimicheskikh nauk i Institut fizicheskoy
khimii Akademii nauk SSSR)MIt was attended by more than 600
persons from different towns of the Soviet Union as well as
from countries of the people's democracies. Neerly 100 re-
ports were gubmitted, T8 of which were given to the parti-
cipants for discussion. The remainder was read. The follow~-
ing reports were heard:
1) S. Z. Roginskiy, (Instituuaof Phyeical Chemistry, AS USSR),
gpoke about the selective methods concerning gemiconductor

Care=—'% catalysis.
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Physics and Physical Chemistry of Catalysis.
Transactions of the All-Union Conference

2)

3)

4)

5)

€)
7)

S0V/ 30-58-7-34/49

Vo V. Boldyrev, Tomsk University, used electron repre-
sentations for the explanation of the course of topo-
chemicnl resactions.

No ¥. Keyyer, (Institute of Physical Chemistry, AS USSR),
used electron representations for the clarification of
the characteristics of heterogeneity of the active sur-
fece of semiconductor contacts,

Fo Fo Voi’kenshteyn, V. B, Sandomirckiy cnd Sh. M. Yogan,
(Institute of Physical Chemistry AS USSR), investigated
the influence of exposure as well as of an external elec-
tric Tigld on the absorptive power of a semiconductcr,

4., N. Terenin spoke about the investigation of the struc-
ture and the behavior of surface formations in the case
of adsorption and catalysis,

V. F. Kiselev (Moscow University), dealt with problems
concerning the elementary act of mtalysis.

G. K. Boreskov, Physical-Chemical Institute imeni L., Ya.
Karpov (Fiziko-khimicheskiy institut im. L. Ta. Karpova),
reporiad on the dependence of the catalytic activity of
metals on their position in the periodic system of ele-
ments.
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Vol 'kenshteyn, #.F. (Moscow) 50V/74-27-11-2/5

AL e Ay

Present State of the Electron Theory of Catalysis on
Semiconductors (Sovremennoye sogtoyaniye elektronnoy teorii
kataliza na poluprovodnikakh)

Uspekhi khimii, 19598, Vol 27, Nr 11, pp 1304-1320 (USSR)

A short summary of the results of a series of new theoretical
publications in this field is given. One of the main problems
treated 1g: What is the importance of the electron thedry in
catalysis on semiconductors. The electron theary first
explains the adsorption and desorption mechanisms. The particles
adsorbed at the surface are regarded as structural defects of
the surface. Experiment carried out by the author in 1948 (Ref 1).
The adsorbed particle enters the adsorbing lattice and partici-
pates in the electron household of the lattice. Two forms can be
distinguished in the formations on the surface: 1) The ‘'weak"
chemosorption, particles and centre of adsorption are a whole,
the particle remains electrically neutral. 2) "Soligd" chemosorp-
tion, the adsorbed particle has a free electron (donor) or an
electronic vacancy (acceptor). The two latter bonds may ve of pure-
ly ionic or purely homeopolar or also of mixed nature according
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Present State of the Electron Theory of S0V/T4-27-11-2/5
Catalysis on Semiconductors B

to the nature of the adsorbent, and the adsorbate. The chemical-
1y adsorbed particles i.e. the "301id" ones meet with other chemo-
sorbed particles or particles from the air and may enter in reac-
tion with them. Their appearance on the surface is regponsible of
the catalytic process. The "weak" binding is based on the concept
of a couple of free valencies migrating on the surface. The re-
moval of one of the 2 bindings leads to a "so0lid" acceptor or
donor binding. All transitions from one type of binding into the
other are possible. The probability that a certain number of
particles is in one of these bindings is influenced by the posi-
tion of the Fermi level. The Fermi level is the length of the
distance between the zone of valencies and the zone of conduc-
tivity in the semiconductor. The position of the Fermi level thus
defines the reaction velocity (the Fermi level enters the energy
of activation as term of a sum). Boreskov and Popovskiy (Ref 12)
observed and investigated experimentally thia dependence of the
Fermi level. Thus, the position of the Ferni level also determines
. the catalytic activity. 1950 Vol'kenshteyn, finally also Boudart
Comd=24 (Ref 15) and Hauffe (Ref 16). The Fermi level proved to be the
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key for controlling the catalytic activity on semiconductors.

The "solid" acceptor binding causes & change of the potential of
the surface and a compensation layer of the screening length 1
closely below. This changes the conductivity and thus also the
yield of catalysis. Sandomirskiy (Ref 18) theoretically in-
vestigated these dependences, Gray (Ref 19), Heiland (Ref 20),
Lyashenko, Stepko (Ref 21) as well as a numoper of foreign authors
carried out also experimental investigaticns. They are known under
the term of "marginal layer theory of adscrption". The position of
the Fermi level on the surface also depenis on its position in the
interior of the semiconductor. This makes again possible a direct-
ing of the catalytic properties except in the case of a quasi-isc-
lated state. On the surface a sufficient density of structural
defects predominates. Catalytic activity increases in acceptor re-
actions, conductivity, however, decreases — Vvice versa in donor
reactions. Adsorbability changes only with the pressure in the ex-
terior space. Also the photoelectric effect cannot change the elec-
trons or the electronic vacancy concentration. By the Fermi level
the semiconductors prove to belong, according to their properties
of adsorption and catalysis, to the crystals. There are 13 figures
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AUTHOR: Vol'kenshteyms. K- F. s0v/76-72-10-22/39

TITLE: The Charging of a gemiconductor gurface During Adsorption
(0 zaryazhenii poverkhnosti poluprovodnika pri adsorbtsii)

PERIODICAL: Zhurnal fizicheskoy xhimii, 1958, VYol 32, Nr 10,
’ pp 2383 - 2391 (USSR)

ABSTRACT: A representation of the adsorbed particles 25 vin-
purities” at the crystal surface vas given by the
author of this paper in 1948 (Ref 1). Of lste a number

of scientists have dealt with the problem of the
charging of the surface in chemisorption; there were,
for instance, Aigrain and Dugas (Egren and Dyuga)
iﬁef 2), Gernain (Zhermen)(Bef 3), and Ergel and Hauffe
Engel' and Kheuffe) (Ref 4). In their p&pers only
one type of chemisorption is investigated under the
term "boundary layer theoTy of adsorption". In the
present case the charge of the surface 13 investigated
taking into account various types of chemisorption.
. It is found that the surface charge formed in the
Card 1/3 chemisorption does not only depend on the nature
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The Charging of a Semiconductor Surface During Adsorption SOV/76-32—10-22/59

Card 2/3

of the adsorted particles but a2lso on the zharzctier
of their binding with the surface. The chemisorbed
particle can be regarded as a structural deofect

which has at the same time a certain affinity to the
free electron as well as to the free hole (in the
surface). Two types of chemisorption can be
distinguished. The "weak", in which the particle
adsorbed remains electrically neutral, and the
"strong" chemosorption in which the particle has an
electron. The latter can a) have an acceptor binding
if the free electron participates in the binding of the
adsorbed particle, or b) a donor binding wihere the
free hole participates in the binding. In the con-
siderations of the surface charge of various forms

of chemisorption a paper by Sh.M.Kogan is mentioned
which is in publication, as well as an equation
according to the ¥ermi statistics. Under the same
conditions the various forms of the chemisorption and
theérefore also the resulting electric charges of the
surface depend on the chemical potential o the surface.
The papers by V.B.Sandomirskiy (Refs 12-14) and V.I.
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Lyashenko and I.I.Stepko (Ref 13) as well as by S.7Tu.
Yelovich and L.Ya.llargolis (Ref 18) anre mentioned in
the connection with the effects cauced by %he charging
of the surface. The changes between the function donor
versus acceptor are explained by the various coexisting
types of chemisorption on the surface. There are 5
figures and 18 references, 14 of which are Soviet.

ASSOCIATION: Akademiya nauk SSSR,Institut fizicheskoy knimii, Hoskve
(AS USSR,Institute of rhysical Chemistry, doscow)

SUBMITTED: Kay 15, 1957
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. AUTHORS: Toffe, I. I-» Jol'kenshteyn, F. F. 20-118-4-34/61
TITLE: The Trend of Contact Oxydation Reactions On

Semiconducting Catalysts (Benzene Oxydation serving &8

an Example)

(K voprosut o napravlenii regktsii kontaktnogo okisleniya
na poluprovodnikovykh katalizatorakh (na primere okisleniya
penzola))

PERIODICAL: Doklady Akademii Nauk 5SSR, 1958, Vol. 118, Nr 4,
PP 747-750 (U§sn)

ABSTRACT: The authors here examine the phenomens mentioned in the
title, from the aspect of the theory o¥ catalysis, which
was developed bV F. F. Vol'kenshteyn (reference 5,6,7)-
Cconvenient objects for the jnvestigation of the mechanism
of the process are the simplest arcomatic compounds
(venzene, naphtalene), pecause at them sharply marked
trends 1in the heterogeneous-catalytic and homogeneous
reactions are observed. The authoTs suppose that it is
possible to make various assumptions o1l the possible
card 1/4 mechanism of the oxydation of benzene on electron-
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bindings in the benzene

free valence of the
ponsibilitiea: In cane

by the
and only two

of the adsorption of the benzene molecule either a

¢c-H-binding

here a crystal of the type

metalloid),
M*P and R79

a metal and R a
up of the ions
as cataly
1attice of this type-
here, in the case of
this case the adsorptl

schematically.

card 2/4 semiconductors
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Also here the process of adsorption leads to
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The Trend of Contact Oxydation Reactions on Semiconducting 20-118-4-34/61
Catalysts (Benzene Oxydation Serving as an Example)

There are 7 figures, and 15 references, 11 of which are
Soviet

ASSOCIATION: Nauchno-issledovatel'!'skiy institut organicheskikhn
poluproduktov i krasiteley im. Voroshilova
(Scientific Research Institute for Organic Semiproducts
and Dyes imeni Voroshilov)
Institut fizicheskoy khimii Akademii nauk S5SSR
(Institute for Physical Chemistry of the AS USSR)

PRESENTED: July 8, 1957, by P. A. Rebinder, Member, Academy of
Sciences USSR

SUBMITTED: April 24, 1957

AVAILABLE: Library of Congress
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20-118-5-37/59

AUTHORS: . Vol'kenshteyn, F. Fo Sandomirskiy, V- B.

TITLE: the Influence of an External Electric Field on the Adsording
Power of a Semiconductor (0 vliyanii vneshnego elektricheskogo
polya na adsorbtsionnuyu sposobnost' poluprovodnika)

PERIODICAL:  Doklady Akademii Nauk SSSR, 1958, Vol. 118, Nr 5, pp. 980-982
(USSR)

ABSTRACT: Here the authors designated the increase and the decrease of
the adsorbing power in an electric field as electroadsorption
and electrode adsorpticn, respectivdy. The present work aims

at the estimation of the experimental possibility of the ob-
servation of this effect; this depends on the change of pres-
sure in the reactor at the application of an electric field
and on the f£ield strength. The authors here investigate an
adsorbent of the shape of a semiconductor plate of a thickness
21, in the direction of the x-axis and with sufficiently great
measures in the direction of the ¥ and z-axis. The adsorp-
tion of molecules to which the local gurface levels E cor-

Caagzii4 respond takes place on the plane x = + L. For reasons of ex-
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actness the authors investigated the adsorption of acceptor
molecules on a semiconductor of the n-type. The crystal is
assumed to be in an outer homogeneous electric field of the
field strength F directed vertically to the surface of the
orystal. The following is assumed in order to simplify the
computation: a) the thickness of the crystal is much greater
than the length of screening 1. b) the distribution of elec-
trons is Boltzmann-like on all energy levels in the volume
of the crystaly c) surface zones are lacking; d) there exist
only two kinds of bindings of the adsorbed molecules on the
surface, namely, "weak" and "solid" acceptor binding. The
schemes of the energy levels in the case of the lacking and
of the presence of an electric field are illustrated on a
diagram. The crystal is located in a reator with the con-
stant volume v, which is filled by a gas with the pressure
P . After the application of the field F ga13 pressure assumes
the value p. The problem consists in determining the depend-
ence of the quotient p/p on F. The expression obtained for
this quotient from the eauation of state of the ideal gas
Card-2ft- is given here. In the case of a lacking field most of the

Wty
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20-118-5-37/59
of an External Electric Field on the Adsorbing Power of a

adsorbed molecules are in the state of the "weak" binding on
the surface. The expression for p /p corresponding for this
case is given here. Then p /p 2;1,°i.e. in the case of the
model selected here only eiectroadsorption is possible. The
authors especially investigated the case po/p >1 which
corresponds to a strong effect. The dependence of the quo-
tient p fo on F is given explicitly. A numerical evaluation
is given at the end of this paper. There are 1 figure and

5 references, 5 of which are Soviet.

Institut fizicheskoy khimii Akademii nauk SSSR
(Institute for Physical Chemistry AS USSR)

July 25, 1957, by N. N. Semenov, Member, Academy of Sciences,
USSR

July 18, 1957
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AUTHORS: Vol'kenshteyn, F. F., Kogan, Sh. M.
TITLE: Influence of the I1lumination on the Adsorptive Capacity and

catalytic Activity of gemiconductors

PERIODICAL: 1zvestiye Akademii nauk SSSR. Otdeleniye khimicheskikh nauk,
1959, Nr 9, PP 1536-1545 (USSR)

ABSTRACT: The adsorptive capacity of 8 gsemiconductor is expressed by the
number N of the molecules adsorbed with the gas On the surface
under conditions of equilibrium. This number varies at irradia-
xion with rays which mey be absorbed by the absorbent. The fol-

jowing studies in this field are quoted: rerenin (Refs 2,6),
Myasnikov (Ref 5)» Pshezhetskiy (Ref 5)» golonitsyn (Refs 6,7)
Kiselev, KrasilinikoV, Sysoyev Ref 8). & variation of N can be
determined by changing the pressure in the sdsorption space
when turning jrradiation on and off. In this case photo-ad-
gorption and photo-desorption may Occul, jrradiation, howeverT,
can also remaln inactive. The conditions for the possible three
reactions are mathematically jeveloped by means of the electron
theory of semiconductors. adsorption and desorption may ocecur if

CandEi#éf 1ight causes a chemical change of the adsorbent, an szpparent

- e N B USSE
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Influence of the Tl1lumination on the Adsorptive Capacity and Catalytle
Activity of Semiconductors

chemical change, if light causes a change in the adgorbed
molecule. The electron-theoreticel inveatigation is carried out
on the example of an acceptor gas and free lattice electrons. It
was further assumed that adsorption is represented by solidly
bound particles and desorption only by weakly bound particles.
The adsorptive capacity “N* may be expressed by the probability
w1 with which a particle is in a solidly bound state on the
sarface of the molecule. Irradiation causes a change in 7.
Photoadsorption occurs with an increase of 7, desorption with a
decreass of 7 (Fig 2). Value y is introduced, which represents
the change of UE in the case of Y > 1 an aisorption, in case of
y<1a desorption occurs; when vy = 1, however, the surface re-
mains  inactive. Finally, Y is calculated as a function of the
change of the free electrons and holes of the seniconductor
surface lattice. This function is dependent on frequency and in-
tensity of the irradiated light. V. Ye. Lashkarev (Ref 13),

vy. P. Zhuze, and S. M. Ryvkin (Ref 14) are mentioned. There are
3 figures and 21 references, 15 of which are Soviet.
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t ."
"General Ideas on the Electronic Theory of Catalysis of Semlconductors

repor‘t". submittéd for the Second International Congress on Catalysels, Paris,

4-9 July 1960.

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001860510017-2"



"APROVED FR ELEAS: 708/09/2001 CIA-RDP86-00513R001860510017-2

ERTEEA BRI

PEASE I BOOK EXPLOLTATION sCV/5095

Vol 'kenshteyn, Fedor Fedorovich

\___’__//—‘———-—‘"_‘*‘w\

Elektronnaya teoriya kataliza na poluprovodnikakh (Blectronic Theory of
Semiconductor Catalysis) Moscow, Fizmatglz, 1960. 187 p. 10,000 coples
printed. (Series: Fizika poluprovodnikov 1 poluprovodnikovykh priborov)

Bd.: Ye. B. Kuznetsova; Tech. Ed.: A. P. Kolesnikova.
PURPOSE: This book is intended for physicists and chemists working in the

field of catalysis, and for physiclsts concerned with semiconductors and
the mechanism of their catalytic effect.

COVERAGE: The book is based on lectures delivered by the author at the Division
of Chemistry, Moscow University, at the Jaglellofski University (Poland)
and at the University of Paris. It presents in concise form the present
state of the electronic theory of semiconductor catalysis, empbasizing the
physical rather than the mathematicsl fundamentals. The author thanks
V. L. Bonch-Bruyevich and O. A. Golovina, who reviewed the book. Thsre
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{vol.] 10: Physic

AN SSSR, 1960.
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¢ Catalysis) Moscov¥, 1z3-vO
2,600 copies printed.
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1,61 p. Errate

(Problems

Chemistry O

slip inserted.
ademy of Scilences USSR,

Eds.: SeZ. Roginskly, Corresponding Member of the Ac
Candidate of Chemistry; Ed. of Publishing House:

and O.V. Krylov,
. G.A. Astef'yeva.
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hysicists and chemists

PURPOSE: This collection O addressed to P
. and to the comunity of scie eél in recent
X research oOn the physics and physica.l chemistry of cetalysis.

ad at the conference On the
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COVERAGE: The articles in this
ademy of Sciences
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nauk AN SSSR (Section of Chemical Sciences, Ac
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the Academic Council on the problem of "the scientific bases for the selection
of catalysts.” The Conference was held at the dnstitut fizicheskoy khimii AN
SSSR (Institute of Physical Chemistry of the AS USSR) in Moscow,March 20-23,1958.
Of the great volume of material presented at the conference, only papers not
published elsewhere were included in/thi8 collectiony The conference declded
not to publish the discussion material. Papers by the following authors were
excluded and replaced by a brief author's abstract: F.F, Vol'kenshteyn, "Sur-
face Charge of a Semiconductor During Adsorption", M.M. Kogan and V.B. ’
Sandomirskiy, two papers; Sh.M. Kogan, "’Statistics of Adsorbed Particles in
the Electron Theory of Chemisor'ption", F.F. Vol'kenshteyn and Sh. M. Kogan;
F.F. Vol'kenshteyn and V.B. Sandamirskiy; G.A. Korsunovsidy; A.M. Rubinshteyn,
V.M, Akimov and A.A. Slinkin; L.Kh. Freydiin; V.N. Filimonov and D.S. Bystrov.
The following two papers do not appear in any form in this collection because
the authors did not forward the abstracts requested: M.[. Temkin, E.I. Tsybina
and A.I. Gel'bshteyn," Kinetics of Catalysis of the Vapor Phase Hydration of
Acetylene by Electron Vapor Acceptors”; A.A. Babushkin, "Spectroscopic Investi-
gation of the Structure of the Molecular Campounds of Boron Trifluoride With
Nitrogen and Oxygen-Containing Molecules".Addresses to the conference by E. Kh.
~ Yenlkeyev aud Ya.B. Gorokhovatskiy, are included in the form of brief communi-
. cations. They cover the results of recent experimental research which could
“I..  not be considered discussion material. A number of papers and cammunications,

Card=8fi7
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for' the most part dealing with problems in the preparation of catalysts, were
turned over for publication to the "Zhurnal fizicheskoy khimii", fThe pepers
of several foreign researchers wao participated in the conference and tnoze of

tion: A.Bie]zx{ski, G.Deref and G. Gaber W.K.Trzeblatowski , A.Krause (a1

‘of Poland), Wu Yiieh and Hsi Hsiao- fang fchina). The editors thank Academi-
cian A.A. Balandin and G.K. Boreskov and V.V. Voyevodskiy, Correaponding Members
of the AS USSR, for valuable suggestions during the compilation of the Collec-
tion. There is a bibliography of Soviet and non~Soviet sources at the end of
each article.

TABLE OF CONTENTS :
Fram the RAitors 3
I. CATALYSIS OVER SEMICONDUCTORS

Roginskiy, S.Z. [Institutejof Physical Chemistry AS USSR]. Electronic Factors in
Semiconductor Catalysis and Rules in the Selection of Catalysts 5
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Koutecky/, J. [Czechoslovak Academy of Science, Institute of Puoysical
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AS USSR, Department of Physicez of Moscow State Univerasity] Effect of Iiluminza-
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Vol‘*kenshteyu, F.F., and V.B. Sandomirskily [Institute of Physical Chemistry
AS USSR]. Effect of an External RElectric Field cn the Adsorptive Capaclity
of & Semiconductor 61

Kogan, Sh. M., and V.B. Sandomirskiy [Institute of Fhyzical Chexistry A3
USSR, Department of. Physics of Moscow State University]. Measurement of
Contact Potential of a Semiconductor as s Method of Detecting the Various
Crarge States of Particles Adsorbed on 1t 62

Popovskiy, V.V., and G.K. Boreskoy [Mesxovskly khimiXc-tekhrnsiogicheskiy
ingtitut imeni D.I. Mendeleyeva(!ﬁ.oscow Chemical Technclcgy Inatitute imeni
D.I. Mendeleyey]. Catalytic Activity of the Metal Oxides of the 4tn Period

in Relation to tae Oxidaetion Reaction of Hydrogen 67
Keyyer, N.P. [Institute of Physical Chemistry AS USSR). Nature of the
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AUTHOR: Vol'kenshtsyn, F. F,__*ﬂ l
TITLE: Basic Concepts of the Electron Theory of Catalysis on
Semiconductors
PERIODICAL: Kinetika i kataliz, 1960, Vol. 1, No. 1, pp. 32-44

TEXT: The present article is the reproduction of & lecture read at the
Second International Congress for Catalysis and is a synopsis of the
present state of the electron theory of catalysis on semiconductoers,

with special regard to thLe research work done by the author and his
collaborators. The main results of the theory and certain conclusicnc ars
given, but the mathematical part of the theory is not discussed. A more
detailed survey has teen supplied by the author in Vol. 12 of "idvances
in Catalysis". In the present article, the results are discussedé in thc
following sections: the electrically neutral and the charged forms of
chemosorption; valency-saturated and radical forms cf chemosorption;
transitions among the various forms of chemosorgtion;1equilibriuj Letweern
the various forms of chemosorption. The adsorption rroperties of thi////
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Basic Concepts of the Electron Theory of s/195,00/031/C01/001,/Cr
Catalysis on Semiconductors BC15/B60

surface; the catalytic activity of the surface; the part played bty the
Fermi level. Since the position of the Fermi level, which appears in =11
equations of the electron theory, is of special importance, several
conclusions are made in this respect. Following the results of the
electron theory, the conclusions drawn therefrem are discussed in the
following sections: effect of chemosorption on the electrical conductivity
ard work function; relationchip between surface and volume; correlation
between catalytic activity and electrical conductivity; effect of ad-
rixtures on the catalytic activity; effect of illumination on adsorhability.
The author points out that the electron theory of catalysis can By no
means be regarded as final. It does not compete with the other theories
of catalysis from which it differs by its problems, since it studies the
elementary (microscopic) mechanism of phenomena and proceeds from this
point. S. Z. Roginskiy, A. N. Terenin, V. I. Lyashenko, I.A. liyasrikov,
and N. P. Keyer are mentioned in the text. There are 7 figures and 17
references: 15 Soviet, 2 US, 2 French and 1 German.

B
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AUTHOR: Vol'kenshteyn, F. F., Doctor, Professor
TITLE: The principles of the electron theory of semiconductor
catalysis
PERIODICAL: Wiadomosci chemiczne, V- 14, no. M (161), 1960, 675-691

TEXT: The author gives 2 short survey of the present stats of the electron
theory of semiconductor catalysis. He refers to his more ~omprehensive
study in npdvances in Catalysis", vol. 12. The present paper was translatad
into Polish by: Jerzy Deren, DoctoT, Docent, and Jeruzy Haber, Doctor,
Docent, both Katedra Chemii Nieorganiczne] Akademii Gérniczo—Hutniczej w
Krakowie (Department of Inorganic Chemistry of the Academy of Mining- ané
Metallurgy, Krakbdbw). A paper by W. Romanowski, Doctor, appeared in this J%
periodical, 1956, Vol. 10, P- 439 is recommended as introduction for the
present paper. The author lays gpecial emphasis upon the problems which he
himself and nis collaborators nave studied. He liste two tasks of the
afore-mentioned theory: 1. The discovery of the mechanism of electron
processes to which, in the long run, every chemical reaction (alsc &
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The principles of the electron... B103/B207
!

catalytically heterogeneous one) is due. As long as the mechanism of :}
individual elementary acts of catalysis is not clarified, the science of
the mentioned processes will remain empirical. 2. The catalytic properties
of semiconductors are closely linked with the electron processes both in
the interior and on the surface of semiconductors. Sirnce there must be an
interrelation between the electron properties of a semiconductor and its
catalytic properties, electron theory tries to discover the relations
between these two groups of properties. The author meritions the inventor
of the mentioned theory, L. W. Pisarzhevskiy (1916) and the following
Soviet researchers: S. Z. Roginskiy, A. N. Terenin, W. I. Lyashenko, and
I. A. Myasnikov as well as non-Soviet researchers. Modern electron theory
is based (in the author's view and that of his collaborators) on the
gquantum-mechanical solution of the problem concerning the interaction
between a foreign particle and the crystal lattice of a solid. This
problem is solved by way of simple examples and, subsequently, generalized
by way of more complicated cases. The author neglects the entire mathe-
matical part and the discussion of the experimental data. The text is
subdivided as follows: "The Fundamental Results of the Theory”, again
subdivided into: Various forms of chemosorption, chemosorption of

Card 2/6
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The principles of the electron... BTO3/B207

particles with saturated valencies as well as of radicals, passing over
from one form of chemosorption to another, equilibriur between these forms,
adsorptive power of the surface, the capability of the surface of catalysis,
the role of the Fermi level. The next chapter: ngome Important gonclu-
sions" contains the following gsections: Effect of chemosorpticn upon the
electrical conductivity and upon the work function, interaction between

the surface and the interior of & crystal. Relation between the catalytic
activity and the electrical conductivity, effect of aimixtures upon the .
catalytic activity, effect of light upon the adsorptive power. Finally

the author describes the present state of this theory as follows: The
electron theory proves that both free electrons and semiconductor holes
take part in the formation of chemosorptive bonds: the electrons and holes
play the part of free valencies, in which case the strength of bonds and
the reactivity of the chemosorbed particles depends on the degree of parti-
cipation of electrons and holes. Therefore, the Fermi level occurs in all
formulas of the electron theory. The catalytic and absorption properties
of the gemiconductor surface are, by the Fermi level, closely 1inked with
the state of the crystal as & whole. As this paper shows, the electron
theory may be interpreted in three ways: 2. BY illustrative models; b. B¥
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using the valencies lines, e.g.; When describing the chemical part of the
phenomena (Figs. 2 and 3); c. On the basis of the energy zon? scheme #ith ‘
the aid of which the electron mechanism of the phenomena ig studied \f\
(example: Figs-. 4a and 7)- The author emphasizes that each problem may

be illustrated by one of the mentioned models. In his opinieon, the theory
cannct be regarded a8 complete. He states furthermore that this theoTy

does mnot compete with any theory of catalysis. It differs by the manner in
which the problem is posed. The electron theory seeks to approach the

problem by detecting the elementary mechanism of the phenomenon. The

relation between the existing phenomenological theories on the one hand,

and the electron theory on the other, is the same 28, e.8-5 that of the

theory of the chemical bond of the nineteenth century, which exclusively

used valency lines and the modern quantum—mechanical theory of the tond.

It was the modern theory which gave the valency 1ines their physical sSeEnse,
thus discovering the physical nature of the chemical rorces: There are

7 figures and 19 references: 17 soviet-bloc and 2 non—Soviet—bloc.
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ASSOCIATION: Institut f£izicheskoy khimii pkademii nauk SSSR (Institute of
Physical Chemistry of the Academy of Sciences USSR).Lloskovskiy

gosudarstvennyy universitet im. M. V. Lomonosova (Moscow
State University imeni M. V. Lomonosov)

SUBMITTED: June 6, 1960
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AUTHORS @ Yol 'kenshteyn. F. F. and Kogan, Sh. M.
TITLE: The Concept of the "Quasi-insulated" gursace in the Theory
of Chemisorption,q
PERIODICAL: Zhurnal fizicheskoy khimii, 1960, Vol. 24, Ho. 9,

PP 1996-2004

TEXT: This is a discussion on semiconductchJin which the surface states *
have a denser structure than the interiof of the bvody, which is the cass

if the semiconductor has a real and nct an idealized gsurface. Besides, twhe
concentration of the electrons and holes which are jocalized on the sur-
face, may be Very high. It is shown in this case the position of the

Fermi level FS on the crystal surface 1is independent of the positicn of

the Fermi level Fv in the interior of the crystal, which means thad also

the chemisorption- and catalytical properties of the cemiconductoT
are independent of the electronic properties in the interioT of the
erystal. gurfaces of this kind are described by the authors as

card 1/2
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"quasi-insulated”, and occur whenever the absclute value of the difference
between the positive and negative charges localized on *he surface is

small in comparison to their sum. In the case of "quasi-insulated" sur-

faces, the influence of the cryatal impurities upon the chemicorptior -

and catalytic properties vanishea, and only the structure of .he gurface

is significant. Several specific properties of ,the "quasi-insilated" sur-

face are explained, and three types of surfacelstates are mer tioned,

which lead to a "quasi-insulated" surface. Thers are ° figur« and 10
references: 9 Soviet and 1 US. Cx(

ASSOCIATION: Akademiya nauk SSSR Ingtitut fizicheskoy khimii (Institute
of Physical Chemistry of the Academy of Sciences USSR).
Moskovskiy gosudarstvennyy universitet im. M. V. Lomonosnava
(Moscow State University imeni M. V. Lomonosov )

SUBMITTED: December 22, 1958
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TITLE: Influence of jonizing radiation on the adsorption and

catalytic properties of semiconductors
PERIODICAL: Kinetika i kataliz, v.2;, no. k&, 1961, 431-489

TEXT: In this article the effect of jonizing radiation on the
adsorption and catalytic properties of semiconductors is examined
in the 1light of the electron theory of chemisorption and catalysis.
The mechanism by which the radiation influences the adsorption
equilibrium? the kinetics of adsorption and the rate of catalytic
reaction is analysed and is derived directly from the general J{/
concept of electron theory. The dependence of the radiation
effect on temperature and pressure and on the history of the

sample is considered. The effect of radiation on catalytic
processes and adsorption has been well established by experimental
work over the last few years but the mechanisti remains unknown.

The prescnt article is limited to establishing somne goneral laws
derived from clectron theory. The following three effects are
obtained during irradiation: (a) direct ionization; (b) change cf
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degree of disorder in the lattice and (c) nuclear reactions.
A1l these give rise to a change in the concentration of free

carriers. In the first of the three cases, this change is due to
non--equilibrium carriers and, in the other two cases, 1O
displacement of the electron equilibrium, The first effect
disappears when irradiation ceases; the second may be considered asz
due to sample heating. The third effect is irreversible and arises
from the introduction of chemically foreign impurities. Aczording
to the electron theory of catalysis and adsorption, the free

carriers participate directly 1in chemical processes at the surface,
The carriers behave as free valence electrons and thus the
concentration change gives rise to a change in adsorption and
catalytic properties. Electrically, the surface particle may be
neutral or negatively or positively charged, exhibiting
correspondingly different bond characteristics, bend strengihs and
reaction ability. The various reaction abilities depend upon
whether the state 1is valence-satisfied or involves radicals or
jonic radicals. The expressions for the relative concentrations
of these states in the unirradiated condition are written down for
equilibrium. The negative- and the positively-charged particles
Card 2/89
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are considered as localized acceptor and donor levels respectively.
The expressions have been given by the author in Ref.,l (The
electron theory of catalysis in semiconductors, Fizmatgiz, M,,
1960) in terms of the difference between the levels and the
conduction or valence bands and the Fermi level at the surface,
Some simple expressions are then written down in terms of the
carrier concentrations in the presence and absence of irradiation,
In these expressions, the relative numbers of particles in the
three states of the radiated sample are related to those in the
unirradiated sample, If the condition before equilibrium is
considered, quasi-Fermi levels must be introduced, These
derivations have either been obtained by the author in previous
work (Ref.l: as quoted in text and Ref.,3: Izv, AN SSSR 0Otd. khim,
n.,, 1959, 1536) or may be derived by analogy, It is shown that
irradiation gives effects equivalent to displacement of the
localized acceptor and donor levels in the energy scheme, The
amount of the displacement depends on the position of the level in
the energy scheme and on the conditions of irradiation. The
change in the adsorbing properties of the surface during
irradiation is indicated by a change in the pressure AP in the

Card'3/ﬁ7
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volume of the phase being adsorbed when the radiation is applied.
AP is related simply to the change in the total mumber of
particles in the equilibrium conditions of the sample with and

without irradiation. It is shown that the sign and relative
magnitude of AP depend on the position of the Fermi level in the
original, unirradiated sample. The point at which the change of
sign occurs - the change from desorption to adsorption or the
reverse -~ is dependent on the conditions of irradiation. This

simple treatment can be used to interpret the results given by
Y.Fujita, T.Kwan (Ref .4: Bull., Chem, Soc. Japan, 31, 379, 1958)
and by A,N.Terepin, Yu.P.Solonitsyn (Ref.5: Disc. Faraday Soc:.,
v.28, 28, 1959). In general, the change of adsorbing properties
due to irradiation depends on the nature of the radiation. on the
pressure of the gaseous phase, on temperature and on the previous
history of the sample. All these factors are evident from the
analysis. For simplicity. only a small degree of filling of

the levels is assumed, an assumption made in the analysis of the
kinetics of adsorption. Here expressions are derived for the
pressure in the volume of particles being adsorbed: the pressure
is given as a function of time and in terms of the number of

Card L4/87
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particles adsorbed, The relative number of neutral particles

is the ratio of neutral particles to the total numter of particles.

The ratio is assumed to be independent of the pressure which

implies that the change in surface charge due to adsorption may be
neglected and is due only to non-adsorption processes. A similar
exponential expression is quoted for the irradiated case, The
subsequent analysis is restricted to the case of acceptor

particles. It is shown that the sensitivity of the kinetics -

the variation of pressure with time - can be varied by the impurity
content of the sample, which determines the position of the Fermi
level. In addition to this simple case, where adsorption

commences at a time t = O, the article considers adsorption on a '
sample which first remains unirradiated up to time t1, after )<
which the radiation is applied until t = tg and then ceases,

In Fig.4 the curves of pressure of the phase being adsorbed are

plotted as functions of time in some typical experiments of this

type. Similar curves are observed experimentally. The dotted
lines correspond to behaviour in the absence of irradiation.

Note that the subscript "o'" denotes absence of irradiation. The
light lines denote continuous irradiation from t =0 to t = &3,
Card 5/89
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The various cases correspond to differing initial conditions of the
sample, the position of the Fermi level and to the differing nature
of the irradiation. It is seen that both desorption (Fig.,4a) and
Slowing down of adsorption (Fig.4 &) are possible on commencing
irradiation and that the effects may be reversible (Fig.4®) or
irreversible (Fig.4 2), The time at which the radiation is

applied is also important. For catalytic effects the case of the
oxidation of CO is considered, Again the analysis of Ref,l is
quoted for donor- and acceptor-type actions, giving expressions for
reaction rates in terms of the Fermi level position and the levels
corresponding to the molecule COs and the atom O . The irradiation
conditions and the position of the Fermi level in the irradiated
specimen can enhance or reduce the reaction rate, but the ratioc of
the partial pressures of 02 and CO enter as a further variablz.
Again the experimental results can be discussed qualitatively in
terms of this model. Impurities in the semiconductor affect
catalysis: this action can also be described by the same model,

All the phenomena discussed depend on a parameter which is a function
of the acceptor energy level, the initial Fermi level and the quasz -

Card G[ga
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Fermi levels for holes and electrons arising during irradiation.
A similar parameter is required for donor-~like particles. At no
stage in the paper is a quantitative evaluation attempted,. Among

the effects ignored is the possibility of impurities diffusing from
the semiconductor bulk towards the surface and reacting with the
adsorbed ions, There are 5 figures and 10 references: 5 Soviet~-
bloc and 5 non-Soviet-bloc. The four most recent references to
English language publications read as follows:

Ref.4: as quoted in the text;

Ref,.6: T.I.Barry, Report on the Second International Congress on
Catalysis, Paris, 1960;

Ref.7: F.Romero-Rossi, F.5.Stone, Report on the Second
International Congress on Catalysis, Paris, 1960;

Ref .10: T.I.Barry, F.S.Stone, Proc. Roy. Soc., A255, 124, 1960,

ASSOCIATION: Institut fizicheskoy khimii AN SSSR
(Institute of Physical Chemistry AS VISSR)

SUBMITTED: March 3, 1961
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[Catalysis in the institutions of higher learning; papers of the
First Interuniversity Conference on Catalysis]kataliz v vysshei
shkole; trudy. Moskva, Izd-vo Mosk. univ. No.l. Pt.2. 1962.

325 p. (MIRA 15:10)

1. Mezhvugovskoye soveshchaniye po katalizu, 1lst, 195€. 2. Aka-
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- TITLE: Theory of photoadsorption effect ov semiconductors ‘[Report. at the Conference
on Surface Properties of Semiconductors, Institute of Electrochemistry, AN SSSR,
‘Moscow, - 5-6 Juna 1961] S R . . . e ,

;SOUﬁCﬁ:f?dverkﬁndstny*ye svoystva'poluprovodhikdv..Mosébw,.Izd—vo AN SSSR, 1962,
‘114127, . o - S )

fQTOPIC; TAGS:_ semiconductor, semiconductor ﬁhgézy,iphotoadsorption effect .

-ABSTRACT: A further development is offered of the theory of photoadsorption .
= ?effgct:(variation of adsorbability with.illumination§,~Specifically, a criterion
" 45 established which determines the sign (plus-minus) of photoadsorption effect
~‘under various conditions: adsorbent and adsorbate nature, pressure, temperature, |
-~ - specimen prehistory, ete. The sign depends on the position of the Fermi level and
i .on the degree of band bending. The theory is checked against the published .
. ‘experimentali'data obtained by F. Romero-Rossi, F. S. Stone, T. I. Barry, Y. Fujita,
.. - T.Kwan; A. N. Terenin, Y. P. Solonitzin, and others. Orig. art. has: 2 figures
- _and 22 formulas. I o - : N
T / ASSN: INSTITUTE OF PHYSICAL CHEMISTRY, AN SSSR; MOSCOW STATE UNIVERSITY.
fo . Curd 1/@ : L ' A :
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| AUTHOR: Vol'kenshteyn, F'. F.; Gorban?, A, N.; Sokolov, V. A, 7~j

and their role in luminescence [ Conference on Surfacd Propertieg of Semiconductors
| i trochemist %N SSSH, Moscow, 9=b Uune,_‘r%"r%’_—_’—___—.’w

° ABSTRACT: On the basis of the electronic theory of chernosopption and catalysis,
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TITLE: Processes of recombination of free radictd?]on a semiconductor surface

SOURCE: Poverkhnostnyye svoystva poiuprovodnikov. Moscow, Izd-vo AN SSSR,;

TOPIC TAGS: semiconductor, semiconductor~surface characteristics,
luminescence, surface recombination

the radical~recombination mechanism of luminescence is examined, as well as
gome consequences ensuing from that mechanism. A theoretical and experimen~ [
tal investigation is reported of the effect of an external transverse electric field

upon the intensity of candoluminescence. Luminescence is considered as .:
Card 1/2 T
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consiating of two ateps: lonization and neutralization of an activator atom; the
accompanying phenomena are explained and pictorially represented. A new
formula describing the intensity of luminescence is developed, and the effect of
the Fermi level on the intensity is investigated. The effect of the electric field
on candoluminescence was studied in a special device on & ZnS-CdS ‘copper -
activated phosphor placed in a low-temperature lighting-g:amﬂﬂr(!ﬂ Potentials
-2kv and +2kv were applied to the electrodes producing the electric field in the
phosphor zone, and the variation in the luminescence intensity was measured. j
The experiments are interpreted as corroborating the probability of the radical-
recombination mechanism. Orig. art. has: 7 figures and 26 formulas.

ASSOCIATION: Institut khimicheskoy fiziki AN SSSR (Insiitute of Chemical
Physics, AN SSSR); Institut fizlcheskoy khimii AN SSSR (/nstitute of Physical

Chemistry, AN SSSR)
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SUBMITTED: 00 DATE ACQ: 15Mayé63 ENCL: 00
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TITLE: Chemosorptionalind catalytic properties oi semiconductor ﬁlm’ on

. metal [Conference on Surface Properties of Semiconductors, Institute of Electro-
f chemigtry, AN SSSR, Moscaw, 5-6 June,1961] :
e SOURCE: Poverkhnostnyye svoystva poluprovednikav. Moscow, Izd-vo-AN SSSR,
'n 1962, 192-206

) A i
X i TOPIC TAGS: chemosorption, semiconductor, catalysis, semiconductor -coated %
i metal

L4

i} ABSTRACT: Since many metals are alwaya coated with a binary-compound film, 3

s chemosorption and catalytic processes actually transpire on the surface of a
semiconductor. A theoretical investigation is offered of these processes. A e
rather thick semiconductor film that does not contain surface states and a posi- |
tive contact potential di‘ference are assumed; four energy schemes are :
i
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| ‘considered. Qualitative properties of the film adsorbability and its catalytic

‘ "activity' are described by a set of differential equations, The effect of the film :

! thickness on the work function is explored. It is found that: (1) With a specified |
nature and thickness of the film, its adsorbability with respect to a donor z
(acceptor) gas will be higher (lower) with a higher work function of the underlying:
metal, irrespective of the sign of the surface charge on the film; and (2) A
similar relation exists between the catalytic film activity and the donor

! | {acceptor) reaction. Orig, art. has: 3 figures and 36 forradlasg.

H {

ASSOCIATION: Institut fizicheskoy khimii AN SSSR (Institute of Physical
Chemistry, AN SSSR); Institut radioelektroniki AN SSSR (Institute of Radio and
Electronics, AN SSSR); Institut kataliza AN SSSR (Institute of Catalysis, ANSSSRY)
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TITLE: on the theory of the photoadsorption effect in

semiconductors
PERIODICAL: Kinetika i kataliz, V.3, no.l, 1962, 72-80

TEXT ¢ The exposure of semiconductors to light somectimes
stimulates a change 1in the adsorptive capacity ofi the surface;
in sowe cases there is an increasec in adsorption and in others
a decrease. The existing cxpcrimcntal data appear to be
inconsistent, but in this paper a theory 1is advanced, based on
the electronic theory of chemisorption, which explains thesc
positive and negative adsorption cffects. The concentrations
corresponding to freec electrons and holes in the surface of a
semiconductor are represented by Ios and Dpos 1in the abscnce
of light and the corresponding changes in concentration
stimulated by exposure to light are Ang and NPsg - The authors usce
the expression:
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on the thecory of the photoadsorption...EOBQ/ElBG -
&ns pcs i -
Yy = 3 = - exp } (¢ -~ VOS + V)/kT-; - 1 (1)
os —Ps

where the meanings of the values €, Vos and v are cvident

from Fiz.l, which represents an energy diagram for a semiconcuctor
with a negatively charged surface. The line FiI* is the Ferwid

level in the non-illuminated condition. A is the local surfacc ﬁ/
level (acceptor and donor) representing adsorption ol particles.

The sign of the photoadsorption effect depends on the sign of

v, and the problem reduces to a calculation of the quantitics
Ong and Lpge The final expressions obtained are:
A : af
n_ = (Io + JS) 4»/ E: exp (- Vos/kT) :
— (18)
ey, = (I, 0+ JS)/»//D. exp (+ V__/KT)
i ,
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where I,
sign of y

+ V - Vv

= g
? os

Hence we

(a)

have:

For acceptor particles:
Positive effect (photcadsorption)
Negative effect (photodesorption)

(b) For donor particles:
Positive effect (photoadsorption)

Negative effect (photodesorption)

The results are discussed in detail and the theory compared with
in particular for the case of

experimental data;
oxXygen on zinc oxide.
bressure, tenmperature and also the

Zng samples, There are 3 figures.
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The sign of the effect depends on the
presence of excess zinc in the
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It is shown that the

whicere
(19)
if ¢ >o0. /
(26
if ¢ >0,
if o < 0.
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AUTHORS : Vol'kenshteyn, F.F., Kuznetsov, V.S., and
Sandomirskiy, V.B.
TITLE: The chemisorption and catalytic properties of

semiconducting films on metals -
PERIODICAL: Kinetika i kataliz,.v.3, no.5, 1962, 712-723

TEXT : The case of a metal covered with a plane parallel film
of uniform semiconductor (e.g. its oxide) containing donor and
acceptor centres uniformly distributed throughout its volume is
treated theoretically. Energy diagrams are given for coatings
with a thickness L greater than the screening length £ and for
the case when L (£ ¢ with a net positive or negative surface
charge. Owing to mathematical difficulties only the sign of the
following derivatives is determined -for .the. . varicus conditions:

. (dg/dL)

(de/dX)

P+ T: X ‘ 7)

P T, L
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The chemisorption and catdlytic ...
3 - 3}

(de/dL)p' X (dq/§s)p' T
Pt
(dG/dX)p' T, L = (dG/de)p' T
(dg/aL) , o, x = (de/de)y g
(dg/dX)p' L (dg/de)p‘ T

is the ra

capncity of the £ilmmg g
that the adsorptive capa

selectivity depend on the ‘thickness

verification of this work is required.

£ 'requires coat
~10-5 cm and for the coating to

for L to be less than
than 10-4

independent phase
There are 3 figures.
_Card 2/3
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Here: € is tbhe work function of the film
position of the Fermi level at the external
X dis the work function of the metal; ©

1. must be greater than 10-6
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) (ds/dL')p' T, X .
) ? ' (8)
L (dﬁ/dx)p' T.' L
3 g
. (de/dL)p' T, X { V
! (9)

(dE/dX)p. T, L ’) *

characterised by the
surface of the £ilm;
is the adsorptive

te of reaction. It is shown

city and catalytic actiwvity and

of the film
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ing thicknesses of less
be' considered as an
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SE ST : E075/E436
"';.A:UTHORS’:_~,,;_f‘yVol'kenshteyn‘ F.F,, Gorban' “AJN,, Sokolov, V.A,
. TITLE:”;i ~:The processes. of recombination of free radicals on

the surfaces of semiconductors and their role in
'luminescence .

'PERIODICAL' Kinetika. i katallz, v.4, . no.1, 1963, 24-34

[ TEXT: The authors examined the theory ‘of luminescence based on

! the recombination of radicals at the ‘semiconductor surfaces and
investigated the influence of external transverse electrical field

. on the intensity of candoluminescence. The luminescence was

.. atated to be caused by the combination of ionized atoms with

... electrons from the solid lIattice, the formation oiff ions being due

S -to ‘chemisorption, Electron exchange resulted between the local
> ‘levels of chemisorbed atoms and the lattiCe'energv zones, The . -
exchange with the valency zones was thermal in character, Whllst

i Tthe exchange with the conductivity zones resulted from the

‘7. mecombination of radicals. ~ The luminescence was produced only

when the recombination occurred between chemisorbed atoms and

‘"'?;utoms from the gaseous phase. = The intensity of luwWinescence was
ﬁ"{;'determlned by the Ferm1 level on crystal surfaces anid’ glvcn by
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'

= "[1 + B exp (e ;TY)]‘;_ R (23) -

ate o ,
S T 0 (2l

-

o

Bo=l+ 2

\w&&reﬂ*Ngl—?maximum number of atoms t
+ gurface, P - partial gas pressure,
: depending pnﬂtemperature T, ¢ - energy level above the Fermi
.- level, to which a surface electron is radised after a recombination
act, - Vv - total energy of the “lattice . electron. At P =20, :
ey = V. . The condition favorable for the radical-recombination.

:5 ;’L,uﬁiinves’ccngé,is, el ey -(26) where

Haﬁrcah”bé‘adSbecd:per unit
b - adsorption coefficient .

Loew =V thl,‘l’E(lff L), = Loap (25)
77! Vhen the Fermi level is depressed, the intensity of,%umlne§cence
*." . increases. and vice versa. Tkis confirms the conditions given
Card 2/3 oo e s . S , :
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: The procesaes of recombination - EO?S/E'& 56

.;_fby Eq.(26).  The experimental ‘results agree quulitatlvely with
e f'mthe developed theory. There are ? flgures. A

/ASSOCIATIOBP Tomskiy politekhnicheskiy institut -
S , <o Institut fizicheskoy khimii AN SSSR
. (Tomsk Polytechnic Institute ’ .

. Institute of Physical Chemistry As. USSR) - I
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ACCESSION NR: AT5020492 - OR/0000/64/000/000/0457/0/ 62

. ) ‘ /
! AUTHORS: Vol'kenshteyn, F. F.; Gorban', A, N.; Sokolov, V, A. “{?,
E 75 V955 ot gp o o .

N di ‘>1 ) :
: TITLE: On the prob{em of semiconductor luminescenca 'rest:lting from the recombina-
tion of free atoms and radicals on the surface

SOURCE: Mezhvuzovskaya nauchno-tekhnicheskaya konferenteiiya po fizike . )
{ poluprovodnikov (poverkhnostnyye 1 kontaktnyye yavleniya), Tomsk, 1962, R

| Poverkhnostnyye 1 kontakinyye yavleniya v poluprovodnikakh (Surface and contact
{ phenomena in semiconductorg. Tomsk, Izd-vo Tomskogo univ, ’ {964, 457462

TOPIC TAGS: semiconducting material, luminescence, free radical, i?«alect;ric field,
zinc sulfide, cadmium sulfide, Fermi level -

95, 97 - a7 ~

ABSTRACT: A mechanism of radical-recombination lurinescence is propossd, and an
experiment conducted to confirm aspects of the theory of semiconductor lumines-
cence is described. The work was performed to supplement the authors! earlier

| research in tkis area. Teats were run to determime the effect of & field on lumi-
| nescence. Radicals of hydrogen and air were formed by elactric discharge (+5 LV)

under a pressure of ~lmm Hg in a tube about 2 m long and 3 cm in diameter, con-
taining ZnS and CdS-Cu phosphor, The experimental results confirmed qualitatively
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| that the intensity of luminescence is dependent upon the location of the Fermi
level and corfirmed also the theoretically expected effect of an olectric field

on the adsorptivity of a semiconductor awrface, Orig: art, hass 2 diegrama,
2 graphs, 1 table, and 9 formulas, . o
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; 1e ‘oll~induced .
and é.ne :.ce.l trans Qrma.tions_mere negglec ed..ﬁ_,Ma.tne-eﬁ
xpressxons of ‘f;ne excita,t:.on and‘ ionization [@ffécts ‘were
ed-a ;.;funct‘ions‘of the: specific radi oactivity o*é the- aample.:- It
3 10wn that the mechéanism .of the overa.,ll re.dia.tio:; effect 1sg-de--
ir d”by' h alue of- -specific rgdioactivi Ly At Jmall values. .
' ,acuor ig: excitatlon‘ XA Large valuesuof R, the zonzza-
Both mechanisms cpntribute eq_ue.li;r to the over
et

3 ory. of th e «_.TH.‘LS ‘particulur ve.lu.e, 0 B
:shifted-one vay or another by an appropriatu tréatment of the -

. ‘The shift 1n Ro value . mlght cause e change 1::, é’he magnitude ,

of‘» the overalliradiation effect ; which: conse;q_uently depends -

stoxry - of.the a.dsorbent (cata.}.yst) and on experimental condi- '

o ) he change in the sign of Ry was obgerved experimentally by

. A. a& Bale.*zdin, V. I. Spitsynm et al. [Izv. AN S8SSR. Otd. khim. n. 1961,

%] in the catalytic dehydration of isopropylalcohol. g Orig.. a.rt has. »

figures iand h9 -frormulaa U 7 - R f

i izifciiés'kbiii;h“iﬁiﬂ-m{é;—&é‘niiz “ndu
cademy of Bciencea, 8S8R)
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s ed within ,
2 2 ..--:It;.:is:;assmed that thie pavticles ‘which are
eld by chemical ‘forces are of ‘the acceptor type. - In other words these pavtx.cles
_{(weak surface interaction) or negatxvelv charéed (strong

nay-pass -£rom. one state to the other.” (t) and - ]

‘econcentrations of the neutral and the negati.vmly charged 1}

vely, while N(£)=RO(£).+ H-(t) is the total number of chemigorbed |

Aiven type on a unit of ‘the surface at a given time %, If & astate

@ face- a(: _the vtime ﬁ. the rela.tive content

by the. éé’u’ii-Bx.rac statistical forwm
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ch g ve iagr v Wi
‘the: ocal:.zed ;level of the: chemsorbe partx.c:le, FF i.s the E‘em:.

15 'vi“‘l‘he‘averaﬂe fl:.fetme ‘o0f ‘a particle in the chemisorbed State iu: designated |-
" rand T~ designate the average: ‘1ifetimes of netitral and charged cherm-

“The  authors show that condition (1) may ke considered approxi-
lfz.lled only when ‘£-is much greater than t-, i.e. a state of electron

mlzbz-ium is reached on the surface during adsorption if @ v"«£¢ while in the
" crppos:.te limiting case ¢<Z1t% v electron and adsorption equilibrium states are

reached ‘sinultaneously. In the latter case, the energy of adsorptiom activation -
jepends on the electron state of the system. One or the other of these two limit-
“ting i cases may cccur“depending on the nat ure of the adsorbem' and the adsorbate.
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ressure maintained at 'zero):' In the first
-maintained during: deiiorption: ¢ desorption-{
slete is case).  However iu the second limiting case electron equilibrium |
‘breaks d wn dupring desorption. Desorption in this case is only partially complet-
"~ ied (the casé of ‘partially irreversible adsorption). The reiative content of re-
‘versible and irreversible forms of chemisorption on the surface depends on the :
‘nature of the adsorbent. Adsorption and desorption kineties are examined in detail !
for these two cases. Orig. art. has: 3 figures, 40 equaticns. |

{4sSoCTATION s Institut fizicheskoy khimii AN SSSR (Imstiti e of Phygical Chemistryr. !
hcademy -of Sciences” SSSR); Fizicheskiy fakul®tet Hoskovskoge gosudarstvennogo
. |miversiteta im. K. V. Lomonosova (Bepartment of Physicas, Moscow State University)

!
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Zhur. fiz, khim. 3% no,8:1809..1816 Ag 1635,
(MIRA 18:9)
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1. Institut fizicheskoy kh:mii AN SSSR,
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T tivity, photoeffect, gas adsorption, semiconductor

ACC NR: AP6002430 SOURCE CODEt UR/0020/65/165/005/1101/1104

AUTHORS: Vol'kenshteyn, F, F.j Karpenko, I, V,

" | ORG: Institute of Physical Chemis Academy of Science SSSR (Institut §¢/
"1 fizicheskoy khimii Akademii nauk SSSRS /s KA
. TITLE: . Displacement of the adsorgtion(\équilibrium on the surface of a semi~- ‘
. conductor due to 11lumination ' .

| SOURCE: AN SSSR. Doklady, v. 165, no. 5, 1965, 1101-110

TOPIC TAGS: semiconductor theory, semiconductor research, semiconductor conduc-

ABSTRACT: The authors attempt a theorstical treatment of the photoadsorption
-effect and present a discussion which ia an extension of ‘their previous work on
the same topic (Kinetika 1 kataliz, 3, 72, 1962). The discussion 1a based on the |-
following, explained by a model shown in Fige. 1, where A is the localizead surface
 level of the chemisorbed particle s I - Fermi level in the nonilluminated spec~

imen, and all other quantities are defined as in F, F. Vol'kenshteyn (Kinetika 1 |—

B | kataliz, 2, 481, 1961), On thq basis of the proposed model, it is concluded
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- Flg, 1. Schematic of the energy level : -

CN S .
. distribution for the proposed . i ° { [ o 1
. -# =  model of the photoadsorption - SRR RN I :
[ty o S effect. P . PR oo B . . f
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1965, Orig, art, has:

. —L.1B570-66__ e .
“i ACC HR: AP6002430 0 :
, “work function.of the Bemiéonductor surface.' The equation for the inversion point
of the phc_»to_adsorptive effect is derived as
Loy P D= [ b =L oxp (F F Vi),
- where cﬁia defined. by o N—N, AN
in‘.which N and No are fhe”surface concentrations of the chemisorbed particles
~ 1n the presence and absence of illumination respectively, vos is the work func-
~. | ‘tlon, I ias the light intensity, ang y ¥ is defined in Fig, 1, It is stateq
- I that more experimental viork 1s necessary before a conclusive teat of the proposed
theory for the photoadsorption effect can be made, This Paper wus presgented by
Academician M, M,

2 graphs and -

Dubininym on 28 July
11 equations, CA -

. SUB CODE: 20/ SUBM DATE: 26Julé5/ ORIG REF: 005/ OIN REF: 001
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1?25’% ance of titanium dicxids, Dokl, 4y SS3E 161 ne.f:114%
one » Al 181 no LS 13i0a
P 5. {MIRA 18:5)
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ACC NR:  AP6010745 ”é&r?dfc?@’ifﬁ/dd?676?6_7'o—56"/66§/6'§7'i+/ 0579
i
AUTHOR: Peshev, 0,3 Yol'kenshteyn, Fa . s

ORG: Ioscow State University im, li. Y. LOON2LOY (}bskovskiy'ﬂosgdarstvannyy %n_v:r~
sitot); Institute of Physical Cnemistry, Teadii or _Scienges, JoJi (Institut fislicnos-=
koy khirmii Akacemii nauk SSSR)

/
TITIE: Certain ipreversible processes in chemisoroptionjon semiconductors

SOURCE: Znurnzl fizicheskoy khimii, V. 50, no. 3, 1966, 57/--579
TORIC TAGS: chemisorption, desorotion, somiconductor carrier, adsorptiion

/3STRACT: The possible nature of the reversible and iprreversible forms of chemisoro=
tion is considered from the standpoint of the electronic tneory (F. F. Yol'kenshteyn,
Slectronic Theory of Catalysis on Semiconductors, Fizmatgiz, 1960). The discussion is
=iyitea to the case of a homogenoous surface and to tho adscrption of an acceptor gas%

whose narticles are sin two charge states, negative and neutral. The srreversible form!
of chewisorpiion may have a dual natura: (1) it may be due to the hirdered desorption‘
of varticlses in the charged state (rmechanism of ”apparent" irreversibility) and (2) —_
it may rosult from the presence of z secondary chemical vprocess on the surface of tae
semiconductor, such as the reaction of the chenisorbate with +the imourity coming to |
the surtace from the volume of the semiconductor (mechanism of "true" irrevarsibili‘ty)"._

. UpC: 541.183 i
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! AUTHOR: ° Sokolov, V.A.;V_.Vol’kenyshteyn, F.F.; Brik, 0.G.; Kondratenko, M.B. \/0
_ ORG: None

{ TITLE: Concerning the role of radical-recombination processes in candcluminescence
L{ﬁeport, Fourteenth Conference on Luninescence held in Riga 1¢-23 September 196_5-7

SCURCE: AN SSSR. Izvestiya. Seriya fizicheskaya, v. 30, no. 4, 1966, 633-636

TOPIC TAGS: recombination luminescence, chemiluminescence, cendoluminescence
ABSTRACT: Although camiolm;:’{nescence -~ luminescence under the influence of a flame -
has been questioned for many years, the authors assert that the oxistence of this
phenomenon has definitely been proved. The mechanism of candoluminescence was hypo-
thetically developed by one of the authors (F.F.Vol 'kenshtein, Elektronnaya teoriya
kataliza na poluprovodnikakh, Fizmatgiz, Moscow 1560) on the basis of the electronic
theory of catalysis and chemisorption on semiconductors and has been discuased and de-
scribed in other publications by F.F.Vol'kenshtein et al. According to this mechanismg
excitation cccurs at the expense of the energy released incideat to recombination of ——
Iree atoms and radicals in the flame on the surface of the phosphor. In the present
Paper there are adduced the inferences based on the radical-recombination theory as
regards the influence of extraneous gaseous impurities on the Intensity of cando-
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! luninescence and there are described the results of attempts at experimental variﬂca‘-:“
tion of the predictions. The inert ¢as employed in the main oxperiments wag nitrogen f

and the phosphor was ZnS+CdS:Cu., A figure gives curvesg characterizing the variation |

0f the luminescence intensity of the phosphor with the nitrogen concentration at dif-

ferent temperatures. Another figures shows analogous curves c:haracterizing the in-

4

high~-temperature candoluminescence. which is a special form of equiliibrium emission
t hat is not true luminescence. Orig. art. has: 2 formulas ani 3 figures.
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