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Cer DL AN MAD
catalysis aave ogen Khowil Lo iavolve Tas ausorplion

by solics (1). sccording to Taylor (2 & Z), the active
fraction of the cubalytic suviface is aue o0 certain

sives or active centres. Since for high catalytic acti-
vity the chemisorptien of reactants should be weak and
rapid, the factors wnich affect the velocities of adscrp-
tion and desorpticn of reactants and the heat of adsorp-
tion determine the catalytic activity of the catalyst .
The geometric factor which 1s connected with the lattice
spacings of the catalyst &) is xnown to affect mainly
the velocities of adsorption and desorpticn of the reac-—
tants while the electronic factor whieh is related to the
electronic stricture of the cavalyst affects mainly the

heat of adsorption.

A- Catalysis b;Ayeu;conductors

A1 Introductqg;hRemarKs :

Metal oxides are elther semiconductors of various
types or insulators. I'he cxperimentzl vesilis obtained
during the last twenty years indicate that the electronic

structure of semiconductors controls their electrical ,

Central Library - Ain Shams University



* vy R . e s e
QRS | I FE AL eI A T

prope LG d. BaRETivet wne 2 BT
cic strueture e Larmiles siso Tow catalytic uci oviby i
tre semiconductor oxices (5 & 6. Wilsou and Fowler

{7 & 8) aave proposad an energelic model for semiconduc—
tors. The dilfferent snergetic levels whicCa can be octu~
pied by the electrons of the solid ave zathered in two
bands called the valency band and the conductivity band.
These two bands are separated Dy an energetic gap called
the forbidden banc. Sometimes, an energetic level exists
in the last band whica is called the impurity level. BSuch
level is due Lo the presence of a daefect in the crystal
structure of bthe solid. According O the position of the
impurity level in the forbidden energy band, two types of
semiconductivity can be distinguished. When this level
is situabed nesw bhe conductivitvy band, and the passage
of electrons “z rossible from this level to the conduc--
tion band. ax u-type semiconductor results. Such type
of semiconcuc e is exemplified by 2n0 and T102 where
the nonstoic.ic :rry results from a deficienecy in the
oxygen conbtent .. i uhese genmiconductors are called nor-
mal or negabtive Licle semiconductors. On the other hand,
when the impur:iy level 1s situated near the valency band
it can accept electrons Irom the valency vand and we re-

ceive the abnormal p-type or positive hole semniconductars
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ted sae sxorinsic types of semiconduciuors, we Lave
q third intrinsic type (rermanium). In this third ¥ype,
tine bhickness of the forbidden tand is not great enough
to prevent the passaze of electrons from the valency

band to the conductivity band and vice versa.

Thus, the electrical conductivity in n-type semi-
conductors is due to transfer of electrons in the conduc—
tion band while in p-—Uype semicondutors, the conductivity
is governed by the positive holes in the valency band.

The concentration of the impurity centres defined by the
number of elecirons transferred to the conductiviby band
or taken from the valency band determines the semiconduc-
ting oharacter ol the solid. This character depends upon
a certain parancter called the Fermi level which, from the
thermodynaaic point of view, has a value corresponding to
the average froe energy or chemical potential of the crys—
tal. The position of the Fermi level depends on the num-
per of ionized centres contained in the solid, i.e., on
the pumber of ¢lectrons gained by the conduction band ar
lost from the valence band. Therefore any change in the
number of these centres results in a shift of this level.
The relation between the surface properties of seniconduc-

tors and the position of the Fermi level has been discusssd
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pion of the Werni Lovel Jlecihs ke Cnenlpulptlon Capar
ecity of tke surtace, uae amount and sign ol suriace charge,
the relative propertions of the different rorms of adsor-—
bed gas and [inaily tae catalytic activity of the gurface
ané its reactivity to a certain catalytic reaction. Shifts
in the position of the Fermi level can be produced by the
adsorption of a gas where electron transfer occurs, by
increase of latbtice defects which ceeate levels that are
acceptors or donors of electrons and finally by introduc—
tion in the solid of ions having a different valence from
that of the lattice ions. The last process is called

doping and results according To the principle of valence

induction (10 % 11) in a shift of the Fermi level.

A2 Chemiscrnption of Gases by Semiconductors :

1 — iseicnisms of Adsorption ¢

The sdsorpbion of a gas by a 50l1d semicon-
ductor may be sccompanied by a variation of bthe eleotrical
conductivity of tne solid. In this case the adsorbent
acts as a donor or acceptor of elacsrons depending on

whether the gaseous molecule can give or reeeive one oOr
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depenas on huo sespaotive cositioneg or Heroi level and

of the accepvor unc donor levels of the aisorbate,i.e.,
on the work Tunction of the scolid and on the electron
affinity and icniszation potential of the molecule. The
eshemisorbed gas btrings about superficial imperfections
which lead to the appearance of new 8nersgy levels in a
manner that the electrical character of tae surface is
totally different from that of the bulk of the orystal .
The existence of these energetic levels have been consi~-
dered by Barden (12) in an abtempt o explain certain
electrical properties of germanium. This aubhor declares
that a double energy barrier is formed at the surface of
the crystal duving adsorption and that this barrier raises
the energy level in compsrison with that of the bulk of
crystal. The effect of such a barrier has been discus—

sed by seversl -wuthars (13, 14 & 15).

sceorcis; o Fensham (16) when 0,, an electron
acceptor gas, 1. chemisorbed on an n-type seniconductor
the electrons cie transferred from donor sites vowards
the surface wua.ch leads to decrease of conductivity.
When the quantity of adsorbed gzas increases the crystal
aurface is charged negatively and consequently positive

charges are formed beneath the surface. The electric
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more difficult since the transfer of electrons necessary
for the chamisorption takes place with an increasing dif-
ficulty. In case of a p-type semiconductor, the adsorp-
tion of oxysgen is accompanied by removal of electxons
from the filled valence band towards the impurity level
and the remaining holes causse increased conductiviby .
The clectrical field thus created is much more weak and
the energy barrier to be crossed is therefore much more
weak also. Hauffe (5) has called the adsorption in this
case cumulabive adsorption while in n-type semiconductors
it is a deplellve adsorption. The existence of a poten-
tial barrier wihich increases during adsorption leads to
the expsctabion of an adsorption lialit achieved when this
barrier prevents the transfer of electrons. In case of
depletive ulds0w, T10n, this limit is achieved after a
small cowerage or the surface and the results of adsorp-
tion of H, om 5,50 (17) end O, on Zn0 (18) are concordant
wita this hypotnesis. On the otber hand, cummlative
adsorption must lead to high surfade covelrages which was
abserved for O, adsorption on Cu,0 (19) and on Wi0 (20)

and for H, and CO adsorption on Zn0 (21).
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