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Photostimulated exoemission and reduction of CeO,
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The thermovacuum and photochemical reduction of CeQ, was studied by the method of
photostimulated exoemission. Analysis of the kinetics and temperature dependence of
photostimulated exoemission permits ane to suggest a possible mechanism of electron and jon
phenomena accompanying the reduction processes.
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Cerium dioxide and related catalvtic systems are
widely used in three-route converters for neutralization
of automobile exhaust. It is known that CeO, is used as
an active component of catalysts for CO and CHy,
oxidation.!2 Cerium dioxide is active in the partial
oxidation of CH, to synthesis gas, and platinum addi-
tives considerably increase the rate of formation of H;
and CO.3 Copper-modified cerium dioxide is active in
the reduction of SOy by carbon monoxide.* The high
activity of CeQO; in redox reactions is attributed ta the
ability of its crystals with the fluorite structure to be
reduced rather casily, forming mobile oxygen vacan-
cies.> The chemistry of defects in the CeQ, bulk has
been rather well studied.® It has been shown that the
oxvgen vacancies formed during the reduction are ini-
tially doubly ionized, and at greater deviations from
stoichiometry they are singly ionized. Electrons released
in the formation of the vacancies possess a high mobility
and can migrate to the localized C(4f) centers.” It is
assumed? that these quasi-free electrons are responsible
for the formation of the surface O, and O, ions
during adsorption. The active surface oxygen. for ex-
ample, in the form of O,7, participates in deep oxida-
tion of hydrocarbons (electrophilic reactions), whereas
the lattice oxygen is responsible for partial oxidation of
hydrocarbons (nucleophilic reactions). The development
of catalysts with specified oxidation properties requires
monitoring the nature of intermediate forms of active
oxygen.”

Unlike volume defects, data on the energy param-
eters of formation and other characteristics of surface
defects of CeQ, are scarce.! Exoemission, viz. the low-
temperature (4—700 K) nonstationary emission of elec-
tron and ions. arises from mechanical (thermo-
mechanical) actions, radiation, or physicochemical pro-
cesses on a solid surface and are sluggish.9:1% The
thermostimulated emission (TSE) characterized by sev-
eral peaks (7p,,,) occurs after a decrease in the emission
current to the background value on heating in a linear
regime. The positions of peaks in the temperature scale

represent an energy spectrum of defects that are the
levels of electron localization on the solid surface.
Photostimutated emission (PSE) is observed under irra-
diation with light in the wavelength region exceeding
the photoeffect threshold (ultraviolet irradiation, UVI).
It is assumed that the shift of the photoeffect threshold
towards the long-wave region is due to the presence of
defects formed by the preliminary action. Exoemission
(TSE, PSE) occurs from the superficial (<10 nm) sur-
face layer of solids and makes it possible to study the
formation of the physical and chemical defects on the
surface.

The mechanism of PSE presently appears to be
speculative.!? Defects of the type of color centers are
assumed to be the PSE source. However, many PSE
phenomena cannot be explained in the framework of
this model. It is known that UVI results in the
photoactivation of the surface accompanied by such
phenomena as photoadsorption. photodesorption, pho-
tocatalysis, photochemical decomposition, etc.}2 Elec-
tronic and atomic-molecular processes on photoactivated
solid surfaces (semiconductors and dielectrics) have pre-
viously!3 been studied in detail. However, simultaneous
studies of the PSE phenomena and physicochemical
surface processes are lacking. These studies started in
the work!? where PSE was detected in the thermovacuum
and photochemical reduction of MnO,. It has been
shown that the data on the kinetics and temperature
dependence of PSE make it possible to analyze elec-
tronic phenomena in the reduction of MnO; under
thermovacuum and photochemical treatments; the for-
mation, population, and destruction of electron-captur-
ing levels, and dynamic phase transitions on the surface.

The study of PSE, taking into account the available
data on the absorption spectra and the possible charge
phototransfer in transition metal oxides, favors under-
standing of the mechanism of redox processes, includ-
ing heterogeneous catalytic processes occurring with
electron and ion transfer. The purpose of this work is to
study the spectral and temperature dependences of PSE
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during the reduction of CeO, under thermovacuum
treatment and UVI.

Experimental

Powdered CeQ, was prepared by precipitation from an
aqueous solution of Ce(NO;)» with sodium hydrocarbonate *
The sample was dried at 130 >C and calcined for 3 h in air at
500 *C. The sample was stored in air for 6 months. Measure-
ments of PSE were carried out in vacuo (~107* Pa) using
detection in the pulse mode on a VEU-6 secondary electronic
amplifier. When a positive potential was applied to the input of
the detector, the emission of negative charges was detected.
The detailed scheme of the setup has been described previ-
ously.!® For the irradiation of the sample. a quartz window was
mounted into the measuring chamber. The radiation of a DRT-
230 mercury-quartz lamp and a set of narrow-band fifters in the
wavelength interval 7. = 578—257 nm were used. Thermo-
stimulation in the linear or stepwise (fractional) regimes was
performed by a furnace placed along with a thermocouple on
an external side of a sample holder. The weighed sample of
Ce0, was 30 mg.

Preliminary experiments with transition metal oxides (CeOs,
CuQ, MnO,, and manganate-based spinel) showed that cooling
under certain conditions results in the appearance of maxima in
the PSE intensity, which are probably due to exothermic phase
transitions in the bulk or on the sample surface. Using the
procedure applied by us to the study of MnQ,.14 we studied the
spectral characteristics and kinetic regularities of PSE during
stepwise cooling of CeO,. First the oxide surtace was reduced
by the repeated cycles including heating te 360 °C and cooling
to ~20 °C with simultaneous UVI. The investigation procedure
was as follows. After evacuation of the sample, the PSE excita-
tion spectra were recorded. and then the sample was heated in
a linear regime with detection of the "spontaneous™ TSE and
gas release. Then the sample was cooled in a stepwise regime,
detecting at specified temperatures (360, 240, 175, 140, 100,
and 20 °C) the kinetics of PSE at different UV wavelengths.
When two testing cycles were completed, the kinetics of PSE
was studied during both stepwise heating and cooling. After a
series of experiments in the heating—cooling regime, the setup
was switched-off overnight, evacuation was stopped. and the
sample was stored for 16 h under the static vacuum conditions
(air, p = 10731074 Torr). During this time, both adsorption of
gases due to the deterioration of a vacuum and diffusion of
weakly bound oxygen from the near-surface lavers of the sample
to the surface can occur. Due to this, when a voltage was
applied to the detector, an increased "background.” ie., the
emission of negative charges slowly descending in time, was
observed and then the PSE excitation spectra were recorded at
~20 °C. Then the second testing cycle was carried out according
to the above described procedure.

In the next experiments. the photothermostimulated emis-
sion (PTSE) was detected on heating of the sample in a linear
regime and simultaneous UVI with & = 365 nm corresponding
1o the PSE threshold. The heating rate was 10 K min™1

Results and Discussion

Spontaneous TSE. Figure | shows the spontaneous
TSE from the surface of the initial CeO- sample due to

*The CeO; sample was prepared by T. V. Simon!3 (D. 1.
Mendeleev Russian Chemico-Technological University), with a
specific surface of 10 m? g~".

its pre-treatment under the conditions of catalyst prepa-
ration (calcination in air at 500 °C) and storage in air
for 6 months. When a positive potential is applied to the
input of the detector, a slowly decaying low-intensity
emission is observed, indicating the presence of weakly
bound negative charges on the surface. Subsequent heat-
ing results in the appearance of small peaks at tempera-
tures of 80—130, 175, and 240 °C and a strong splash of
emission current at 275 °C.

We have previously shown? !® that the spontaneous
TSE of metals, semiconductors, and oxides is mainly
observed after their treatment in moist media (corro-
sion, etching, annealing in moist gases, in particular,
annealing of metals in moist hydrogen) or during stor-
age in air of hvdrophilic compounds and is the result of
desorption of OH™ anions. For compounds containing
weakly bound oxygen, for example, high-temperature
superconductors Y—Ba—Cu—0O, spontaneous emission
is due to the desorption of charged oxygen species in the
form of O,”. O7, and others. Since CeQ; possesses a
high oxidative catalytic activity and capability of absorb-
ing and retaining oxygen, the spontaneous TSE should
be attributed. in this case, to charged oxygen species
(see also Ref. 3).

The emission current peaks are accompanied by
splashes of gas release. Since the experiments were
carried out under a dvnamic vacuum, the thermo-
desorption peaks were manifested when the gas release
rate exceeded the evacuation rate and the pressure was
changed within 1076—1073 Torr. Previously we have
shown that for porous and powdered samples of oxides
the temperature exoemission peaks (both spontaneous
and due to the pre-treatment (irradiation, mechanical
treatment, erc.) named “excitation”) coincide with the
peaks of thermodesorption rate.!® Unlike the spontane-
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Fig. 1. Sponmaneous TSE from the initial CeO; surface on the
first (/) and the second (2) temperature-programmed heating.
A sharp increase in the pressure is shown by arrows. {Hereinaf-
ter [ is the intensity.)
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ous emission. the radiation-induced emission is ob-
served for all the inorganic and organic materials.%-19 It
has been established!? that TSE of ions is responsible
only for a minor (107 fraction of thermodesorbing
molecules.

Characteristically, the sharp splash of emission cur-
rent at 275 °C is also observed in the second cycle of
runs (ses Fig. |, curve 2), which indicates the high
sorption capacity of CeO, with respect to oxygen. It is
noteworthy that neither MnO,™ nor Cu0O?? prepared
and studied under the same conditions exhibit sponta-
neous emission. /ie., contain no charged forms of
adsarbed gases.

According to our data.? 1916 the indicated TSE peaks
{see Fig. 1) are characteristic of most metals, semicon-
ductors. and oxides and are due to transformations in
the surface lavers of oxygen species in different charge
states, i.e., in different oxidation degrees.

Adsorption of O; on the evacuated and partially
reduced CeO, has been studied previously.? In the IR
spectra of 180, adsorbed on the evacuated surface we
observed bands attributed to the superoxide radical ions
0,7, and those for the partially reduced CeQ, were
attributed to O, and peroxide anions Oy°. It is as-
sumed that dioxygen is adsorbed in the form of O;~ on
the coordinationally unsaturated Ce** ions. whereas the
0,2~ form is adsorbed on a pair of Ce3* ions formed
during reduction.

The charged forms of oxygen are considered® as
intermediate species that arise during dissociative ad-
sorption of O, according to Scheme 1.

Scheme 1

Oxidation
Oolads) —= 0y7(ads) — 0,27 (ads) —
—= 2 07(ads) — 2 027(lat)

Reduction

The formation of different forms of oxygen depends
on the electron-donor ability of the surface and the
presence of centers stabilizing these species. It has been
established® that O,2" anion is stable on the partly
reduced surface even at T > 150 °C. Scheme | has been
proposed?-1? to attribute the peaks of TSE to the excited
surface of oxides with different natures. This scheme is
commonly accepted. According to the published data,!2
the temperature of 140 °C corresponds to the transfor-
mation O;” — O7, whereas the transition O~ -
O~ (lat) occurs at 285 °C. In the first case, the O, ions
are desorbed, and in the second case, these are the O~
1ons. Cerium dioxide prepared by coprecipitation from
aqueous solutions and calcined in air is the stoichiomet-
ric oxide.” Oxygen vacancies and weakly bound elec-
trons form during reduction. However, our data on TSE
(see Fig. 1) indicate that weakly bound electrons and
oxygen in the negatively charged form are also present

in the near-surface laver of the initial stoichiometric
CeQ, calcined in air at 500 °C. It also follows from
Fig. 1 that the chosen temperature of studying the PSE
kinetics during stepwise cooling of CeO, coincides with
the peaks of TSE and thermodesorption of different
forms of weakly bound oxygen.

Spectral characteristics of PSE. The spectra of PSE
excitation for the initial CeO, (curve 1) and also after
two (curve 2) and four (curve 3) cycles of the heating—
cooling runs with simultaneous UVI are presented in
Fig. 2. The nonselective photoeffect with a threshold
near A = 365 nm is observed for the initial stoichiomet-
ric CeO,. After the first cycle, the shape of the curve
does not change substantially (it is not shown in Fig. 2).
but the PSE intensity at A = 2537 nm increases signifi-
cantly (by an order of magnitude). The selective
photoeffect with X, = 313 nm appears after two
cycles. The absorption spectra for Ce3™ ions in the CaF,
matrix are presented in the monograph.!” Two absorp-
tion bands with ry,, = 310 and 333 nm were observed
in the UV region. At the same time, it has been shown!3
by photoelectron spectroscopy for high-temperature su-
perconducting cuprates containing weakly bound oxy-
gen that in the bond energy region of £, = 4 eV (A =
313 nm) the photoemission occurs from orbitals belong-
ing to oxygen atoms.

The PSE centers can be formed either by oxvgen
vacancies {Ce3* jons) whose number increases with the
photo- and thermovacuum reduction or by species of
weakly bound oxygen whose number decreases due to
the reductive treatment of CeQO,. To solve this problem,
we studied the effect of thermocycling and "overnight”
storage on the emission intensity. The results are pre-
sented in Tables 1 and 2.

1, - 103/pulse s 1;+ 10%/pulse 57!

3t 4 3

2t {2

1 {1
]

200 300 400 500 A/nm

Fig. 2. Excitation spectra of PSE from the initial CeO, surface
(1) after two (2) and four {3) heating—cooling cycles of runs.
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Table 1. Influence of thermocyclic runs and overnight storage O —= Vg.. + 2+ 1/2 Os(g), (H
on the PSE intensity (H) (T = 20 °C)
Vo. —= Vo.. + & 2)
+/nm I/pulse s~! Vg —= Vo. + &, (3)
Initial First Second After Fourth
CeO,  cycle cyele storage cycle where Oy is the initial stoichiometric CeO,. Vg. . is the
overnight doubly ionized vacancy. and V. is the vacancy with an
363 38 76 450 345 60 electron localized on it.
315 280 560 3000 2400 170 The electroconductivity of CeO, has previously!8
237 1480 12900 1380 13700 124 been measured in situ during reduction in a hydrogen

Table 2. Influence of thermocyclic runs on the PSE
intensity (/) during cooling

w/nm 7/7°C I/pulse s~}

Ffirst Second Third

cycle cycle cycle
363 273 170 420 880
313 275 400 1023 1415
237 273 7000 4100 415
365 140 74 370 890
313 140 180 1170 1140
257 140 3230 1300 85

Let us denote the PSE centers UV-excited at » =
363, 313, and 237 nm by I, I, and Ill. respectively.
Analysis of the data in Table | shows that the reduction
of the surface results in an increase in the PSE intensity
under UVI in the regions of A = 363 and 313 nm
(centers | and 1) and the "overnight” storage has almost
no effect on PSE. By contrast, centers Il are very
sensitive to the effect of thermal treatment and adsorp-
tion of residual gases ("overnight” storage). PTSE was
detected under continuous UV during linear heating
and cooling of the sample. This results in more active
processes of photochemical reduction of the surface
than in the previous experiments. The loss of low-
coordination surface oxygen and formation of CeO,_,
oxide with higher x are observed. Since this is precisely
the oxygen which forms, according to our data, the PSE
centers, the emission intensity decreases due to PTSE
by 1—2 orders of magnitude at all wavelengths. Accord-
ing to the published data,’ stoichiometric CeO, pre-
treated in an oxygen atmosphere at 630 °C begins to
tose the lattice oxygen during heating in the 5%H; + He
atmosphere only at 300 °C, being reduced to CeOj g9 at
300 °C and to CeO g3 at’ 400 °C:

It has been shown® that at elevated temperatures and
reduced oxygen pressures CeQO, loses oxygen to become
a semiconductor of the n-type. At T > 680 °C its
composition changes to CeOj ;. Using the measure-
ment of the electroconductivity and X-ray phase analy-
sis, the authors have found that a series of strictly
specified intermediate phases Ce,0;,-; exist at lower
temperatures. At slight deviations from stoichiometry,
the reduction of CeO; is described by the following
reactions®:

atmosphere with temperature-programmed heating. It
was established that the electronductivity increased and
CeQ, was reduced to form anionic vacancies containing
weakly bound electrons in the 300—773 K temperature
interval. {t follows from the aforesaid that the number of
oxygen vacancies, Ce3* ions, and weakly bound elec-
trons increases during thermal runs in a vacuum, and
the number of lattice surface oxygen O27(lat) decreases.
The PSE intensity increases for centers 1 and 1l and
decreases for centers 1I1 (see Table 2). It can be as-
sumed that the PSE centers appearing under UVI with
A = 363 (I) and & = 313 nm (1) are oxygen vacancies
with the localized electrons (Ce3* jons), whereas under
UVI with & = 257 nm. we observe 027 (lat) ions that are
present on the surface and have a lower coordination
number (I11). Meanwhile, the oxygen released due to
photodesorption (photochemical decomposition of the
Ce0O, surface) is partially localized near the formed
vacancies and remains on the surface in a charged form
due to the increased capability of CeO; to retain oxy-
gen.! This can also result in an increase in the PSE
intensity (A = 365 and 313 nm) during thermocycling
(see Tables 1 and 2).

Kinetics of PSE. In the first cycle of runs, the
kinetic PSE curves had a smooth rise at all UV] wave-
lengths. The PSE kinetics in the second and third cycles
are presented in Fig. 3, @ and b, respectively. In the
second cycle, the intensity increased in time under
irradiation at A = 363 and 313 nm and decreased under
UVI with A~ = 237 nm. At a higher degree of reduction
in the third cycle, the intensity increased only under
UVI with & = 365 nm.

The photocurrent increases when the rate of electron
accumulation on the traps formed during reduction
(levels of electron localization) exceeds the rate of their
decay or electron loss, for example,

Ce* + 2 0245} ——= Ce¥* + 2.07{ads) +e +Vg...(4)

where O27(s) is the mobile surface (adsorbed) oxygen,
and reaction (4) is the electron phototransfer. The
emission increases due to either accumulation of O~
centers (centers 1) in reaction (4) followed by recombi-
nation according to equation (5)

20" —= Oy +e, (5)

or accumulation of Vg. vacancies (centers 11) in reac-
tion (6)
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Fig. 3. Kinetics of PSE from the CeO; surface (2, the second cycle: b, the third cycle) during stepwise cooling at 275 °C (/—J3) and
140 °C (4—6) under UV with 7. = 365 (], 4. 313 (2. 3). and 257 nm (3. 6).

Vo.. e ——— Vo. (6)

followed by photoionization according to reac-
tion (2).

Centers 1 and 11 (O7(ads) and Vg.) are connected
with centers [1} (O2~(lat)) because the increase in PSE
under UVI with 4 = 365 and 313 nm is accompanied by
a simultaneous decrease in the emission under irradia-
tion with A = 257 nm (see Fig. 3. a). We believe that
UVI with & = 237 nm results in the direct photoioniza-
tion of 02 (lat) centers

Oz‘ﬁat) —— 1205+ 2 . (7

The probability of photon absorption in the near-UV
region increases with decreasing coordination number
of surface oxygen.1?

According to the published data 8 the number of
singly ionized vacancies V(. increases with the reduc-
tion of CeQ, so that the increase in PSE at L = 365 nm
can be related to the formation of these vacancies in the
third cycle (reactions (4), (6)). At the same time, the
mobility and, hence, the recombination rate of the O~
species (reaction (5)) increase. and in the third cycle of

runs. the emission intensity decreases in time under
UVIL with & = 313 nm.

Temperature dependence of PSE. The temperature
dependences of the PSE intensity (/) during stepwise
cooling are presented in Fig. 4, a, b. In the first cycle,
UVI with A = 363 and 313 nm results in a monotonic
decrease in the PSE intensity. Meanwhile, in the case of
UVI with A = 257 nm, slight maxima of the PSE
intensity are observed at 270 °C and 140--100 °C,
indicating phase transitions on the surface and the
formation of emission centers. The reduction of oxide
ta form the intermediate Ce,O4,_, phases (see Ref. 6).is
accompanied by transformations of the charged forms of
weakly bound oxygen appearing according to Scheme |
and, according to our data (see Fig. 4), by electron
emission. Previously,2? using X PS and high-energy elec-
tron loss spectra, the reactivity of chemisorbed oxygen
on the metal surface has been shown to be defined by
the presence of transition O37(s) and 0,87 (s) states. An
analogy between the state of the oxygen layers adsorbed
on the metal surface and the deficient oxide surface also
covered by the charged O™, O,™, and O~ forms has
been shown.



Photostimulated exoemission and reduction of Ce0O, Russ.Chem.Bull., Vol. 49, No. 3, May, 2000 841
/, »/pulse 57! a ;- 103/puise s 1; 15+ 10%/pulse s~} b I3+ 103/pulse s™!
—- 10t 4
400 + *ﬂ,” i8
/
8 18
300} 46
6} 16
20071 14
4 14
3
100} {2 ’//
2 12
0 i : _‘n O N . 0
100 200 300 T 100 200 300 77°C

Fig. 4. Temperature dependence of the PSE intensity (a. first cycle; b. second cycle) during stepwise cooling (shown by arrows)

under UVI with & = 363 (/). 313 {2). and 257 nm (J).

The T, temperatures on curve 3 (see Fig. 4. a)
coincide with the TSE peaks on heating of the initial
CeQ, {see Fig. 1), which we atinibute 10 the thermo-
desorption of ions of weakly bound oxygen!? in the
forms of O, and O7. According to the published
data.'2 oxygen is desorbed from oxides in the O, form
at 7 < 185 °C and in the O™ form at T > 225 °C
(Tmax = 285 °C).21

In the second cycle (see Fig. 4. 6) during cooling,
distinct peaks of PSE intensity at 140 and 275 °C are
observed under UV with X = 365 and 313 nm, whereas
PSE monotonically decreases under irradiation at A =
257 nam. During thermovacuum treatment, the reduc-
tion of the surface CeO, layer and the formation of
vacancies and weakly bound oxyvgen are accompanied
by the emission of negative charges. The above consid-
ered phototransfer processes (4) occurring under milder
UV radiation (% = 365 nm) are, most likely, facilitated
in the partially reduced surface layer (the second testing
cycle).

- The-resuits of PSE -detection-in -thethird cycle of
runs during stepwise heating and cooling (curves [ and
2) are presented in Fig. 5. Comparison of these data
indicates a hysteresis due to the formation of a new
phase (Ce,0,_,) on the surface. Singly ionized oxygen
vacancies (Ce>™ ions), whose number increases with
reduction, are, most likely. the origin of emission.® We
have previously observed!? the hysteresis phenomena for
MnO, during detection of PSE under similar conditions
of thermovacuum reduction.

In the fourth cycle (see Fig. 5, curves 3, 4, no
hysterisis phenomena were observed in the detection of

{/pulse s~

800} - \
600L
400}

2001

12)0 200 300 T/°C

Fig. 5. Temperature dependences of the PSE intensity during
stepwise heating ( /) and cooling (2) (shown by arrows) under UVI
with A = 365 nm in the third cycle and PTSE with A = 363 nm
during linear heating (J} and cocling (4) in the fourth cycle.

PTSE, probably due to the formation of oxide Ce,0; in
the surface layer.

To confirm the above conclusions about the centers of
PSE from the CeQ, surface. let us compare the changes in
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Table 3. Changes in the PSE intensity (/) in thermocyclic runs
with CuO, MnO,, and CeO; at 275 °C and 4 = 365 nm

Oxide I/puise 57! Treq® Referen-
First Second Third in H, ce
cycle cycle cycle /°C

MO, 06 0 - 14¢ 0.5 220 (Mn;0,) 17

CuO 30 - 47 0 0 2454 2

CeO, 80 — 170 180 — 420 680 — 880 300 (CeO,4q9) 5

7 Arrows indicate an increase in the emission in kinetic runs.
® Temperature of reduction. The reduced form is indicated in
parenthesis.

¢ A very slow increase in the emission (during 10 min).

4 Temperature-programmed reduction.

the PSE intensity during thermovacuum and photochemi-
cal reduction of transition metal oxides CeO,, MnO,, and
CuO, which we have previously studied under the same
conditions.'22 The data characterizing the changes in the
intensity of PSE from the samples of these oxides in the
thermocyclic experiments are presented in Table 3.

It follows from the data in Table 3 that at 275 *C and
under UVI with x = 363 nm corresponding to the PSE
threshold, the intensity of emission from the MnO; and
CuO surfaces decreases during the thermovacuum reduc-
tion to the background value. This is related to the
removal of low-coordinated surface oxygen Q2 that
forms the PSE centers. At the same time, the intensity of
PSE from the CeOQ, surface increases, under these condi-
tions, due to the formation of oxygen vacancies and
capability of retaining weakly bound oxygen. The tem-
peratures of reduction of the studied oxides in an H,
atmosphere are indicated in the last column in Table 3. It
has been mentioned?4 that both the chemical reduction
and excitation of the charge phototransfer levels occur
with electron transfer from the ligand environment to an
orbital localized predominantly on the metal ion. Ac-
cording to this, the temperatures of thermovacuum and
photochemical treatments resulting in the loss in emis-
sion ability of oxides correlates with the temperature of
oxide reduction in an H, atmosphere.

Thus, the present study shows that the detection of
photoemission makes it possible to follow in situ the
successive stages of thermovacuum reduction under UVI
in the surface layer of oxides.

1
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3.

W, Liu, C. Wadia, and M.
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