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Abstract—Luminescence spectra induced by a high-power UV laser pulse in the excitation range of extraneous
ions in alumina can provide valuable information on this compound. The laser-induced luminescence (LIL)
technique markedly extends the capabilities and the area of application of photoluminescence spectroscopy.
Luminescence measurements in the red spectral region enable one to detect octahedrally coordinated Cr3* ions
at concentrations down to 1077 wt % in metastable alumina modifications. The fact that the Cr3* luminescence
line occurs in different positions in the o- and 8-alumina allows LIL spectroscopy to be used in phase and ele-
mental analysis of thin surface layers and in surface temperature measurements when studying the microstruc-
ture of heterogeneous catalysts under real pressures and in a real gas medium, including in sifu measurements.

Characterization of the surface and subsurface lay-
ers of catalysts is the most important task of most stud-
ies in heterogeneous catalysis. A wide variety of phys-
icochemical methods are used for this purpose [1].
However, gas pressures typical of chemical reactors
allow application of optical spectroscopic methods
only, including in situ ones. Among them, photolumi-
nescence spectroscopy in the visible and UV regions
has provided important information concerning the
structure of active surface sites in oxide catalysts [2, 3].
These catalysts include numerous systems based on
7Zr0,, Si0,, Al,05;, MgO, and TiO, [2-4].

The optical properties of many of these oxides,
metal sulfides, and some other compounds, including
phosphors, are determined by metal activators, which
are often present in trace amounts (10°-10° wt % or
below) [5]. In some cases, the luminescence of oxides
is due to lattice defects such as F-centers [6] or the exci-
tation of lattice oxygen O%, as in vanadium oxo com-
plexes on ZrO,, Si0O,, Al,O3;, and MgO [4]. It is note-
worthy that surface F-centers, metal activators, and sur-
face oxo complexes can serve as active sites in catalytic
reactions.

Photoluminescence spectroscopy is very sensitive,
but it is not universal. It is mainly used in the determi-
nation of active components and impurities at concen-
trations as low as <0.1 wt % [2, 3]. Without affecting
the chemical properties of the sample, concentration
can be measured to a depth of & = A/41k, where K is the
complex part of the refractive index and A is the wave-
length of light absorbed. When studying layer compo-
sition and structure, adsorption, and catalysis, one can
record luminescence from surface layers with o
between tens and hundreds of nanometers at the vac-
uum UV edge (near the fundamental absorption
region), where A = 200 nm and K = 1 or below. How-
ever, in the 180-350 nm range, which accommodates

the excitation bands of the above and many other oxides
having surface and bulk active sites, the spectral inten-
sity of tube emitters is low. As a consequence, lumines-
cence intensity is also low. At the same time, the exist-
ence and availability of high-power excimer UV lasers
(involving ArF, KrF, XeCl, etc.) and sensitive spectro-
scopic CCD chambers for registration of radiation
make it possible to experimentally evaluate the poten-
tial of the laser-induced luminescence (LIL) method in
catalytic applications [7]. Here, we report such evalua-
tion based on LIL data for alumina, which is widely
used in industrial catalysis.

Catalysts may contain the following alumina modi-
fications: vy, M, %, 0, 0, ¥, and o.. Most alumina speci-
mens contain traces of chromium, whose ions can
intensively luminesce. Note that traces of Cr** in Al,O,
do not affect y-Al,0; — 0.-Al,O5 transition kinetics.
Therefore, study of the electronic spectra of chromium
oxo complexes can provide information concerning the
crystal structure of the environment of the chromium
ion, the coordination of this ion, the presence of
quenchers, surface temperature, solid-state transitions,
etc. Important results can be obtained by examining the
very narrow “ruby” luminescence lines of Cr(IIl),
which are assigned to a spin-forbidden (quartet—dou-
blet) transition. These lines are observed for most chro-
mium oxo complexes, primarily for ruby, which is
among the best known o-Al,O; single crystals. Ruby
contains Cr** ions and is the material on which classical
laser systems are based. It was expected that metastable
aluminum oxides, which are produced from various
modifications of aluminum hydroxide differing in
structure and composition (amorphic hydroxide,
pseudoboehmite, boehmite, bayerite, and hydrargil-
lite), would be characterized by different LIL spectra,
depending on the synthetic conditions. For alumina
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Fig. 1. Schematic of the spectroscopic setup for studying laser-induced luminescence from ultrafine powders and monolith catalysts.

specimens prepared by sol-gel processing, primarily
o- and O-phases, excitation of luminescence with a
HeNe or Ar* ion laser [8] gave emission spectra with
different edge regions [9]. The high excitation effi-
ciency of these continuous-wave lasers is due to the
comparatively large absorption cross sections for their
wavelengths.

The purpose of this study is to evaluate the possibil-
ities that are opened up by LIL excited with pulsed
ArF-laser radiation with a wavelength of 193 nm (hv =
6.45 eV) to obtain emission spectra in the visible and
UV regions. This method is tested on real supports,
including various alumina phases.

EXPERIMENTAL

Measurements were carried out on a spectroscopic
bench (Fig. 1) designed at the Boreskov Institute of
Catalysis, Siberian Division of the Russian Academy of
Sciences. Luminescence was excited with an ArF laser
(pulse duration, T, = 15 ns; pulse energy, up to 200 mJ)
and an LGN—4(§2 Art laser (Russia; wavelength,
514.5 nm). Radiation power density on the sample sur-
face could be varied between 0.001 and 50 MW/cm?
using a calibrated radiation attenuator equipped with a
KU-1 quartz lens with a focal distance of f= 85-125 mm.
Laser radiation was controlled by measuring the energy
of each pulse. The beam was focused on the surface of
a powder sample placed in a quartz cell. LIL radiation
was focused on the entrance slit of an MDR-12 fast
monochromator (LOMO, Russia) and an ICCD IRY
1024 G/R (Spectroscopy Instruments, Germany) or an
LN/CCD-1100PF/UV (Princeton Instruments, United
States) spectroscopic chamber, using a KU-1 quartz
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convertible spherocylindrical lens with a focal distance
of 85 mm. At wavelengths shorter than 120 nm, LIL
spectra were recorded using a single laser pulse with an
exposure time of 30 ms. Since luminescence spectra are
very sensitive to surface impurities, including organic
ones, special care was taken of the cleanness of cells
and samples, and it was ascertained that the cell itself
did not luminesce. Scattered laser radiation was filtered
using a dielectric mirror with a transmittance of 5% at
A =193 nm and a transmission bandwidth of 20 nm. In
order to eliminate radiation of higher diffraction orders
for A = 275 nm, we used PS-11 and ZhS-4 standard
glass filters. Wavelengths between 190 and 800 nm
were measured with an accuracy of 0.1 nm using neon-
and mercury-tube lines as references. To measure the
characteristic time of luminescence and study lumines-
cence decay kinetics, we used an FEU-100 photomulti-
plier (Russia) with a Tektronix TDS224 oscilloscope
(United States). The optical cell was designed so that it
was possible to maintain sample temperature in the wide
range of 77-800 K.

The materials characterized by LIL spectroscopy
included characterized alumina powders and pellets
with different phase compositions (Table 1) provided
by the authors of earlier publications [10, 11]. Further-
more, we studied single crystals of ruby (Cr** a-Al,O;)
and optical colorless sapphire (0-Al,O3). These pow-
ders consisted of particles with a typical diameter of
1-50 um (the mean particle diameter was 3040 um).
The pellets were irregularly shaped, had a size of
0.25-0.75 mm, and contained small amounts of finer
fractions. The size of primary crystallites was 4-50 nm
or larger, depending on alumina modification. The
hydroxides used in the preparation of alumina con-
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Table 1. Alumina powders examined

SNYTNIKOV et al.

Specimen Calcination
temperature. °C Preparation conditions and characteristic crystallite size (J)
no. composition P ’
1 | 0-AlLO4 1200 Obtained by amorphization of pseudoboehmite (y + )
for 3 h in a catalytic heat generator; 6 = 500 A
2 |6-Al,04 1200 Obtained by calcination of boehmite for 50 h; § > 200 A
with traces of the a-phase
3 16-Al,05 1000 Obtained by calcination of reprecipitated pseudoboehmite for 5 h; § =200 A
with traces of the a-phase
4 | x-Al,O4 950 Obtained by calcination of natural gibbsite for 6 h; § = 160-200 A
5 16-Al,0;4 900 Obtained by calcination of boehmite for 50 h; § = 160-200 A
6 | 6-Al,0; 900 Obtained by calcination of pseudoboehmite for 50 h; § ~ 160-200 A
7 |v-AlL, O3 600 Obtained by calcination of pseudoboehmite .
(prepared from reprecipitated gibbsite) for 4 h; 6 = 50 A

tained the following impurities (wt %): Si, 0.57; Fe,
0.024; Cr, 0.0063; and Na, <0.001. The total amount of
the other impurities did not exceed 0.001 wt %.
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Fig. 2. X-ray diffraction patterns from alumina speci-
mens /-7 (see Table 1) at 20 = 20°-55° (CuK, radiation).

According to X-ray fluorescence analysis, the silicon
and iron contents of sapphire crystals were below 0.5
and 0.1 wt %, respectively, close to the lower measure-
ment limits of VRA-20 and SPRUT-001 instruments.
No other impurities were found above the detection limit
of 0.001 wt %.

X-ray powder diffraction was carried out on URD-63
and HZG-4 (Germany) diffractometers. The diffraction
patterns from Al,O; are presented in Fig. 2, and the
phase composition data derived from these patterns are
listed in Table 1. As is noted in an earlier publication
[12], the diffraction patterns of 8- and 6-Al,0; obtained
from boehmite and pseudoboehmite differ fundamen-
tally in peak positions and intensities at d/n = 2.02—
1.91 A (20 = 44.9°-46.6°) and d/n = 2.85-2.59 A

Intensity in Kubelka—Munk units
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Fig. 3. Diffuse reflectance electronic spectra of alumina
specimens / and 3.
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Fig. 4. Absorption spectrum of ruby containing 0.0148 wt % foreign ions. Transitions due to four spin quartets (4A2(l3), 4T2(tze),

and two 4T1) and the lowest radiating metastable level 2E are shown.

(206 = 31°-35°) (Fig. 2), suggesting that these oxides
are individual phases.

Diffusion reflectance and absorption spectra were
recorded on a UV-VIS-4501 spectrophotometer (Shi-
madzu, Japan). The charge-transfer absorption band at
37000 cm™! (Fig. 3) for samples / and 3, which is due
to Fe** ions, masked the absorption band of the Cr**
ion, and the d—d transition band of the chromium ion
fell below the measurement limit of the instrument.
X-ray photoelectron spectroscopy (ESCALAB HB
instrument, United Kingdom) revealed traces of C, Ca,
Cl, Si, and Na in the subsurface layers of all samples.

RESULTS

As areference, we used a ruby single crystal, whose
absorption spectrum is presented in Fig. 4 together with
the scheme of the main electronic levels. The concen-
tration of Cr’* ions in this sample (0.0148 wt %) was
measured as absorbance in the region of R-lines [13].
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The absorption spectrum of Cr** ions in ruby is due to
four spin quartets: “A,(#%), *T,(%¢), and two *T| ones.
The broad U [*A,(£}) —= *Ty(%¢)] and Y [*A, —= a*T|]
bands in the visible region, which are responsible for
the red color of ruby, and the A, — b*T band in the
UV region are due to constant-spin (AS = 0) transitions
from the ground level “A,. For the short-wavelength
charge-transfer band at A < 200 nm, the quantum yield
of luminescence was |(A) = 0.85-0.95 [14]. This means
radiative transition of most of the electrons from
excited levels to the metastable level 2E.

According to our data, the quantum yield of lumi-
nescence for Cr3* impurity ions is invariable until the
radiation power density at the target is Q = 0.1 MW/cm?
(A =193 nm; T, = 15 ns). The quantum yield is indepen-
dent of Cr’* concentration if this concentration is below
~0.145 wt % [15]. The upper estimate of the change in
surface temperature is AT = 5-6 K (Q = 0.1 MW/cm?;
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Fig. 5. Luminescence spectra of o-Al,O5 (specimen /) and
0-Al,O53 + 0-Al,O5 (specimen 3) excited with an ArF
pulsed laser (A = 193 nm). Sample temperature is 77 K; Q =
0.1 MW/cm?.

absorption coefficient, o, = 10* cm™; 7, = 15 ns; thermal
diffusivity, = 0.14 cm?/s), and the characteristic cool-

ing time is T= 1/(0(3 %) = 70 ns. Therefore, as soon as a
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few tens of microseconds after the laser pulse, the effect
of sample heating on spectroscopic data can be
neglected at the power density specified above and
below. Furthermore, surface temperature can be
derived from, e.g., R-line intensity ratios.

The LIL spectra of a-Al,O; (specimen /) and (6 +
o)-ALO; (specimen 3) at A = 670-710 nm, T = 77 K,
and a radiation power density of Q = 0.1 MW/cm? are
shown in Fig. 5. Under these conditions, our setup
revealed no difference between the R1 and R2 lines for
ruby and specimen / (0-Al,Os). These intense lines,
positioned at A = 693.5 and 692.0 nm, are labeled with
o in Fig. 5. They were also observed for a colorless
optical sapphire (a-Al,O5) single crystal. At the same
time, the luminescence spectra of specimens / and 3 are
fundamentally different. A specific feature of the spec-
trum of (0 + a)-Al,O; (/) is that it contains not only an
o line but also two intense lines at A = 682.6 and
685.9 nm (labeled with 0). These lines were observed
for all specimens in which 0-alumina had been identi-
fied by X-ray diffraction. However, the spectrum of
specimen / also shows weak lines due to the 0-phase,
although the amount of this phase is beyond the sensitivity
of the XRD method. Furthermore, the LIL spectrum of
specimen / exhibits R lines due to Mn* impurity ions, for
which R-doublet splitting Av is 80 cm™! [16].

Figure 6 plots the intensity of the o line for o-Al,O5
(/) and of the o and 0 lines for (0 + a)-ALL,O; (3) as a
function of temperature. Elevating the temperature
shifts these lines to longer wavelengths. The tempera-
ture dependence of these lines indicates luminescence
quenching between 700 and 800 K. After a laser pulse
t £ 10 ms, line intensity decreased according to the
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Fig. 6. (a) Intensity of the o line in the luminescence spectrum of specimen / and of the 0 line in the spectra of specimens 2 and 3
as a function of temperature. (b) Spectra of specimen 3 at various temperatures. Exposure time is 30 ms.
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hyperbolic law I = I,/(1 + (1,8)'?)?, which means recom-
bination decay [5] with rate constants of B= 2.9 x 107
(£2 x 107%) cm?/s for the o line and B = 3.5 x 1078 (£2 x
10~%) cm?/s for the 0 line at 293-300 K.

The luminescence spectra of specimens 2—7 at T =
77 K, A = 670-710 nm, and Q = 0.1 MW/cm? are pre-
sented in Fig. 7. The spectrum of y-Al,O; (specimen 7)
shows a weak diffuse band at both room temperature
and 77 K. The spectra of specimens containing k- or -
Al,O,, exhibit o and 0 lines and a diffuse band at A =
680—730 nm. The intensities of these lines and diffuse
band grow as the calcination temperature is increased
in going from - to §- and then 6-alumina. The short-
wavelength boundary of the diffuse band is the same for
all phases and is situated at the broad 6 line.

The spectra of specimens that have been obtained
from boehmite or pseudoboehmite and contain 3-Al,0;
show weak 0 lines, and the spectrum of the specimen
that has been obtained from gibbsite and contains
K-Al,O5 shows both o and 6 lines (Table 2). The lumi-
nescence spectra of specimens 2 and 5 (synthesized
from boehmite) differ from those of specimens 3 and 6
(obtained from pseudoboehmite) in that they contain
two lines at A = 690 and 702.3 nm. The line at 702.3 nm
is observed only at 77 K. The line at 690 nm is charac-
terized by approximately the same Iuminescence
quenching temperature as the o and 6 lines (700-
800 K).

From R line intensity data for specimens with differ-
ent phase compositions and the same initial Cr** con-
tent, we were able to derive o- and 6-Al,0; content data
not only for specimens in which the - and 0-phases
had been found by XRD but also for specimens in
which these phases were undetectable by this method.
These data are listed in Table 2. o-Phase content was
measured relative to specimen [/, which was pure
0-Al,O5 according to XRD data. 6-Phase content was
measured against specimen 2, which contained >98%
0-Al,0;.
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Fig. 7. Luminescence spectra of specimens 2—7 excited
with an ArF pulsed laser (A = 193 nm). Sample temperature

is 77K; 0 = 0.1 MW/cm?. Spectra are shifted along the
ordinate axis by multiplying / by 15, 9, 3, 1.5, 0.6, and 0.3,
respectively.

Increasing radiation power density may cause laser
desorption and sublimation of matter from the surface.
Interaction between the vaporized substance and the
gas medium lowers the radiation ionization thresholds
of the desorption and sublimation products. However,
these products are transparent to ArF laser radiation and
do not prevent it from penetrating to the solid. It was

Table 2. Luminescence lines and o~ and 6-phase contents (wt %) for alumina powders (chromium content, 0.0063 wt %)

SPCCImen. . telgglecrﬁitrl: nOC Observed lines and o and 6-phase contents*

no. composition ’

1 a-AlL O, 1200 o, (100) and 6 (0.3)

2 0-Al,05 with traces of the o-phase 1200 a (7.2) and 0 (98.5)**

3 6-Al1,0; with traces of the o-phase 1000 o (1.5)and 6 (32.4)

4 k-Al,O4 950 Weak lines o (0.24) and 0 (3.2)
5 5-Al,04 900 Weak lines 0 (4.8)**

6 5-Al,0; 900 Weak lines 6 (4.0)

7 v-Al,O4 600 Weak diffuse band

8 ruby a-Al, O3 o
* o 692.9 and 694.3 nm; 0: 683.6 and 687.0 nm.

*#* Lines at 690 and 702.3 nm are also observed.
KINETICS AND CATALYSIS Vol. 46 No.2 2005
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Fig. 8. Luminescence spectrum of ruby (0i-Al,O5 + 0.0148 wt % Cr’*) excited with an ArF pulsed laser (A = 193 nm). Sample tem-

perature is 293 K; O = 50 MW/cm?.

therefore expected that, at high power densities, the
emission spectrum would be a superposition of the
luminescence spectrum of the solid and the spectrum of
the excited products of laser desorption.

Indeed, between 200 and 800 nm, the emission
spectra of ruby (Fig. 8), a-Al,O; powder (specimen /;
Fig. 9), and specimens 2—7, all recorded at room tem-
perature and Q = 50 MW/cm?, are very similar to the
luminescence spectra recorded at radiation power den-
sities below 0.1 MW/cm? and T = 350-400 K. How-
ever, the former contain extra lines due to neutral and
ionized elements. Between 200 and 600 nm, there are
identified lines common to all specimens, including
ruby. These are the most intense doublets due to alumi-
num atoms Al I at 309.27-308.2 nm [3s? ('S)3p — 3s?
('S)3d; ?P - D] and 396.1-394.4 nm [3s? (1S)3p — 35>
('S)4s; ?P —2S], a doublet due to sodium atoms Na I at
589.0-589.6 nm (35 — 3p; 2S — 2P), and a line due to sin-
gly charged aluminum ion Al II at 281.6 nm (3s3p —
3s4s). Lines due to C, Ca, Si, and Cr are also identified
in the spectrum of ruby. The presence of these elements
in the surface layer is confirmed by XPS. At a radiation
power density below ~5 MW/cm?, no lines due to neu-
tral or ionized aluminum or other elements are
observed.

DISCUSSION

The power density of the pulsed radiation exciting
luminescence was varied between 0.001 and
50 MW/cm?up to values seven to nine orders of magni-
tude higher than the power density attainable with stan-
dard spectrofluorimeters. For Q < 0.1 MW/cm?, the LIL
spectrum of alumina is linear with respect to excitation
intensity. Starting at Q =~ 20 MW/cm?, ions appear in the
desorption and sublimation product near the sample
surface.

Radiation with A = 193 nm is absorbed in a thinner
Al,Oj surface layer than radiation caused by excitation
in the visible region. According to the literature [17],
the linear absorption coefficient for Al,O; at A =
193 nm is o, = (3 x 10°-1.0 x 10%) cm™! and absorption
nonlinearity is B, = (5 X 10'-1.4 x 10?) mJ/cm?. This
means that the absorption depth is between & = 0.4—
1.0 um at an exposure dose of H = 0.01 J/cm? and § =
90-200 nm at H = 1 J/cm?. The radiation absorption
cross section of single-crystal ruby with [Cr*] =
0.01 wt % at A = 193 nm is determined by impurities,
including Cr** ions. For these ions, the absorption cross
section at A = 193 nm is larger by more than one order
of magnitude than the absorption cross section in the
visible region [14]. For 99.5% Al,O;, the complex part
of the refractive index is K= 0.5 [18] and the absorption
depth at small exposure doses (<0.01 J/cm?) is & =
M4k = 30 nm. So small doses of pulsed radiation do

KINETICS AND CATALYSIS  Vol. 46
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Fig. 9. Luminescence spectrum of alumina powder (specimen /) excited with an ArF pulsed laser (A = 193 nm). Sample temperature

is 293 K; 0 = 20 MW/cm2.

not heat the sample, eliminating the problem of thermal
stabilization when recording spectra at cryogenic or
other temperatures.

In our experiments, luminescence arose from radia-
tive transitions of photoexcited d* electrons of foreign,
octahedrally coordinated Cr** ions in o- and 6-Al,0;,
which are the most perfectly ordered alumina phases.
The presence of a broad, diffuse luminescence band
and the absence of intense lines in the spectra of the V-,
0-, and x-Al,O; specimens examined may be due to the
high degree of disorder in these phase and the presence
of an OH™ group in the first coordination sphere of the
Cr** ion.

The positions of the o and 0 lines coincide with their
positions observed in other studies (see, e.g., [8, 9]) in
which alumina contained Cr** ions and luminescence
was excited with an Ar* ion laser operated at A =
514.5 nm. Our experiments demonstrated that, at com-
parable exposure doses, exciting specimen / (0-Al,O3)
with an Ar* laser at A = 193 nm allows luminescence
intensity to be increased by more than one order of
magnitude [7].

Furthermore, the luminescence spectrum of speci-
men / (Fig. 9) shows a band at 660-740 nm, which is
characteristic of vibronic transitions in ruby [19],
occurring near the intense ruby luminescence lines at
694.3 and 692.9 nm (Fig. 8). This band is labeled with
o in Fig. 9. In these spectra, which were recorded at
0 = 20 MW/cm?, the positions and intensity ratios of
the R1 and R2 lines and other features in the red region
are similar to the corresponding features of the spectra
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obtained at Q = 0.1 MW/cm? and a sample temperature
of 320-370 K. No changes in the LIL spectrum of alu-
mina were observed at power densities below
20 MW/cm? and total exposure doses up to 70 J/cm?.

Radiation power densities above 20 MW/cm? cause
layer-by-layer cleaning of the surface through desorp-
tion and sublimation. In this case, LIL spectra are suc-
cessively taken from different depths of the sample
under real gas pressures [7].

The spectra of most of the other low-temperature
alumina modifications, whose samples were shaped as
granules of pellets with a size of about 1 cm (these data
re not presented in Tables 1 and 2), generally showed
lines characteristic of high-temperature (o- and ©-)
modifications of Al,O;. Some y-phase specimens were
the rare exception. These high-temperature phases
occur on outer surfaces and are undetectable by stan-
dard XRD techniques. In some cases, after the pellets
were ground, the o~ and O-phases did not show them-
selves any longer. The fact that the o- and O-phases
were detected in the outer layers of specimens obtained
at low calcination temperatures is explained by the high
sensitivity of the LIL method. In our nondestructive
spectroscopic measurements, it was possible to detect
Cr’* in 0-AlL,O; down to a concentration of 107 wt %
using a single laser pulse at 7 = 293 K and Q =
0.1 MW/cm?.

Iron-family ions with an incomplete 3d shell (Ti*,
Cr3+, V3*, Mn*", Fe**, and Ni**) substitute for Al>* ions
in the o-Al,O; lattice, giving rise to strong absorption
lines between 6 and 7 eV [20]. Since these metals are
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important for catalysis, it is necessary to reveal the pos-
sibilities opened up by the LIL method in the study of
alumina supports and catalysts containing the above
ions. Another promising line of investigation is apply-
ing LIL to high concentrations of foreign metals.

CONCLUSIONS

The above results demonstrate that luminescence
excited by a high-power UV laser pulse in the excita-
tion range of impurity ions in alumina is a promising
sensitive source of valuable information on this com-
pound, which is commonly used in catalysis. The lumi-
nescence of other compounds can be excited using the
UV radiation of existing excimer or other lasers. The
LIL method markedly extends the capabilities of pho-
toluminescence spectroscopy. It enables one to study
catalysts under real reactor conditions, under which
conventional photoluminescence spectroscopy is
hardly applicable.

LIL spectroscopy in combination with other physic-
ochemical methods is useful in investigation of the
crystal environment of iron-family ions, the coordina-
tion extraneous metal ions, and active sites in the sur-
face layers of fine oxide powders and monolith oxide
catalysts. Recording a luminescence spectrum in the
red region allowed the Cr** ion at a concentration level
of at least 1077 wt % to be identified in metastable mod-
ifications of alumina.

The fact that the Cr** luminescence line occurs in
different positions in the o- and 0-alumina allows LIL
spectroscopy to be used in phase and elemental analysis
of thin surface layers and in surface temperature mea-
surements when studying the microstructure of hetero-
geneous catalysts under real pressures and in a real gas
medium, including in situ measurements.
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