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Chromium ion-doped polycrystalline titania catalysts, mainly
used in photoreactions, were studied by Fourier transform infrared
(FTIR) spectroscopy and by X-ray photoelectron spectroscopy
(XPS). Two series of catalysts prepared by two different methods,
i.e., coprecipitation and impregnation, were analysed. The FTIR
spectra recorded upon adsorption of ammonia and after outgassing
at increasing temperatures indicated that Cr,0,/TiO, samples,
whichever preparation method was used, have two types of surface
acid sites, Lewis and Brgnsted sites. The Brgnsted sites are associ-
ated with the presence of chromium, since they were not detected
in pure titania. According to the X-ray photoelectron study, Cr(III)
and Cr(VI) species are present in both series of catalysts, with the
higher oxidation state being quite unstable under X-rays. As shown
by quantitative XPS analysis, only the catalysts prepared by copre-
cipitation and containing up to 2% Cr can be described by the
Kerkhof-Moulijn monolayer model. © 1994 Academic Press, Inc.

INTRODUCTION

The system formed by Chromium-doped polycrystal-
line titania has been widely studied in the field of photo-
catalysis (1); in particular it has been used for dinitrogen
photoreduction to NH, and for phenol photodegradation
in the gas—solid and in the liquid-solid regimes, respec-
tively.

Doping with Cr(III) ions has been found essential for the
occurrence of dinitrogen photoreduction in the gas—solid
regime and ineffectual or detrimental, depending on the
amount, for phenol photodegradation in aqueous disper-
sion (2). The role of Cr(III) ions used as dopant for TiO,
is mainly to improve the charge separation of the photo-
produced hole-electron pairs by means of a permanent
electric field.

The system was also structurally investigated using dif-
ferent techniques, like X-ray diffraction, BET, SEM, etc.
(1, 2), although an exhaustive investigation has not been
made. Consequently, additional information concerning
the surface element distribution, chemical states, and
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acidity could be helpful for a better understanding of the
photocatalytic behaviour.

The present study is aimed at determining the surface
distribution of Cr ions on titania by using the XPS tech-
nique, which is a powerful tool for the determination of
the surface element distributions and chemical states. In-
formation on surface acidity, as measured by FTIR spec-
troscopy monitoring of ammonia adsorption, is also in-
cluded, in order to complete previous studies carried out
with the same technique, applied to adsorption of pyri-
dine (3).

EXPERIMENTAL

Two series of catalysts were prepared; one set was
prepared by impregnation (4) and the other by coprecipita-
tion (2). The former catalysts are designated as TC-IM
and the latter as TC-CP, followed by a number indicating
the nominal Cr content (at%). TC-IM samples (Cr/Ti =
1, 3, and 5 at%) were obtained by impregnating TiO,
(Degussa P25, bulk density p = 4.18 g cm™3, specific
surface area Sg = 49 m? g~ !), heated overnight at 670 K
to eliminate adsorbed organic residues, with an aqueous
solution (50 ml) containing desired amounts of CrQO,
(U.C.B., Belgium). After stirring for 60 min, the solvent
was slowly evaporated at 330 K and the samples were
dried overnight at 380 K. The yellow powder obtained
was heated for 3 h at 770 K in oxygen flow and then was
cooled to room temperature for 16 h. This last procedure
produced a major reduction of Cr(VI) to Cr(III) (4).

TC-CP samples (Cr/Ti = 0.2, 0.5, 1.0, 2.0, and 5.0 at%)
were obtained by reacting aqueous solutions of TiCl; (15
wt% Carlo Erba) containing the required amount of Cr(I1I)
ions (e.g., Cr(NO;); - 9H,0, Merck) with aqueous solu-
tions of ammonia (25 wt% Merck). The solids were fil-
tered, washed, and then left standing for 24 h at room
temperature. Then they were dried at 393 K for 24 h and
finally fired in air for 24 h at 773 K. Pure ‘‘home prepared’’
TiO,(hp) (p = 3.84gcm ™3, S = 51 m? g~!) was obtained
following a procedure similar to the method used for the
TC-CP catalysts.
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The majority of the particle sizes were in the range
500-1500 nm and 100-300 nm as determined by scanning
electron microscopy (2).

The Fourier transform infrared (FTIR) spectra were
recorded in a 16-PC Perkin—Elmer spectrometer (nominal
resolution 2 cm ™', averaging 100 scans). A special Pyrex
cell that allows recording of the spectra in vacuum or
under a controlled atmosphere was used. The procedure
was performed as follows: the solid was compacted to a
self-supported disc (1 cm diameter) weighing 50—60 mg
and was calcined at 673 K for 2 h in the cell in order
to eliminate any organic impurities adsorbed during the
preparation. The sample was outgassed at 673 K for 2 h
at a residual pressure of ca. 1073 N m ™2, and, after cooling
to room temperature, it was equilibrated with ammonia
(20 mbar) and then outgassed for 30 min by increasing
the temperatures to 673 K. The spectra of the solid were
subtracted using the software utilities provided by the
spectrometer. Only the 1700-1100 cm~! range is shown
in the figures, as this is where the bands due to vibrational
modes of adsorbed ammonia are expected to be recorded.

The XPS analysis was performed witha VG ESCALAB
MKII spectrometer. The X-ray source was AlKa (1486.6
eV) run at 20 mA and 15 kV. The spectra were obtained
in the digital mode (VGS 1000 software on an Apple Ile).
The spherical sector analyzer operated in the fixed ana-
lyzer transmission (FAT) mode with a pass energy of
20 eV set across the hemispheres. The instrument was
calibrated according to (5). The residual pressure in the
spectrometer during data acquisition was lower than 5 x
10~ N m~2. The samples were analysed as powder dusted
on a double-sided adhesive tape.

The spectra were resolved into their Gaussian—Lorent-
zian components after background subtraction following
the method of Shirley (6) and Sherwood (7). The energies
and the areas of the peaks were calculated with a nonlinear
least-squares procedure. The full widths at half maximum
(FWHM) were allowed to change to attain the best fitting.
The binding energies were referred to the binding energy
of the contamination carbon (1s) peak at 285.0 eV. The
values reported here are the average of at least two mea-
surements, whose reproducibility was 0.1 eV. The in-
tensity ratios were obtained by the peak area ratios di-
vided by the element sensitivity factors, calculated with
the cross sections by Scofield (8) and with the asymmetry
function (9).

RESULTS AND DISCUSSION

FTIR Assessment of Surface Acidity

The spectra recorded for the unloaded supports, TiO,
hp and P25, are shown in Fig. 1. For support P25 (Fig.
le) the bands recorded upon adsorption of ammonia are
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FIG. 1. FTIR spectra recorded upon adsorption of ammonia at room
temperature and outgassing at room temperature on supports (a) hp and
(e) P25, and on samples (b) TC-CP0.2 and TC-CPO0.5; (c) TC-CP3, (d)
TC-CPs, (f) TC-IMS, (g) TC-IM3, and (h) TC-IM1.

located at 1603 and 1190 cm~', and are respectively as-
cribed to §,; and 8, modes of NH, molecularly adsorbed
on surface Lewis acid sites. The splitting observed for
the §, band has been previously reported by Busca et al.
(10), and indicates the presence of two types of surface
acid sites. The weaker ones, 8-sites, corresponding to
five-coordinated (C,,) exposed Ti** species, are responsi-
ble for the band at 1185 cm~!, which disappears upon
outgassing the sample at low temperature, and the
stronger surface Lewis acid sites, a-sites, corresponding
to Ti** ions in C,, coordination, which are responsible
for the band at 1229 cm~'. Upon outgassing at increasing
temperatures the band due to adsorption on S-sites is
removed more easily than that due to adsorption on a-
sites.

For the hp support, under the same conditions as for
TiO, P-25 (Fig. 1a), the bands are recorded at 1603 and
1150 cm ™', corresponding to the &, and 8, modes. No
splitting of the 8, band is observed, indicating that all
exposed surface Lewis acid sites are of the 8-type (weak).
The intensities of the bands slightly decrease upon outgas-
sing at increasing temperatures, with a simultaneous split-
ting and shift of the §, band to 1230 and 1200 cm~' when
the sample is outgassed at 573 K. The bands are com-
pletely removed upon outgassing at 673 K.
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The spectra recorded upon adsorption and outgassing
at room temperature of ammonia on samples TC-CP0.2
and TC-CPO0.5 are coincident, and are shown in Fig. 1b.
They are very similar to that for parent support hp, al-
though in addition to the bands described above, a weak
band at 1484 cm ™! is also recorded, which can be ascribed
to the presence of NH, species through dissociative ad-
sorption of NH;. As will be shown in Fig. 2, for the TC-
CP0.2 sample, on outgassing at room temperature this
band almost vanishes, while the behaviour observed for
the other bands follows the same trend observed for
the support.

When the chromium content is increased (samples TC-
CP3 and TC-CP3, Figs. Ic and 1d), the spectra are very
similar, with an intense band at 1603 cm~' and a broad
band at 1190-1210 cm~' which correspond to the asym-
metric and symmetric modes of ammonia chemisorbed
on surface Lewis acid sites. Unfortunately, the bands
corresponding to adsorption on surface Lewis acid sites
originated by coordinatively unsaturated Ti** or Cr** ions
are recorded in positions too close to be unambiguously
distinguished. In addition, a new band, not observed upon
adsorption of ammonia on the support or on the low-
loaded samples, is observed at 1446 cm~'. This band has
been ascribed to the asymmetric deformation mode of
ammonium species, NH, , thus suggesting that incorpora-
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FIG. 2. FTIR spectrarecorded upon adsorption of ammonia at room

temperature on samples TC-CP0.2 and TC-CP3, and outgassing for 30
min at the temperatures given (K).
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tion of appreciable amounts of chromium leads to the
formation of surface Brgnsted acid sites (Cré*-OH),
whose concentration increases with the chromium con-
tent. Surface acid Brgnsted sites are associated to chro-
mium jons in a high oxidation state, while surface Lewis
sites are associated to Cr(Ill) species, which correlates
with literature data for bulk Cr,0, and CrO, (11).

Both types of adsorbed ammonia—ammonium species
behave differently when the sample is outgassed at in-
creasing temperatures (Fig. 2). The outgassing tempera-
ture required to remove the band associated to the pres-
ence of NH; species (ammonia adsorbed on surface
Brgnsted acid sites) is lower than that required to remove
ammonia adsorbed on surface Lewis acid sites, indicating
that these are stronger than the former ones. On the other
hand, it can also be observed that when the outgassing
temperature is increased a split in the low wavenumbers
band is attained, its origin being probably the existence
of ammonia molecules adsorbed on Lewis acid sites with
a different strength. If the spectra recorded for samples
TC-CP with different chromium content are compared
(Fig. 2) it can be observed that as the chromium content is
increased, the outgassing temperature required to remove
completely adsorbed ammonia is decreased.

In a way similar to that observed for the other samples,
adsorption of ammonia on samples TC-IM gives rise to
spectra with bands at 1603 and 1210-1190 cm~' (Figs.
1f-1h) and, in the case of sample TC-IM3 (Fig. 1g), a
weak band at 1160 cm ™! is also recorded. All these bands
are due to deformation modes of ammonia coordinated
to surface Lewis acid sites. The splitting observed for the
band corresponding to the &, mode, as already reported
for the spectrum corresponding to support P25, indicates
the presence of two different types of Lewis acid sites,
probably associated here to Ti** and Cr** ions in different
coordination environments. Surface Brgnsted acid sites
should be responsible for the band at 1446 cm ™!, ascribed
to deformation mode of NH, species. As with the TC-
CP series, such Brgnsted sites should be associated to
chromium, as they are not observed for the bare supports,
and their concentration increases as the chromium con-
tent increases.

When the samples are outgassed at increasing tempera-
tures (Fig. 3) the band originated by the 8, mode is clearly
split, due to the presence of different types of Lewis
surface sites on the surface. The bands are not removed
even at the highest outgassing temperature (573 K). As
above, the band due to ammonium species (i.e., ammonia
adsorbed on surface Brgnsted acid sites) is removed more
easily, and, as with the TC-CP samples, all bands are
removed at a lower temperature than that required for
the unloaded support (3). This means that incorporation
of chromium ions in some way decreases the strength of
the surface Lewis acid sites.
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FIG. 3. FTIR spectra recorded upon adsorption of ammonia at room

temperature on samples TC-IM3 and TC-IMS, and outgassing for 30
min at the temperatures given (K).
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In order to investigate the nature of these surface sites,
the samples were equilibrated with water vapour and then
outgassed at room temperature before adsorption of am-
monia. In this case, however, no change in the intensity
of the band at 1446 cm ™! has been observed, if compared
with that in the spectra recorded upon adsorption of am-
monia on the dry sample, suggesting that no increase in
the concentration of Brgnsted sites is achieved by the
treatment with water vapour.

The most informative band recorded upon adsorption
of ammonia on the samples, with respect to the ability of
surface Lewis acid sites to adsorb ammonia (i.e., about
the strength of the surface Lewis acid sites), is that corre-
sponding to the symmetric deformation mode, &, of coor-
dinated ammonia, recorded at 1300-1100 cm™'. Its posi-
tion has been related to the strength of the surface Lewis
acid sites (11-13). So, if the results obtained here are
compared to those reported in previous studies (14, 15),
the following variation in surface acidity can be found:

WO,/TiO, > MoO,/Ti0, > Cr,0,/TiO, > Fe,0,/TiO,.

XPS Study

The binding energies corresponding to Ti(2p), O(ls),
and Cr(2p) peaks, the full width half maxima (FWHM), the
O/Ti intensity ratios, and the relative amount of oxygen
present as OH ™ and O~, as obtained by deconvolution of
the O(1s) peak, are listed in Table 1. The binding energies

TABLE 1

Ti(2p), O(1s), and Cr(2p) Binding Energies (eV) and XPS Intensity Ratios of TiO,(P25) and TiO,(hp), and of Catalysts (TC-IM)
Prepared by Impregnation and Catalysts (TC-CP) Prepared by Coprecipitation Methods

O(ls) O(ls)
Ti(2ps) Ti2p ) (0°) (OH™) Cr(2p;n) OH-/O~ O(1s)/Ti(2p;p)°
TiO(P25) 458.8 464.5 530.1 531.8 0.16 2.7
(1.4) 2.2) (1.3) (1.3)
TiO,{hp) 458.9 464.5 530.5 531.5 0.02 2.5
(2.0) 2.6) 2.2 (2.2)
TC-IMS 458.6 464.2 529.9 531.8 577.1 0.14 2.7
.7 2.4) (1.8) (1.8) 2.8)
TC-IM3 458.7 464.4 530.0 532.0 577.3 0.14 2.8
(1.5) 2.3 (1.8) (1.8) 2.8)
TC-CPS 458.3 463.9 529.7 531.3 576.8 0.12 2.7
(1.8) 2.5) (1.9) (1.9) (2.8)
TC-CP2 458.5 464.2 529.8 531.5 576.9 0.11 2.6
(1.6) 2.3) .7 (1.7 2.8)
TC-CPI 458.5 464.2 529.9 531.3 576.8 0.08 2.4
(1.4) 2.3) (1.5) (1.5) 2.8)
TC-CP.5 458.6 464.0 529.7 531.3 577.4 0.06 2.3
(1.4) 2.2) (1.6) (1.6) (3.2)

Note. The FWHM (eV) are given in parentheses.

9 The total area of the two O(1s) components is considered. The intensity ratios have been divided by the relative sensitivity factors.
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listed in Table 1 are typical of TiO, (16) and Cr,0; (17,18).
The Cr(2p;,)/Ti(2ps,) area ratio was difficult to measure
owing to the overlap between a Ti(2s) shakeup satellite,
Ti(2s),,. observed only in the oxide species and lying at
about 13 eV on the high-energy side of the Ti(2s) and the
Cr(2p) line. However, an estimate of the Cr(2p) peak
area was obtained by measuring the Cr(2p) + Ti(25)y,
intensity and subtracting the Ti(2s),, intensity value as
estimated from the corresponding signal, measured on
pure TiO, using the intensity of the Ti(2p,,) with a weight
factor of 0.15.

In the TC-CP samples, the Ti(2p) peaks and the O(ls)
components relative to O~ species, are shifted by = —0.4
eV with respect to the corresponding values for (hp); their
FWHM are smaller than the corresponding FWHM in
TiO,(hp). The OH /O~ ratio of the TC-CP catalysts in-
creases significantly with respect to that of the pure oxide.
Typical Cr(2p), Ti(2p), and O(ls) spectra are given in
Figs. 4 and 5.

The Cr(2p) spectra of the TC-CP5 samples taken after
10 and 40 min of X-ray exposure are shown in Figs. 4a
and 4b, respectively. The asymmetries on the high energy
side of the Cr(2p,,) and the Cr(2p,,) components have
been fitted with an additional doublet shifted about 3.5
eV from the main peak. According to its energy, these
peaks arise from contributions of small amounts of Cr
(VI) and from the Ti(2s) shake up satellite, which energy

Cr 2p3i2

Intensity
{arb.units)
570 575 580 585 590 59§
Binding Energy(eV)
Cr2pd2 ,
Intensity
(arb.units)
570 578 580 585 5§90 595
Binding Energy (eV)
FIG. 4. Experimental and fitted Cr(2p) spectra of TC-CPS sample

after (a) 10 min and (b) 40 min of X-ray exposure.
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Ti 2pd2
Intensity
(arb.units) Ti 2p1/2
a
0
450 485 460 485 470
Binding Energy (eV)
O1s
intansity
(arb.units)
b
520 524 528 532 538 540
Binding Energy (eV)
FIG. 5. Experimental and fitted Ti(2p) and O(ls) spectra of TC-

CPS sample.

and relative intensity have been determined in the Ti
O,(hp) sample. As was noticed in the most concentrated
samples, exposure to the X-rays in the spectrometer
chamber for more than 30 min decreased this high-energy
component considerably and increased the Cr(I1I1I) compo-
nent, suggesting reduction of Cr(VI) to Cr(III). The hexa-
valent state may have been produced by the preparation
procedure of the catalysts, especially during the air firing
at high temperature. After exposure to the X-rays, the
Cr(VI1) component decreases and the trivalent state in-
creases. Similar photon-induced reduction of Cr(VI) dur-
ing XPS analysis has been recently reported (19) in the
case of electrochemically prepared films. The process was
explained with the so-called ‘‘coulombic explosion™
mechanism (20).

The oxidation state of chromium species supported on
titania has been widely studied using different techniques.
When supported on rutile, it has been shown by epr (21)
that both Cr(III) and Cr(VI) species exist on the surface,
despite the fact that Cr(IlI) or Cr(VI) precursor com-
pounds were used to prepare the samples. Coupling be-
tween both species (Cr(VI)-Cr(IID)-Cr(VI)) existing on
the surface gives rise to average oxidation state of Cr(V).
Upon calcination, migration along the ¢ axis of the rutile
structure leads to a decrease in the number of chromium
species on the particle surface (22). This effect is less
pronounced in the case of anatase because of the different
structure of both phases (22).

The Ti(2p) spectrum is shown in Fig. 5a with the two
spin orbit components. A negative chemical shift averag-



120

ing to =0.4 eV with respect to the TiO,(hp) and slightly
increasing with the chromium content is observed for
the TC-CP samples. This shift may indicate a chemical
interaction between the support and the dopant. It is diffi-
cult to explain the narrowing of FWHM, listed in Table 1,
of TC-CP catalyst peaks with respect to the pure support,
TiO,(hp). Different morphology producing small differ-
ences in local charging may affect the widths.

The O(1s) signal shown in Fig. 5b for the TC-CPS sam-
ple has two components: the high-energy component
(531.3 eV)isattributed to OH ™ and the low energy compo-
nent (529.7 eV) to O=. As indicated in Table 1, addition
of chromium in the TC-CP samples, if compared to the
pure TiO,(hp), determines an increase of the OH~ compo-
nent relative to the O~ component. This result is in
agreement with the presence of Brgnsted acid sites
(Cr—OH) detected by the FTIR study. Moreover, the XPS
OH /0~ ratios of the TC-IM samples and TiO,(P25) are
very close. The apparent disagreement with the infrared
results, indicating the existence of Brgnsted acid sites
only in the Cr doped samples but not in the pure support,
arises from the fact that the XPS technique reveals the
total amount of OH groups present on the surface,
whereas the IR results concern only those hydroxyl
groups behaving as Brgnsted acid sites. Therefore, it may
be suggested that in TiO, P25 most of the hydroxy! groups
are not activated as Brgnsted sites.

Measurements of two different take-off angles were
performed. Since no significant difference was observed,
the average of the peak intensity results was used for the
following analysis. In Fig. 6, the surface atomic concen-
trations, calculated from the Cr(2p) and Ti(2p) peak areas
divided by their sensitivity factors, are plotted vs the
nominal Cr/Ti atomic ratios. It is worth noting that for
the TC-CP samples with Chromiumn contents up to 1%
the XPS atomic ratios reflect the nominal concentration,
whereas above 1% the surface atomic ratios are much
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FIG. 6. Plot of XPS atomic ratios I vs nominal Cr/Ti atomic ratio
for the TC-CP and TC-IM series.
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larger than the nominal ones. The two impregnated sam-
ples exhibit the largest deviation.

To relate the experimental intensity ratio to the surface
Cr distribution, the model developed by Kerkhof and
Moulijn (23) has been applied. According to this model,
the catalyst consists of sheets of support, with cubic crys-
tallites of dimension ¢ in between. The thickness ¢ of these
sheets can be estimated from the density p and from the
specific surface area of the support S, according to

The model assumes that the electrons leave the sample
only in a direction perpendicular to the surface. Since the
kinetic energies of the Cr(2p,,) and Ti(2p;,) photoelec-
trons are close, the mean free path, A, of the different
photoelectrons in the two media, TiO, and Cr,O,, are
considered to be the same. According to this model, the
intensity ratio in the case of crystallite formation is
given by

U/L) = (pIS)la,/a B2 + e A1 — e P)]
[(1 - e~al, [2]

where (p/s), is the bulk atomic ratio of the promoter and
support, o are the photoelectron cross sections of the
promoter and support XPS lines, A is the mean free path of
the analysed electrons, and 8 and « are the dimensionless
sizes of the support thickness and of the crystallites
given by

B = t/A [3]
a = c/\. [4]

In the case of uniform monolayer catalysts the intensity
ratio is given by

/1) = (p/s)y(o,/a)Bl2(1 + e A1 — e #). [5]

Equation 5 for monolayer catalysts has been used to
calculate the Cr(2p,,)/Ti(2p;5) intensity ratios. The nomi-
nal concentration ratios, A = 2 nm, according to the em-
pirical formula for inorganic compounds (24), the Scofield
cross sections, and the p and S appropriate to the Ti
O,(hp) and TiO, P25 (3) of the two series of samples, have
been used. The predicted and the experimental intensity
ratios versus the Cr/Ti atomic ratios for the TC-CP and
TC-IM samples are reported in Fig. 7. The experimental
values for the TC-CP series follow the theoretical predic-
tion quite closely up to 2% Cr, differently from the TC-
IM series, where the experimental values are consistently
larger than the calculated ones.
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FIG. 7. Calcualted (according to the monolayer model, MR) and
experimental (ER) intensity ratios of Cr(2p;»)/Ti(2p;,) of TC-CP and
TC-IM samples.

The comparison between the calculated curve and the
experimental data in Fig. 7 for samples TC-CP suggests
that the catalyst obtained by coprecipitation can be de-
scribed by the monolayer catalyst model at least up to
2% chromium concentration. Above this concentration
segregation phenomena may occur. Negative deviation
from the monolayer line would have indicated formation
of a discrete chromium phase, and this is not the case. This
result is in agreement with the X-ray diffraction analysis,
which excluded formation of Cr,0, crystallites (2). The
monolayer model does not apply to the impregnated cata-
lysts (TC-IM), at least in the range of concentrations here
studied. In this case, as it appears from Fig. 6, most of
the chromium is concentrated on the outside of the titania
particles resulting therefore in a large increase of the inten-
sity ratio. A further addition of chromium ions would
completely hide the titanium signal. It is likely that during
the catalyst preparation the calcination temperature was
too low to allow diffusion of chromium ions inside the
titania lattice.

CONCLUSIONS

The results found in the present study indicate that in
the Cr,0,/TiO, samples, whichever preparation method
is used, two types of surface acid sites are present: Lewis
sites and Br@nsted sites. These last should be associated
to the presence of chromium, as they do not exist in
the unloaded supports, in particular to the presence of
chromium ions in a high oxidation state, i.e., Cr(VI) (11).
On the other hand, the Brgnsted sites were not detected
in a previous study carried out following the adsorption
of pyridine on samples TC-CP (3). This difference is due
to the higher basicity of ammonia than pyridine and to
its lower size, thus making ammonia more adequate to
“‘distinguish” between similar surface acid sites.

The XPS results have shown that both series of samples

121

prepared by different procedures contain a certain amount
of Cr(VI) which disappears during the XPS analysis due
to a photoreduction process.

The analysis of the O(ls) peak indicated that addition
of Cr to titania in the TC-IM samples does not change
the relative amount of OH groups, whereas in the TC-CP
samples as compared to the TiO,(hp), the amount of the
OH groups increases.

The catalysts prepared by coprecipitation, within 2%
of chromium concentration, are well described by the
model of monolayers of supported element uniformly dis-
tributed through the matrix of titania. The catalysts pre-
pared by impregnation cannot be described by the same
mode] because it appears that Cr builds up on the surface
owing to the slow diffusion of Cr ions through the titania
bulk. For the concentrations analysed no evidence of
Cr,0; crystallites exist, in agreement with the X-ray dif-
fraction studies.
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