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Acidic and Basic Properties of Titania-Alumina Mixed Oxides fi 
Active Sites for Propan-2-01 Dehydration 

Christophe Lahousse, Franqoise Mauge, Jean Bacheiier and Jean-Claude Lavalley* 
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Ti0,-AI,O, mixed oxides have been prepared by cohydrolysis of Ti4' and A13+ isopropoxides, Textural and 
acid-base properties were investigated using nitrogen physisorption, adsorption of probe molecules followed by 
FTIR spectroscopy, and test-reactions. Catalysts were found to exhibit high surface areas and pore volumes. 
Results obtained from adsorbed CO, probe molecules and COS hydrolysis activity agreed well and showed that 
the hydroxy basicity of mixed oxides was lower than that of t h e  two oxide components. Pyridine and 2,6- 
dimethylpyridine were used to titrate Lewis and Brsnsted acidic sites, respectively. A linear inerease of t h e  
number of strong Lewis acid sites with alumina content was observed, whereas t h e  number of Br0nsted acid 
sites reached a maximum for 30% Ti0,-70% AI,O, compared with tha t  expected from t h e  composition and t h e  
activity of pure oxides. Comparison between probe-molecule adsorption and test reaction, points out that both 
types of site are involved in propan-2-01 dehydration. A transformation of Lewis acid sites into Bransted sites is 
proposed when propan-2-01 is chemisorbed on Lewis acid sites. 

Mixed oxides are increasingly used in catalysis because they 
can present properties different from those of the component 
single-metal oxides. A typical case is that of silica-alumina. 
In a recent paper, we examined the acidic and basic proper- 
ties of Zr0,-Al,O, and Zr0,-TiO, mixed oxides using 
adsorption of specific probe molecules followed by FTIR, and 
activity towards two test-reactions : propan-2-01 dehydration 
and carbon oxysulfide hydrolysis.2 This work concerns 
Ti0,-A1203 mixed oxides. Our aim was not only to deter- 
mine their acidic and basic properties but also to correlate 
probe adsorption and catalytic activities in order to specify 
the nature of the active sites. For this we chose test reactions 
with well characterized basicity and acidity. The mechanism 
of COS hydrolysis is now well e~tablished.~ In particular, the 
active sites are basic hydroxy groups, also involved in CO, 
adsorption in the form of hydrogen carbonate species, 
explaining the good correlation between catalyst activity and 
the 6(OH) band intensity of HOCO, - ~pec ie s .~  Conversely, 
propan-2-01 dehydration is largely used as an acidity test, but 
the nature of its active sites is more complex. Indeed, cata- 
lytic activity of Zr0,-TiO, mixed oxides was found to follow 
Bransted acid sites detected by 2,6-dimethylpyridine 
(lutidine), whereas for Zr0,-Al,O, activity seemed to be 
determined by the strong A13 + Lewis acidity, evidenced by 
pyridine.* Owing to the presence of strong Lewis acidity on 
pure Al,O, and some Brarnsted acidity on pure TiO,, 
Al,O,-TiO, mixed oxides are expected to present both types 
of active site and are therefore interesting model catalysts. 

It has recently been reported that use in hydrotreatment 
reactions of TiO,-Al,O, as supports for molybdenum sul- 
fided catalysts, increases the specific rate for hydro- 
desulfurization of t h i ~ p h e n e . ~  Moreover, McVicker and 
Ziemiak showed that these mixed oxides showed, like TiO, , 
strong metal-support interactions (SMSI) with metals such as 
Pt or Ir.6 Several have characterized the proper- 
ties of TiO,-A1,0, mixed oxides synthesized using different 
methods. Rodenas et aL7 found a maximum acidity for 90% 
Al,O, when co-precipitating titanium and aluminium sulfates 
with ammonia. They did not detect as many acid sites when 
using urea as precipitating agent. Mostafa et a1.,8 who hydro- 
lysed TiCl, and AlCl, with NH,OH, reported that both total 
number and strength of acid sites increased in the mixed 
oxides as detected by amine titration using Hammett indica- 

tors. Nakabayashi" studying 'Ti0,- .4I20,  mixed oxides pix- 
pared from hydrolysis of isopropoxides only observed a11 
increase of the acidity strength, whereas the number of acidic 
sites was unaffected. Therefore, it appears that the properties 
of the Ti02-A1,0, mixed oxides strongly depend on the 
preparation method used. Cohydrolysis of isopropylates has 
been chosen since it allows one to obtain chemically pure and 
homogeneous mixed oxides.",' 

Experiment a1 

Catalyst Preparation 

Mixed oxides were prepared by cohydrolysis of titanium(1v) 
isopropylate (Aldrich; liquid, 98% purity) and aluminium(1rr) 
isopropylate (Fluka; solid, purity > 98%) dissolved in 
propan-2-01 (0.5 mmol of A1 isopropylate per ml of propan-2- 
01). Titanium isopropylate and propan-2-01 were dried on 
zeolite. The total volume of the two liquids was 300 ml. 
Mixed solutions were vigorously stirred together for 1 h at 
room temperature and care was taken to avoid contact with 
air moisture which might cause uncontrolled hydrolysis. 
Cohydrolysis was carried out dropwise, pouring isopropylate 
solution into an excess of distilled water (0.3 mmol of isopro- 
pylate per ml of propan-2-01) at room temperature. After a 1 
h ageing period, the precipitate was filtered and washed five 
times with hot distilled water. The products were dried for 18 
h at 383 K, moistened with 1 ml of distilled water per gram of 
dried hydroxide, and dried again for 24 h at 383 K. Calcina- 
tion under air took place in a mufle furnace in two steps. 
Hydroxides were decomposed for 2 h at 573 K and then 
heated for 2 h at 773 K (ramp 0.66 K min-'). The same 
procedure was followed for single-metal oxide preparation. 
Compositions determined after oxide dissolution by inductive 
coupling plasma, are summarized in Table 1. 

Texture and Structure Characterization 

Nitrogen physisorption isotherms were recorded at 77 K on a 
Micromeritics ASAP 2000 sysem. Before measurements, 
samples were pretreated in situ at 523 K for 2 h under 
vacuum. Specific surface areas were determined using the 
BET equation." Total pore volumes were obtained by the 
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Table 1 Characteristics of studied oxides 
~~ 

average 
pore 

A120, SarT-, pore volume diameter 
oxide (mol%) /m g /cm3 8 - l  /nm 

TiO, 0 102 0.20 7.8 
30% Tio,-70%1 AI,O, 70.4 267 0.48 13.0 
55% Ti02-45'Rl AI,O, 44.3 317 0.48 4.0 
70% TiO,-30% Al,O, 30.4 265 0.38 3,o 
A 1 2 0 3  100 262 0.39 4.8 

amount of physisorbcd N, for PIP, = 0,9S. Porc size dis- 
tributions were obtained by means of the BJH method13 
using the Harkins-Jura equation as r-isotherm." 

The structures were characterised by X-ray diffraction 
operating at 40 kV with a filament current of 20 mA using a 
Ni filter for Cu-Ka radiation, 

Infrared Sptroecopy 
The samples were prewed into self-supporting discs (20 mg, 
16 mm in diameter) and activated In sltu in the IR cell. They 
were pretreated with O2 far 1 h at 673 K and then evacuated 
for 15 min at the same tcmpcraturc. After freezing purifi- 
cation (77 K), probe moleculcs of CO, (I0 Torr at 
equilibrium), 2,6-dirnethylpyridine ( 1  Torr at equilibrium fol- 
lowed by avucuation at 423 K) or pyridine (1 Torr at aqui- 
librium followed by cvwuution tit 423 K) were introducad. 
Spectrit were rocorded on P 710 FTJR Nicolat spectrometer 
with u 4 cm ' resolution. Every reported spectrum wilp nor- 
maliscd to 1 m' of catalyat aurftlce area, Sgcctrtrl decomgai- 
tion WBI performed in order to diatinBulsh pyridine 
adsorption on A13' sentres kam that on Ti4+ ornd 2,6- 
dimethylpyridine adwrption on Ti02 &iafiHted acid s h e  
from its total adsorption, Decornpoaition WBB carried out by 
a u b t r d n g  the spectrum of one of the pure oxide com- 
ponents from the miged-oxide spectrum, The intensity of the 
pure oxide spectrum w u  adjusted in order to cancel its con- 
tribution to the mixed-oxide spectrum. For pyridine adsorp- 
tion, the area of the alumina contribution was integrated 
after adjustment. For 2,6-dimethylpyridine adsorption, the 
area of the bands at 1640 and 1626 cm" observed on mixed 
oxides after subtraction of the contribution of pure titania 
from that of the mixed oxide spectrum was integrated. 

Catalytic Tests 
Catalytic tests were carried out in differential micro-reactors 
under helium flux. Catalysts were ground and sieved. The 
fractions between 0.4 and 1 mm were used. Activation and 
reaction conditions are summarised in Table 2. 

Results 
Texture and Structure Characterizatlon 
N, adsorption and desorption isotherms on Al2O3. TiO, 
and TiO2-Al2O3 mixed oxides are of type IV (IUPAC 
classification' '), showing H2 type hysteresis. It is concluded 
that thc solids are mesoporoua, presumably consisting of par- 
ticle aggregates with non-regular pore shapes. Specific surface 
areas, pore volumes and average pore diameters are reported 
in Table 1, Compared to single oxides, Ti0,--A120J mixed 
oxides present an increase of surface area as well HS pore 
volume (a maximum is obtained for the 5 5 %  Ti0,-45% 

The X-ray diffraction spectrum of TiO, presents rather 
broad peaks maigncd to anatase. No diffraction peaks were 
observed oither for mixed oxides or for pure alumina, indicat- 
ing that none of them were cryatallhe. 

A120J). 

Infrared Spectrowspy 
CO, Adsarptfsn 
d'Oa aclaargtion followed either by microcalorimetry or by 
ifiikareii apeetreseepyi hod been widely U H ~ $  to characterize 
catalyat baaldty, According to the nature of the adsorption 
dte, OH - or coardhatively unsaturated Q2 - ions, GOz gives 
rise to hydrogencarbonate apecies, characterized on TiOa (ref. 
18) by bands at 1590, 1435 and 1220 ern-', or on A1203 (ref. 
19) by band8 at 1640, 1440 and 1230 cm", or to carbonate 
species (1530 and 1320 cm-* on TiO,). In Fig. 1, the spectra 
of species formed by CO, adsorbed on the different oxides 
are presented for the range 1800-1 100 cm-'. No new species 
are detected on mixed oxides, For pure alumina and pure 
anatase the intensities of the S(OH) band near 1225 cm-l 
characteristic of hydrogencarbonate species are quite similar. 
Conversely, the band intensity is quite low on spectra of 
mixed oxides showing that TiOz introduction in A1203 tends 
to decrease its basicity. The number of OH groups suficiently 
basic to interact with CO, is minimal for 30% A1,0,. 

P yr  id ine Adsorption 
Pyridine is a probe molecule capable of coordinating on 
Lewis acid centres or of accepting Br~rnsted acid protons. 

Table 2 Test conditions 

propan-2-01 dehydration 
(acidity test) 

COS hydrolysis 
(basicity test) 

~ ~~ 

reaction 
activation 
weight(w)/g 0.160 
molar stream composition 

CH,-CH(0H)-CH, + CH3-CH-CH, + H,O 
2 h at 673 K under He 

4% propan-2-01 + 96% He 
total flow/ml min-I 20 
reaction temperature/K 473-493 

conversion per mz 
I propene I 100 

I m m  anc@fiverted propan-2-01 I - ____ _ _  -__.-.-I _._--- ~ _ _ _  -_ 

COS + H,O + CO, + H,S 
2 h at 523 K under He 
0.025 
2.3% H,O + 96.7% He + 1 %  COS 
100 
373 

I co, I 100 
I CO, -t unconverted COS I S, w 
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1.50r,  I 1.00 ? r;; 5 
I I 

b- 
1eoo l?OO lS00 1500 1600 1300 1$!00 1100 

w w e  nu m be r/c m" 
Fig. 1 IR spectra of CO, adsorbed on Ti0,-A120,: (a)  TiO,; (b)  
70% Ti0,-30% Al,O,; ( r )  5 5 %  Ti0,-45%, AI,O,; ( d )  30% 
Ti0,-70%, Ai,O,; (e) AI,O, 

Coordination gives rise to bands near 1620-1600 cm- (vBa) 
and 1450 cm- * (vIPb) while protonation gives rise to charac- 
teristic bands at 1640 and 1545 cm-' 2 i 2 0 * 2 1  Generally, the 
v g ,  wavenumber allows one to determine the Lewis acid site 
strength, whereas the V l Q b  band intensity characterizes their 
number, 

Spectra of lidsorbed pyridine species on T i 0 2 ,  AI,Oj and 
Ti02-A1,03 mixed oxides are presented in Fig. 2. No bands 
characteristic of pyridine protonation are detected. Pyridine 
tldsorption on pure anatase reveals the presence of weak 
Lewis acid rites ar Characterized by the vB, band at 1610 
cm-1.2 On pure alumina, two v8, banda at 1622 and 1617 
cm- are obaerved, indicating a relatively etrong Lewis 
acidity. Morterm et aLio aseigned these bande to adaorption 
on coordinatively unaaturated (cus) tetrahedral A13 + and on 
a pair of CUB A13+ in tetrahedral and octahedral positions, 
respectively. Their relative intensity implies a quasi- 
amorphous sample.' 

On mixed oxides, the presence of the coordinatively 
unhturated A13+ and Ti4+ sites are characterized by the cor- 
responding vga band. The total number of Lewis acid sites 
can be measured from the intensity of the vIgb band near 
1450 cm-'. As shown in Fig. 3, this does not vary signifi- 

1610 
I 

1450 

I 

1 j O O  l6SO 1600 1650 1600 1450 1400 

wavenu m berkm-' 
Fig. 2 IR spectra of pyridine desorbed at 423 K on Ti0,-AI,O,: 
(a) TiO,; (b)  70% Ti0,-30"/o Al,O,; (c) 55% Ti0,-45% A1,0,; (d) 
30% Ti0,-70% Al,O,; (e) A1,0, 

r 
I 
E 1.00 

! 0.80 

0.00 
0 20 40 60 80 100 

Al2O3 content (%) 
Fig. 3 Variation with the catalyst's alumina content, of the area of 
bands characteristic of: (A) the total number of Lewis acid sites 
(pyridine, 1450 cm-I); (0) the strongest Lewis acid sites (pyridine, 
1622 + 1617 cm-I); (+) the Brmsted acid sites (lutidine, 
1640 -t 1626 cm-') 

cantly with alumina content, the substantial decrease as soon 
as alumina is introduced in Ti02 excepted. From the spectral 
decomposition of bands in the 1625-1605 cm-' region on 
mixed oxides, it appears that the intensity of the 1622-1617 
cm'' bands follows a linear variation with the A1203 per- 
centage (Fig. 3). 

Lwtidine Adsorption 
2,6-Dimethylpyridine (lutidine) is a probe molecule specific to 
Brmsted For example, in our previous study,2 
lutidine was used to titrate Brornsted acid sites of Ti02-Zr02 
mixed oxides when pyridine failed to reveal their presence. 
This ability to detect Branstad acid sites relies on its higher 
basicity (pK, is 6.7 for lutidine and 5.2 for pyridine) whereas 
the ateric hindrance induced by methyl Qrougar partially pre- 
vents the nitrogen atom c ~ o r d i n r t i o n . ~ ~  Spectra of lutidine 
specie8 cidt~arbed on the different oxide8 are preiented in Fis, 
4, On pure TiOo and on every mixed oxide, lutidine proto- 
nation occurr, as akown by the appearance of ban& at 1640 
and 1626 cm-I. It ia poedble to evaluate the inteneity of 
these bands by subtracting that observed at 1615 cm-I char. 
acteristic of lutidine coordination on Al,O, or TiO,. Fig. 3 
shows the variation of the intensity of these bands with com- 
position. The number of Brransted acid sites decreases from 
TiO, to Al,O, but not as fast as expected, since twice their 
expected amount is detected on 30% Ti0,-70% A120,. 

N 

I P A  

1'rOO 1650 1600 1650 i"%%07400 

wavenu m ber/cm-' 
Fig. 4 IR spectra of lutidine desorbed at 423 K on Ti0,-Al,O,: (a) 
TiO,; (b) 70% Ti0,-30% Al,O,; (c) 55% Ti0,-45% Al,O,; (d) 30% 
Ti0,-70% A1,0,; (e) A1,0, 
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1 - .  

1 
0 ’  1 I I 

0 20 40 60 80 100 
A1203 content (YO) 

Fig. 5 Variation of the COS hydrolysis conversion at 373 K with 
alumina content of the catalyst 

Some extra Brernsted acid sites are then generated or induced 
in the mixed oxides. 

Catalytic Activities 
COS Hydrolysis 
As presented in our previous papers,3i4 COS hydrolysis can 
be used as a test reaction specific to OH basicity. As shown 
in Fig. 5, the conversion drastically decreases as soon as 
alumina is introducted in TiO,; then it increases linearly with 
the amount of alumina. As far as hydroxy groups are con- 
cerned, mixing causes a loss of basicity. 

Propan-2-01 Dehydration 
Dehydration of propan-2-01 is widely used as a test reaction 
characterizing catalyst acidity, and a number of correlations 
have been published between catalyst activity towards dehy- 
dration and acidity measured t i tr imetri~aIly,~~-~’ b y TPD of 
a m m ~ n i a ~ ~ . ~ ’  or ~yridine,~’ or adsorption of bases followed 
by therm~gravimetry,~ 1.32 FTIR2 or rnicr~calorimetry.~~ 
Some authors indicate that dehydrogenation of propan-2-01 
to acetone can also reveal b a s i ~ i t y , ~ ~ - ~ l  However, the valid- 
ity of this assumption has not yet been totally p r ~ v e n ~ ’ - ~ ~  
and is indeed seriously q~estioned,~’-~, since acetone forma- 
tion can occur by a redox mechanism, particularly at low 
temperature. 

Only dehydration products (propene and traces of diisop- 
ropy1 ether) are formed on Ti0,-Al,O, mixed oxides in the 
conditions used. Variation of their intrinsic activity with 

0.00 1 1 I 
0 20 4 0  60 80 100 

Fig. 6 Variation of the propan-2-01 dehydration conversion with 
alumina content of the catalyst for various reaction temperatures; 
473 K (A); 483 K (0); 493 K (+) 

A1203 content (%) 

composition is presented in Fig 6 for different reaction tem- 
peratures. Alumina is about five times more active towards 
prepan-2-01 dehydration than is anatase. The mixed oxide 
activity grows when the alumina content increases and the 
activity of 30% TiO,-70% Al,O, i s  slightly higher than that 
of pure alumina. 

Discussion 
The Ti02-A12Q, mixed oxides prepared from isopropylate 
hydrolysis are amorphous after calcination at 773 K. They 
exhibit a high surface area similar to that of pure alumina 
whatever the mixed oxide composition. Therefore, 
TiQ2-A1203 mixed oxides present textural and structural 
properties different from those of a mechanical mixture of 
their parent oxides. This is an indication of the formation of a 
‘real’ mixed oxide; even if it is not a proof, we use this nota- 
tion. 

As in the case of A120,-Zr02 and Ti0,-ZrO, catalysts, 
Ti02-A1203 basicity measured from CO, adsorption fal- 
lowed by IR spectroscopy is also lower than expected. This is 
confirmed by the weak activity in COS hydrolysis. It is worth 
noticing that data relative to Ti02-A120, catalysts confirm 
the previously reported correlation between COS activity and 
the intensity of the 6(OH) of hydrogencarbonate species 
formed from CO, adsorption, since the data points lie 
around the previously reported relation (Fig. 7). 

As for acidity, pyridine adsorption provides evidence for 
Lewis acid sites, the strength of these being that observed for 
the two oxide components: A1203, (1622, 1617 cm- ’) and 
TiO, (1610 cm-’). Pyridine is not able to detect Brransted 
acid sites, as already stated in the literature.’*8 However, 2,6- 
lutidine adsorption reveals the presence of such sites on TiO, 
and on mixed oxides, whatever their composition, This 
demonstrates the usefulness of this probe, more especially as 
these sites were found to be responsible for TiO,-ZrO, 
mixed oxide activity towards isopropyl alcohol dehydration., 

The variation of the catalytic activity towards propan-2-01 
dehydration versus catalyst composition (Fig. 6) shows a 
maximum of activity for a composition close to 30% 
TiO2-70% A1,0,. Neither a maximum of the number of 
total or strong Lewis acid sites nor a maximum of the 
number of Brransted acid sites corresponds to such a com- 
position (Fig. 3). Nevertheless, the activity tends to increase 
with alumina content, which indicates that A13 + strong Lewis 
acid sites are responsible for some of the activity as in the 
case of Al,O,-ZrO, catalysts. Moreover, the catalyst which 
presents the maximum activity is that for which the number 
of Brransted acid sites is a maximum with respect to that 
expected. The simplest way to account for both sites activity 
contribution is to add their specific activity as given by that 

cu 
I E  1.00 
7 

I 6 0.80 

a 0.40 

+ I  

&+ / m 
D 0.20 - 
F 
0- 0.00 
= o  5 10 15 

conversion per m2 (o/.) 

Fig. 7 Relation between COS hydrolysis activity and the number of 
hydrogencarbonate species formed from adsorbed CO, [intensity of 
the S(OH) band at ca. 1225 cm-’1 for Ti0,-Al,O, (A), Ti0,-ZrO, 
(0) and Zr0,-Al,O, (+) catalysts 
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of the component oxides taking into account the number of 
each type of active site determined from the intensity of the 
characteristic bands : 

lBr&nstsd 

zRr(neted Ti08 
Cealc = x CTiOr 

in which: C, is the intrinsic conversion measured on TiO, 
(CTIO2), on Al2O3 or calculated for Ti0,-A1203 ; I, 
corresponds ta the intrinsic intensities of IR bands character- 
istic of Brensted acidity revealed by 2,bdimethylpyridine on 
mixed oxides (1Brj,,,ted) or on Ti0, (1Br4nstrd TiO2) and strong 
Lewis acidity revealed by pyridine on mixed oxides 

Since CAlzOJ is much higher than CTio2 (Fig. 6), the mixed- 
oxides activity is mainly related to the number of strong 
Lewis acid sites they present. Nevertheless, the excellent 
agreement between calculated conversion and measured con- 
version (Fig. 8) confirms the participation of both sites. The 
maximum activity for 30% TiO2-70% A1,0, can be 
explained by a synergic effect developing a maximum of 
Bransted acid sites. The relation is obviously applicable to 
Zr02-A1203 and Zr0,-Ti02 mixed oxides as a result of 
ZrO, inactivity this oxide presenting neither Brensted acidity 
nor strong Lewis acidity., 

Eqn, (1) involves two different types of active site and so 
possibly two types of mechanism for a given catalyst. Alcohol 
dehydration via protonation of its hydroxy group is a widely 
accepted pathwaye4’ However, a concerted mechanism 
involving an 0,- basic site and a Lewis acid centre has been 
proposed to explain, for instance, propan-2-01 dehydration 
on ~ e r i a . ~ ~  In our opinion, transformation of strong Lewis 
acid sites into Brensted sites by alcohol (reactant) or water 
(product) adsorption should also be considered. Alcohol che- 
misorption on metal oxides gives rise to alkoxy species uiu a 
dissociative adsorption involving a Lewis acid-base site pair, 
or to coordinatively adsorbed species involving only Lewis 
acid sites. In this latter case, it is well known that coordi- 
nation increases the strength of the alcohol proton acidity, 
explaining the formation of 1.2 complex.45 The greater the 
strength of Lewis acidity, the greater should be the acidity of 
the proton, explaining why only the strongest Lewis acid sites 
would be active. In the case of a dissociative adsorption, it 
has been shown that acidic alcohols can promote the conver- 
sion of an acidic test reaction such as but-l-ene isomerization 
on alumina.46 It was explained by inductive effects from the 
alkoxy group to the neighbouring hydrogen. Similar results 
could also arise from water adsorption, although it has been 

(zitrong Lewis) Or A1203 (litrqnB Lewii A 1 ~ 0 ~ ) .  

1.50 1 

- - 
8 0 . o o Y  1 I 

0.00 0.50 1 .oo 1.50 

measured conversion per m2 (%) 

Fig. 8 Comparison between measured propan-2-01 dehydration 
conversion and that calculated from eqn. (1) 

specified that water sdsorption on TiQ2-AI20, does not 
convert Lewis acid sites into Brslnsted ones.’ However, this 
result was obtainad using pyridinc as a probe molecule. In 
our opinion, and as shown by the present study, 2,6-lutidine 
is more specific to Brarnsted acid sites and would be w better 
probe to study such site conversion. 

Conclusion 
This study shaws that relations already obtained on 
ZrQ2-A1203 and Zr0,-TiO, catalysts, between probe mol- 
ecule adsorption and activity towards carbon oxysulfide 
hydrolysis and propan-2-01 dehydration are applicable to 
TiQ2-A1,QJ mixed oxides. As for basicity, the good agree- 
ment between COS hydrolysis and CO, adsorption points 
out the low hydroxy basicity of TiO,-Al,O, mixed oxides. 
For acidity as expected on such catalysts, both Bransted acid 
sites and strong Lewis acid sites are present. Correlation 
between 2,6-dimethylpyridine and pyridine adsorption and 
activity in propan-2-01 dehydration reveals that both sites are 
involved in the reaction. This points out the usefulness of 2,6- 
dimethylpyridine as a probe when Brensted acidity is sup- 
posed to play a catalytic role. 
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