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AI-Nb oxides were prepared from niobium and aluminum oxalates in aqueous solution and 
calcined at temperatures ranging from 500 to 820°C. X-ray diffraction and 27A1 MAS NMR showed 
the crystallization into AINbO 4 at about 750°C. FTIR studies showed the presence of different 
surface hydroxyl groups; their concentration was measured from MS-TGA experiments. The 
AI-Nb oxides were tested for isopropanol dehydration. It was observed that the turnover number 
increases with the temperature of the treatment. The concentration and the nature of the hydroxyl 
groups are discussed in relation with the structure of the solids. ~ 1991 Academic Press, Inc. 

INTRODUCTION 

Many studies have been devoted to the 
control of the catalytic properties of vana- 
dium and molybdenum oxides catalysts by 
the dispersion of these elements on oxide 
supports like alumina, silica, and titania (1). 
The vanadia-titania system was the subject 
of many studies on olefins, aromatics, and 
alkylaromatics oxidation (2). The famous 
example of the specificity of the V/TiO2 (an- 
atase) system for O-xylene oxidation to 
phthalic anhydride (PA) is well known 
(3-5). It has been proposed that the struc- 
tural isomorphism between V205 and TiO2 
(anatase) is responsible for the improvement 
to PA yield (6-9). This aspect must be re- 
lated to the concept of a structural induction 
of the active phase by the support which is 
now well admitted (10, 11). At low cover- 
age, in a domain near the so-called "mono- 
layer," the catalytic properties appear to be 
improved (3, 12). 

Indeed, the support can induce specific 
characteristics of the active sites, taking into 
account both its structural and its acido- 
basic features. Aluminum niobate, AINbO4, 
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which crystallizes in the monoclinic system 
(13), presents a structure similar to that of 
TiO2 (B) (14). A promoting effect of V205 
has been observed for both these supports 
(10). The presence of A1 and Nb with differ- 
ent acido-basic properties was suspected to 
be of interest in control of the superficial 
properties of the AINbO4 support and thus 
in the inducement of a specific grafting abil- 
ity of VOx species onto A1NbO4 in the do- 
main of the "monolayer." 

This article describes the conditions of 
preparation of the A1NbO 4 support and a 
physicochemical study of this material ac- 
cording to the temperature of calcination. 
The reaction of dehydration of isopropanol 
was used in order to evaluate the acido- 
basic properties of the AINbO oxides. A 
correlation between the catalytic activity, 
the nature, and the concentration of the su- 
perficial hydroxyl groups is attempted. In 
a future article, a catalytic study of VOx/ 
A1NbO oxides will be presented (15). 

EXPERIMENTAL 

AINbO oxides were prepared from 
AI(NO3)3, 9 H20, and from the niobium 
complex NH4, H2(NbO(C204)3), x H20 pro- 
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TABLE 1 

Scheme for Preparation of A1NbO Oxides 

Al(NO3)3,9H20 I I ~ 
solution 

Oxalic acid 
addition 

pH 1.0 
-•f NH4OH NH 4, Hz(NbO(C204) 3, xH20* 

addition addition 

pH 3.0 pH 1.5-2.0 

(NH4)x(NbO(C204)y(AI(C204)z(H20)w [ 

Drying 150°C--2 h 

Calcination at: 

500°C--Solid A 
600°C--Solid B 
650°C--Solid C 
750°C--Solid D 
820°C--Solid E 

* Formula proposed by CBMM Co (Companhia Brasileira de Metalurgia e Minerag~to). 

duced by CBMM (Companhia Brasileira de 
Metalurgia e Mineraq~to). AI(NO3) 3, 9 H20 
was dissolved in aqueous solution and then 
oxalic acid and ammonia were successively 
added until a pH of 1.0 and 3.0, respectively, 
was reached (see Table I). After 15 min of 
stirring, the niobium complex was added 
with a ratio AI/Nb = 1.0 (pH 1.5). The 
slightly blue solution was refluxed for 1 h. 
Water was then removed under vacuum. 
The white paste obtained was dried at 150°C 
for 15 h. This material, called PA~Nb, was the 
precursor of the AINbO oxides. Five solids 
were prepared by calcination under a flow 
of air of PAINb at 500°C (Solid A), 600°C 
(Solid B), 650°C (Solid C), 750°C (Solid D), 
and 820°C (Solid E), respectively. AI and 
Nb precursors (PAl and PNb) were prepared 
with the same procedures. 

For chemical analysis, solids were pri- 
marily solubilized in a HF/HC1 solution. A1 
and Nb contents of the final solids were de- 
termined by atomic absorption for AI and 
by atomic emission for Nb. 

Precursors were examined by infrared 

spectroscopy using a Perkin-Elmer 580 in 
the 4000-400 cm -l region. Solids were 
mixed with KBr (1%) and pressed into a thin 
wafer. Decomposition of the precursors was 
studied by DTA-TGA analysis using re- 
spectively a MDTA 85 SETARAM micro- 
analyzer and a 4102 SARTORIUS microbal- 
ance. Studies were conducted under air flow 
(3.6 liter h -1) with a linear increase of the 
temperature (2°C/rain) in the 25-850°C 
region. 

The structure of the AINbO oxides was 
identified by X-ray diffraction using a Sie- 
mens diffractometer with the CuKc~ radia- 
tion in the 0-75 ° 20 domain, and by 27A1 
solid-state MAS NMR spectroscopy. Spec- 
tra were recorded on a Bruker MSL-300 
spectrometer by using a single pulse se- 
quence. Conditions were chosen in order 
to obtain quantitative spectra (small pulse 
angle, long delay between the pulses) and 
all the samples were spun at the magic angle 
with the same frequency (3000 Hz). Chemi- 
cal shifts were referred to AI(H20)63~. 

Textural measurements were performed 
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on an automatic apparatus home made at 
IRC (area and porosity determination). 

For XPS measurements, samples were in- 
troduced into a Hewlett-Packard HP 5950 
A spectrometer and outgassed at room tem- 
perature to a pressure of 10 -9 Torr. The 
spectrometer was monitored by a computer 
and the different spectra were accumulated 
from 5 min to 2 h, depending on their inten- 
sity. The experimental spectra were treated 
by computer software for smoothing, sub- 
straction of the background, and determina- 
tion of the peak areas. Binding energy val- 
ues were referred to C ls peak (pollution 
carbon) at 284.5 eV. 

Electron microscopy investigation was 
undertaken using a Jeol 100C electron mi- 
croscope in transmission mode. Microanal- 
ysis of the elemental composition of the sol- 
ids (EDX) was carried out using a STEM 
(scanning transmission electron micro- 
scope) HB5 from vacuum generator. The 
identification of the surface hydroxyl groups 
was performed using a Fourier transform 
spectrometer (IFS 110 from Bruker) and sig- 
nal accumulation in the 4000-1000 cm -j 
range. Mass samples ranging from 8 to 30 
mg were pressed into a thin wafer. They 
were outgassed at 150°C under 10 5 Tort  
into a quartz cell. Spectra were accumulated 
depending on the disk sample transparency. 
The determination of the hydroxyl groups 
concentration was done by coupling TGA 
(Sartorius 4102 thermobalance) and MS 
measurements (Quadrex 200 Inficon). Sam- 
ples were previously outgassed at 200°C un- 
der 10 3 T o r r f o r  16h. 

A1NbO oxides were compared for isopro- 
panol dehydration in a flow system. The cat- 
alyst was deposited on a fixed bed in a Pyrex 
microreactor (U tube, 13 mm diameter) op- 
erating under atmospheric pressure. The 
catalytic zone was isothermal (m = 200 mg). 
Reaction temperature varied from 150 to 
200°C. The isopropanol vapor pressure 
(P = 28 Torr) was controlled by a saturator 
condensor system with three vessels. Nitro- 
gen was used as carrier gas. Analysis of 
reactants and reaction products was done 
by on-line gas chromatography. For the per- 

PAl i 

PNb ~ ~J / 

PAl 

cm-I 

4000 3000 2000 1500 1000 500 
FIG. 1. Infrared spectra of the precursors (*charact- 

eristic bands of PAJNb). 

manent gases, a Delsi/IGC 120MB gas chro- 
matograph equipped with a thermal conduc- 
tivity detector was used. Helium was the 
carrier gas (5.7 liter/h). 02 and CO were 
separated on a 0.3 m z ¼ in. molecular sieve 
5-A column. For the organic products, a 
Delsi IGC 120 FB gas chromatograph 
equipped with a flame ionization detector 
was used. Nitrogen was the carrier gas. 
Propene and acetone were separated on a 
1 m x 1 in. Porapak Q column. 

RESULTS 
Solids Characterization 

The infrared spectra of PAl, PNb, and PAINb 
are given in Fig. 1. They present characteris- 
tic bands of oxalate complexes (16, 17). 
However, it is noteworthy that PAINb exhib- 
its two bands at 970 and 3690 cm-1 which 
are not present in PAl and PNb" This could 
be indicative of an interaction between the 
two elements of the precursor. 

Curves obtained by DTA-TGA analysis 
during the decomposition of the three pre- 
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FIG. 2. DTA-TGA curves of the decomposition of 
the precursors--DTA;---  TGA; 1' exo; ~, endo; PAl: 
m = 48.7 rag; PNb: m = 54.4 mg; PAINb: m = 66.2 mg. 

cursors are given in Fig. 2. Decomposition 
of PAl begins at 200°C when it starts at lower 
temperatures for PNb (50°C) and for PAINb 
(150°C). It is practically impossible to sepa- 
rate the decomposition of the oxalate com- 
plex from NH 3 elimination for PAl and PNb in 
the 200-300°C region. The large exothermic 
peaks observed between 334 and 400°C for 
PAl and around 530°C for PNb, with little 
weight loss, may be ascribed to CO2 evolu- 
tion from the materials (17) or to crystalliza- 
tion of the oxides. The events which occur 
during the decomposition of PAINb c a n  be 
easily interpreted taking into account the 
decomposition of PAl and PNb separately. It 
appears that the emission of H20 bound to 
Nb starts the decomposition (endothermic 
peak at 130-160°C) and is followed by the 
decomposition of the Al oxalate complex, 
and finally, after a pseudoplateau on the 
TGA curve at 260°C, is followed by the de- 
composition of the Nb oxalate complex. It 
is noteworthy that both the position and the 
form of the DTA peak of the last phenome- 

non are modified in comparison with PNb 
confirming the retarding effect played by the 
presence of A1 in the structure of PAINb" The 
final decomposition of PAINb which occurs 
at 350°C ends with the interaction between 
both structures of AI and Nb and the hypo- 
thetic formation of a new AINbO material, 
due to the absence of any peak characteris- 
tic of the crystallization of AI203 and Nb205 . 
An exothermic peak which was irreversible 
was observed at 790°C. It is not presented 
in Fig. 2. 

Figure 3 shows the evolution of the tex- 
ture of the AINbO oxides with the calcina- 
tion temperature. BET area decreases regu- 
larly from 168 m2/g for Solid A calcined at 
500°C to 53 m2/g for Solid D calcined at 
750°C. Simultaneously a displacement of the 
maximum of the porosity was observed 
from 3 nm for Solids A and B to 4.5 and 5.5 
nm respectively for Solids C and D. 

The X-ray diffraction pattern of the AI- 
NbO oxides presented in Fig. 4 shows that 
crystallization into AINbO4 occurs for Solid 
D. The diffraction spectrum observed for 
this solid is quite in agreement with the cor- 
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FIG. 3. Evolution of the texture of the AINbO oxides 
with the calcination temperature: - - A  .... B - . -C  ..... D. 
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FIG. 4. Powder X-ray diffraction pattern of the AINbO oxides. 

responding ASTM file (18). The same spec- 
trum was observed for Solid E. As a conse- 
quence, the exothermic effect previously 
observed by DTA at 790°C, temperature be- 
tween 750 (preparation of Solid D) and 
820°C (preparation of Solid E) was attrib- 
uted to the crystallization of the aluminum 
niobate. The indexing of the diffraction pat- 
terns of Solids A, B, and C appears more 
difficult. Solids A, B, and C are poorly crys- 
tallized. However, two peaks are observed 
at 23 and 28 ° (20) which can be respectively 
attributed to the (101) and (008) lines of 
Nb205 (19). 

The 27A1 MAS NMR study of the corre- 
sponding solids confirmed the evolution of 
the structure of the materials by increasing 
the temperature of calcination from 500 to 
750°C (20). The spectrum of Solid D (Fig. 
5d) obtained by calcination at 750°C, the 
temperature which corresponds to that of 
crystallization of AINbO 4 as previously ob- 
served by XRD, shows only one peak at 
- 1.8 ppm, which can be attributed to octa- 
hedral aluminum, in agreement with the 
structure of AINbO4 as published by Ped- 
ersen (13) (see Fig. 13). For Solids A, B, 
and C obtained at lower calcination temper- 
atures the 27A1 spectra (Fig. 5a, 5b, and 5c) 
are more complex, and at least three peaks 

at about 0, 30, and 60 ppm can be detected. 
The signal at 0-2 ppm is attributed to alumi- 
num in the same octahedral environment as 
in the crystalline AINbO 4 phase, while the 
peak at 58-60 ppm corresponds to tetrahe- 
dral aluminum as in zeolites (21). The attri- 
bution of the signal at 28-30 ppm is more 
controversial and depending on the authors 
it is attributed to pentacoordinated atoms 
or to aluminum in a tetrahedrally distorted 
coordination (21-24). 

Figure 6 presents a photograph of Solid 
D corresponding to crystallized AINbO 4. A 
STEM examination of the same sample 
showed an atomic Al/Nb ratio of 0.95 close 
to both the theoretical one and the value of 
1.09 deducted from the chemical analysis. 

In order to study the superficial properties 
of the AINbO oxides as a function of the 
temperature of calcination two series of ex- 
periments were performed: a FTIR study of 
the hydroxyl groups, and a TGA-MS study 
in order to measure their number by desorp- 
tion of the corresponding water. For both 
studies, precautions were taken to standard- 
ize the samples before each measurement. 

For the FTIR study, experiments were 
conducted with Solid A which was pre- 
treated in the IR cell under 02 for 3 h at 
500°C and then outgassed at 150°C under 
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FIG. 5.27A1 MAS NMR spectra of the A1NbO oxides 
(chemical shift referred to AI(H20)~a~). 

a final pressure of 10 -5 Torr to eliminate 
physisorbed water before IR examination at 
room temperature. The same procedure was 
performed for an oxygen treatment at 600°C 
(conditions of calcination of Solid B), 650°C 
(Solid C), and 750°C (Solid D). IR spectra 
are given in Fig. 7 in the 3300-3900 cm 

region. Intense bands which are characteris- 
tic of the OH groups are observed for Solid 
A at 3820, 3730, 3690, 3580, 3485, 3410, and 
3345 cm-I;  for Solid B at 3820, 3720-3690, 
3580, 3485, 3410, and 3310 cm-l ;  and for 
Solid C at 3820, 3700-3500, 3490, 3410, and 
3345 cm- ~. Less intense bands are observed 
for Solid D, which corresponds to crystal- 
lized A1NbO 4 at 3825, 3680, 3500, and 3345 
cm ~. The assignment of the OH-stretching 
bands is discussed later. 

The hydroxyl groups can be removed by 
condensation from two neighboring sites. 
This leads to the formation of a water mole- 
cule that is then expelled from the surface. 
Thus, the concentration of OH groups can 
be measured from evolved water by cou- 
pling TGA and MS after outgassing the sam- 
ples at 200°C under low pressure in order 
to avoid any perturbation from physisorbed 
water. It was first observed that water is the 
main desorbed molecule, so that the weight 
loss as function of the desorption tempera- 
ture was only indicative of water coming 
from the condensation of neighboring OH 
groups. The shape of the TGA curves for 
the desorption of Solids A, B, C, and D 
were similar, suggesting a continuity of their 
superficial properties. This result is in 
agreement with the continuity observed also 
for the FTIR spectra (Fig. 7). The total mass 
variation observed at the plateau near 800°C 
was used to measure the concentration of 
the OH groups. This is presented in Table 
2. As normally expected, the OH density 
monotonously decreases with the calcina- 
tion temperature and the subsequent BET 
area. 

Figure 8 gives the O ls photoemission 
peaks of Solids A and D. The occurrence 
of one or more high binding energy (BE) 
component(s) in the O ls peaks is evident 
from a survey of the experimental profiles 
of oxides. The high BE signals are generally 
assigned to adsorbed H20 or OH surface 
species, as observed in the case of TiO2 (25). 
This was also the case of NbzO5 (26-28) for 
which the principal O ls peak at 529.8 eV 
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Fie. 6. TEM photograph of Solid D (magnitude 500,000). 

was associated with a second peak at 532.2 
eV ascribable to OH surface species. The O 
ls peak of Al203 is currently observed at 
531.8 eV and is also assigned to the OH 
surface species (29, 30). Let us consider first 
the O Is spectrum of Solid D, the structure 
of which is A1NbO 4. A maximum is ob- 
served at 530.5 eV which is characteristic of 
AINbO 4 oxygen atoms. Note that the spec- 
trum is displaced toward high binding en- 
ergy (532 eV), typical of OH surface species, 
which is indicative of a slight hydroxylation 
of this material. The spectrum of Solid A 
can be deconvoluted into two components 
using computer techniques with two max- 
ima at 530.4 and 532.1 eV. The first peak is 
situated closer to 530.5 eV (characteristic of 
AINbO4--see previously) than to 529.8 eV 

(characteristic of Nb2Os) (26-28), which 
should be in favor of the superficial presence 
of A1NbO4 and Nb205, but with a higher 
content of the first component. The superfi- 
cial AI/O atomic ratio of 0.26 close to that 
of AINbO4 observed for Solid D (0.25) sup- 
ports this hypothesis. The second peak 
observed at 532.1 eV is indicative of OH 
surface species existing on A1203, Nb20~, 
and AINbO 4. Figures 9 and 10 give the Nb 
3d3/2-Nb 3d 5/2 and AI 2/) photoemission 
peaks respectively, for the same solids. 
Spectra are very similar for each family with 
a higher BE for Solid D. The experimental 
values may be compared with the BE of 
pure oxides observed respectively at 74.5 
eV for the AI 2p peak and 207.6 eV for the 
Nb 3d 5/2 peak (27). These two results are 
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FIG. 7. FTIR spectra  of  the A1NbO oxides (referred to a sample mass  of  26 mg). 

T A B L E  2 

Densi ty  of  Hydroxyl  Groups  

Solids SBZT (m2/g) n O H / n m  2 

A 168 2.11 
B 115 1.97 
C 95 1.50 
D 53 0.93 

Note. The determinat ion o f  the OH groups concen- 
tration was done by coupling T G A  and MS measure-  
ments .  Samples  were previously outgassed  at T = 
200°C; P = 10 -3 Torr  for 16 h. 

respectively indicative of the superficial 
presence of A1NbO4 on both Solid A and D 
with a good crystallinity for Solid D. 

Reaction Study 

Catalytic dehydration of isopropanol was 
studied on the different AINbO oxides. Pro- 
pene was the only product detected with a 
good carbon balance (98%). The four solids 
did not give any acetone (indicative of a 
possible redox reaction) and CO or COz. 
These results suggest a mild acidic character 
for these materials. Figure 11 gives the pro- 
pene yield as a function of the temperature 
for the same mass of catalyst (200 mg). The 
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FIG. 8. XPS spectra ofO ls for AINbO oxides A and 
D. 

apparent activation energy was the same for 
the four solids, namely 20-21 kcal • mol-l.  
At a given temperature, the yield increases 
from Solid D to Solid A. However, the cal- 
culated turnover number (TON) increases 
from Solid A to Solid D, suggesting the pres- 
ence of proportionally more acidic hydroxyl 
catalytic sites for dehydration for the later• 
This is illustrated on Fig. 12, where it ap- 
pears that TON decreases as the OH density 
increases• 

DISCUSSION 
, i 

AINbO oxides have been prepared from 220.00 
niobium and aluminium oxalates precur- 
sors. Their calcination leads to AINbO ox- 
ides, of which the structure and the superfi- 
cial properties strongly depend on the 
temperature of calcination• 

The DTA-TGA study shows a strong in- 
teraction between A1 and Nb into the struc- 
ture of the A1-Nb precursor so that during 
its decomposition, none of the crystalline 
Al20 3 and Nb205 structures have been iden- 

220.00 
tiffed by XRD in the 500-820°C temperature 
domain. This interaction is in agreement 
with the IR data of the precursors with the 

existence of new bands for the AI-Nb pre- 
cursor. 

The combination of XRD, 27A1 MAS 
NMR, XPS, and STEM leads us to conclude 
that the formation of crystalline A1NbO4 is 
observed around 750°C. The normal octahe- 
dral coordination for aluminum is observed 
for this material (13) (see Fig. 13). Below 
this temperature, solids obtained are poorly 
crystallized and both XRD and 27A1 MAS 
NMR studies show some disorder with in- 
teraction between the two phases• These 
conclusions are supported by the FTIR 
study of superficial OH groups which 
shows, together with v OH bands character- 
istic ofA1203 and Nb205 structures, the pres- 
ence of new v OH bands issued from the 
perturbation of the absorption bands of OH 
groups of alumina by niobia and niobia by 
alumina, at short distance, as is further dis- 
cussed. 

The assignment of the OH-stretching 
bands on different oxides and especially on 
alumina seems still ambiguous (31-35)• 
Very few studies were concerned with the 

Nb3d 5/2 
207.0 

Nb3d 3/2 - ~  

z ° ~ .  I E l (eV) 
• i I 

210.00 200.00 

207.2 

210.00 

E l (eV) 
! | 

200.00 

FIG. 9. XPS spectra of Nb 3d 3/2 and 3d 5/2 for AINbO 
oxides A and D. 
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FIG. 10. XPS spectra of AI 2p for AINbO oxides A 
and D. 
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+ D  
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FI~. 12. Turnover number (TON) as a function of 
the OH density. (TON was defined as the number of 
isopropanol molecules transformed per second and per 
OH group). 

identification of  the hydroxyl  groups present 
on niobium oxide. Infrared bands due to 
hydroxyl groups were detected at 3710, 
3690, 3670, and 3420 cm -J (36). The OH 
groups responsible for the 3420 c m - l  band 
were less stable toward desorption than the 

20 

10 

Yield 
propene  

(%) ~ / °  

/))x 

150 160 170 180 190 200 

Flc. 1 t. Catalytic dehydration of isopropanol on AI- 
NbO oxides O: Solid A; +: Solid B; ×: Solid C; * 
Solid D (referred to a catalytic mass of 200 mg). 

three others since they were removed under 
a treatment under vacuum at 250°C. Tem- 
peratures higher than 450°C were needed for 
the removal of  the hydroxyl groups at the 
origin of  the 3710, 3690, and 3670 cm -~ 
bands. From X-ray diffraction measure- 
ments, Solid D was found to be constituted 
of well crystallized AINbO 4. By comparison 
with the spectra of  samples A, B, and C, the 
spectrum of sample D showed very weak 
v OH bands. As a consequence,  it can be 
assumed that the surface of the A1NbO 4 
solid presents a low coverage of hydroxyl  
groups. 

In the case of  pure alumina, five types of  
hydroxyl groups have been detected after 
calcination under vacuum at elevated tem- 
perature, i.e., for around 90% of dehydrox- 
ylation. These hydroxyl  groups give rise to 
five well resolved infrared bands after a vac- 
uum treatment at ca. 700°C. They were lo- 
cated at 3800, 3780, 3744, 3733, and 3700 
c m -  ' (37). In a later study (26), these bands 
have been assigned to isolated hydroxyl  
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F I G .  13. The s t ructure  of  AINbO4 according B. F. 
Pedersen  (13). Solid circles indicate a toms situated at 
3' = 0. Open circles indicate a toms situated at y -- ~. 

groups surrounded by different numbers of 
oxygen ions in the (100) surface plane (Table 
3). This attribution has been reexamined by 
Knozinger and Ratnasamy (38), assuming 
that a mixture of low index (l ! 1), (110), (100) 
planes are exposed. Depending on the coor- 
dination and the number of aluminum ions 
bonded to the hydroxyl group, the five v OH 
bands have been assigned to OH groups in 

T A B L E  3 

Ass ignmen t s  of  the u OH Bands  of  AI203 According to 
Peri (37) 

v OH (cm -I) N u m b e r  of  surrounding oxide ions 

3700 0 
3730 1 
3744 2 
3780 3 
3800 4 

T A B L E  4 

Ass ignment  of  the v OH Bands  of  A1203 According to 
Kn6zinger  et a1.(38) 

,J OH (cm -~) Envi ronment  Net cha rge /OH 

3700-3710 3 Al(Oh) +0.5  
3730-3735 I Al(Oh) + I AI(Td) +0.25 
3740-3745 2 Al(Oh) 0 
3760-3780 1 AI(Td) - 0 . 2 5  
3785-3800 1 Al(Oh) 0.5 

various environments (Table 4). In addition, 
a net electrical charge was determined for 
each hydroxyl group. The band with the 
highest wavenumber (3800 cm 1) was as- 
signed to OH groups having the most nega- 
tive net charge (-0.5)  while the band with 
the lowest wavenumber (3700 cm-~) corre- 
sponds to OH groups having the most posi- 
tive net charge (+0.5). As a consequence, 
the OH groups bearing the highest net nega- 
tive charge are the most basic and behave 
as the best electron donor group (38). 

In the infrared spectra of Fig. 7, the band 
at 3410 cm t must be attributed to hydroxyl 
groups bonded to Nb205 (36). The intensity 
of this band decreases when increasing the 
calcination temperature, suggesting that the 
Nb~_O5 phase disappears in the meantime si- 
multaneously with the AI-Nb-O mixing ef- 
fect. The absence of the 3410 cm 1 band in 
sample D can be interpreted as the complete 
disappearance of the Nb205 phase. The ori- 
gin of the 3345 cm J band is later discussed. 

The assignment of the other u OH bands 
is more complex. First, Nb205 and AI203 
exhibit infrared absorptions in the same 
wavenumbers range. Second, the attribu- 
tion of the alumina v OH band was per- 
formed on solids highly dehydroxylated, 
whereas the present study was concerned 
with samples evacuated at only 150°C. In 
the case ofdesorptions at moderate temper- 
atures, the alumina shows five ~, OH bands 
at 3790, 3760, 3730, 3685, and 3580 cm 
(39). Consequently, the bands at 3730, 3690, 
and 3580 cm ~ of the present study could 
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be assigned to hydroxyl groups bonded to 
alumina. The 3790 cm-~ band observed on 
alumina was not present on spectra A, B, 
and C (Fig. 7). This band was attributed to 
an hydroxyl group linked to an aluminum 
atom having an octahedral symmetry. An 
interaction of this type of OH group with 
niobia may cause a shift of this band to 
higher wavenumber. In such a case, the 3820 
cm- K band would be assigned to a hydroxyl 
group of AI203 pertubed by the presence 
of niobia. This pertubation may modify the 
absorption band of surface OH groups of 
niobia. For instance, some hydroxyl groups 
at the origin of the 3410 cm -j band that 
bonded to niobia could interact with alu- 
mina; such an interaction could be at the 
origin of the 3345 cm-J band. 

As for Nb2Os, the v OH bands of OH 
groups linked to alumina progressively dis- 
appear when the temperature of calcination 
increases. This result confirms the forma- 
tion of a new phase at the expense of niobia 
and alumina. In the case of the A1NbO4 sam- 
ple (Solid D), the very weak v OH bands 
could be assigned either to AINbO 4 itself or 
to the presence of small amounts of superfi- 
cial alumina. 

The concentration, nature, and relative 
intensity of the hydroxyl groups change with 
calcination temperature. The value of the 
OH density has been found equal to 0.93 
OH/nm 2 for crystalline A1NbO4 (Solid D) 
which is far from the values usually ob- 
served for TiO2 anatase (4 .80H/nm 2) and 
rutile ( 6 . 5 0 H / n m  2) (40). Both FTIR and 
TGA-MS studies showed a progressive 
modification of the nature of the surface hy- 
droxyl groups. The presence of AIzO 3 and 
Nb205 structures for low-temperature cal- 
cined solids is not detected by XPS mea- 
surements. All these results lead us to pro- 
pose a model for all the AINbO solids in 
which AI and Nb are in interaction from the 
state of the precursor up to the state of the 
crystalline AINbO 4 phase. 

The dehydration of isopropanol on these 
solids shows an acidic character of the A1- 
NbO oxides. The absence of oxygenates ex- 

cludes the presence of redox sites which 
could be expected with Nb. The same acti- 
vation energy observed for all catalysts sug- 
gests that the same type of catalytic dehy- 
drating sites are present. The decrease of 
the TON with the increasing OH density 
suggests that inactive OH groups are pres- 
ent at the surface. We can infer from the IR 
data that OH groups, at the origin of the 3410 
cm- 1 band, are not active in the dehydrating 
process. 

The influence of acidity on reactivity of 
surface niobium oxide phases, when depos- 
ited on A1203 has yet been demonstrated for 
methanol oxidation (41). Both Lewis and 
BrCnsted surface sites have been taken into 
account to explain the acidic character 
which depended highly on the Nb loading. 
Our AINbO catalysts, which correspond to 
a better local dispersion of Nb and A1, ap- 
pear to be less acidic. 

The absence of redox properties for the 
AINbO4 support, the presence of different 
hydroxyl groups bounded to AI and Nb with 
different acido-basic properties, and the 
possibility of preparing a material with a 
high surface without microporosity led us to 
think that A1NbO oxides should be potential 
supports for V grafting in comparison with 
TiO2 supports. This aspect which is pres- 
ently under study will be published later. 
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