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Static SIMS was used to characterize SiOl- and AlzO,-supported molybdena catalysts. Changes 
in dispersion following calcination and water exposure treatments previously observed by UV, 
ESCA, ISS, and Raman spectroscopies for Mo/SiO, were confirmed by the SIMS data. As such 
dispersion changes were not found by SIMS with Mo/AI,O, catalysts, additional ESCA and UV 
spectra were recorded for these catalysts after calcinationiwater vapor exposures cycles. These 
data essentially confirm the absence of any change in dispersion on MO coordination. Analysis of 
both Mo/SiOz and Mo/A120~ catalysts illustrate the sensitivity of the static SIMS technique to 
structural changes in supported molybdena phases. o 1967 Academic press, h. 

INTRODUCTION 

Recently we reported (1, 2) that on MO/ 
SiOz catalysts the UV absorption bands 
characteristic of MO in octahedral coordi- 
nation disappear almost completely upon 
02 calcination at low MO coverage. At 
higher MO coverage, however, these bands 
do not disappear completely although the 
UV spectra are significantly modified by 
the calcination treatment. It was also 
shown that these changes may be reversed 
by prolonged exposure of the freshly 
calcined catalysts to air or water vapor at 
room temperature. (Prolonged air or water 
vapor exposure caused the UV absorption 
bands characteristic of octahedrally coordi- 
nated MO that were lost during calcination 
to reappear). It was tentatively suggested 
that hydration causes the formation of sta- 
ble structures similar to those of silicomo- 
lybdic acid species on the surface and that 
these structures collapse upon calcination. 
Hence the question arose whether indeed 
silicomolybdic acid species are formed dur- 
ing hydration. If so, the formation of such 
species on hydration should be accompa- 
nied by a decrease in the MO dispersion, 
while the MO dispersion should be in- 
creased on calcination if indeed the silico- 
molybdic acid species are dismantled as 

suggested. These questions were addressed 
in detail in a subsequent in situ study of 
Mo/SiOz catalysts by ESCA, ISS, and Ra- 
man spectroscopy (2, 3). As it was sug- 
gested previously (I), the MO dispersion as 
measured by ESCA and ISS techniques in- 
deed showed a reversible variation as a 
function of calcination-hydration cycles; 
i.e., the MO dispersion is increased upon 
calcination while it was decreased upon hy- 
dration. Raman spectroscopic analysis of 
these catalysts finally established beyond 
doubt that indeed the variation in the MO 
dispersion as a function of hydration-calci- 
nation cycles is accompanied by the ap- 
pearance and the disappearance of silico- 
molybdic acid species on the surface. 

Similarly, on Mo/A1203 catalysts calcina- 
tion-hydration cycles lead to reversible 
changes in their Raman spectral features (6 
7). Hydration of freshly calcined Mo/A1203 
catalysts, however, does not lead to the ap- 
pearance of the spectral features of a new 
phase in the Raman spectra as with MO/ 
Si02 catalysts (4-7). On Mo/A1203 cata- 
lysts the prominent Raman band observed 
at 900-1000 cm-’ attributed to the Mo=O 
terminal stretching mode can be reversibly 
shifted by repeated calcination-hydration 
treatments (4-7). This Raman band sensi- 
tivity to hydration-calcination treatments 

175 

0021-9517/87 $3.00 
Copyrrght D 1987 by Academic Press, Inc. 

All rights of reproduction in any form reserved. 



176 RODRIGO ET AL. 

has been attributed to a variation in the 
bond order and bond length of Mo=O ter- 
minal groups (5,6). Stencel et al. (5, 6) pro- 
posed that this could occur by an increase 
in the MO coordination symmetry from tet- 
rahedral to octahedral as a result of water 
coordination to MO. This does not appear 
to be the case, since hydration-calcination 
treatments had no effect on the UV spec- 
trum of a 0.1 wt% Mo/SiOz catalyst, where 
only the isolated tetrahedral monomers are 
found (2). On Re/A1203 catalysts the effect 
of hydration on the Raman band features 
has been attributed to the hydrolysis of the 
Al-0-Re bond (8). Hall and co-workers (7) 
recently reported an in situ Raman study of 
several y-A1203 supported metal oxides. It 
was suggested that the interaction of water 
molecules either increases the degree of 
disorder or changes the symmetry of sur- 
face bonding affecting the symmetric 
Mo=O stretch. The increased disorder 
was seen as a consequence of non-uniform 
coordination of water molecules to the sur- 
face metal oxide. 

These data point to some important dif- 
ferences in the supported molybdena 
phases stabilized by the two different sup- 
ports A1203 and SiOZ and their sensitivity to 
hydration-calcination treatments. On MO/ 
Si02 catalysts it is established that hydra- 
tion leads to the formation of silicomolyb- 
die acid species. On Mo/A1203 catalysts, 
however, data are lacking for any definitive 
conclusion to be made. The effect of hydra- 
tion on the Raman band features of MO/ 
A1203 catalysts is less clear. It is not certain 
whether the water coordination leads to 
any change in the coordination symmetry 
of MO affecting the charge transfer spectra 
and whether the modifications to the Ra- 
man spectra induced by hydration are re- 
lated to changes in the structure of the sur- 
face molybdates similar to those observed 
on Mo/SiOz catalysts. 

The present communication is a result of 
an attempt to address these questions by a 
study of the sensitivity of the surface mo- 
lybdates on supported molybdena catalysts 

to hydration using the static SIMS tech- 
nique. Although the surface sensitivity of 
the static SIMS technique has been recog- 
nized (9, 10) this technique has rarely been 
applied in the characterization of supported 
metal oxide catalysts. Furthermore on MO/ 
A1203 catalysts it is yet to be established 
whether hydration results in any changes in 
the coordination symmetry of MO affecting 
the charge transfer spectra and/or whether 
hydration induces any change in the MO 
dispersion on the surface as was the case 
for Mo/SiOz catalysts. 

Therefore in order to understand differ- 
ences observed in SIMS data of SiOZ- and 
A&OX-supported MO catalysts, it appeared 
necessary to complement our previous 
works on Mo/SiOz catalysts with a study 
with UV diffuse reflectance spectroscopy 
and with in situ ESCA of the effect of hy- 
dration on Mo/A1203 catalysts. 

EXPERIMENTAL 

Catalysts 

As in previous works (Z-3) four series of 
supported molybdena catalysts are used. 
They were prepared using commercial 
grade (Fisher S-662) high-surface-area sil- 
ica gel (surface area 400 m2/g, pore volume 
0.35 cm3/g, 60-200 mesh) and Norton SA 
6473 ~-Al203 (surface area 195 m2/g, pore 
volume 0.5 cm2/g, 50-140 mesh aggre- 
gates). 

The first two series of catalysts were pre- 
pared by the pore volume impregnation of 
SiO2 and r-Al203 with aqueous solutions of 
ammonium paramolybdate (Anachemia 
AC-630) with varying MO content. After 
impregnation the catalysts were first dried 
at 120°C for 12 h and then calcined at 500°C 
for 15 h in air (impregnated catalysts). 

The other two series of catalysts were 
prepared by soaking the SiO2 and y-Al203 in 
pentane solutions of Mo(q3-C3H& complex 
with different MO contents under an inert 
atmosphere. The supports used were de- 
gassed at 200°C to eliminate the physi- 
sorbed water prior to catalyst preparation. 
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After the reaction of Mo(q3-C3H& with the 
surface hydroxyl groups of the support, the 
catalysts were washed with pentane to re- 
move the excess of Mo(~~-C~H~)~ and they 
were dried under vacuum at ambient tem- 
perature. The catalysts were then calcined 
at 500°C for 1.5 h (fixed catalysts). 

Static SIMS 

The static SIMS spectra are recorded us- 
ing a V.G. Scientific SIMS spectrometer. 
The primary ion beam was Ar+ of 3 kV en- 
ergy and the beam current was 0.5 nA with 
a current density of 5 nA/cm2. The diame- 
ter of the beam was 200 pm. The argon 
pressure at the target during analysis was 2 
x IO-* Torr and other background gases 
were below lo-lo Tot-r. The secondary posi- 
tive and negative ions were mass analyzed 
in a quadrupole mass filter and detected by 
a Channeltron multiplier. During analysis 
the catalyst samples were neutralized using 
a flood gun of 500 eV energy with a maxi- 
mum current of 1 PA. 

The catalyst samples were analyzed in 
their original granulometry loaded into 
stainless-steel cups. SIMS spectra were 
first obtained for air-stabilized samples 
(aged at least for 6 months under atmo- 
spheric conditions after the first calcina- 
tion), then for the same samples calcined at 
500°C in O2 for 1 h, and for the calcined 
samples after exposure to water vapor at 
ambient temperature for 1 h. The sample 
pretreatments are performed in a reaction 
cell located inside the fast entry lock cham- 
ber of the spectrometer. Prior to the intro- 
duction of 02 into the cell the sample was 
heated in air and evacuated at 500°C. O2 
was then introduced at 700 Torr. After 0.5 h 
of calcination, the cell was evacuated and 
refilled with new oxygen. This procedure 
was repeated at the end of the l-h calcina- 
tion period. The sample was then cooled to 
ambient temperature and evacuated before 
its transfer to the analytical chamber. Fol- 
lowing spectral accumulation, the calcined 
samples were returned to the reaction cell 

for water vapor exposure. For this treat- 
ment, the cell was first evacuated and filled 
with saturated water vapor at room temper- 
ature. The sample was maintained under 
these conditions for 1 h before it was trans- 
ferred to the analysis chamber for spectral 
accumulation. 

UV Diffuse Rejlectance Spectroscopy 

Spectra were recorded using a Perkin- 
Elmer Model 559 UV-VIS spectrophotome- 
ter equipped with a diffuse reflectance at- 
tachment B 258. The Mo/A1203 catalyst 
samples were studied in the form of 12-mm- 
diameter, 2-mm-thick pellets prepared by 
pressing the ground samples. The spectra 
were recorded under air-exposed condi- 
tions in the range 210-500 nm against an 
A1203 reference. In order to minimize the 
effect of rehydration of the calcined cata- 
lysts prior to spectral accumulation, the 
spectra were recorded within 5 min after 
removal of the pellets from the oven. In all 
cases the reference sample pellets and the 
catalyst pellets were subjected to identical 
pretreatments. 

ESCA 

The ESCA spectra of Mo/A1203 catalysts 
were recorded using a V.G. scientific Mi- 
crolab system with an hemispherical energy 
analyzer operated in the constant pass en- 
ergy mode (20 eV). The spectrometer is 
equipped with a Mg anode (MgKa = 1253.6 
eV) operated at 300 mA and 15 kV. The 
residual gas pressure in the spectrometer 
during data acquisition was 5 x lOpa Torr. 

The catalyst samples were analyzed in 
their original granulometry loaded into 
stainless-steel cups. ESCA spectra were 
first obtained for air stabilized Mo/A1203 
samples. The spectra of calcined and water 
vapor-exposed samples were obtained after 
treatments performed in the reaction cell 
located inside the fast entry lock chamber 
of the spectrometer, similar to those de- 
scribed for the SIMS analysis. 



178 RODRIGO ET AL. 

RESULTS tive SIMS spectra are similar and simple for 

Static SIMS 
the two catalysts shown, as only molecular 
ions containing one MO atom are observed. 

Secondary ion mass spectra of 4 wt% im- The spectra reported in Figs. 1A and 1B are 
pregnated MoDi and Mo/A120~ catalysts representative of all spectra obtained for 
are given in Figs. 1A and lB, respectively. catalysts with other MO loadings. Calcina- 
It can be seen that both positive and nega- tion-hydration treatments did not induce 

lrotope obundoncrt of MO 
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FIG. 1. SIMS spectra of air-stabilized supported molybdena catalysts. (A) Impregnated 4 wt% 
Mo/SiO,. (B) Impregnated 4 wt% Mo/AlZ03. 
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FIG. l-Continued. 

changes in the nature of the ions observed surface molybdates on calcined and air- or 
in the SIMS spectra. It was shown previ- water vapor-exposed catalysts may lead to 
ously that water vapor- and air-exposed some detectable differences in the nature of 
Mo/Si02 catalysts contain tridimensional the molecular ions seen by SIMS. These 
polymolybdate clusters such as silicomo- expectations were not fulfilled by the 
lybdic acid species (Z-3). It was expected experiments. Although qualitatively the 
that these differences in the structure of SIMS spectra remained unaltered with 
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these different pretreatments, the relative 
intensities of various molecular ions were, 
however, seen to be sensitive to these treat- 
ments for the Mo/Si02 catalysts. 

The relative intensities of various molec- 
ular ions of Mo with respect to SiO+ (m/e = 
44) are given in Figs. 2 and 3 as a function 
of loading for both impregnated and fixed 
air-stabilized Mo/Si02 catalysts. These ra- 
tios show an increase with loading for both 
types of catalysts. Such behavior is an indi- 
cation of the surface sensitivity of the SIMS 
technique. More important, it can be read- 
ily noted that the magnitude of these ratios 
is three to five times higher for impregnated 
MoBi catalysts than for fixed Mo/SiOz 
catalysts. From ESCA dispersion measure- 
ments reported elsewhere (II) we have 
shown that MO is surface segregated on im- 
pregnated Mo/SiO;? catalysts, while MO is 
well dispersed on fixed Mo/SiOz catalysts. 
Thus, the higher intensity ratios obtained 
for impregnated MoBi catalysts reflect 
the higher local MO concentration at the ex- 

FIG. 2. SIMS relative intensity ratios for impreg- 
nated Mo/SiOz catalysts as a function of MO coverage. 
A, ho+ ~98VIs,o+ w; 0, zMoo+ (114VIs,o+ (44); 0, 
hooi (13OYk,o+ W) 

wt % MO 

FIG. 3. SIMS relative intensity ratios for fixed MO/ 
SiOz catalysts as a function of MO coverage. A, ZM,+ 
(98)lZsio+ (44); 0, IMOO+ (114)/ZsiO+ (4); 0, ZM~O~ (130)/ 
zs,o+ (44). 

ternal surface of the impregnated catalysts. 
These data follow trends very similar to 
those observed for the ESCA intensity ratio 
(ZM,, &Zsi z,,) for the same catalysts (II). 

The effect of calcination/water vapor ex- 
posure treatments on the SIMS intensity ra- 
tios Mo+/SiO+, MoO+/SiO+, and MOO:/ 
SiO+ is shown in Figs. 4 and 5 for impreg- 
nated and fixed Mo/SiO* catalysts, respec- 
tively. Calcination of the air-stabilized cata- 
lysts leads to an increase in these intensity 
ratios and water vapor exposure caused 
these ratios to decrease, tending back to- 
ward the initial value for air-stabilized sam- 
ples. UV, Raman, ESCA, and ISS data re- 
ported previously (2, 3) indicate similar 
reversible changes. These data were inter- 
preted in terms of the collapse of the tridi- 
mensional polymolybdate clusters includ- 
ing silicomolybdic acid species present on 
the air-stabilized samples, thus leading to 
an increase in the MO dispersion on the sup- 
port during calcination. From UV and Ra- 
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wt % MO wt % MO wt % MO 

FIG. 4. SIMS relative intensity ratios for impregnated MoiSiO, catalysts as a function of MO 
coverage and pretreatment. (A) ZMO+ (98)/Zs,o+ (44). (B) IMoo+ (114)/Zs,o+ (44). (C) ZhI0o; (130)lZs,o+ (44). 
A, air stabilized (6 months); 0, calcined in situ (500”C/02/l h); 0, water vapor exposed (25”CilO Torri 
1 h). 

man spectroscopic analyses (2, 3) it was 
shown unambiguously that these clusters 
are rebuilt upon exposure to water vapor 
with a subsequent decrease in the MO dis- 
persion. Thus, the variation in the SIMS 
intensity ratios as a function of calcination/ 
water vapor treatments also reflects these 
reversible changes in the MO dispersion on 
the support. 

The above analysis of the SIMS data ob- 
tained with Mo/Si02 catalysts shows the 
sensitivity of the SIMS intensity ratios to 
the variations in the MO dispersion on the 
support. Thus the results reported in Figs. 4 
and 5 illustrate the ability of the static SIMS 
technique to detect changes in the disper- 

7 

sion of the active elements in a supported- 
oxide catalyst. 

The effect of calcination-hydration treat- 
ments on the SIMS intensity ratios MOO+/ 
MO+ and MoO:/Mo+ as a function of load- 
ing is reported in Fig. 6, for impregnated 
Mo/Si02 catalysts. These ratios also show 
a reversible increase with calcination-hy- 
dration treatments. These data suggest that 
the static SIMS technique is sensitive not 
only to the dispersion of MO on the surface 
but also to the detailed structure of the sur- 
face molybdates. Presently, however, these 
variations in the secondary ion yields of MO 
as a function of calcination-hydration 
treatment cannot be interpreted unambigu- 

7 d 2,3 4 5 

n 

wt % MO wt % MO wt 96 MO 

FIG. 5. SIMS relative intensity ratios for fixed Mo/SiOz catalysts as a function of MO coverage and 
pretreatment. (A) ZMO+ (98)lZs,o+ (44). (B) Zr,rOo+ (114)/Zs,o+ (44). (C) Z ,,,,,o~ (13O)/Zsio+ (44). A, air stabi- 
lized (6 months); 0, calcined in situ (500”CIOz/1 h); 0, water vapor exposed (25”C/lO Torr/l h). 
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FIG. 6. The variation in the IMoo+ (I 14)/l,.,,,+ (98) and Ihl‘,oT + (130)lIu,t (98) SIMS relative intensity 
ratios for impregnated Mo/SiO> catalysts as a function of MO coverage and pretreatment. (A) I,,,&; 
(130)/I,,+ (98). (B) IMoot (I 14)/lhlot (98). A, air stabilized (6 months); 0, calcined in situ (500WOz/I 
h); 0, water vapor exposed (25WlO Torr/l h). 

ously. Such an interpretation would require 
a complete understanding of the process of 
secondary ion formation, which is far from 
the present situation. However, it is inter- 
esting to note that the increase in dispersion 
associated with calcination is accompanied 
by an increase in the relative yield of forma- 
tion of the oxygen-bearing MO ions. This 
suggests a higher resistance to reduction of 
the dispersed phase. However, low MO re- 
ducibility is usually associated with spe- 
cies in strong interaction with the support. 
Therefore the species present on Mo/SiO;! 
at very low loading should yield higher val- 
ues for the relative yields of oxygen-bearing 
MO ion formation. It is the reverse situation 
which is actually observed experimentally 
(Fig. 6), which indicates that reducibility is 
not the only factor affecting these relative 
yields. They may also be influenced by the 
oxygen coordination of the MO species. 

The only H-containing ions showing a 
clear evolution with calcination-water ex- 
posure treatments are SiOH+ and AlOH+ in 
SiOZ- and A&Orsupported catalysts, re- 
spectively. No MoOH+, MoOlH+, or 
MOOCH- ions are observed in either the 
calcined samples or the water vapor-ex- 
posed samples. 

Although a complete interpretation of 
these results is not yet possible, they indi- 

cate the possibility that the SIMS technique 
may be used to study supported oxides and 
in particular to sense differences in disper- 
sion and in oxide-support interactions. 

SIMS results obtained on Mo/A1203 cata- 
lysts are summarized for a 4 wt% Mo/A120~ 
catalyst in Fig. 7. The figure shows the vari- 
ous SIMS intensity ratios as a function of 
the pretreatment conditions. It can be read- 
ily noticed that calcination-hydration treat- 
ments do not lead to significant changes in 
the various SIMS intensity ratios reported. 
This indicates that calcination-hydration 
treatments do not cause variations in the 
MO dispersion on Mo/A1203 catalysts. 
However, as discussed in the introduction 
such calcination-hydration treatments 
have been shown to cause pronounced 
changes in the Raman spectra of Mo/A1203 
catalysts. In light of the SIMS data reported 
above, it may be concluded that the Raman 
band sensitivity to calcination-hydration 
treatments observed on Mo/A1203 catalysts 
is not accompanied by variations in the MO 
dispersion on these catalysts. These results 
clearly demonstrate that the phenomena as- 
sociated with the hydration of MoBi cat- 
alysts are not present on Mo/A1203 cata- 
lysts. In order to further verify these 
aspects, Mo/A1203 catalysts were analyzed 
by UV diffuse reflectance spectroscopy and 
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in situ ESCA as a function of calcination- 
hydration treatments. The results obtained 
by these techniques are discussed below. 

UV Diffuse Reflectance Spectroscopy of 
MoIAl203 Catalysts 

The UV diffuse reflectance spectra of air- 
stabilized and calcined impregnated MO/ 
A&O3 catalysts are given in Figs. 8A and 
8B. The spectra obtained for fixed MO/ 
A1203 catalysts are very similar to those of 
impregnated catalysts and for this reason 
they are not reported here, but they are 
available elsewhere (2). 

In agreement with data published previ- 
ously for Mo/SiO* catalysts (I, 2), the dom- 
inant species on these catalysts appear to 
be MO in octahedral coordination as in 
polymolybdates. The presence of an in- 
tense 310-nm band even at very low cover- 
age indicates the dominant presence of 
polymeric molybdena species. 

Calcination of Mo/A1203 catalysts at 
500°C did not lead to the important spectral 
changes (Fig. 8B) as observed with MO/ 
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FIG. 8. UV diffuse reflectance spectra of impregnated Mo/A120, catalysts (A) Air stabilized (6 
months). (B) Calcined (500”Ciairll h). 
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SiOz catalysts (2). The basic UV spectral 
features of Mo/A1203 remained unaltered 
upon calcination. The only change noted is 
a moderate increase in the band intensities 
for some of the spectra. These data indicate 
that for Mo/A120j catalysts calcination 
does not induce the very important changes 
in the coordination symmetry of MO in the 
surface molybdates, observed for Mo/SiOl 
catalysts. As a consequence, the reversible 
changes in the Mo/A1203 Raman spectra 
upon calcination-hydration discussed in 
the introduction should not result from 
changes in the coordination symmetry of 
MO species. 

The only possible argument against this 
conclusion would be that rehydration could 
have occurred during the less than 5 min of 
air exposure of the catalyst pellet between 
its calcination and the recording of the UV 
spectrum. However, from in situ Raman 
spectroscopic studies, Stencel et al. (5) 
have shown that although the rehydration 

Mo/A1203 , wt % 

1 2 3 4 5 6 7 8 

Atomic rotio , nYo/nn, x lo3 

FIG. 9. IMO ,JIAI zp ESCA intensity ratio as a function 
of the overall atomic ratio n&n.,,, for impregnated and 
fixed Mo/A1203 catalysts. O,O, air stabilized (6 
months); q ,W, calcined (5OO’WO,/I h); A water vapor 
exposed (25”UlO To&l h). open symbols, impreg- 
nated catalysts; solid symbols: fixed catalysts. 

of calcined Mo/A1203 catalysts is fast at 
high MO coverages, it is extremely slow at 
low MO coverages. Using the hydration-de- 
pendent Raman band shift as a measure of 
the degree of hydration, it was shown that 
on a 5 wt% Mo03/A120~ catalyst after calci- 
nation, a complete rehydration of the sur- 
face in an atmosphere of water vapor at am- 
bient temperature is achieved only after 3 
days (5). If this is any indication as to the 
rate of surface rehydration of Mo/A1203 
catalysts, the changes in the coordination 
symmetry of MO as a result of calcination 
should have manifested in the UV spectra 
at least at low MO coverage, although the 
experimental conditions used in the present 
study are not ideally suited for such stud- 
ies. Thus, it may be concluded that the sen- 
sitivity of the Raman band features of MO/ 
A1203 catalysts to calcination-hydration 
treatments is not associated with any modi- 
fication in the coordination symmetry of 
MO that affects the charge transfer spectra of 
the catalysts. 

ESCA of MoIA120~ Catalysts 

The ESCA intensity ratios (ZMI, &IA, Q,) 
as a function of calcination-hydration 
treatments are reported in Fig. 9. The two 
continuous lines represent the theoretical 
curves calculated by the Kerkhof-Moulijn 
model for monolayer dispersion (12) for 
two different values of the escape depth AAL. 
This model is based on earlier suggestions 
of Defosse et aE. (13). The two AA, values 
were computed by the procedures pro- 
posed by Penn (14) and Chang (15). 

A comparison of the experimental data 
with theoretical values indicate the pres- 
ence of a highly dispersed phase of molyb- 
dena species on these catalysts at low MO 
coverage (<4 wt% MO). The leveling off of 
the experimental values at high MO cover- 
age probably indicates the formation of 
larger aggregates of MO and/or crystalline 
Mo03. Deviations of the ESCA data from 
these theoretical curves have been dis- 
cussed previously for Mo/Si02 and MO/ 
A1203 catalysts (3, II). 
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O2 calcination of Mo/Al203 catalysts at 
500°C and their subsequent exposure to wa- 
ter vapor (10 Tot-r) at ambient temperature 
had no influence on the measured I&IA, 
ratios at low MO coverage (~4 wt% MO/ 
A1203) (Fig. 9). This absence of variation in 
the measured Ir,,JZAl ratio as a function of 
calcination-hydration treatments indicates 
the absence of any changes in the structure 
of surface molybdates leading to modifica- 
tions in the MO dispersion on these cata- 
lysts. These results are thus in excellent 
agreement with the static SIMS data. On 8 
wt% Mo/Al203 catalyst, calcination re- 
sulted in a slight increase in the measured 
I&lAl ratio. This increase probably would 
have been caused by some decomposition 
of large aggregates or from a surface segre- 
gation of MO during calcination. 

DISCUSSION 

The nature of the supported molybdena 
phases stabilized by various supports and 
the coordination symmetry of MO in sur- 
face molybdates have not been completely 
resolved in the literature. As discussed in 
the introduction the nature of the supported 
molybdena species on Mo/Si02 catalysts 
depends on the degree of hydration. On 
fully hydrated catalysts, depending on the 
MO coverage, the various molybdena spe- 
cies present include isolated tetrahedral 
monomers, silicomolybdic acid species, 
isopolymolybdates, and crystalline Moo3 
(2, 3). On calcination the tridimensional 
structures such as silicomolybdic acid spe- 
cies collapse. This process is accompanied 
by changes in the coordination symmetry of 
MO and by an increase of the dispersion of 
MO on the surface (Z-3). Static SIMS data 
obtained with MoiSiOz catalysts are in ex- 
cellent agreement with the above model. 
Thus static SIMS data add further support 
to the conclusions derived from other spec- 
troscopic techniques. 

Static SIMS data obtained on Mo/A1203 
catalysts indicate that the MO dispersion on 
these catalysts is independent of the degree 

of hydration of the surface. Measurements 
of ESCA intensity ratio indicate that MO 
dispersion on Mo/A1203 catalysts is essen- 
tially not changed upon calcination-hydra- 
tion treatment, a result in perfect agree- 
ment with the SIMS data. Furthermore UV 
spectroscopic data indicate the absence of 
any influence of hydration on the coordina- 
tion symmetry of MO in the surface molyb- 
dates. According to these data calcination- 
hydration treatments do not cause any 
changes in the structure of surface molyb- 
dates on Mo/A1203 catalysts. In this respect 
the nature of the surface molybdates on 
A&O3 is different from those on SiOZ. On 
Mo/Al203 catalysts the surface molybdates 
are stable toward calcination-hydration 
treatments and do not undergo structural 
reorganizations as found on Mo/SiOz cata- 
lysts. This may very well be a consequence 
of very strong MO-O-AI bonding interac- 
tions compared with Mo-0-Si interac- 
tions. Thus, the well-documented sensitiv- 
ity of the Raman bands on Mo/A1203 
catalysts to hydration should be attributed, 
either as suggested by Stencel er al. (5), to 
water coordination via hydrogen bonding to 
terminal oxygens of Mo=O bonds without 
an apparent increase in the MO coordina- 
tion symmetry or to a non-uniform coordi- 
nation of water molecules to MO increasing 
the degree of disorder of surface bonding 
affecting the Mo=O stretch as suggested 
by Hall and co-worker (7). In this last 
model, water coordination to MO should be 
viewed as a change in the MO coordination 
symmetry. In this case our UV spectro- 
scopic data strongly suggest that this 
change would have no influence on the 
charge transfer spectra of these catalysts. 

CONCLUSIONS 

It was demonstrated that static SIMS can 
be used as a spectroscopic technique for 
the characterization of supported oxide cat- 
alysts. The reversible variation of the 
MoO+/Mo+ and Mo+OJMo+ ratios on MO/ 
SiOz catalysts as a function of calcination- 
hydration treatments indicates that static 
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SIMS is sensitive to the variations in the 
structure of surface molybdates. The rela- 
tion of these variations in the secondary ion 
yields of MO to the structure of the surface 
molybdates is presently not understood. A 
comparison of results obtained on Mo/Si02 
and Mo/A1203 catalysts as a function of cal- 
cination-hydration treatments indicate im- 
portant differences in the nature of sup- 
ported molybdena species stabilized by 
these supports. On Mo/A1203 catalysts the 
structures of supported molybdena species 
are stable while they undergo drastic modifi- 
cations as a function of calcination-hydra- 
tion treatments on Mo/Si02 catalysts. 
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