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The origin of the products of oxidation of propylene over the polymolybdic surface sites of 
an MoOa.SiOz catalyst has been correlated to the oxidation states of molybdenum by studying 
the effects of temperature (38044O’C), OZ/CSH~ ratio (O&18), and dopants [Zn(II) and 
Na(1) ions] on overall conversion and selectivity in microreactor experiments, both in the 
presence and absence of steam. The selective oxidation product, acrolein, requires Mo(V1) active 
sites, as opposed to the other primary reaction product, acetaldehyde, and the by-produck 
acetone, acetic acid, and propionaldehyde, which arise from interaction with MO(V) and 
eventually Mo(IV) sites, respectively. Products of total oxidation, CO and COZ, are formed 
over Mo(V1) active sites by consecutive reactions of the oxidized product.. mentioned or 
directly from propylene over MO (IV) and MO(V) sites in the case of COZ. Propionaldehyde is _ __ 
indicated as a homogeneous reaction product. 

1. INTRODUCTION 

A matter of considerable interest in 
investigations on the (amm)oxidation of 
olefins is the origin of by-products and the 
role of steam. This paper deals with some 
of these aspects in case of the MOOS .SiOz 
system. In previous papers (I, 2) we have 
discussed the relevant solid state charac- 
teristics of this system and the catalytic 
activity in the disproportionation and oxi- 
dation of propylene. Several forms of 
surface-bound oxomolybdenum species 

1 Present address: Montedison G. Donegani Re- 
search Laboratories, Via de1 Lavoro 4, Novara, Italy. 

have been identified; among these, the 
di- and polymolybdates account for both 
the selective and total oxidation of propyl- 
ene, and only the former appear to be 
responsible for disproportionation of propyl- 
ene to ethylene and butylenes (2). 

We now aim at investigating the way 
polymolybdates control the oxidation of 
propylene; in particular, we attempt to 
elucidate the mechanism of formation of 
products such as acrolein (selective oxida- 
tion), CO and COz (total oxidation), and 
the by-products acetaldehyde, acetone, 
acetic acid, and propionaldehyde. 
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2. EXPERIMENTAL 

Samples of a 25 w-t% lUOOs.SiO, 
catalyst, activated at 500°C for 8 hr and 
further referred to as Moos-25-500, were 
prepared according to the methods of 
Ref. (1). Doped catalysts (25 wt% 11003 
+ 1 wt% NaOH/74 wt% SiO, and 25 
u--t% nhoB + 2 wt% ZnO/73 wt% SiO,) 
were prepared in the same way after prior 
impregnation of SiOz (Ketjen, type F-5) 
with aqueous solutions of NaOH or 
Zn(N0,),.GH20 (BDH). 

Catalytic activity experiments, either in 
the presence or absence of steam, were 
carried out in the flow microreactor of 
Ref. (3); to allow for stricter control of 
temperature, the microreactor was im- 
mersed in a bath of Sn-l’b alloy. Prior to 
use, the catalysts were conditioned in a 
flow of air, until attainment of the reaction 
temperature; afterwards, propylene was 
admitted in a prefixed air/propylene ratio 
(2.5-90), the total flow of reactants being 
constant (3.3 liter/h). Gas-chromato- 
graphic analysis and evaluation of results 
were made as before (3). After a 2-h run, 
the microreactor was bypassed and the 
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FIG. 1. Conversion of propylene and selectivities 
to products of oxidation over Moo,-23-500 as a 
function of the reaction temperature. Reaction 
conditions: feed ratio, Ot/C, = 2.4; catalyst load, 
2 ml; t,, 1 s. Key : Conversion of propylene (C,), 
l ; selectivity to acetaldehyde (AcH), n ; acrolein 
(ACR), 0 ; CO, A; COz, a ; acetic acid (AcOH), 
0; acetone (AC), +; propionaldehyde (PrH), #; 
isopropyl alcohol (i-PrOH), V. 
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FIG. 2. Conversion of propylene and selectivities 
to products of oxidation over MOOS-25-500 as a 
function of the Oz/C3 ratio at 330°C; t, = 1 s. 
Symbols as in Fig. 1. 

catalyst was extracted after rapid cooling 
to room temperature under a continuous 
stream of N,. The spent. catalyst was then 
analyzed by reflectance spectroscopy, ESR, 
and optical microscopy. Catalyst sampling 
was invariably performed in dry Nt 
atmosphere and contact’ with air was 
carefully avoided. 

Diffuse reflectance spectra of the original 
and finely ground catalyst samples were 
recorded in the range of 240-1400 nm by 
use of a Perkin-Elmer Hitachi-El’s 
3T spectrophotometcr attachment against 
st’andards of MgO. 

Optical microscopy measurements were 
carried out with a polarizing Ortholux 
Leitz microscope, with up to 1O”X 
magnification. 

ESR measurements were made at room 
temperature with a JEOL JES JIE 1X 
type spectrometer (X-band), using lOO- 
kHz field modulation. The variations in 
spin concentration as a function of the 
temperature and Of/C3 ra,tio were derived 
by comparison of the doubly integrated 
110(V) spectral intensities with the strong 
pitch Varian reference. To ensure that the 
ESR signal was proportional to the number 
of pnramagnctic ccntcrs per unit volume’, 
caw \vas taken to fill the ESR sample 
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FIG. 3. Conversion of propylene and selectivities 
to products of oxidat’ion over MoOa-25-500 as a 
function of the 02/C3 ratio at 400°C; t, = 1 a. 
Symbols as in Fig. 1. 

tubes up to a height exceeding the depth 
of the resonant cavity. 

3. RESULTS 

3.1 Catalytic Activity 

Figure 1 shows the catalytic activity as a 
function of temperature, at fixed contact 
time (1 s) and OJCS ratio (2.4). As 
evident, conversion increases steadily with 
temperature; selectivities to acrolein and 
COz remain almost constant, while CO 
increases as opposed to acetaldehyde. From 
the conversion of propylene and selectivi- 
ties to various products (Figs. 2-4) as a 
function of the OJG ratio at different 
temperature levels (380”, 400” and 44O”C), 
it follows that: (i) The conversion of 
propylene always increases with increasing 
Oz/C3 ratio, especially in the range of Oz/G 
= l-5 ; (ii) the selectivity to CO has a much 
similar behavior, in contrast to CO2 ; (iii) the 
selectivity to acrolein is almost insensitive 
to the Oz/C3 ratio, except at 440°C where a 
steady decrease is noted; (iv) acetaldehyde 
first increases up to a sharp maximum at 
Oz/C3 = 2-1.5 (at 380 and 4OO”C, respec- 
tively) and then decreases (at 440°C 
ncctaldchydc bchavcs as acr&in) ; (v) all 
minor by-products (PrH, AC, AcOH, and 
i-PrOH) share a limited stability range 

(OJC, = 18 at 380°C and 11 at 400°C) 
and are negligible at 440%. 

Table 1 compares the influence of steam 
with results of blank experiments performed 
under similar conditions. As evident, the 
conversion of propylene and the selectivi- 
ties to COz are significantly lowered by 
addition of steam; on the contrary, the 
selectivities to acetaldehyde and acrolein 
remain almost unaffected. Sharp variations 
are displayed by acetone and acetic acid, 
which increase many times upon addition 
of steam. 

The influence of solid dopants [Na(I) 
and Zn(I1) ions were chosen in the expec- 
tation of neutralizing all acidic surface 
sites or at least part of them in a selective 
fashion] is illustrated in Table 2 and Figs. 
5 and 6; the conversion of propylene is 
significantly lowered by both ions. The 
behavior of Zn(I1) is illustrated in more 
detail in Fig. 5, as a function of the Oz/Cs 
ratio. Comparison with Fig. 3 indicates 
that addition of Zn(I1) renders the selec- 
tivitics almost independent of the Oz/Cs 
ratio and causes variations in the product 
distribubion. The latter aspect is further 
illustrated in Fig. G, where selectivities to 
acrolein and acctaldehyde of the doped 
samples arc superimposed on those of the 
original catalyst as described in Ref. 2; 
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Flc;. 4. Conversion of propylene and selectivities 
t,o products of oxidation over MOO,-25-600 as a 
function of the Oz/C3 ratio at 44O’C; t, = 1 s. 
Symbols as in Fig. 1. 
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at any conversion level, selectivities to 
acrolein are slightly higher in the case of 
doping by Zn(I1) and Na(1). As to acetalde- 
hyde, no appreciable variations are induced 
by Zn(II), as opposed to Ka(I), which 
causes a substantial decrease. 

3.2. Electron Spi,a Resonance 

Results of ESR analysis are shown in 
Figs. 7-9 with reference to samples drawn 
from the microreactor following the experi- 
ments illustrated in Figs. 1-3, respectively. 
The intensity of the &lo(V) signal at 
g G 1.94(1&s+) is a maximum at 38O”C, 
whereas that due to products of cracking 
(Io, g = 2.003) decreases regularly with 
temperature. At 38O”C, the &lo(V) signal 
peaks at OZ/C3 = 2.5, whereas Io decreases 
with increasing OZ/C3 ratio; at 400°C both 
signals decrease as a function of the latter 
parameter. 

3.3. Optical Rejlectance Spectroscopy 

Figure 10 shows spectra of a catalyst 
sample before and after use, indicating 
some differences, especially in the region 
of higher X, i.e., where reduced forms of 
molybdenum are present (4). In fact, the 
absorbance at 950 nm originates from 
reduced heteropolyacids and/or polymolyb- 
dates containing both Mo(VI) and Ma(V) 
(cf. also Refs. 5 and 6). More particularly, 
the simultaneous occurrence of the shoulder 
at 600 nm and the absorption at 360 nm 
suggests the presence of a particular form of 
molybdenum blue, R40401a (OH) 2, geno- 
typic of MoOB and characterized by a 

TABLE 1 

Influence of Steam on Catalytic Activity of MOOS- 
2;i-500 in the Oxidation of Propylene 

Helectivities 
CO 

CO2 
Acetaldehgde 
Acrolein 
Propionaldehyde 

Acetone 
Acetic acid 

Conversion of CzHb 

(%) 
Sum of yields (%I 
CzHs chomisorbed (%) 
Conversion of 02 (%) 

coz/co 

T = 38O'C 

Blank Steam 

33.6 28.8 
2.5.7 17.7 
24.6 24.1 
11.3 10.5 

1.4 - 

- 7.0 
3.4 13.9 

17.3 14.7 
14.2 10.0 

3.1 4.7 
15.0 10.4 

0.76 0.66 

T = 4OOOC 

Blank Steam 

31.4 34.8 
32.9 20.7 
19.8 19.7 
12.2 13.0 

- - 

traces 2.5 

3.7 9.3 

42.6 20.8 
29.0 15.5 
13.6 5.3 
55.5 19.5 

1 .a5 0.59 

ratio Mo(VI)/Mo(V) = 1 and a square- 
pyramidal configuration (1’). As evident 
from Fig. 10, some molybdenum blue is 
present even in the fresh catalyst. 

Figure 11, which records spectra as a 
function of the OS/C3 ratios (from 0.46 to 
18) for runs at T = 4OO”C, shows that 
under more severe reducing conditions 
(lower OS/C& ratio) absorbance due to 
reduced species is higher; this holds not 
only for the 950~nm band of the Rlo(V) 
fraction but also for the absorption around 
500 nm, characteristic of Mo(IV) (cf. 
Ref. 6’). 

To derive a more yuantitativc correla- 
tion, the experimental values of absorbance 
for various catalysts have been expressed 
as (A/R)1.383, according to the method of 
Doyle and Forbes (8), lvherc R is 
the percentage of reflectance and A 

TABLE 2 

Influence of Doping on the Conversion (%) of Propylene over MOOS-25-500 

MoOr25-500 MoOa-25-500 
Temperature (“C) MOO,-25-500 + 2 wt% ZnO + 1 wt% NaOH 

- 
400 40.0 2.5.1 
420 57s 30.7 - 
440 80.8 - 29.0 
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FIG. 5. Conversion of propylene and selectivities 
to products of oxidation over doped MoOa-25-500 
(25 wt% MoOl + 2 wt% Zn0/73 wt% SiOt) as a 
function of the Oz/C3 ratio at 4OO’C; t, = 1 s. 
Symbols as in Fig. 1. 

= (100 - R). Taking the absorbance at 
x = 950 nm as representative of the 
MO(V) fraction, the relative values of 
(A/R)1.383 are given in Fig. 12 as a function 
of the Oz/C3 ratio, at various temperature 
levels. At the lowest temperature (38O”C), 
the A/R ratio passes through a maximum, 
whereas at other temperatures it decreases 
steadily with the increasing OJC3 ratio. 
Moreover, the higher the temperature and 
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FIG. 6. Selectivities to acetaldehyde and acrolein 
as a function of the conversion of propylene over an 
MoOr2.5-500 catalyst (smoot,h curve), as compared 
to t,he Zn(II)- (0, 0) and Na(I)- ( n , 0) doped 
samples; 7’~ = 44O”C, feed ratio OJC, = 2.4, 
t, = 1 s. 

Temperature PC) 

FIG. 7. Integrated ESR intensities of Ma(V) 
(ZMOs+) and product,s of cracking (Ic), as a function 
of the reaction temperature; OJC3 = 2.4. 

Oz/C3 ratio, the more the electronic spcc- 
trum of the used catalyst approaches that 
of the fresh one (cf. Figs. 10 and 11); as 
mentioned above, the latter contains a 
small MO(V) fraction. 

3.4. Optical Microscopy 

Two series of cat’alyst samples which 
differed in reaction conditions (Oz/Cy ratio 
and temperature) were investigated in the 
optical microscope. Catalyst samples after 
reaction at 400°C exhibit the darkest 
coloration (i.e., are more strongly reduced) 
at the lowest OJC3 ratios and are covered 
with carbonaceous material, impeding fur- 
ther detailed observation. The reduction 
phenomena mainly involve the surface 
layers ; in the more strongly reduced 
samples we notice a more extensive forma- 
tion of MOOS clusters, as particularly 
evident in the case of treatment with 
Oz/C3 = 6.6. However, it does not result 
that the whiskers are reduced. Rather, the 
reduced species are almost insoluble in Hz0 
and soluble in 32% NH,OH. The residues 
of leaching with NHIOH, which probably 
contain silicomolybdic acid-like species, 
show no reductive phenomena. 

Similar observations were made for a 
series of catalysts subjected to different 
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reaction temperat’ures (360 to 440°C) at 
constant Oz/C3 ratio (2.5); the NH*OH- 
leached residue shows minor reducibility 
at temperatures exceeding 4OO”C, whereas 
the Moo3 cluster formation could not bc 
correlated with temperature but rather 
seems to be a function of the 0,/C, ratio. 

4. DISCUSSION 

12.5 
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810.0 
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.z 
2 .5 7.5 

i 
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FIG. 9. Integrat,ed ISSR intensities of Ma(V) 
(IM”s+) and products of cracking (Ic), as a function 
of the 02/C3 rat,io; 7’ = 400°C. 

Comparison of the catalytic activity 
patterns (Figs. 224) with optical reflec- 
tance data (lcig. 12) and ESR results 
(Figs. 8 and 9) reveals some close corre- 
lations. In particular, the conversion of 
propylene always decreases as the 110 (V) 
concentration increases ; an exception is 
the behavior of (A/R)1.383 and 1~(,5+ for 
samples treated with an oxygen-poor rc- 
agent flow (OJC3 rat)io <3) at 380°C. The 
result implies that the conversion of propyl- 
ene increases with a higher concentration 
of Mo(V1) active sites, in agreement with 
the results of Sancier et al. (9) for 
MoOa. SiOz as well as for RIo03. Bi,Oa. The 
significant effect of the 0,/C, ratio on the 
conversion of propylene implies a rclation- 
ship between the valence states of molyb- 
denum, as expressed by the No (VI)/AIo (V) 

ratio and the concentration of the reagents. 
Thus, if we consider the reduction 

Mo(V1) + propylene 2 

MO(V) 17 + products 

and the reoxidation step 

MO(V) 0 + $023 3Io(VI), 

then, under steady-state conditions, the 
following relationship holds : 

FIG. 8. lntegrabzd ESR int,ensities of hlo(V) FIG:. IO. Opt iwl refler*l:mw spwtr:t of RIoOJ- 
(l.\los+) and products of cracking (Ir), :u a function 2.i-T,()0 before (I) atld after (F) oxidation of propyl- 
of the 02/Cy ratio; ‘1’ = 380°C. e,,c (7’ = 400°C; OS/C, = 11; t, = 1 s). 
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FIG. 11. Optical reflectance spectra of MoOa- 
25-500 after oxidation of propylene (T = 400°C; 
tc = 1 s) at various Op/Ct ratios: 0.5 (I), 1.8 (2), 
2.5 (3), 6.6 (4), 11 (5), 18 (6), and fresh catalyst (7). 

the experimentally found values. In 
practice, the net effect of a higher OZ/C3 
ratio is to increase the Mo(V1) fraction at 
the expense of MO(V), at any temperature 
level. On the other hand, a decrease of 
temperature generally corresponds to an 
increase of MO(V) (Fig. 7), causing the 
reduction step to become more controlling 
at the expense of the reoxidation. This 
behavior is easily noticed by comparing the 
results of ESR (Figs. 8 and 9) and optical 
reflectance (Fig. 12); an exception to the 
general behavior is the A/R ratio at 380°C 

Flu. 12. Plot of (,l/IZ)‘Je3 , measured at x = 950 
nm, as a function of the 02/C3 ratio for MoOa- 
25-500, after oxidation of propylene at 380°C (O), 
400°C (a), and 440°C (A); t, = 1 s. 

in Fig. 12, which passes through a maximum 
at the lowest OJC3 ratio. Under the latter 
conditions, the reduction of Mo(V1) may 
exceed the formation of Ma(V), thus 
causing the onset of some Mo(IV) species. 
Similarly, in Fig. 7 the lowest value of the 
ESR signal for the 360°C catalyst might 
simply be due to an excess of Mo(IV) with 
respect to MO(V), with the former giving no 
paramagnetic signal. Altogether, within the 
range of experimental conditions investi- 
gated, we are dealing chiefly with Mo(V1) 
and MO(V), the former in increasing con- 
centration at higher temperature. 

As is evident from the experimental 
results, not only the catalytic activity, but 
also the selectivities to various products 
are strongly dependent upon the Mo(VI)/ 
MO(V) ratios. It appears safe to conclude 
that a close relationship exists between 
MO(V) and acetaldehyde formation. Com- 
parison of Figs. 2-4 with Figs. 8, 9, and 12 
indicates a parallelism between the decrease 
of acetaldehyde and MO(V) ; a notable 
exception is the behavior at OJC3 ratios 
c2.5 (at 380 and 4OO”C), where acetalde- 
hyde goes through a maximum. From 
arguments discussed before, it appears that 
in this region some Mo(IV) was formed, 
causing an unbalance in the reaction rates. 
Apparently, parallel or consecutive re- 
actions compete with or consume acetalde- 
hyde. On the basis of the experimental 
results (Figs. 2-4), the secondary reaction 
product is likely to be COZ. In fact, CO2 
and acetaldehyde show an opposite be- 
havior, suggesting that more propylene is 
converted directly into COz or that acetalde- 
hyde is oxidized to CO2 by Ma(V)-Mo(IV) 
sites (Oz/Cs <2.5). 

As to the formation of CO, Figs. 2-4 
show this product to be strongly related to 
Mo(VI), even though we cannot dis- 
tinguish whether it originates directly from 
propylene or from other oxidized molecules. 
On the assumption that the observations 
of Gorshkov et al. (10, 11) are valid also 
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in our case, at least part of CO may origi- 
nate from consecutive oxidation of acrolein. 
This would explain the invariance or 
decrease of acrolein at higher Mo(V1) 
levels, contrary to the expectation based 
upon the results of Sancier et al. (9) and 
our previous work on the ammoxidation of 
propylene (12). The result is rationalized 
if we remember that acrolein is more 
reactive than acrylonitrile and is readily 
oxidizable due to the double bond in 
conjugation with the carbonyl group. By 
extension of our present experiments over a 
wider range of variables (i.e., different 
contact times at the various Oz/Cz ratios), 
a more complete set of results may be 
derived along the lines of our previous work 
on the ammoxidation of propylene (12). 
As stated there, acrylonit’rile is strongly 
related to Mo(VI), in accordance wit’h 
other work (IS). On the basis of available 
literature and by analogy with the am- 

moxidation reaction, it may be assumed 
that acrolein is related to the Mo(V1) 
fraction, although the exact dependency 
cannot be given at present. 

With regard to all minor by-products, 
the results strongly suggest that they are 
probably related to MO(V); however, as 
at low OJCs ratios Mo(IV) is present, 
these sites may also play a role (Figs. 2-4). 
Anyway, whether related to MO(V) or 
Mo(IV), all minor by-products (GPrOH, 
AC, AcOH, PrH) always decrease with 
increase of temperature and OZ/C3 ratio, 
reaching negligible values under the most 
severe conditions. Obviously, the observed 
decay of minor by-products under these 
conditions may partly be attributed to 
consecutive reactions over Mo(V1). 

Combining the observations, the follow- 
ing tentat’ive scheme may then be derived, 
constituting the basis for some mechanistic 
considerations : 

1 
H,O/MO(Vl) 

Acetic acid 

The dependence of acrolein upon RIo(V1) agent is beyond doubt. This characteristic 
proves the assumption that propylene is explains the poor selectivities to acrolein 
adsorbed on the cation with the highest over MoOa*SiOz as compared to mixed 
valence, as agreed for mixed oxides (1-J-29). oxide cat’alysts, as well as the high OZ/C3 
Indeed, in the oxidation reaction of propyl- ratios needed to provide complete reoxida- 
ene, Mo(V1) in molybdates or Sb(V) in tion of the catalyst. On the same grounds 
antimony-based oxides are claimed as the the wide range of existence of MO(V) and 
sites of catalytic attack through the well- its high contribution to the formation of 
established mechanism involving H-ab- by-products can be understood. The 
straction and formation of T-ally1 complexes simplest of these reactions is the addition 
(21,22). At variance with mixed oxides, of a proton to form the isopropyl carbo- 
the MoO,.SiOz system lacks the presence cation which may be converted into ace- 
of an auxiliary cation such as Bi(ITI), tone, by hydration or by reaction with an 
Sn (IV), Fc (III) capable of rcoxidizing the anion of the lattice, followed by dehydro- 
principal cation and leading to transfer gcnation. Hydroxyl groups and protons on 

of olcctrons to the molecular oxygen. The the surface of the catalyst and notably on 
inability of SiOZ to act as an oxidizing the oxidation site are more or less pcrma- 
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nent species, as they are formed from water 
during the oxidative dehydrogenation pro- 
cess it’self. The risk of secondary reactions 
induced by these species (protons and 
hydroxyl groups) can be minimized only if 
dehydration of oxidation sites is rapid and 
efficient. Protonic and hydroxyl groups 
and consequently dehydration rates can 
be profoundly modified by the nature of 
the oxidation sites. Thus, increased Bran- 
sted acidity is to be expected on going 
from Mo(V1) to MO(V) ; correspondingly, 
as discussed in a previous paper (23), the 
formation of a complex like 

IV L 1 :“,I -OH - H+ 

is suggested on which propylene is more 
strongly adsorbed than in the analogous 
MO (VI) complex. This situation should 
favor formation of carbocations, hence of 
isopropoxy intermediates, interfering with 
the allylic route. Changes in the valency 
of molybdenum also affect the reactivity 
of the OH groups in the sense of an in- 
creasing mobility on going from Mo(V1) 
to 110(V). Namely, as the heat of hydration 
on metal cations decreases strongly with 
decreasing charge of the cation, MO(V) 
should dissociate its water ligand faster 
than Mo(VI) and lead t’o a higher rate of 
desorpt’ion of the ultimate products of 
reaction, i.e., i-PrOH and acetone. Gener- 
ally speaking, reactions of this type attain 
increasing significance at lower tempera- 
ture, following favorable changes in the 
hydration and protonation equilibria of the 
catalyst and the olefin. This is coherent 
with the experimental results and explains 
also the favorable effect of water added back 
(see Table l), especially in the case of 

acetone. Lack of sensitivity for isopropyl 
alcohol is accounted for by the low eyui- 
librium of the simplest hydration reaction. 

Among the by-products, acetaldehyde 
occupies a relevant place, being the second 
largest product observed. Its formation 
may be accounted for simply by the addi- 
tion to acrolein of a molecule of water (or, 
eventually, of a hydroxyl group of the 
active site) to form ,&hydroxypropionaIde- 
hyde (24), which can easily be oxidized or 
dissociated to form formaldehyde and 
acetaldehyde by retroaldolization (25). 
However, from E’ig. 6 it seems likely that 
this possibility, although valid under other 
reaction conditions, is not pertinent to 
our case, as acetaldehyde is a primary 
reaction product t)ogether with acrolein; 
both products reach a high value at the 
lowest propylene conversion levels. There- 
fore, the possibility of an electrophilic 
attack on the double bond of propylene 
seems to be the more appropriate t,o our 
results; this is especially true in the presence 
of Rfo=O oxidizing groups with a certain 
degree of polarity. Looking at experimental 
results favoring a relationship between 
acetaldehyde and RIO(V), we propose that 
No=0 or Mo-OH groups on RIO(V) struc- 
tures 

O\IV),OH 

‘MO 
/ \ 

might have such a property. In fact, taking 
as a model the mechanisms established for 
oxidation in the homogeneous phase, we 
can envisage a process in accordance with 
the following scheme, formerly proposed by 
Weiss et al. (26) : 

H\ 02 In CSSCIIC~, the attack on the double 
c ,c=o, 5+ -- 

“;Mo ’ 
-0 

\ 
‘Go+’ + 

R-CHO 

>c=o-’ OR \ 
bond of propylene by the clectrophilic 

H-CHO 
oxygen of the RIo=O group is followed by 



cyclizntion and fragmentation of the cyclic tlmn cntal~& indicntw rlow rcllationships, 
structuw into t\vo cwboriyl cornpou~~tl:: in partic*ul:tr with regard to thcl formation 
(acct,aldchydc and formaldchydt~), and, of ncrol(~iri mtl ac~rylonitrilr over ,1Io(VI) 
subsequently, by the complete oxidation of active sites and of acetaldehyde and 
a large fraction of the latter. In fact, both acctonitrilc over No(V) species; the latt’er 
CO and CO, increase as acctaldehyde also account for most other by-products. 
reaches a maximum as a function of in- The main diffcrcncr between the two w- 
creasing Os/Ca ratios; in other words, actions is found in the origin of the products 
formaldehyde and acetaldchyde are wadily of total oxidation, CO and COa. 
oxidized, possibly through 310 (VI). An 

open possibility is still that acetaldehyde 
is further oxidized to acetic acid under the 
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