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The oxidation of 2-methyloxirane and propionaldehyde on ZnO has been studied by infrared 
spectroscopy. It was found that 2-methyloxirane was adsorbed on ZnO to form alkoxide species 
by scission of the oi bond (0-CH) of the epoxy ring. With time of adsorption, this alkoxide 
was dehydrogenated to form the enolate complex (CHs-CH,CH,O). The enolate complex was 
oxidized to formate and acetate ions at about 400°K in the presence of oxygen. In the case of 
oxidation by nitrous oxide, only propionate ions were formed. In the case of propionaldehyde, 
the adsorption occurred on zinc oxide by coordination of the carbonyl group. Upon oxidation 
by oxygen or nitrous oxide, scission of the C-C bond of adsorbed species took place to a much 
smaller extent compared to 2-methyloxirane, the majority of the carboxylate species formed 
being propionate ions. 

INTRODUCTION 

In previous papers (1, S), we investigated 
the oxidation of olefins, 2-propanol, and 
acetone adsorbed on metal oxides, such as 
ZnO, MgO, and NiO, by ir techniques. It 
was found that, before formation of CO2 
and water, those compounds were oxidized 
to surface carboxylates as well as to OH 
groups via precursors containing oxygen. 
Furthermore, in the case of oxidation by 
nitrous oxide, no C-C bond cleavage 
occurred during formation of the carboxyl- 
ates. For example, in the case of propene 
oxidation by nitrous oxide, only propionate 
ions were formed, while both acetate and 
formate ions were formed in propene 
oxidation by oxygen. Such behavior was 
attributed to a difference between the 
reactivities of adsorbed oxygen species in 
both cases. From the standpoint of elucida- 
tion of the oxidation mechanism as well as 

1 Present address : Japan Catalytic Chemical 
Industry Co., Ltd., Nishiitabicho, Suita, Osaka, 
564 Japan. 

the reactivity of adsorbed oxygen species, 
it, seems interesting to extend such ir studies 
to the oxidation of 2-methyloxirane and 
propionaldehyde, which arc partial oxida- 
tion products of olefin. 

Therefore, this paper deals with the ir 
study of the oxidation of 2-met.hyloxirane 
and propionaldehyde adsorbed on ZnO by 
oxygen or nitrous oxide. 

EXPERIMENTAL METHODS 

Materials. The zinc oxide, Kadox 25 
(New Jersey Zinc Co.), was the same as 
that used in the previous work (2). 2-Meth- 
yloxirane and propionaldehyde (Tokyo 
Chemical Industries Co.) were dried under 
vacuum over a degassed molecular sieve. 
Nitrous oxide (99.9y0) was obtained from 
the Takachiho Shoji Co. and was used 
without further purification. Oxygen was 
obtained from a cylinder and was purified 
by being passed through a molecular sieve 
immersed in liquid nitrogen. 

Infrared studies. The zinc oxide sample 
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(0.5-0.7 g) was prcsscd into a disk 2.0 cm 
in diamctcr. The disk was held in a quartz 
disk holder and was suspcndcd by a 
platinum wire in a cell for infrared studies. 
The ccl1 was a quartz tube 2.5 cm in 
diameter and 40 cm in length. The NaCl 
windows were scaled to the ccl1 with 
Apiczon wax W. The ccl1 had an optical 
path length of 3.0 cm. The disk could be 
moved vertically between the lower window 
section and the upper furnace s&ion by 
winding up the platinum wire from which 
the disk was suspcndcd. The furnace 
section of the ccl1 could bc hcatcd by 
nichromc windings. The tcmpcrature of 
the disk was mcasurcd by a calibrated 
thermocouple fixed to the furnace section 
of the cell. 

The apparatus consisted of a convcn- 
tional closed circulation system, about 600 
cm3 in volume, quipped with a circulating 
glass pump, a trap, a mercury manomctcr, 
a Pirani gauge, infrared cells, and a 
gas-dosing volume in the circulation loop. 

The zinc oxide disk was subjcct,cd to 
ou tgassing treatmcnt,s similar t#o those 
used previously (2). After 0.25-0.4 cm3/g 
of 2-mct8hyloxirane or propionaldehydc 
was introduced into the cell containing the 
zinc oxide disk, t’hc weakly adsorbed 
rcact,ant was rcmovcd by immersing the 
trap in liquid nitrogen. After that,, oxygen 
or nitrous oxide of ca. 2.7 kPa was cir- 
culatcd over the catalyst, the tcmporaturc 
of which was raised in stages. Infrared 
spectra \vcrc rccordcd at room tcmpcraturc 
before and after each trcatmcnt of the 
sample, such as heating or admission of 
oxygen or nitrous oxide, by using a Hit,achi 
EPI-G2 grating infrared spectrometer with 
a spectral slitwidth of 2.5 cm-l at 1000 
cm-l. During the spectral measurements, 
the trap attached to the circulation system 
was cooled in liquid nitrogen. A matched- 
path length cell containing a similar zinc 
oxide disk was placed in the refercncc beam 
of the spectrometer in order to offset the 
background of the outgassed zinc oxide. 

The reference cell was filled wit,h helium of 
2.7 kl’a. 

Oeyyex uptalce studies. Zinc oxide lvas 
prcsscd into disks as in t’he infrared studies 
and, then, was broken up. A 10-g sample 
\vas used. The circulation system with a 
volume of about 300 cm3 was similar to 
that used for infrared stud&, except, for 
a Tiiplcr pump as well as a McLcod gauge. 
After a known amount. of the reactant was 
adsorbed at 29S”K, oxygen or nitrous 
oxide of ca. 2.7 kPa RYLS admitted to the 
roact,ion vessel and was circulat,cd over 
the catalyst at 29S”K for 1 hr. The reaction 
products wcrc condcnscd in the liquid 
nitrogen trap attached to the circulation 
syst,om. The amount of oxygen uptake or 
the amount consumed by the rcact’ions 
was dctcrmincd manomctrically. Aft]cr the 
cxpcrimcnt at 29S”K, the tBompc~rat~urc of 
the catalyst was raised in stages, at each 
of which similar cxpcrimcnts were carried 
out. In the cast of nitrous oxide, the trap 
was cooled at 153°K instead of 77°K. The 
amount of oxygen atoms incorporated into 
the catalyst was calculat,cd from the 
number of nitrogen molecules formed. 

The reaction product,s wcrc analyzed by 
gas chromatography w&h the USC of a 
6-m Porapak & column for Nz, 02, and 
CO at l%“K, a 2-m Porapak Q column for 
NzO and COa at 273”K, and a 3-m PEG 
400 column for other products at 323°K. 

RESULTS AND T)ISCURSION 

Adsorption of 2-mot,hyloxiranc on ZnO 

caused a dccrcasc in the background 
transmission. This suggest’s that clcctrons 
arc transferred from adsorbed 2-methyl- 
oxirane t,o zinc oxide, since it is well known 
that a dccrcasc in transmission is always 
associated wit,h an increase in t,hc number 
of olect,rons in ZnO (3). Such a d(>crcasc> in 
the transmission of thck disk rcbsultckd in 
reduced accuracy of thcl m(~asurcmcnt~s of 
the spcct,ra. Thcrcforc, in order to minimize 
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1. Infrared spectra of 2-methyloxirane 
adsorbed on ZnO. (a) Background (743 mg); (b) 
after 4 min of adsorption at 298°K; (c) followed by 
1.5 hr of adsorption at 298°K; (d) 14.5 hr of adsorp- 
tion. Amount adsorbed was 0.3 cm3 g-1. 

the decrease in background transmission 
on adsorption, small amounts were usually 
adsorbed. Figure 1 shows the change with 
time in the spectra of chemisorbed 2-meth- 
yloxirane. The spectrum obtained imme- 
diately after the adsorption of 2-methyl- 
oxirane on zinc oxide was similar to that 
obtained with its adsorption on Aerosil. A 
summary of the observed bands and their 
assignments is shown in Table 1. The bands 
at 3060, 3010, and 1274 cm-l, which are 
attributable to the epoxy structure (4), 
appear clearly, although the intensity of 
these bands is much weaker compared to 
that of the other bands, such as those at 
2972, 2934, and 1408 cm-’ observed with 
Aerosil as well as with zinc oxide. 

The bands at 3060, 3010, 2972, 2934, 
1408, and 1274 cm-‘, which had appeared 
instantaneously upon adsorption of 2-meth- 
yloxirane, gradually reduced in intensity 
with time of adsorption, while the bands 
at 2794, 1550, and 1083 cm-l were inten- 
sified (Fig. lc). In addition, it is apparent 
t,hat, after 14.5 hr, the band at 1550 cm-’ 
was intensified, while the bands at 2804 and 
1083 cm-l were slightly reduced in inten- 

sity. This suggests that 2-methyloxirane 
adsorbed without dissociation changes to 
other species having no epoxy structure. 
In addition, the species associated with the 
band at 1550 cm-l is different from the 
species which shows the absorption at 
2804 and 1083 cm-l, the latter being the 
precursor of the former. The band at 
1083 cm-l coincides in position with that 
for the C-O stretching vibrations. For 
oxides such as A1203, ZnO, and MgO, the 
v(C-0) bands of propoxide and isoprop- 
oxide appeared at 1060-1080 (5-7’) and 
1130-1170 cm-l (1, Y-9), respectively, 
indicating that the position of the v(C-0) 
band is higher in frequency for the second- 
ary than for the primary alkoxide. Thus, it 
is concluded that the bands at 2804 and 
1083 cm-l are attributed to t,he alkoxide 
species formed by scission of the (Y bond 
(0-CH) of the epoxy ring in 2-methyl- 
oxirane. 

Regarding the 1550-cm-l band, it is well 
known that the bands due to v(C=C) or 
v(C=O) range from 1500 to 1700 cm-‘. In 
addition, the position of the band at 1550 
cm-l is similar to that of the band due to 
C=C=O vibration of the enolate complex 
formed from adsorbed acetone and de- 
scribed previously (10). Accordingly, the 
band at 1550 cm-l may be tentatively 
assigned to the complex (III) formed by 
dehydrogenation of the alkoxide species 

TABLE 1 

Wavenumbers (S/cm+) of the Infrared Bands 
of 2-Methyloxirane Adsorbed on ZnO 

On On a-Methyl- Vibrational 
ZnO SiOz oxirane” mode 

3060 3066 3055 Y (CH, in ring) 
3010 3014 3002 Y (CH in ring) 
2972 2980 2971 Y (CH,) 
2934 2938 2932 Y (CH,) 
1408 1410 1411 
1274 1269 1267 Y (ring) 

0 Reference (4). 
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(II), as shown in the follo\ving scheme (11) : 

CH3-CH-CA2 

\o/ - 

CH3-CH'+-CH2 

be 

CH3-CH-CH-0 

t H 

& & & b 

(1) (II) (III) 

The bands at 2804, 2932, and 2972 cm-l Reaction of Oxygen with Adsorbed %Methyl- 
(Fig. lc) seem to be due to the CR groups ozirane 
(13) of the intermediate (II). The intensity 
of the band at 2504 cm-l is much higher Oxygen of 2.7 kPa was admitted to the 

than those of the 2972- and 2932-cm-’ ZnO disk with prcadsorbcd 2-methyl- 

bands. Such behavior is markedly different oxiranc at room tcmpcrature, the tempera- 

from what would be expcctcd from the ture of the disk being raised in stages. By 

primary or secondary saturated alkoxides this oxygrn treatment, the transmission of 

on metal oxides (5-9), supporting an the disk was enhanced. The resulting 
unsaturated character of the intermediate spectra are shown in Fig. 2. The band at 

(II). 1552 cm-’ incrcascd in intensity, and new 

- 

Y- 

-L 

- 

FIG. 2. Interaction of oxygen with 2-methyloxirane adsorbed on ZnO. (a) Background (750 
mg) ; (b) after 10 hr of adsorption, followed by 5 min at 298’K in oxygen (2.7 kPa) ; (c) followed 
by 1 hr at 323’K in oxygen; (d) 1 hr at 423’K in oxygen. Amount adsorbed was 0.4 cm3 g-l. A 
reference disk was not used. 



12 MIYATA, HATA AND KUBOKAWA 

Temperature/K 

FIG. 3. Change in the band intensities with 
increasing temperature of ZnO. (a) 2980, (b) 2872, 
(c) 2804, (d) 1576, (e) 1552,(f) 1432, (g) 1362 cm-l. 

bands appeared at 1428 cm-‘. Upon raising 
the temperature of the ZnO disk to 323”K, 
the band at 2804 cm-l decreased in inten- 
sity. At 353”K, new bands appeared at 
2980, 2872, 1576, and 1362 cm-l, while the 
band at 2804 cm-’ disappeared. Figure 3 
shows the change in intensity of these bands 
with increasing temperature of the ZnO. 
Upon raising the temperature to 423”K, the 
new bands which had appeared at 353°K in- 
creased in intensity. At 523”K, the bands 
at 2872, 1576, and 1362 cm-l disappeared, 
while the intensity of the bands at 2980, 
1552, and 1432 cm-l hardly changed. This 
behavior is essentially the same as that of 
the reaction of oxygen with propene 
adsorbed on ZnO, as described previously 
(2). Thus, the same assignment is applic- 
able, i.e., the former and the latter groups 
of the bands are attributable to surface 
formate and acetate ions, respectively. 
A summary of assignments of the bands 
for these carboxylate species is shown in 
Table 2 together with the results for 
propene. 

In a separate experiment, the reaction of 
oxygen with 2-methyloxirane adsorbed on 
ZnO was investigated by analysis of the 

reaction products. Oxygen of 2.7 kPa was 
admitt’ed to the ZnO-containing pread- 
sorbed 2-methyloxirane at 273”K, and its 
temperature was raised in stages under 
circulation of oxygen. The amount of 
oxygen uptake as well as the amounts of 
reaction products at, each stage are shown 
in Fig. 4. It is seen that below 523’K, 
where little formation of carbon dioxide 
took place, an appreciable amount of 
oxygen uptake takes place. The observed 
oxygen uptake was corrected by subtracting 
the oxygen uptake by ZnO without ad- 
sorbed 2-methyloxirane around 523”K, 0.10 
cm3/g. Thus, it was found that the ratio of 
the number of oxygen atoms incorporated 
to the number of adsorbed 2-methyloxirane 
molecules, LY, was 3.7, being in rough 
agreement with what would bc expected 

TABLE 2 

Wavenumbers (;/cm-i) of the Bands for the 
Carboxylate Species Formed from 02 with a-Methyl- 
oxirane Adsorbed on ZnO 

2-Methyl- Propenea Vibrational 
oxirane mode”,c 

2980 2980 vas (CH,) (A) 
2926 2920 vs (CHd (A) 
1552 1548 va3 (COO-) (A) 
1432 1433 v.a (COO-) (A) 
2872 2870 v K=)(F) 
1576 1572 vas (COO-) (F) 
1362 1365 ~8 (COO-) (F) 

LI Reference (2). 
b vnS, Antisymmetric stretch; Ye, symmetric 

stretch; A, acetate; F, formate ion. 
c In regard to the CH bending vibrations of 

acetate and formate ions, the band at 1466 cm-r may 
be attributed to the antisymmetric bending vibra- 
tions of CHz groups of the acetate ions, and the band 
at 1382 cm-r results from the overlapping of the 
two bands due to the symmetric bending vibrations 
of CH, groups of the acetate ions and the bending 
vibrations of CH groups of the formate ions. The 
bands due to the CH bending vibrations are much 
weaker in intensity than their COO stretching 
vibration bands (7, 14, 16). Accordingly, quantita- 
tive examination of the change in intensity of these 
bands was discarded. 
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FIG. 4. Reaction of oxygen wit,h 2-methyloxirane 
adsorbed on ZnO. (a) Oxygen t)aken up or consumed 
by the react*ions; (b) CO2 formed; (c) Hz0 formed. 
Amount of 2-methyloxirane adsorbed at 298°K 
was 0.28 cm3/g. 

from formation of format,c and accttEatc 
ions by oxidation (16). 

The spectral behavior above 353°K of 
2-mct,hyloxirane adsorbed on zinc oxide 
after increasing the tcmpcrat,ure in the 
presence of oxygen is rssentially the same 
as that of propenc adsorbed on it. Below 
353”K, howrvor, both syst,rms behave 

complotc~ly diff(wnt from rach other, 
particularly in the (I--H st,n%ching wgion 
(3000-2800 cm-l). This suggwts that, 
propctrw is notj oxidized via 2-mr>t hyloxiranc 
in thr oxidation on zinc oxid{>. 

Reaction 01 Nitrous O.cicle with Adsorbed 
9-Methyloxirane 

Similar cxpwimcnts wrc carried out 
using nitrous oxide instead of oxygen. 
The spwt.ra obt,aincd arc shown in Figs. 
5 and 6. On admission of nitrous oxide of 
2.0 kPa to the ZnO sample containing 
2-methyloxiranc at 298”K, no ncm bands, 
other t)han the surface alkoxy bands, w’crc 
obscrvcd. The temperature of thcEZn0 disk 
was raised in the prcscncc of nitrous oxidr. 
At 323”K, the bands at> 2804 and 1083 
cm-’ due to the alkoxy spceiw dccrcascd in 
intensity and complrtely disappeared at 
353”K, while: t,hc intensity of the band at 
1552 cl+ incrcascd. At’ 423”K, the bands 
at 2976, 2944, 28X4, 1550, 1466, and 1430 
cm-’ increased in intensity. These bands are 
charact,cristic of the surfacr cnrboxylat,r 

FIG. 5. Interact,ion of nitrous oxide with 2-methyloxirane adsorbed on ZnO. (a) Background 
(706 mg) ; (b) after 2 hr of adsorption, followed by 1 hr at 298°K in nitrous oxide (2.0 kPa) ; (c) 
followed by 2 hr at. 323°K in nit,rous oxide; (d) 2 hr at’ 423°K in nitrous oxide. Adsorbed amount. 
was 0.35 cm3 g-l. 
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l! 600 
Temperature/K 

FIQ. 6. Change in the band intensities with 
increasing temperature of ZnO. (a) 2804, (b) 1550, 
(c) 1430, (d) 1083, (e) 1550 cm-r (precursor). 

species. Obviously, no scission of the C-C 
bond takes place, since no bands due to 
formate species appeared in the COO 
stretching region or in the CH stretching 
region. As shown in Table 3, the bands 
described above are in good agreement with 
those of propionate ions, which were 
prepared from the oxidation of 1-propanol 
with oxygen. Thus, it is concluded that the 
bands at 2976, 2944, 2884, 1550, and 1430 
cm-i are due to surface propionate ions. 
The formation of propionate ions is in 
agreement with what would be expected 
from the a-C-0 breaking of 2-methyl- 
oxirane upon adsorption. 

In a separate experiment, the reaction of 
nitrous oxide with 2-methyloxirane ad- 
sorbed on ZnO was investigated by anal- 
ysis of the reaction products in a manner 
similar to that used in the case of the 
reaction of oxygen. Above 600”K, carbon 
dioxide and water were formed. The 
amount of oxygen atoms incorporated into 
the adsorbed layer was determined from 
the number of nitrogen molecules formed. 
Below 353’K, no appreciable amount of 
nitrogen was formed. At 423”K, the ratio 
of the amount of oxygen atoms to the 
number of adsorbed 2-methyloxirane mol- 

ecules was about 1.3, which coincides 
approximately with what would be expected 
from the formation of propionat,e ions by 
oxidation. 

As has been described above, the enolate 
species (the intermediate III) should be 
formed before the oxidation to the carboxyl- 
ate species. The position of the band at 
1550 cm-l due to the enolate complex 
coincides with that of the antisymmetric 
stretching vibration of the carboxylate 
species. Accordingly, it seems very difficult 
to discuss the change in concentration of 
the enolate complex during the oxidation 
reaction. In the case of oxidation by nitrous 
oxide, however, formation of the carboxyl- 
ate species occurs at temperatures higher 
than those in the oxidation by oxygen. 
This makes it possible to determine the 
contribution of the enolate species to the 
band at 1550 cm-’ as follows: Above 
353”K, the band at 1430 cm-l, attributable 
to the symmetric stret’ching vibration of 
the carboxylate species, appears. In the 
temperature range from 423 to 573”K, 
the ratio of the intensity of the 1550-cm-’ 
band to that of the 1430~cm-’ band, R, 
is nearly constant, suggesting t.hat, in this 
temperature range, the band at 1550 cm-’ 
arises solely from the carboxylate species. 
Below 423”K, the 1550~cm-’ band would 
result from the overlapping of the two 

TABLE 3 

Wavenumbers (;/cm-l) of the Bands for the 
Propionate Species Formed from N10 with 2- 
Methyloxirane Adsorbed on ZnO 

a-Methyl- 1-Propanol Vibrational 
oxirane mode0 

2976 2976 vas (CHa) 
2944 2942 vss GHd 
2884 2878 vs (CHd 
1550 1546 vas (COO-I 
1466 1466 &,a (CK) 
1430 1430 Ps (COO-) 

(1 Y&., Antisymmetric stretch; yg, symmetric 
stretch; a,,, antisymmetric bend. 
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bands due to the carboxylatc and wolat~c band at 1550 VIII-~ being akibuted to the 
species. By using the constjant ratio R cwolat,c~ spwiw. Thus, th(l r&tivr change 
described abow, the contribution of thcb of its wnctrntrat~ion nit,h tfmprraturo is 
carboxylate specks t,o that l:T50-cm-’ band obtaiwd, as shown in Fig. 6e. Oxidat,ion 
can be estimat,ed from thr intwlsity of t,hct by oxygc~l or nitrous oxid(l proweds accord- 
band at 1430 cn-I, t,hc wmaindcr of t)hc ing t,o the: follon-ing stclps (17) : 

(1) --cc111 

Reaction of Oxygen and Nitrous O.ride with on Acrosil arc shown in Table 4 together 
Adsorbed Propionaldehyde wit,h the results for zinc oxide. There is no 

Similar experiments wrc carried out with 
significant diffcrcncc bt%wcn t,he spectra 

propionaldchyde adsorbed on ZnO. Figure of propionaldchydc on zinc oxide and 

7 shows the resulting spcct,ra. Much less of Acrosil, cxcopt for th(> position of the band 

a decrease in background transmission was due to the carbonyl group. This suggests 

observed on the adsorpt,ion rompawd to that, propionaldchyde adsorbs on zinc 
the cast of ‘L-methyloxiranc. Tha bands oxide by coordination of the carbonyl 
obsrrvrd wit.h priopionaldch~do adsorbed group. Such a conclusion is supported by 

0’ .- 
: .- E 
: 
e I- 

FIG. 7. Interaction of oxygen with propionaldehyde adsorbed on ZnO. (a) Background (724 mg) ; 
(b) after 1 hr of adsorption, followed by 1 hr at 298°K in oxygen (2.0 kPa); (c) followed by 1 hr 
at 363OK in oxygen ; (d) 1 hr at 423°K. Adsorbed amount was 0.25 cm3 g-1. 
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TABLE 4 

Wavenumbers (c/cm-‘) of the Infrared Bands of 
Propionaldehyde Adsorbed on ZnO 

On On Vapor” Vibrational 
ZnO SiOz mode 

2992 2994 
2966 2952 2955 Y (C-H) (alkyl) 
2930 2894 2915 
2876 2842 2809 Y (C-H) (-CHO) 

2742 2714 
1552 1734 1752 Y (C=o) 

a Reference (19). 

the fact that the band due to the aldehydic 
CH group shifts to a higher frequency upon 
adsorption, since Young and Sheppard (20) 
have pointed out that both bands due to 
carbonyl and aldehydic CH groups shift in 
such directions upon partial loss of the 
aldehydic character caused by adsorption. 
After adsorption of propionaldehyde, the 
temperature of the zinc oxide was increased 
in the presence of oxygen. At 298”K, no 
spectral change was observed. At 353”K, 
new bands appeared at 2866, 1578, and 
1380 cm-l. In addition, the bands at 1552, 
1464, and 1430 cm-l were intensified. At 
423”K, the amount of incorporated oxygen 
was nearly equal to that of adsorbed 
aldehyde, but was much less compared to 
the case of 2-methyloxirane as described 
above. The bands at 2975, 1550, and 1430 
cm-‘, as well as those of 2866, 1578, and 
1380 cm-‘, may be attributable to carboxyl- 
ate species. Comparison of Figs. 2d and 
7d shows that the intensity of the bands 
at 2866, 1578, and 1380 cm-‘, which are 
attributable to formate ions, is much 
weaker for propionaldehyde than for 2- 
methyloxirane. This indicates that, in the 
former case, scission of the C-C bond of 
the adsorbed species occurs to a much 
smaller extent, compared to the latter 
case, i.e., the major part of the carboxylate 
species formed from propionaldehyde is 
propionate ions. As regards such a differ- 
ence in the efficiency of the C-C bond 

scission in oxidation using oxygen, the 
following tentative explanation may be 
offered: The presence of the enolatc struc- 
ture (III) in adsorbed 2-methyloxirane 
would facilitate scission of the C-C bond. 
A similar example can be seen when the 
r-ally1 species formed from olefins under- 
goes an efficient C-C bond scission, while 
little C-C bond scission is observed with 
adsorbed 1-propanol. 

Similar infrared studies were carried out 
on the reaction of nitrous oxide with 
priopionaldehydc adsorbed in zinc oxide. 
No formation of formatc ions was observed, 
i.e., no scission of the C-C bond occurred. 
Lack of scission of the C-C bond during 
oxidation is a characteristic of oxidation 
using nitrous oxide. Essentially the same 
behavior has been observed in the reactions 
of nitrous oxide with adsorbed olefins and 
2-methyloxirane. 
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2. 

3. 

4. 
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6. 
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