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ABSTRACT: Ozonolysis of cis- and trans-2-butene isomers were carried out in a 570 | spherical
glass vessel in 730 torr synthetic air at 295 * 3 K. The initial concentrations were 5 to 10
ppmv for the isomers and 2 to 5 ppmv for ozone. Quantitative yields were determined by FTIR
spectroscopy for CH,CHO, HCHO, CH,, CH,OH, CO, and CO,. By means of computational
subtraction of the spectral contribution of the identified products from the product spectra,
residual spectra have been obtained. Formation of 2-butene ozonide, propene ozonide, and
1-hydroperoxyethyl formate CH,CH(OOH)—O—CH(O) have been identified in the residual
spectra. These products have been shown to be formed in the reactions of the Criegee inter-
mediate CH,CHOO with CH,CHO, HCHO, and HCOOH, respectively. Mechanistic implica-
tions and atmospheric relevance of these observations are discussed.©1997 John Wiley & Sons,
Inc. Int ] Chem Kinet 29: 461 —468, 1997.

INTRODUCTION analysis in this system is that the transitory product is
hydroperoxymethyl formate (hereafter HPMF),
Despite a wealth of gas-phase ozonolysis data [1-3CH,(OOH)—O—CH(O), and is formed in the reac-
and references cited therein], only few studies havetion of CHOO with HCOOH [11,12]. This com-
been devoted to quantitative product analysis [4—11]. pound had been assumed to be hydroxymethyl for-
In fact, no complete product data are available exceptmate, CH(OH)—O—CH(O), being composed of
for C,H,. For this simplest alkene, we have been able the stabilized Criegee intermediate £H and
to determine all the reaction products and their yields, HCHO [4-6,9]. Following the observation of HPMF
with the carbon balance of more than 90% [11]. The formation in the GH, ozonolysis [11], we found fur-
pivotal finding which has led to the complete product ther that not only HCOOH but also QEOOH and
CH,OH react with CHOO to yield products with a
general formula CHOOH)—O—R where R=
* Not associated with MPI Chemie in 1996. Corresponding au- CH(O), CHC(O), and  CH, " respectively, for
thor beginning January 1997. ’ HCOQH,_CI—QCOOH, and CI_§DH [13]. These res_ults
©1997 John Wiley & Sons, Inc. CCC 0538-8066/97/060461-08 have indicated that there is a close connection be-
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tween the gas-phase and solution-phase ozonolysidus and procedure have been described in our previ-
reactions with respect to the Criegee intermediatesous publications [10,11,18], and no details will be
[14,15]. given here. All runs were carried out in the excess of

Beyond CHOO, reactions of the stabilized the alkene. The initial concentrations of the 2-butene
Criegee intermediates have been studied very little isomers were 5 ppmv (1 ppmyv 2.39 X 10" mole-
[16]. In the ozonolysis ofrans-2-butene using ma-  cule cnr® at 295 K and 730 torr) fdrans,and 5 and
trix-isolation FTIR spectroscopy, Horie and Moortgat 10 ppmv forcis isomer. Ozone was either 2 ppmv or
[9] have observed formation of a product which 5 ppmv. For added compounds, the concentrations
was not assignable to known compounds. Since thewere 10 ppmv for HCHO, 10 and 100 ppmv
yield of this product increased with the addition of CH,CHO, and 2.3 ppmv HCOOH. Since under the
HCHO, they [9] assigned hydroxyethyl formate, experimental conditions, reaction was complete
CH,CH(OH)—O—CH(O), to this product which is  within 3 min, almost all spectral recordings (except
formed between CHCHOO intermediate and HCHO:  for Run G, Table 1) were made within about 10 min
analogous to now incorrectly assigned compound hy- after the addition of the alkene to the reactor. No at-
droxymethyl formate in the ethene ozonolysis. tempt was made to obtain time-resolved spectra.

In order to obtain quantitative product data rele-  The main analytical instrument used in this study
vant under atmospheric conditions, we carried out was an FTIR spectrometer (Bruker IFS-28). Spectra
ozonolysis otransandcis-2-butene in the low ppmv ~ were recorded with narrow-band MCT (700-2000
concentration range, using long-path FTIR spec- cm™t) and InSb (2000-4000 crf detectors, with a
troscopy [10] (hereafter referred to as HNM94). We resolution of 0.5 cmt, and 128 scans were co-added.
observed, after subtracting computationally spectral The quantitative yields of the identified products were
contributions of identified products, formation of two obtained by subtracting their spectral contributions
products, a “carbonyl compound” and a “non-car- from the product spectra by means of the reference
bonyl compound”, and assigned tentatively hydrox- spectra of the individual compounds. An estimate of
yethyl formate, to the former and 2-butene ozonide to the relative errors including calibration errors was as
the latter. We were not able, however, to positively follows: O, + 5%, CH, + 20%, CHCHO * 20%,
identify the formation of propene ozonide in the pres- HCHO + 10%, CH, = 10%, CHOH * 10%,
ence of added HCHO. Niki et al. [17] on the other HCOOH = 20%, CO* 5%, and CQ * 10%.
hand have demonstrated the propene ozonide forma- A reference spectrum of propene ozonide was pre-
tion in the cis-2-butene ozonolysis with the added pared by means of spectral subtraction from a prod-
HCHO. uct spectrum of ¢H, ozonolysis in which 100 ppmv

This study was motivated by our new discoveries, CH,CHO was added to the reaction mixture with the
that CHCOOH, CHOH as well as HCOOH react initial concentrations of 16 ppmv,B8, and 8 ppmv
with CH,00 intermediate to form unique products in O, [19]. The spectrum was compared with a reference
the ethene ozonolysis [11,13]. It was logical, there- spectrum of synthesized propene ozonide (the refer-
fore, to consider that the above conclusions be ex-ence spectrum was supplied by Dr. S. Hatakeyama,
tended to higher homologues of Criegee intermedi- NIES), and was found to be identical with respect to
ates. Specifically, the purpose of this study was (1) to the relative intensities and the positions of main ab-
obtain the residual spectra through computational sorption peaks. All chemicals and gases were of high-
spectral subtraction of the identified products, (2) to est quality available commercially, and were used
“isolate” possible individual products which are con- without further purification.
tained in the residual spectra via computer-assisted
spectroscopic analysis, and (3) to achieve a better un-
derstanding of the reactions of the stabilized Criegee
intermediate CECHOO in the gas-phase ozonolysis RESULTS AND DISCUSSION
of 2-butene isomers.

Quantitative Yields of the Identified
Products and the Spectral Features of the
First-Generation Residual Spectra

EXPERIMENTAL Experimental conditions and the main results are

summarized in Table I. The yield of a product and the
Experiments were carried out in an evacuable, 570 | butene conversion are expressed with respect to the
spherical glass vessel in 730 torr (1 tern33.322 converted ozone unless otherwise noted, and ex-
Pa) synthetic air at 295 3 K. Details of the appara- pressed as Y(compound) an@Bu/AO,, respectively.
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Table I Experimental Conditions and Main Results

Run A B C D E F G H

Isomer trans trans trans cis cis cis cis trans
[C Hglo/pPpmv 5.0 5.1 5.0 4.9 10.1 5.8 5.3 5.0
[O,],/ppmv 2.0 1.9 2.2 2.0 5.1 2.3 1.8 2.0
Added compd. - HCHO HCOOH - HCHO GEHO HCOOH CHCHO
Concn./ppmv - 5.2 2.3 - 10.3 10 24 98.3
[C Hgl/ppmv 1.9 2.4 1.4 2.1 3.5 25 2.8 2.8
ABU/AQ, 1.6 1.4 1.6 1.4 1.3 1.4 1.4 1.1
Product yield relative to the ozone consumption
CH,CHO 1.3 1.3 1.2 1.2 1.3 - 1.3 -
HCHO 0.28 - 0.24 0.18 - 0.33 0.16 0.60
CH, 0.15 0.16 0.16 0.22 0.22 0.21 0.20 0.15
CH,OH 0.08 0.08 0.07 0.10 0.10 0.11 0.10 0.12
HCOOH 0 0 —-0.41 0 0.06 0 —-0.42 0
Cco 0.30 0.34 0.25 0.20 a 0.22 0.17 0.28
CO, 0.29 0.29 0.31 0.33 a 0.45 0.29 0.50
Carbon balance/% 58 - - 61 - - - -

2 Not measured.

In the absence of the added compounds (Runs A andisted in the table, formation of CBOOH and
D, Table I), the product yields amxBu/AQ, are simi- CH,C(O)OCH, with approximate yields of 0.04 and
lar to those of HNM94. Summing up, (ABU/AO, 0.05, respectively, was observed in Run F. They are
were ca. 1.6 and ca. 1.4 fmansandcis isomers, re- probably due to the reactions involving the
spectively, (b) Y(HCHO) and Y(CO) were larger in CH,C(O)O, radical formed in the reaction of OH
trans than in cis isomer, and (c) Y(ChH and with CH,CHO in air [21].
Y(CH,OH) were higher ircis thantrans isomer. As From the product spectra of Runs A through H,
previously noted (HNM94), HCOOH was absent in “first-generation” residual spectra were obtained by
the product spectra. Trace amounts of glyoxal and subtracting the spectral contribution of the products
ketene were detectable in the spectral range coveredisted in Table I. Six such spectra for Runs A through
by the InSh detector (2000—4000 T Also forma- F are shown in Figure 1. Run E was carried out with
tion of small amount of 3-hydroxy-2-butanone (ace- the initial cis-2-butene concentration which was a
toin), CH,C(O)CH(OH)CH,, was observed by GC- factor 2 larger than the rest of the Runs. The product
FID in a separate experiment under similar conditions spectrum of Run E was therefore reduced to 1/2 in or-
used here (C. Schéfer of this laboratory, unpublished der to normalize the overall spectral intensity, and to
results). Its yield was estimated to be below 2% of achieve spectral subtraction on the same butene con-
AOQ,. The yield of these trace products was estimated version basis with the rest. Results for Run G will be
to lie below 5% ofAO,. The carbon balance based on described in a later subsection.
the product yields listed in Table | was about 60% for ~ Characteristic features are as follows. (a) All spec-
both isomers. The remainder of the reacted carbon istra have carbonyl absorption; (b) the carbonyl absorp-
yet to be identified and probably to be sought in the tion is larger inrans(1A) thancis (1D) isomer; (c) in
residual products. both isomers the addition of HCHO increased the
In the presence of added compounds, some inter-carbonyl absorption, though its effect is largercis
esting changes occurred. In Runs C and G with added(1E) thantrans isomer (1B), and additional absorp-
HCOOH, about 40% (relative to the, ©onversion) tion bands appear at the both sides of the strong ab-
of the added HCOOH disappeared. Y(CO) appearedsorption at ca. 1120 cmy and at ca. 850 cm ((1B)
to be smaller than in other Runs, while the yields of and (1E)); (d) the residual spectrum changes its ap-
other products remained unaffected. In Run F and H pearance significantly with the addition of only 2.3
with added CHCHO, both Y(HCHO) and Y(CQ ppmv HCOOH, (1C) (The effects that were observed
were higher than those in Runs D and A, respectively, with added HCHO are markedly enhanced, suggest-
which can be attributable to the reaction of the OH ing that these spectral features belong to one com-
radical formed in the reaction [10,20]. Though not pound); and finally (e) spectrum (1F) resembles very
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Figure 1 First-generation residual spectra. The experi-

mental conditions of each spectrum correspond to those of

Table 1. From the original product spectra, contributions of Figure 2 Spectra of the identified products. (2a) 2-butene

the products quantified in Table | were subtracted. ozonide, (2b) propene ozonide, and (2c) I-hydroperoxyethyl
formate (HPEF).

1
Wave number / cm

closely to 2-butene ozonide except for the carbonyl

absorption. Though not illustrated in Figure 1, the ethyl formate CHCH(OOH)—O-—CH(O) is ex-
first-generation residual spectrum obtained from Run pected in the reaction of HCOOH with GEHOO.

H shows similar characteristic features of (1F). In First, a reference spectrum of 2-butene ozonide
summary, it is apparent that the residual spectra con-was obtained by subtracting spectrum (1D) from
tain at least two products, whose vyields vary with the spectrum (1F) to eliminate carbonyl absorption. The
addition of HCHO and/or HCOOH, or with the iso- results are shown in Figure (2a). Next, in order to find
mers. out the effect of the HCOOH addition (Run C), spec-
trum (1A) was subtracted from spectrum (1C), since
the only difference in the product data (Table I) be-
tween Runs A and C was the decrease in the added
HCOOH. The result, after adjusting for the decreased
amount of HCOOH by spectral addition, spectrum
Figure (2c), is obtained. The compound having this
By taking advantage of the difference in the features spectrum is assigned to 1-hydroperoxyethyl formate
among the spectra obtained under different conditions(HPEF) CHCH(OOH—O—CH(O). This assign-
(Figures (1A)—(1F)), further spectral subtraction was ment was validated in another experiment as will be
performed to identify individual products. The spec- described later.

tral subtraction was guided by the following available By making use of the reference spectra of 2-
results: (a) 2-butene ozonide is formed in the ozonol- butene ozonide Figure (2a), propene ozonide whose
ysis of 2-butene isomers (HNM94); (b) propene spectrum is shown in Figure (2b), and 1-hydroper-
ozonide is formed in the ethene ozonolysis with oxyethyl formate Figure (2c), the effect of the HCHO
added CHCHO [19] (see Experimental Section); and addition (Runs B and E) was then examined. It was
(c) HCOOH reacts with C4#0O to form hydroper-  found that the effect of the addition of HCHO was
oxymethyl formate CKOOH)OCH(O) [11], and two-fold: propene ozonide formation and HPEF for-
hence formation of its homologue 1-hydroperoxy- mation. Further, comparison with the 2-butene

Further Spectral Subtraction Among the
First-Generation Residual Spectra:
Identification of Residual Products
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Table I The identified Products and their Relative Concentrations

Spectra 1A 1B 1C 1D 1E 1F 4A H
Isomer trans trans trans cis cis cis cis trans
Added compd. - HCHO HCOOH - HCHO GEHO HCOOH CHCHO
2a (2-Butene ozonid®) 0.2 0 0 0.4 0 1.0 0 0.6
2b (Propene ozonide) 0 0.1 0 0 0.2 0 0 0
2c (HPEH 0 0.3 1.0 0 0.3 0 0.9 0

2 The first-generation residual spectra from Run H are not illustrated in Figure 1.+ Ry droperoxyethyl formate. The relative con-
centrations are compared with respect to the values (unity) given in bold face.

b Spectrum 2a (2-butene ozonide) has been reduded to  of the spectrum obtained by the subtraction procedure (see text)cBhe relati
centrations are based on the original spectrum.

¢ The propene ozonide spectrum (2b) has been reducded to of the original spectrum which was obtained by spectral subt@ction from
product spectrum of the,8, ozonolysis with added CJ2HO (see Experimental section). The initial reactant concentrations wetg [€
16 ppmvy, [Q], = 8 ppmyv, and [CHCHO], = 100 ppmv. The concentration of the resulting propene ozonide was estimated to be ca. 2.7
ppmv. The relative concentrations are based on the original propene ozonide spectrum with ca. 2.7 ppmv concentratiofl Bfutsisfor
ca. 0.27 ppmv and for (1E), it is ca. 0.54 ppmv.

d Spectrum 2c has been reduced to  of the spectrum obtained by the subtraction procedure (see text). The relative coreentrations a
based on the original spectrum.

ozonide spectrum showed that 2-butene ozonide isTransitory Nature of 1-Hydroperoxyethyl
not formed under these conditions. It was then possi- Formate

ble to make a rough estimate of the (relative) yields
of these three products in various runs, based on the
amount of the spectral subtraction of these com-
pounds from the first-generation residual spectra of
Figure 1. The results are summarized in Table Il. Af-
ter these procedures, it was found that there still re-
mained certain residual spectra in all runs. All these
spectra had identical spectral characteristics about the
positions of major absorption bands and their relative
intensities. Two examples of the remaining spectra
are illustrated in Figures 3 (3A) and (3D) foans
andcisisomers, respectively.

In Run G where HCOOH was added in the ozonoly-
sis of cis-2-butene, spectral change was followed for
more than 1250 min. Two product spectra at the reac-
tion time of 18 min (initial stage) and ca. 1240 min
(final stage) were selected for spectral subtraction.
The residual spectra for the initial and the final stages
are shown in Figures (4a) and (4b), respectively. To
obtain the residual spectra, the same amounts of the
product spectra listed in Table | were subtracted ex-
cept HCOOH. A slightly larger amount of HCOOH,
[HCOOH]/AO, = 0.50 was subtracted for spectrum
(4b). The increased amount is probably due to a slow
heterogeneous loss of HCOOH on the reactor walls.
The two spectra (4a) and (4b) look similar except that
spectrum (4b) is reduced in overall intensity, and
shows some additional features in the carbonyl ab-

1740 1383 1123

I GA) | 1267 ‘ 1050 sorption region. Exploiting the spectrum (3A) (ob-
0.02 — ‘ / tained from the first-generation spectrum (1A) after
subtracting the spectral contribution of 2-butene

ozonide), further spectral subtraction was carried out.

The results are shown in Figure (4c) and (4d), for the

initial and the final stages, respectively. Comparison

) between spectrum (4c) and that of HPEF, (2c), re-
W veals that both are the same.

0 Spectrum (4d) is seen to contain not only HPEF

L S R TR RS but also another compound. In order to find out the

2000 1500 1000 nature of still remaining product at the final stage,

Wave number / cm" 60% of spectrum (4c¢) was subtracted from spectrum

Figure 3 Spectra indicating formation of unidentified (4d). The result is spectrum (4e). Comparison with a

product(s). Spectra (3A) and (3D) were obtained from the 'eéference spectrum of formic acetic anhydride,

experiment withtrans isomer (Run A, Table 1) andis iso- HC(O)—O—C(O)CH,, shown as spectrum (FAC),
mer (Run D, Table I), respectively. most features of the residual spectrum (4e) agree with

Absorbance
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the compound represented by spectrum (2c) is consis-
’ (4a) tent with HPEF.

Comparison with the Previous Results

0.15 |-
L (4D) A main difference between the present results and the
- previous data (HNM94) is the interpretation of the ef-

é L fect of HCHO addition. This is largely due to the
= L (40) finding of the formation of HPEF with added
3 0.10 = HCOOH. In HNM94, the residual spectra from the
< L ozonolysis ofcis isomer with and without the added
| (4d) HCHO were employed to isolate computationally the
| M carbonyl and noncarbonyl products. As seen above,
o) this procedure_ would lead to a mixed spectrum of
005 i ™M bbb AN propene ozonide and HPEF, and hence would not
"7 (FAC) yield individual product spectra.

| ,ﬂw noN The formation of HPEF with the added HCHO

(Runs B and E) is probably due to HCOOH which is

Lo PR PR R produced in secondary reactions involving HCHO
2000 1500 1000 and HQ radicals formed in the reaction [10,21].

Thus, the net effect of HCHO addition is the forma-
tion of propene ozonide. In fact, Run E was carried
out under the conditions that are nearly identical to

-1
Wave number / cm

Figure 4 Residual spectra in the ozonolysis @f-2-

butene in the presence of the added HCOOH (Run G). . . .
Spectra (4c) and (4d) were obtained by subtracting 80% mgieOOftr:\I iki et al. [fl 1 mcludlnfg tthat 20f| the addte_dl
and 50% of spectrum (2A) from spectra (4a) and (4b), re- (the reason for using a factor 2 larger initia

spectively. Spectrum (4e) was obtained by subtracting 60% concentration ofcis-2-butene than the rest of the
of spectrum (4c) from spectrum (4d). The reference spec- 'uns). The residual spectrum (1E) should therefore
trum of formic acetic anhydride, (FAC), corresponds to the correspond to the residual spectrum (2) of Figure 1 in
concentration of about 0.1 ppmv. their article. After identifying propene ozonide for-
mation, they mentioned that several weak bands, no-
tably one near 1200 cmy remained unassigned. We
have been able to show that the spectrum (2) of Niki
et al. [17] as well as spectrum (1E) contain at least
HPEF as an additional product.

that of the reference. Although the residual spectrum
has additional absorbances in the carbonyl region and
around 1130 cmt, these could have been the result Another difference from the previous data
of so many subtractions. T.hus, it is qgite Iikgly that (HNM94) is about the remaining spectra obtained af-
HPEF undergoes degradation to formic acetic anhy- ter subtracting all the identified products including 2-
dride and HO. butene ozonide, propene ozonide and HPEF, as typi-
cally illustrated in Figure 3. We assign tentatively a
CH,CH(OOH —O0—CH(0) — name CBC to this unidentified produc_t spectrum. The
HC(0)—O—C(O)CH, + H,0 presence of CBC was not apparent in _HNM94. This
is mainly due to a lower spectral resolution and larger
noise levels of HNM94. It was found in this work that
This is analogous to the degradation of hydroperox- CBC is formed under all the experimental conditions.
ymethyl acetate COOH)—O—C(O)CH, formed A5 seen from Figure 3, the magnitude of CBC in
in the ethene OZOHOIySiS with added p@OH into transisomer (3A) is rough|y twice as that @is iso-

HC(0)—O—C(O)CH, and HO [13]. mer (3D). It was further found that change in the ab-
sorption intensity is insensitive to the variation of the
CH,(OOH)—O—C(O)CH, experimental conditions, except in Run H where the

HC(O)—0O—C(O)CH. + H.O intensity decreased to about 60% of spectrum (3A).

©) (O)CH, ) The nature of CBC is at present not well defined.

The overall feature of the CBC absorption (Fig. 2) in-

The above observation has shown that the identity of dicates that CBC may be a composite of two or more



components. It is possible that products of the reac-

tion of the OH radical with 2-butene isomers repre-
sent a fraction of CBC. The consumption of the
butene isomers with respect to thg nversion,

ABU/AQ, (Table 1) are always larger than unity, indi-
cating formation of the OH radical in the ozonolysis
[1-3,10]. The OH radical reacts predominantly with
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It is possible to estimate the concentration of 2-
butene ozonide formed in Run H based on the com-
parison between the propene ozonide reference spec-
trum (Fig. 2b) and the 2-butene ozonide spectrum
(Fig. 2a). Assuming the same absorption cross section
of the bands centered at 1396 ¢rand at 1398 crt
for 2-butene ozonide and propene ozonide, respec-

the butene isomers under the experimental conditions.tively, and knowing the approximate concentration of
Acetaldehyde seems to represent a major fraction ofthe latter to be 2.7 ppmv (Fig. 2b), the 2-butene
the reaction products (HNM94), as can be seen from ozonide concentration was estimated to be roughly

its larger-than-unity yield (Table I). Beside GEHO,

0.8 ppmv. This corresponds to the yield of 35% with

the OH reaction with 2-butenes has been known torespect to the convertetlans2-butene isomer. If
produce acetoin [22], which has been detected as awe assume that most>(90%) of the stabilized
minor product as mentioned above. Comparison of a CH,CHOO intermediate reacted with GEHO to

reference spectrum of acetoin with CBC spectra indi-

form the ozonide, it follows that the degree of the sta-

cated that acetoin may be contained in the CBC but it bilization of the initially formed, excited CJEHOO*

was found that still a considerable fraction remain un-

accounted for. One expected product of the OH reac-

tion is a hydroperoxide C€H(OH)CH(OOH)CH,

to be formed between HCand the peroxy radical
CH,CH(OH)CH(OO)CH. Although a reference
spectrum of this compound is not available, it is not
possible to exclude this compound from the compo-
nents of CBC.

Mechanistic and Atmospheric Implications

The three “residual” products, 2-butene ozonide,
propene ozonide and 1-hydroperoxyethyl formate
(HPEF), are formed in well-defined reactions of the
stabilized Criegee intermediate QFHOO with
CH,CHO, HCHO and HCOOH, respectively, as rep-
resented below.

CH,CHOO + CH,CHO—
2-butene ozonide (1a)
CH,CHOO + HCHO —— propene ozonide (1b)

CH,CHOO + HCOOH—>
CH,CH(OOH)—O—CH(O) (HPEF) (1c)

Since these reactions are competing, addition of ei-

intermediate to be ca. 35%. This value is consistent
with our previous results [9,10] but significantly
higher than the value (18.5% ftnans isomer) ob-
tained by Hatakeyama et al. [23]. They based the de-
termination on the yield of J$O, which is formed in

the reaction of CtCHOO with SQ added in excess

to the reaction system.

Formation of HPEF in the 2-butene ozonolysis
with added HCOOH has demonstrated once again the
high reactivity of HCOOH toward the Criegee inter-
mediates [11-13]. Combined with the formation of
the ozonides with/without added aldehydes, the anal-
ogy between the gas-phase and liquid-phase ozonoly-
sis on the reactions of the Criegee intermediates
[13-15] has clearly been shown in this study. These
observations, initiated by our finding of the formation
of hydroperoxymethyl formate in the ethene ozonoly-
sis [11], should shed further light in understanding
still remaining mechanistic problems (see below) in
the gas-phase ozonolysis.

Under atmospheric conditions, the most important
bimolecular reaction of the Criegee intermediates is
with water vapor (due to the large atmospheric con-
centration) and possibly with NQthis reaction has
not been studied experimentally). As our recent study
[24] has shown, the intermediate G»O formed
from various terminal alkenes including isoprene re-

ther of the reactants results in the preferred formationacts with HO vapor to form hydroxymethyl hy-

of the corresponding products (see Table II). Previ-
ously (HNM94), the dipole complex was introduced
to interpret the experimental results. The dipole com-

droperoxide HOCLDOH. This hydroperoxide was
found to dissociate into HCOOH and® under the
laboratory conditions. It is expected that similar reac-

plex was assumed to form the excited 2-butene tion of CHCHOO intermediate with }© vapor leads

ozonide from which CECHOO plus CHCHO as

to formation of 1-hydroxyethyl hydroperoxide

well as the 2-butene ozonide resulted. Consequently, CH,CH(OH)OOH which then may dissociate into
the 2-butene ozonide yield was held unaffected by the CH,COOH and HO [18].

addition of HCHO. As this study has shown, how-

Atmospheric relevance of the unidentified prod-

ever, the formation of 2-butene ozonide is replaced by uct(s) as summarily represented by CBC is not clear

propene ozonide by the addition of HCHO.

at present. If CBC is formed as a result of unimolecu-



468

lar rearrangement of certain yet unknown reaction in-
termediate, it has some interesting atmospheric con-

HORIE, NEEB, AND MOORTGAT

sequence. Above all, its reaction with,GH vapor

would be worth considering. Clearly, further studies

are needed.
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