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Abstract: Ozonization reaction of simple alkenes was studied by means of FT infrared absorption gas
spectroscopy. The reaction was performed at 95 K in neat films of the reactants. IR absorption spectra
of the gaseous products were recorded. The spectra were analyzed combining experimental results with
theoretical calculations performed at B3LYP 6-311++G (3df, 3pd) level. We found that among all
theoretically predicted conformers of propene secondary ozonide, only one which has the O-O half-chair
configuration for the five membered ring and the radical attached in the equatorial position was present
in the sample. Samples of 1-butene and 1-heptene secondary ozonides consist from two conformers of
very similar energy (ΔH=0.3 kJ/mol). The most stable conformer for both ozonides is the one with
O-O half-chair configuration of the five membered ring and the radical attached in equatorial position
and the aliphatic chain in gauche position. The second stable conformer has the aliphatic chain in anti
position.
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1 Introduction

The ability of ozone to cleave double bonds in olefins has been known for more than

50 years. Understanding of these reactions is very important in atmospheric chemistry.

Ozone, together with the hydroxyl radical OH and the nitrate radical NO3 are the main

oxidant species of atmospheric unsaturated hydrocarbons, where reaction with the olefins
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Fig. 1 Criegee mechanism of ozonization reaction of alkenes.

results in the break down of the double bond and forming carbonyl compounds. The

alkene ozonization reaction is believed to proceed under so called Criegee three-step

mechanism (see Fig. 1). During the different stages of the reaction, the primary ozonide

(POZ) I, carbonyl oxide (COX) II and the secondary ozonide (SOZ) III are formed. The

fate of the reaction depends on many parameters, such as type of radical, conformation

of alkene, temperature of the reaction, environmental effects, internal energy as well

as reactions with other molecular species surrounding the reactants. Despite numerous

studies of the reaction by different spectroscopic techniques the precise mechanism of the

reaction is still unknown [1–4].

It’s well established experimentally, that POZ is a highly unstable intermediate, which

rapidly dissociates into the carbonyl compound (CC) and COX, often known as the

Criegee intermediate (CI). The further fate of the reaction depends on the environmental

effects [2]. In the gas phase many different reaction pathways are possible such as dissoci-

ation or rearrangement of the CI followed by a bimolecular reaction with CC or residual

CI, which leads to a rather complicated reaction sequence. In the condense phase, the

carbonyl compound and Criegee intermediates readily recombine to form a secondary

ozonide. However, other competing processes may occur in the condensed phase. Suen-

ram and Lovas have reported the detection of dioxirane from ethene ozonolysis [1].

It has been experimentally shown that SOZ is more stable then POZ [5]. At room

temperature SOZ can remain stable from a few hours up to a few days, after that it

eventually dissociates into formic acid and aldehyde. Stability of SOZ is dependent on

size and configuration of the radical. Unfortunately, not much is known about the spatial

structure of the SOZ molecules.
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Fig. 2 Conformations of five membered ring of secondary ozonides: a) C-O half-chair

conformation; b) O-O half-chair conformation.



580 R. Bariseviciute et al. / Central European Journal of Chemistry 4(4) 2006 578–591

In the late 1960’s the so called Bauld-Bailey theory was proposed. It concerns the

five membered ring geometry of the SOZ molecules as well as substitution positions on

the ring. According to this theory the five membered ring of SOZ is in the so called C-O

half-chair configuration (see Fig. 2a) [5, 6]. The position of substitution depends on the

initial conformation of the reactants. In the early 1970’s, the Bauld-Bailey theory was

revised by Kuczkowski [7, 8]. The revision was based on new experimental microwave

data. According to Kuczkowski’s theory, SOZ is more stable in the O-O half-chair ring

conformation (see Fig. 2b) and for the case of the 1-alkene SOZ, cis configuration (also

called equatorial) of aliphatic chain [5–8] was considered stable. This configuration of

the aliphatic chain and five membered ring for propene SOZ were supported by early ab

initio calculations [8]. From a theoretical point of view the ab initio calculations of this

molecular species containing such a strained five membered ring was a challenging task

where the results of calculations should be treated with care. In conformational analysis,

such calculations usually are combined with experimental data taken from vibrational

and rotational spectra [9]. Unfortunately, for such unstable molecules as SOZ’es such

an approach is not possible. Indeed the SOZ molecules in the ozonization reaction are

formed along with other products of the reaction, thus making vibrational spectra of

such mixtures difficult to interpret. Herein a new method for obtaining IR absorption

spectra of pure gaseous SOZ molecules of simple alkenes is reported. Combining such

spectral data with Density Functional Theory (DFT) calculations allows us to define the

geometrical structure of the titled SOZ molecules.

2 Experimental

The experiments were carried out at the infrared beam line BL73 at the Swedish Na-

tional Laboratory of Synchrotron Radiation – MAX-lab. The ozonization reaction was

performed in the condensed phase in a home made liquid nitrogen cooled stainless steel

double walled reactor. The inner part of the reactor is cooled by liquid nitrogen placed in

between the walls. All ozonization reactions took place on the walls of the reactor at the

temperature of 77 K. After the reaction, the reactor was slowly warmed up and the prod-

ucts after each 20 K temperature increase were pumped out to the temperature controlled

infrared gas cell equipped with White Optics and cooled back down to the temperature

of the reactor. After acquiring the FTIR spectrum, the products were pumped out of the

cell. After increasing the temperature of the reactor and cell by 20 K, a new batch of the

products were introduced into the cell. The highest yield’s for propene SOZ was at 220

K, for 1-butene SOZ - at 240 K and for 1-heptene SOZ – at 295 K. In a similar fashion

the secondary ozonides were purified by the removal of the by-products of the reaction at

temperatures of their fusion: acetaldehyde - 150 K, formaldehyde - at 156 K, propanal -

at 180 K, hexanal - at 220 K. The temperature of the reactor was monitored by a plat-

inum thermometer. The pressure of the gaseous product in the cell was approximately

0.05 torr. The base length of the cell was 2.85 meters. The total length of the optical

path was 68.4 meters. The cell is described in detail elsewhere [10, 11].
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Infrared absorption spectra of the reaction products were collected on a Bruker IFS

120 HR spectrometer with a 4 cm−1 resolution, using glowbar as a source. A spectral

resolution up to 0.003 cm−1 was used in some experiments. Unfortunately, for 1-butene

SOZ rotational structure is partly resolvable and for 1-heptene SOZ – is not due to low

rotational constants. In the case of propene, the SOZ rotational structure was resolvable

and shall be published as a separate paper. The absorption spectra were measured in

the spectral region 600-4000 cm−1. For the conformational analysis a closer look at the

spectral region of 900-1200 cm−1 was taken, where the spectral bands for the different

vibrations of the five membered ring are located. Spectral bands for the CH stretch

spectral region for all of the title compounds are located closely to similar frequencies

and cannot be used for our analysis. Scans of 128 were averaged to obtain the spectra.

It took approximately 70 seconds for each spectrum, which was found to be a reasonable

registration time for such unstable molecules as the secondary ozonides. The spectra of

the products were recorded in the 180-300 K temperature range.

3 Results and discussion

Conformational diversity of secondary ozonides of 1-alkenes is influenced by three different

factors. Foremost, the five membered ring can adopt various puckering forms. The

conformations of such a ring can be classified into an envelope (E) form in which one

atom lies out of the plane of the other atoms, and twist (T) form in which two consecutive

atoms lie on opposite faces of the plane of the other three atoms. Theoretically the five

membered ring of the secondary ozonides can have two different T forms while the E form

(Cs symmetry) is rarely possible due to strong dipole-dipole interactions in the ring. Both

T forms are presented in Fig. 2. The so called C-O half chair conformer (C1 symmetry)

has consecutive C and O atoms being out of plane with the other three atoms of the ring.

The O-O half chair conformer (C2 symmetry) has two consecutive O atoms being out of

plane of the other atoms of the ring.

Secondly, the aliphatic chain of 1-alkene ozonide can be attached to the ring in two

different so-called axial and equatorial positions. In the axial position, the chemical bond

between the ring carbon and aliphatic carbon atom is parallel (or close to parallel) to the

normal vector of the ring plane. In the equatorial position the C-C bond lies in the ring

plane. It is notable, that contrary to the examples of six membered ring’s, those that are

five membered rings containing COCOO, the definition of axial and equatorial conformers

is not exact due to the fact that the C-C bond is never parallel or perpendicular to the

ring plane and visually it is quite difficult to distinguish the axial conformer from the

equatorial. Nevertheless, these notations are still in use in conformational analysis of the

SOZ molecules.

Finally, the aliphatic chain attached to the ring can have different conformations by

itself. The energetic barrier of rotation around a single CC (σ) bond is generally very

low. So, the hindered rotation around each CC bond can result in different conformers.

In the most stable conformation, the neighboring methyl or methylene groups lie as far
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apart from each other as possible with a dihedral CCCC angle of 180 degrees. It is well

established that different staggered conformers can be formed only as result of rotations

around the two closest to the ring CC bonds of aliphatic chains. In the case of an aliphatic

group attached to the COCOO ring, only one such CC bond is left in the aliphatic chain

and only a rotation around this bond can cause the formation of the so called anti and

gauche conformers. It has been experimentally and theoretically shown that the alkane’s

energy differences between anti and gauche conformers are 3.7-3.8 kJ/mol [10]. For that

of the aliphatic chain attached to COCOO ring, this value can be very different due to

interactions between the ring and terminal methyl group of the aliphatic chain attached

to the ring.

These three reasons make the conformational picture of SOZ molecules quite com-

plicated. For the conformational studies we have chosen the three following secondary

ozonides: propene, 1-butene and 1-heptene SOZ. For the propene SOZ only the first two

factors influence the conformational diversity and for the 1-butene and 1-heptene SOZ

molecules all three factors are important.

3.1 Propene SOZ

The only experimental attempt to define the geometrical structure of propene ozonide was

made by L. Kuczkowski et al in 1974 [8], by collection of a microwave absorption spectra

of gaseous propene SOZ at 195 K. In this study only one conformer of the molecule had

been observed, possessing the O-O half chair conformation and having a single methyl

constituent in an equatorial position. The authors of this work do not rule out the

presence of an axial conformer but they believe that this apparently is much less abundant.

Some studies of the propene ozonization reaction have been made by means of gas

infrared absorption spectroscopy [8, 13–15]. But this approach is not suitable for confor-

mational analysis of secondary ozonides. The secondary ozonide is only a minor product

in the ozonization of alkenes in the gas phase. According to the Criegee mechanism, the

primary ozonide is formed in first step and it is in an excited state. In order for the

primary ozonide to convert to the secondary ozonide it has to be collisionally cooled, oth-

erwise it will directly decompose in to smaller final products of the reaction. Collisional

cooling is not very efficient in the gas phase. So, SOZ as a major product of the reaction

can be formed only in the condensed phase.

The experimental approach taken in this study is to perform the ozonization reaction

in the condensed phase and to separate the secondary ozonide from the other by-products

of the reaction by selective evaporation, thus obtaining the infrared absorption spectrum

of the gaseous secondary ozonide at various fixed temperatures.

The infrared absorption spectrum of gaseous propene ozonide at 295 K and 220 K is

presented in Fig. 3 (bottom and middle curves). The relative intensities of the spectral

bands are the same in both spectra. For a conformational mixture, such similarities of

relative intensity of vibrational spectral bands may occur in two cases. Either conformers

in the mixture have nearly the same stability or the stability is very different and due
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Fig. 3 IR absorption spectra of propene SOZ: a) theoretically (B3LYP 6- 311++G(3df,

3pd)) calculated spectra of the most stable O-O half-chair equatorial conformer; b) and

c) experimental spectra of gaseous sample at 220 K and 295 K, respectively. ∗ - denotes

propene spectral band.

to Boltzmann distribution only one conformer dominates in the mixture. In order to

determine which conformer or conformers are present in the sample, quantum chemical

calculations at DFT B3LYP level, using 6-311++G (3df, 3pd) basis set were performed.

It was prepared big number of input files with the initial conformers, having structures

of C-O half chair axial, C-O half chair equatorial, O-O half chair axial and O-O half

chair equatorial. In all cases, optimization of the geometry lead to only two staggered

conformers, either O-O half chair equatorial or O-O half chair axial, where the former is

more stable. Both theoretically calculated structures are presented in Fig. 4.

Energy difference between these two conformers was found to be ΔH=3.3 kJ/mol. In

the experimental spectrum where a 5% noise adjustment is taken in to account for the

thermodynamic equilibrium, it should be possible to observe the spectral bands of O-O

half chair axial conformer. However, in the experimental spectra of the gaseous propene

ozonide at 295 K and 220 K, no changes were observed for the relative intensities of the

spectral bands. This can be best explained by the relative abundance of only one con-

former in the sample. Perhaps, the theoretical calculations performed for the molecule

containing such a strained five membered ring underestimated the energy difference be-

tween both conformers. The assignment of experimental spectral bands based on our

theoretical calculations is presented in Table 1. The calculated spectrum is presented in

Fig. 3. The experimental band in the spectral region 1070-1130 cm−1 seems to consist

of 3 components, while DFT calculations predict for the equatorial conformer of propene

SOZ only two bands at 1117 and 1132 cm−1. The DFT calculated rotational constants for
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Fig. 4 Theoretically (B3LYP 6-311++G (3df, 3pd)) calculated structures of the staggered

conformers of propene secondary ozonide. Top: O-O half-chair axial, τ(OOCC)= 87.8 ◦;
Bottom: O-O half-chair equatorial, τ(OOCC)= 160.4 ◦.

this molecule are rather large (0.25, 0.1 and 0.08 cm−1), which makes the vibro-rotational

spectral bands partly resolvable even in the spectrum with 4 cm−1 resolution. According

to these calculations, the band at 1117 cm−1 should be nearly c-type and the band at

1132 cm−1 nearly b-type. Convolution of these two experimental bands gives a spectral

contour with three maxima. The main spectral features of the experimental and calcu-

lated spectra resemble each other, which indicates the sufficiency of the chosen level of

theoretical calculations.

Table 1 Theoretically calculated and experimental infrared absorption spectral bands of

propene SOZ in spectral region of the five membered ring vibrations.

Theoretical Appr. assignment Experimental
O-O half chair equatorial
ν, cm−1 I, a.u. ν, cm−1 I, a.u.

969 45.5 -O(1)-C(1)-, -C(1)-O(2)- asym. stretch 968 18
1064 61.7 -O(1)-C(1)-, -C(2)-O(2)- sym. stretch 1059 28
1117 100.3 -O(1)-C(2)- stretch, -C(3)H3 rocking 1119 100
1132 64.7 -O(1)-C(2)-, -C(2)-O(3)- sym. stretch 1128 72
1151 2.5 -C(1)H2 rocking
1156 30 -C(3)H3 deformation

“a.u.” means arbitrary units
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3.2 1-butene and 1-heptene SOZes

The conformational problem in 1-butene and 1-heptene SOZ molecules is more complex

than that in the propene SOZ due to (I) the possible rotation of the aliphatic chain around

the first CC bond from the ring and (II) the possible rotation of the terminal ethyl group

of the aliphatic chain around the C-C bond. The 1-heptene SOZ has a longer aliphatic

chain than 1-butene SOZ. So, interaction between the radical and the five-member ring is

expected to be different in both ozonides. Between a large variety of possible conformers

of 1-butene and 1-heptene SOZ we have chosen for theoretical analysis only those, which

are formed from the rotation of the radical around the first C-C bond from the ring.

Staggered conformers due to rotation of the radical around the other C-C bonds (even

around last but one CC bond) should be much higher in energy, similar to conformational

picture of alkanes [9].

Table 2 DFT calculated (B3LYP\6-311++G(3df, 3pd)) relative potential energies (ΔH )

of all staggered conformers of propene, 1-butene and 1-heptene ozonides.

Conformer ΔH, kJ/mol(τOCCC)
Propene SOZ 1-butene SOZ 1-heptene SOZ

O-O half chair equatorial 0 (-66.1 ◦) 0 (-66.3 ◦)
O-O half chair equatorial 0.3 (-177.6 ◦) 0.3 (-177.8 ◦)
O-O half chair equatorial 0 1.7 (56.9 ◦) 2.3 (57.3 ◦)
O-O half chair equatorial 3.8(-65.9 ◦, τCCCC = 66.1◦)
O-O half chair equatorial 3.9(-66.5◦ , τCCCC = - 66.2◦)

O-O half chair axial 2.1 (175.5o) 2.5 (174.6◦)
O-O half chair axial 3.3 3.2 (62.5◦) 3.6 (62.9◦)
O-O half chair axial 6.3 (-60.4◦) 6.9 (-60.4◦)

Results of our calculations are presented in Table 2. Similar to the case of 1-propene

SOZ, O-O half chair equatorial conformers are much more stable then O-O half chair

axial conformers. The calculations show that the energy difference between the two most

stable O-O half chair equatorial anti and gauche conformers of 1-butene and 1-heptene

secondary ozonide is very small – ∼0.3 kJ/mol. For the notation of an anti conformer

we use the conformer with the torsional angle between the ring plain and the first CC

bond of the aliphatic chain being around 180◦, while notation for the gauche conformer

– is set with the torsional angle being around 60◦. The calculated structures of these

conformers are presented in Fig. 5 and Fig. 6. Experimental FTIR absorption spectra

of gaseous 1-butene and 1-heptene SOZ molecules together with theoretically calculated

IR absorption spectra of O-O half chair equatorial anti and gauche conformers of both

compounds are presented in Fig. 7 and 8. The experimental and theoretically calculated

spectral bands together with assignments are listed in Table 3 and Table 4.
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Table 3 Theoretically calculated and experimental infrared absorption spectral bands of

1-butene SOZ in spectral region of the five membered ring vibrations.

Theoretical
O-O half chair O-O half chair Assignment Experimental

equatorial (-66.1◦) equatorial (-177.6◦)

ν, cm−1 I. a.u. ν, cm−1 I. a.u. ν, cm−1 I, a.u.

936 13 -O(2)-C(1)-, -O(3)-C(2)- 931 13
stretch

936 13 -C(4)H3 rocking 958 38

983 49 C(1)-O(1)-, -O(1)-C(2)- 982 44
sym. stretch

1001 12 -C(3)-C(4)- stretch 997 28

1027 23 -C(3)-C(4)- stretch 1028 12

1066 56 1068 33 -O(1)-C(1)-, -C(1)-O(2)- 1064 86
sym. stretch

-O(1)-C(2)- stretch,
1097 100 -C(2)-C(3)-C(4)- 1099 100

deformation in plain

-O(1)-C(2)-, -C(2)-O(3)-
1109 100 sym. stretch 1120 92

-C(2)-C(3)-C(4)-
deformation in plain

-C(2)-O(1)-stretch.
1131 23 -C(2)-C(3)-C(4)-

deformation out of plain

-C(2)-O(3)-stretch.
1139 21 -C(2)-C(3)-C(4)-

deformation in plain

“a.u.” means arbitrary units

As in the case of 1-propene SOZ, the relative intensities of the spectral bands are

similar in both spectra. The experimental data together with results of the theoretical

calculations leads to the conclusion, that in our gaseous samples both conformers of

1-butene and 1-heptene SOZ molecules are abundant. Experimental FTIR absorption

spectra of gaseous 1-butene and 1-heptene SOZ molecules together with theoretically

calculated IR absorption spectra of O-O half chair equatorial anti and gauche conformers

of both compounds are presented in Fig. 7-8. Nearly all vibrational spectral bands of

both conformers partly or completely overlap. The spectral region of 1000-1200 cm−1,
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Fig. 5 Theoretically (B3LYP 6-311++G (3df, 3pd)) calculated structure of the most

stable 1-butene SOZ conformers: a) gauche conformer: ∠O1C2C3C4=-66.1◦; b) anti

conformer: ∠O1C2C3C4=-177.6◦. The enthalpy difference between them δH = -0.31

kJ/mol.
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Fig. 6 Theoretically (B3LYP 6-311++G (3df, 3pd)) calculated structure of the most

stable 1-heptene SOZ conformers: a) gauche conformer: ∠ O1C2C3C4=-66.3◦; b) anti

conformer: ∠O1C2C3C4=-177.8◦. The enthalpy difference between them δH = - 0.29

kJ/mol.

where the spectral bands of different ring vibrations are located, is the most sensitive

to the conformations of the ozonides. In this spectral region we can expect some not

overlapping bands, belonging to the different conformers. According to the calculations,

the bands at 982, 997 and 1099 cm−1 can be attributed to the anti conformer, while

bands located at 931, 958, 1028 and at 1120 cm−1 - to gauche conformer of 1-butene

SOZ.
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Table 4 Experimental and theoretical infrared absorption spectral bands of 1-heptene

SOZ.

Theoretical
O-O half chair O-O half chair Assignment Experimental

equatorial (-66.3◦) equatorial (-177.8◦)

ν, cm−1 I. a.u. ν, cm−1 I. a.u. ν, cm−1 I, a.u.

972 41 -O(1)-C(1)-, -C(1)-O(2)- 966 20
asym. stretch

996 11 -C(3,4,5,6)H2 twisting,
-C(7)H3 rocking 995 17

1000 8 -C(3)-C(4)-C(5)-C(6)-C(7)-
skeleton in plain

1013 11 -C(3,4,5,6)H2 twisting

1025 10 -C(6)-C(7)-, -C(4)-C(5)-
asym. stretch

1044 5 -C(3)-C(4)-, -C(6)-C(7)-
sym. stretch

1046 2 -C(3)-C(4)- stretch

1056 11 -C(3)-C(4)-C(5)-C(6)-C(7)-
chain stretch

1064 10 -C(4)-C(5)-C(6)-
chain stretch 1062 63

1067 59 -O(1)-C(1)-, -C(1)-O(2)-
sym. stretch

1073 16.8 -C(2)-C(4)-C(5)-C(6)-C(7)
skeleton in plain 1074 25

1076 83.7 -O(2)-C(1)-, -C(1)-O(1)-
sym. stretch

-O(1)-C(2)-, -C(2)-O(3)-
1116 100 1116 100 sym. stretch, 1109 100

-C(2)-C(3)- stretch.
-C(2)-C(3)-C(4)-

1142 9 1141 11 C(5)-C(6)-C(7)- 1128 33
skeleton out of plain
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Fig. 7 IR absorption spectra of 1-butene SOZ in frequency range of the ring vibra-

tions: a) theoretically (B3LYP 6-311++G (3df, 3pd)) calculated spectrum of 1- butene

SOZ gauche conformer; b) theoretically calculated spectrum of 1-butene SOZ anti con-

former, c) experimental spectrum of gaseous sample at 240 K, d) experimental spectrum

of gaseous sample at 295 K. ∗ - denotes 1-butene band.
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Fig. 8 IR absorption spectra of 1-heptene SOZ in spectral region of the ring vibrations: a)

theoretically (B3LYP 6-311++G(3df, 3pd)) calculated spectrum of 1-heptene SOZ gauche

conformer; b) theoretically calculated spectrum of 1-heptene SOZ anti conformer, c) and

d) experimental spectrum of gaseous sample at 250 and 295 K respectively.

∗ - denotes formic acid spectral band.

This spectral region for 1-heptene SOZ is even more complicated than in the case of

1-butene SOZ. Two spectral bands near 1108 cm−1 are present in the spectrum (Fig. 8)

of 1-heptene SOZ, but the band at 1105 cm−1 seems to be a –CO– stretching band of the

impurity, formic acid. The asymmetric band at 1070 cm−1 seems to be an overlapping

of spectral bands. By fitting this band with two Lorentzian contours we found that this

asymmetrical band is consistent with two overlapping bands. According to the calcula-
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tions the first one at 1062 cm−1 can be attributed to –CO– stretch vibration of 1-heptene

SOZ gauche conformer, while the second band at 1074 cm−1 is attributed to the –CO–

stretch vibration of 1-heptene SOZ anti conformer. The aliphatic chain deformation band

at 995 cm−1 was attributed to the gauche conformer, while another ring’s –CO– vibration

at 966 cm−1 was attributed to the anti conformer.

4 Conclusions

It was found that all infrared absorption bands of gaseous 1-propene ozonide can be at-

tributed to only one conformer. By combining the experimental spectra with results of

the DFT calculations (B3LYP 6-311+G (3df, 3pd)) it was found that this conformer is

characterized by O-O half chair configuration of the five membered ring and the methyl

group attached to the ring in the equatorial position. Among all the theoretically pre-

dicted conformers for 1-butene and 1-heptene secondary ozonides only two of them were

spectroscopically observed. According to the DFT calculations, these conformers are: O-

O half chair equatorial anti and gauche. The infrared spectral bands of both conformers

nearly completely overlap in the spectra. Only in the spectral region of the ring vibrations

(1000-1200 cm−1) the bands could be attributed to the gauche and anti conformers.

Comparison of the experimental and theoretical spectra of 1-butene SOZ’es allows us

to assign spectral bands at 982 and 1099 cm−1 to the five membered ring vibrations of the

anti conformer, while the bands at 931 and 1120 cm−1 were assigned to the ring vibrations

of gauche conformer. In the case of 1-heptene SOZ – the bands at 966 and 1074 cm−1 –

to the ring and chain vibrations respectively of anti conformer and a band at 995 cm−1 to

the chain and 1062 cm−1 – to the ring vibrations of the gauche conformer. The relative

intensity of the bands belonging to the gauche and anti conformers is not temperature

dependent in the 230-300 K temperature range. The DFT calculations support this

experimental result. According to the calculations the potential energy difference between

gauche and anti conformers of 1-butene ozonide and 1-heptene ozonide is only 0.3 kJ/mol,

with gauche being the more stable than anti. Such small energy difference indicates about

the weakness of interaction between the five membered ring and the aliphatic chain. In

order to have more experimental evidences about this conformational picture of both

ozonides, some matrix isolation experiments with hot nozzle and annealing techniques

should be carried out. Such experiments are now under way in this lab.

Acknowledgment

The Swedish National Science Council covered the running costs of the infrared beam

line at the MAX-lab (Lund, Sweden). . Experiments at the Max laboratory were sup-

ported partly by the European Community - Research Infrastructure Action under the

FP6 ”Structuring the European Research Area” Program (through the Integrated Infras-

tructure Initiative ”Integrating Activity on Synchrotron and Free Electron Laser Science”)

and partly by Nordic Network of Chemical kinetics.



R. Bariseviciute et al. / Central European Journal of Chemistry 4(4) 2006 578–591 591

References

[1] R.D. Suenram and F.J. Lovas: “Dioxirane. Its synthesis, microwave spectrum, struc-

ture and dipole moment”, J. Am. Chem. Soc., Vol. 100(16), (1978), pp. 5117–5122.

[2] R. Fajgar, J. Vitek, Y. Haas and J. Pola: “Formation of secondary ozonides in the

gas phase low-temperature ozonation of primary and secondary alkenes”, J. Chem.

Soc. Perk. Trans 2, (1999), pp. 239–248.

[3] R. Atkinson, E.C. Tuazon and S.M. Aschmann: “Products of the gas-phase reactions

of O3 with alkenes”, Environ. Sci. Technol., Vol. 29(7), (1995), pp. 1860–1866.

[4] P. Neeb, O. Horie, G.K. Moortgat: “Formation of secondary ozonides in the gas-phase

ozonolysis of simple alkenes ”, Tetrahedron Lett., Vol. 37(52), (1996), pp. 9297–9300.

[5] N.L. Bauld, J.A. Thompson, C.E. Hudson and P.S. Bailey: “Stereospecificity in

ozonide and cross-ozonide formation”, J. Am. Chem. Soc., Vol. 90(7), (1968), pp.

1822–1830.

[6] P.S. Bailey and T.M. Ferrell: “Mechanism of ozonolysis. A more flexible stereochem-

ical concept”, J. Am. Chem. Soc., Vol. 100(3), (1978), pp. 899–905.

[7] C.W. Gillies and R.L. Kuczkowski: “Mechanism of ozonolysis. Microwave spectrum,

structure, and dipole moment of ethylene ozonide”, J. Am. Chem. Soc., Vol. 94(18),

(1972), pp. 6337–6343.

[8] R.P. Lattimer, R.L. Kuczkowski and C.W. Gillies: “Mechanism of ozonolysis. (a)

Microwave spectra, structures, and dipole moments of propylene and trans-2-butene

ozonides. (b) Orbital symmetry analysis”, J. Am. Chem. Soc., Vol. 96(2), (1974), pp.

348–358.

[9] P. Klaeboe: “Conformational studies by vibrational spectroscopy: a review of various

methods”, Vib. Spectrosc., Vol. 9(1), (1995), pp. 3–17.

[10] M.S. Johnson, F. Hegelund and B. Nelander: “The ν5 band of HClO4”, J. Mol.

Spectrosc., Vol. 190(2), (1998), pp. 269–273

[11] R.W. Larsen, F. Hegelund and B. Nelander: “Studies of intermolecular vibrations in

hydrogen-bonded molecular complexes for the gas phase using synchrotron radiation

source”, Mol. Phys. Vol. 102(16–17), (2004), pp. 1743–1747.

[12] M.G. Loudon: Organic chemistry, 4th ed., Oxford University Press, 2002.

[13] E.C. Tuazon, S.M. Aschmann, J. Arey and R. Atkinson: “Products of the gas-phase

reactions of O3 with a series of methyl-substituted ethenes”, Environ. Sci. Technol.,

Vol. 31(10), (1997), pp. 3004–3009.

[14] R.S. Disselkamp and M. Dupuis: “A temperature-dependent study of the ozonolysis

of propene”, J. Atmos. Chem., Vol. 40, (2001), pp. 231–245.

[15] L. Andrews, C. K. Kohlmiller: “Infrared spectra and photochemistry of the pri-

mary and secondary ozonides of propene, trans-2-butene and methylpropene in solid

argon“, J. Phys. Chem., Vol. 86(23), (1982), pp. 4548–4557.


	Introduction
	Experimental
	Results and discussion
	Propene SOZ
	1-butene and 1-heptene SOZes

	Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


