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ABSTRACT: The thermal decomposition of oxolan-3-one, a
common component of the bio-oil formed during biomass
pyrolysis, has been studied using ab initio calculations and
experiments employing pulsed gas-phase pyrolysis with matrix-
isolation FTIR product detection. Four pathways for unimolecular
decomposition were predicted using computational methods. The
dominant reaction channel led to carbon monoxide, formaldehyde,
and ethylene, all of which were observed experimentally. The other
channels led to an assortment of products including ketene, water, propyne, and acetylene, which were all confirmed in the matrix-
isolation FTIR spectra. There is also evidence for the production of substituted ketenes in pyrolysis, most likely hydroxyketene and

methylketene.

B INTRODUCTION

Biofuels generated from biomass have the potential to meet a
significant portion of the world’s energy needs and reduce the
reliance on fossil fuels. Biomass can be processed into biofuels
via a microbial-mediated transformation or thermochemical
conversion. Pyrolysis, gasification, and hydrothermal liquefac-
tion are all thermochemical conversion techniques; however,
much research has focused on pyrolysis, as it is considered the
most economical and environmentally sustainable.' The
pyrolysis of lignocellulosic biomass from various plant
feedstocks breaks down structural biopolymers including
cellulose, lignin, and hemicelluloses' and leads to gases,
biochars, and bio-oils® that can be refined into usable fuel.>*
Bio-oil is a complex mixture of water, hydrocarbons, aromatics,
oxygenated hydrocarbons, and nitrogen-containing com-
pounds.””™" In order to understand the chemistry and
environmental impact of the pyrolytic generation of bio-oil,
the refining of bio-oil, and the combustion of the final biofuel
product, it is imperative to determine the mechanisms of
thermal decomposition for all components of bio-oil.

One common bio-oil component is oxolan-3-one, a cyclic
oxygenated hydrocarbon with the chemical formula C,HsO,
(Scheme 1). It is found in the pyrolysis products of many types
of wood and fungal rotted wood.” Pyrolysis experiments on
wood performed by Galletti et al. using gas chromatography
and mass spectrometry revealed oxolan-3-one was one of many
pyrolysis products derived from lignin and polysaccharides."’
Pyrolysis mass spectrometry studies by Mulder et al. showed
how rot altered wood, causing a molecular change in the lignin
and affecting the composition of the bio-oil that included
oxolan-3-one.'" The use of wood chips and wood pellets for
fuel generation has been increasing and will continue to
increase in coming years, making oxolan-3-one an important
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compound to study.® Although the occurrence of oxolan-3-one
in the pyrolysis of wood is well established, there is no study of
how oxolan-3-one can undergo subsequent reactions at high
temperatures or how those products may impact the
composition, efficiency, and emissions of a biofuel.

The purpose of this work is to understand the thermal
decomposition mechanism of oxolan-3-one. Pyrolysis is
accomplished in the gas phase with a pulsed microtubular
reactor,'” and the products are identified by matrix-isolation
FTIR. The relatively short residence time in the reactor (~100
us), followed by rapid cooling in a supersonic expansion and
freezing in an argon matrix, allows the detection of products,
even intermediates, from early steps in the pyrolysis
mechanism. The results are compared to computational
predictions in an effort to develop a mechanism for oxolan-
3-one pyrolysis.

B EXPERIMENTAL METHODS

A gas-phase mixture of oxolan-3-one (0.1%—0.4%) in argon
was prepared with a total pressure of approximately 950 Torr
using standard manometric techniques. The oxolan-3-one
(>98.0% purity) was purchased from TCI America and used
without further purification. The mixture was then expanded
through the 0.1 mm diameter orifice of a pulsed valve (Parker
General Valve Series 9) into a silicon carbide (SiC) tube with a
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Scheme 1. Pyrolysis Pathways for Oxolan-3-one
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1.0 mm inner diameter and 38.1 mm length. The SiC tube was
resistively heated by a variable transformer to temperatures
ranging from 800 to 1400 K; the temperature was measured by
a type C thermocouple mounted to the outside of the tube.
Then, the products of pyrolysis were jetted onto the cesium
iodide (Csl) window mounted in a rotatable-shroud cryostat
(Janis Research), with a typical pressure of 1 X 1076 Torr. The
CsI window was cooled by a closed-cycle helium compressor
(Sumitomo Heavy Industries CAN-11) and maintained at 15
K by a Lake Shore 331 temperature controller during
deposition to freeze the pyrolysis products in an argon matrix.
Deposition was accomplished with a pulsed valve on-time of
200 ps and an off-time of 20 ms, resulting in a deposition rate
of 5—6 mmol/hour. Following 3 h of deposition, the Csl
window was cooled from 15 to 4 K. Then, 128 scans were
recorded by a Bruker Vertex 70 Fourier-transform infrared
spectrometer (FTIR) with a dry air purge and a 0.5 cm™
resolution. The resultant spectra were analyzed to determine
the products of the oxolan-3-one pyrolysis. Control experi-
ments were performed by depositing an oxolan-3-one/argon
mixture on the silicon carbide tube held at room temperature.

B COMPUTATIONAL METHODS

All ab initio calculations were carried out using the Gaussian 16
program.”* For computational efficiency, the geometries of all
possible stationary points (e.g, reactants, products, inter-
mediates, and transition states) were optimized at the B3LYP/
6-311G(2d, d, p) level of theory.* Local minima and
transition states were confirmed to have all real frequencies
and only one imaginary frequency, respectively. Animation of
the imaginary vibrational modes in combination with the
intrinsic reaction coordinate (IRC)" confirmed that the
transition states connected the reactants with the correspond-
ing products.

The relative energies for the pyrolysis reaction of oxolan-3-
one were re-evaluated using the CBS-QB3'® and G4MP2'”
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methods, respectively. The CBS-QB3 scheme uses the B3LYP/
CBSB7-optimized geometrical parameters and zero-point
energies (ZPEs). The CBSB7 basis set is equivalent to the 6-
311G(2d, d, p) basis set. For comparison, G4MP2 energies
were calculated using the same geometries and ZPEs. These
two composite approaches were previously employed to
generate energetic profiles for similar reactions with chemical
accuracy.'®"” The dependence of the geometrical parameters
on the level of theory was examined using the MP2/6-311+
+G(d, p) method for some key stationary points. The
deviations between the CBS-QB3 and G4MP2 geometries
are marginal.

B RESULTS AND DISCUSSION

In total, 12 product channels have been studied for the
pyrolysis of oxolan-3-one, as shown in R1—R12 and Scheme 1.

C,H,0, » CO + CH,0 + C,H, (ethylene) (R1)
CH,CO (ketene) + cyc-CH,OCH, (ethylene oxide)
(R2)
CO + H,0 + CH,;CCH (propyne) (R3)
C,H, + HOCHCO (hydroxyketene) (R4)
HOCH,CHO + C,H, (acetylene) (RS)
CH,C(O)CH,CHO (linear C,H,O,) (R6)
CH,O + CH,CHCO (methylketene) (R7)
CH,CH,0CH,C(O)e (C—C rupture) (R8)
CH,0OCH,C(O)CH,e (C—C rupture) (R9)
CH,0CH,CH,C(O)e (C—C rupture) (R10)
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OCH,CH,C(O)CH,e (C—O rupture) (R11)

CH,CH,C(O)CH,0e (C—O rupture) (R12)

In most cases, the MP2 geometries are very similar to the
B3LYP/CBSB7 geometries. In only one case do we see a
difference in optimized geometries (Table 1, TS3). The

Table 1. Relative Energies (kcal/mol) for the Pyrolysis
Reaction of Oxolan-3-one

CBS- MP2/6-311++G(d,
species QB3 G4MP2 p)
R 0.00 0.00 0.00
TS1 57.86 54.75 53.44
TS2 87.24 82.74 90.26
TS3 87.64 80.26 86.89
TS4 90.96 85.60 85.59
TSSa 77.69 76.12 75.74
TSSb 74.76 71.72 72.43
TS6a 114.44 108.04 110.99
TS6b 118.84 112.66 115.58
TS7 + H,O 96.47 90.49 90.60
TS8 + H,O 107.87 100.37 97.53
TS9 73.61 70.42 71.08
TS10 73.39 69.78 71.02
TS11 79.11 79.46 81.48
TS12 80.64 79.73 82.20
TS13 99.44 97.90 99.23
TS14 79.89 74.78 88.86
TS15 96.31 92.43 93.01
M1 64.63 58.20 52.81¢
IM2a 13.98 13.05 14.73
IM2b 12.25 11.45 13.55
IM3 + H,0 71.75 66.80 67.83
IM4 + H,0 33.51 30.06 27.65
IMS 65.63 62.25 63.54
M6 79.98 78.14 82.54
M7 4.80 3.78 4.98
P1 (CO + CH,O + C,H,) 26.03 21.34 21.54
P2 (CH,CO + CH,0CH,) 43.39 40.76 41.02
P3 (H,0 + CH,CCH + CO) 27.10 22.23 20.88
P4 (C,H, + HOCHCO) 44.15 40.84 42.68
PS5 (CHOCH,OH + C,H,) 46.71 43.53 43.20
P6 (CH,;COCH,CHO) -5.39 -7.23 —7.98
P7 (CH,O + CH;CHCO) 25.63 23.31 21.94

“The MP2-optimized geometries for TS3 and IM1 are different from
those optimized at the CBS-QB3 level.

uncertainties of the energies can be estimated from the data in
Table 1, which were calculated at different levels of theory.
Considering the good performance of CBS-QB3 for these
systems, the CBS-QB3 geometries and energies are used in the
following discussions unless stated otherwise.

A. PATH I: THE PATHWAY FOR FORMATION OF P1
(CARBON MONOXIDE, FORMALDEHYDE, AND
ETHYLENE) (R1)

This pathway undergoes the simultaneous rupture of two C—C
bonds and one C—O bond via transition state TS1 (Figure 1).
In the transition state, the three rupturing bonds are elongated
by 0.4—0.8 A. TS1 is calculated to be 57.86 kcal/mol above
oxolan-3-one. This concerted process leads to CO + CH,0 +
C,H, products (P1), which are 26.03 kcal/mol higher in
energy than the oxolan-3-one reactant. (Figure 2)

The experimental results are consistent with the products of
path I. Carbon monoxide was observed as a product at 2139
cm™' (Figure 3), at 2091 cm™" as the *CO isotopomer, and
also at 2149 cm™ in a complex of CO-H,0.”°~** While CO is
a common contaminant from the heated silicon carbide tube,
there is evidence that most of the CO observed in these
experiments indeed comes from the pyrolysis of oxolan-3-one.
The integrated absorbance for the peak at 2139 cm™ was
determined for both the spectrum collected following the
pyrolysis of oxolan-3-one at 1300 K and the spectrum collected
following the heating of pure argon under the same conditions.
The pyrolysis of oxolan-3-one resulted in approximately 50X
greater absorbance for the CO band than did the heating of
pure argon. As shown in Figures 4—8, formaldehyde
bands™* ™" are present at the wavenumbers 3465, 2865,
2797, 2719, 1742, 1498, 1245, and 1169 cm™'. As shown in
Figures 4—8, ethylene is evidenced”® ™ by peaks at 3111,
3081, 3071, 2995, 1440, and 946 cm™".

B. PATH Il: THE PATHWAY FOR THE FORMATION OF
P1 (R1) AND P2 (ETHYLENE OXIDE AND KETENE,
R2)

This pathway has two subpathways initiated by the fission of
either one or two C—C bonds. In the first subpathway, oxolan-
3-one undergoes bond rupture at C2—C5 (atom numbering
shown in Figure 1), providing an alternate route to CO +
CH,O0 + C,H, (P1). The transition state for this process is
TS2, where the C2—CS5 bond is elongated from 1.532 to 2.852
A. TS2 (Figure 9) leads to the linear intermediate IM1 (Figure
S1). IM1 further decomposes via the concerted transition state
TS3 (Figure 9) to form the three products CO, CH,O, and
C,H, (P1). In TS3, both C—C and C—O bonds break apart

2.106 >0
2.094 145 +
----P 1155 ]
1.932, = )
19351 E—
- J 2 + 9
&2.208 2 >
2184 1.260 d 9
TS1 P1

Figure 1. Optimized geometries (A) of species involved in the simultaneous rupture of two C—C bonds and one C—O bond in oxolan-3one (top,

B3LYP/CBSB7; bottom, MP2/6-311++G**).
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Figure 2. Relative energies (kcal/mol) of species involved in path I (top, CBS-QB3; bottom, G4MP2.).
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Figure 3. Comparison of the matrix-isolation FTIR spectrum
collected after the pyrolysis of 0.4% oxolan-3-one in argon at 1300
K and the spectrum of the unheated sample. Note that the y-axis has a
much larger range than other spectra in this paper due to carbon
monoxide’s large absorbance relative to other products. The bands
marked with asterisks are suspected to belong to substituted ketenes.
The 2132—2120 cm™ region is magnified 50X to show detail.
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Figure 4. Comparison of the matrix-isolation FTIR spectrum
collected after the pyrolysis of 0.4% oxolan-3-one in argon at 1300
K and the spectrum of the unheated sample.

simultaneously. It is noted that the geometry of TS3 on the
MP2/6-311++G** surface is different from the geometry on
the B3LYP/CBSB7 surface (Figure S1). This is not surprising
given the conformational flexibility of this structure.

The second subpathway has C2—CS and C7-Cl10
dissociating simultaneously via TS4 (Figure 9) to form ketene
and ethylene oxide (Figure S1). In TS4, the C7—C10 bond is
elongated to 3.129 A, and the C2—CS bond is stretched to
2.212 A. Clearly, TS4 is a late transition state that is very close
in geometry to the final product P2 (ethylene oxide + ketene).
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Figure S. Comparison of the matrix-isolation FTIR spectrum
collected after the pyrolysis of 0.4% oxolan-3-one in argon at 1300
K and the spectrum of the unheated sample.
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Figure 6. Comparison of the matrix-isolation FTIR spectrum
collected after the pyrolysis of 0.4% oxolan-3-one in argon at 1300
K and the spectrum of the unheated sample.

The calculated barrier height of TS4 is 90.96 kcal/mol, which
is only about 3 kcal/mol higher than that of TS2, suggesting
that these pathways have similar kinetic probabilities. Energeti-
cally, path II is more likely to produce P1, as P2 is significantly
more endothermic than P1 (Figure 10).

In the experimental spectra collected following the pyrolysis
of oxolan-3-one, three vibrational bands of ketene can be seen
in Figures 3, 4, and 7, at 2142, 3063, and 1380 cm™}, in
accordance with the literature.”’ > Ethylene oxide was not
observed in the infrared spectra, but it is known that ethylene
oxide can isomerize to form acetaldehyde. Acetaldehyde can
decompose at the temperatures employed in these experiments
into CO + CH; + H, ketene + H,, and HCCH + H,0.** It
should be noted that CO and ketene had already been

https://doi.org/10.1021/acs.jpca.2c03254
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Figure 7. Comparison of the matrix-isolation FTIR spectrum
collected after the pyrolysis of 0.4% oxolan-3-one in argon at 1300
K and the spectrum of the unheated sample.
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Figure 9. Optimized transition state geometries (A) involved in path
II (top, B3LYP/CBSB7; bottom, MP2/6-311++G**),

observed in these experiments. Additionally, acetylene can be
found at 3302 and 3288 cm™' in Figure 4, consistent with
bands reported in the literature.”**™*" It is possible that
ethylene oxide has undergone secondary reactions and thus
diluted the FTIR absorbance, although stable ethylene oxide
has been observed in the pyrolysis of 3-oxetanone under

. .38
similar conditions.
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Figure 10. Relative energies (kcal/mol) of species involved in path II
(top, CBS-QB3; bottom, G4MP2).

C. PATH Ill: THE PATHWAY FOR FORMATION OF P3
(CO + H,0 + PROPYNE, R3)

This pathway is initiated by hydrogen migration from the
methylene groups on either side of the carbonyl moiety to the
carbonyl oxygen atom. A H atom shift from C2 occurs via
TSSa, while H atom migration from C7 occurs via TSSb
(Figure 11). Both TSSa and TSSb are four-membered cyclic
transition states. The barrier height of TS5a is approximately 3
kcal/mol higher than that of TSSb, as seen in Figure 12. TSSa
and TSSb lead to the corresponding hydroxy intermediates
IM2a and IM2b (Figure S2). For both channels, these
intermediates can undergo a second H migration via another
four-membered cyclic transition state (TS6a and TS6b) to
form intermediate IM3 (C,H,O) by the elimination of H,O.
IM3 appears to be an aromatic singlet carbene, with a lone pair
of electrons on CS (see atom numbering in Figure 1;
additional structural details as shown in Figure S3). IM3
undergoes further H shifting and C—O bond fission via TS7 to
produce the linear intermediate IM4 (Figure S4). IM4
undergoes further H migration and C—C bond fission via
TS8 to produce propyne and CO (Figure S4). P3 results in
three products, namely, H,O, CO, and propyne, which lie
27.10 keal/mol above the reactant (Figure 12).

All three products of path III were observed in the matrix-
isolation FTIR spectra following the pyrolysis of oxolan-3-one.
Carbon monoxide was assigned in Figure 3. Bands for propyne
peaks were observed at 3323, 1446, and 629 cm~!in Fi§ures 4,
7, and 13 in accordance with published bands.>”?*~" Care
must be taken in assigning water as a pyrolysis product, as trace
amounts of water are always present in a matrix-isolation FTIR
spectrum due to unavoidable leaks in the vacuum chamber. For
a definitive assignment, a comparison between the spectrum
for heated oxolan-3-one and the spectrum for heated pure
argon was needed. This comparison was done by integrating
water bands from the two spectra, which were collected
following identical deposition times and under similar
laboratory conditions. The areas of both peaks of water
shown in Figure 6 at 1624 and 1608 cm™!, which match those
in the literature,””*>** were divided by the total amount of gas
deposited, which was measured in Torr. The resultant-scaled
areas were 0.005 and 0.003 for the peaks in the spectrum from
oxolan-3-one pyrolysis and 0.002 and 0.001 for the peaks in
the spectrum from heated argon. Therefore, the amount of
water present in the spectrum of oxolan-3-one heated to 1400
K was over double that in the unheated spectrum, providing
evidence for water being a product of thermal decomposition.
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Figure 12. Relative energies (kcal/mol) of species involved in path III (up, CBS-QB3; down, G4MP2).
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Figure 13. Comparison of the matrix infrared absorption spectrum
collected after the pyrolysis of oxolan-3-one at 1400 K and the
spectrum of the unheated sample. The propyne peak appears at 629
cm™'. The bands centered at 663 cm™ (*) belong to background
CO,.

D. PATH IV: THE PATHWAY FOR FORMATION OF P4
(R4), P5 (R5), P6 (R6), AND P7 (R7)

This pathway is initiated via two different types of hydrogen
migration, with the simultaneous rupture of the ring via C—O
bond fission. In the first case, a H atom migrates to the ring O
atom from a C atom on either side. In the second case, a H
atom shifts from one methylene to another, in addition to ring
rupture caused by CO fission. Figure 14 shows the optimized
transition states for path IV.

In the first case, a H atom migrates from either C2 or C10
via TS9 or TS11, respectively (Figure SS). The barriers for
TS9 and TSI11 range between 73 and 79 kcal/mol,
respectively, which are comparable to the energetic barriers
for TSSa and TSSb. TS9 leads to IMS in which the O—C2
bond is broken, and IMS further decomposes via concerted
TS10, producing ethylene and hydroxyketene (R4). TS11
leads to a linear intermediate IM6 in which the O—C10 bond
is broken. Further H migration from IM6 via TS12 leads to
IM7, which undergoes a conformational interconversion to
allow the formation of a four-membered-ring TS13 to produce
acetylene + HOCH,CHO (RS). The relative energies of P4
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bottom, G4MP2).

and PS are similar, ranging from 44.15 to 46.71 kcal/mol.
Based on a comparison of their barrier heights, the production
of P4 is more favorable than the production of PS (Figure 15).

In the second case, we see H atom migration between
methylene groups (Figure S6). For instance, in TS14, the H
shifts across the ring from C10 to C2 and C—O fission occurs,
leading to the linear product P6 (R6). This process is
exothermic by 5.39 kcal/mol. In TS15, the H shifts from C10
to the adjacent C2, and the C—O and C—C bonds rupture
simultaneously. TS15 leads to formaldehyde and methylketene
P7 (R7). The production of P7 is endothermic by 25.63 kcal/
mol, which is very close to the energetics associated with the
production of P1. A comparison of the barrier heights for TS14
and TS1S suggests that the R6 channel is more favorable than
the R7 channel (Figure 16).

There are many products associated with path IV, notably
including two different substituted ketenes. The bands
magnified in Figure 3 at 2125 and 2130 cm™' cannot be
assigned to ketene, carbon monoxide, or any clusters of those
species and are very close to literature®* bands and also
those observed previously'' at 2128 and 2124 cm™' for
methylketene in similar pyrolysis experiments performed on
propionaldehyde using the same instrument. However, the
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Figure 16. Relative energies (kcal/mol) of species involved in path IV
H-migration between methylenes (top, CBS-QB3; bottom, G4MP2).

absorbance is very low ,and other methylketene bands at 1447,
1471, and 1075 cm™" were not observed in these experiments
on oxolan-3-one, so the assignment is tentative at best. The
other substituted ketene in path IV, hydroxyketene, has no
FTIR spectrum available in the literature. The C=C=0
antisymmetric stretch of hydroxyketene was predicted to
appear at 2131 cm™' at the B3LYP/6-311G++(d,p) level of
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theory after being scaled by 0.964309, which is the
(experimental/theoretical) scaling factor for v, of ketene at
the same level of theory; however, a difference of several
wavenumbers between the calculated frequency and the
experimental frequency could occur. In an attempt to generate
and isolate hydroxyketene as an experimental benchmark, the
pyrolysis of ethyl glycolate was performed prior to matrix
isolation. (Figure S7) The pyrolysis of ethyl glycolate is
hypothesized to produce hydroxyketene and ethanol, analo-
gous to a scheme used to generate cyclopropylketene.** A
band at 2140 cm™' matches the band observed following
oxolan-3-one pyrolysis in Figure 3. Again, this assignment is
speculative, as the absorbance is low and there are no other
prominent bands to confirm the assignment. The coproduct of
hydroxyketene, ethylene, was detected in these experiments
(vide supra) but was also associated with paths I and IL

It is noted that the activation free energy represents the
driving power of reactions, which gives significant information
on both the thermal equilibrium constants (K) and the rate
constants (k) via

kT
he®

_AGF
¢ AG”/RT

AG, = —-RTInK  k(T) =

where AG, and AG” represent the reaction Gibbs energy and
the activation free energy, respectively. To demonstrate this,
we also calculated the overall change in free energy for the
main channel. AG* and AHF of TSI were calculated to be
56.44 and 58.97 kcal/mol at the CBS-QB3 level, respectively;
these values are very close to the value of AE that we used
(57.86 kcal/mol). From these we can calculate that TAS? is
equal to 2.53 kcal/mol that and AS% at 298.15 K is equal to
0.0085 kcal/mol-K, which indicates that the entropic factor for
TS1 is relatively small. Therefore, it is feasible to estimate the
magnitude of the activation energy using the transition state
energy.

Except for simple C—H bond fission, we did not explore
additional bond fission reactions leading to bimolecular or
higher-order reactions, nor have we considered any possible
roaming mechanisms. It has been established both exper-
imentally*® and theoretically*® that bimolecular reactions can
take place in these silicon carbide tubular reactors, especially at
relatively high concentrations. While the scope of this work is
limited to unimolecular pathways, the good agreement
between our computational and experiments results provides
a consistent picture of the initial decomposition pathways and
sets the stage for a subsequent study exploring all possible
bimolecular and higher order reactions.

It is worth noting that besides the singlet pathways discussed
above, triplet products are also possible via simple C—C or C—
O bond cleavage. However, the calculated heats of reaction are
greater than 70 kcal/mol for C—C or C—O rupture
(Supporting Information, Figure S8). Therefore, such direct
C—C or C—O bond rupture processes are less likely than the
singlet reactions described above. For completeness, we also
calculated three different types of simple C—H rupture
depending on the H sites. These C—H dissociation reactions
lead to an H atom and the corresponding reactant radicals.
Similar to simple C—C or C—O rupture, the processes for C—
H rupture are also highly endothermic by more than 70 kcal/
mol (Figure S8). Therefore, C—H bond rupture channels are
not likely the main thermal decomposition mechanism.
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B CONCLUSIONS

Four distinct unimolecular decomposition pathways of oxolan-
3-one have been discussed above. The most favorable pathway
is path I, which has the lowest barrier (TS1) to produce the
final products CO, CH,0, and C,H, (P1). The barrier heights
for all the other pathways are more than 70 kcal/mol. In
addition, except for pathway R6, all the channels are
endothermic. P1, P2, P6, and P7 could be generated in one
step, while the others need more than one step. Therefore, the
pyrolysis of oxolan-3-one has one dominant product channel,
namely, the formation of CO, CH,O, and C,H, via RI.
Moreover, most of the pyrolysis products have been observed
experimentally, such as carbon monoxide, formaldehyde,
ethylene, ketene, acetylene, propyne, and water. While there
is some evidence suggesting hydroxyketene and methylketene
as minor products, additional experiments are needed to
confirm the assignments or to identify other products, for
instance, products from P6.
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