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ABSTRACT: With the development of synthetic methods, 2-
acetylfuran (AF2) has become a potential biomass fuel. The
potential energy surfaces of AF2 and OH including OH-addition
reactions and H-abstraction reactions were constructed by
theoretical calculations at the CCSDT/CBS/M06-2x/cc-pVTZ
level. The temperature- and pressure-dependent rate constants of
the relevant reaction pathways were solved based on transition
state theory and Rice−Ramsperger−Kassel−Marcus theory, as well
as Eckart tunneling effect correction. The results showed that the
H-abstraction reaction on CH3 on the branched chain and the
OH-addition reaction at the C (2) and C (5) sites on the furan ring were the main reaction channels in the reaction system. At low
temperatures, the AF2 and OH-addition reactions dominate, and the percentage decreases gradually to zero with increasing
temperature, and at high temperatures, the H-abstraction reactions on the branched chains become the most dominant reaction
channel. The rate coefficients calculated in the current work improve the combustion mechanism of AF2 and provide theoretical
guidance for the practical application of AF2.

1. INTRODUCTION
Considering the strict emission regulations of the automobile
industry and the increasing global energy demand and price,
people are vigorously researching and developing renewable
energy to replace fossil derivative products in an economically
and environmentally sustainable way to meet the future
demand.1−4 Biofuels, liquid, or gas fuels derived from biomass
are considered the natural successors to petroleum derived
products that dominate the transportation industry because
they have many desirable fuel characteristics.5−8

Recently, some new methods have been proposed to
produce alkylfuran in large quantities from lignocellulosic
biomass and even non-edible biomass.9−12 Furan and its
derivatives have received much attention because of their
suitable physicochemical properties.13

Su et al.14 conducted experiments on the pyrolysis of 3-
methylfuran in a flow reactor at low pressure (30 Torr) and
atmospheric pressure, identified and measured more than 20
pyrolysis species, developed a pyrolysis model based on the
experimentally detected species, and validated the model with
experimental results. Whelan et al.15 calculated the rate
constants for the reactions of OH with furans, 2-methylfuran
and 2,5-dimethylfuran. The results showed that OH-addition
dominates, while H-abstraction reactions become increasingly
important when the temperature is above 900 K. Wang et al.16

investigated the low-temperature oxidation experiments of 2-
methylfuran in a jet-stirred reactor (JSR) and showed that the
consumption pathway of 2-methylfuran in low-temperature

oxidation consists mainly of OH/H addition and methyl H-
abstraction reactions on the branched chain. Jin et al.17

conducted low-temperature oxidation experiments and laminar
burning velocity measurements on furfural and constructed a
combustion model for furfural by theoretical calculations,
which can predict the experimental results of furfural well. Li et
al.18 carried out the experiments on the low-temperature
oxidation of 2-ethylfuran with different equivalence ratios in
JSR and improved a detailed low-temperature oxidation kinetic
model based on the previous model by theoretical calculations,
which can predict the experimental results well.
Researchers have found that the reaction between fuel

molecules and small free radicals such as H and OH radicals is
essential for predicting various combustion parameters under
different pressure and temperature conditions.19−23 Zhang et
al.19 studied the rate constants of methyl butyrate with H and
OH radicals by solving the master equation calculations by
transition state theory and compared with experimental data.
Zhou et al.20 constructed the potential energy surface (PES) of
the reaction between methyl crotonate and OH by quantum
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Figure 1. PES for the reaction of AF2 with OH constructed at the CCSDT/CBS/M06-2x/cc-pVTZ level. The energies of the species on the PES
are all relative to the energy of AF2 + OH unit in kcal•mol−1. (a) H-abstraction reactions and addition reactions on branched chains; (b) addition
reactions at the C (2) and C (3) sites; (c) addition reactions at the C (4) and C (5) sites.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c02636
ACS Omega 2023, 8, 21277−21284

21278

https://pubs.acs.org/doi/10.1021/acsomega.3c02636?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02636?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02636?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02636?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c02636?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


chemistry, calculated the rate constants of the reaction, and
updated the combustion model of methyl crotonate, and the
updated model reproduced the experimental results well. Jin et
al.21 measured the rate constants of the reactions of OH with
cyclopentadiene and indene in the temperature range of 828−
1390 K and at a pressure close to 1 atm. The experimental
results showed that the reaction of OH with cyclopentadiene
was about 2 times faster than that of indene. He et al.22

constructed the PES of methyl 2-furoate and OH by
theoretical calculations, which showed that the H-abstraction
on the branched CH3 and the addition reaction at the C (2)
and C (5) on the furan ring were the main consumed channels.
Xing et al.23 calculated the rate constants for the reaction of 2-
furoyl alcohol with OH by high-level quantum chemistry and
showed that the OH-addition reaction dominates at T ≤ 1300
K and the H-abstraction reaction rate is faster on the branched
chains than on the furan ring.
The main difference between 2-acetylfuran (AF2) and furan

and its derivatives is the branched structure. In order to study
the influence of the branched structure in the furan fuel
molecule on the combustion products of the furan fuel, the
reaction of AF2 with OH was studied through theoretical
calculations. This study investigated all possible reaction
pathways of AF2 with OH by using highly accurate theoretical
methods. The rate constants of the reaction channels were
computed via the solution of the master equation. This study
may improve the understanding of the combustions of the
furan series bio-fuel.

2. METHODOLOGY
Structural optimization and frequency calculation of the
stationary and saddle points on the PES were performed at
the M06-2X/cc-pVTZ level.24 The transition state structure is
identified with one and only one imaginary frequency. A
relaxed one-dimensional scan of all stationary points on the
PES is performed along the corresponding dihedral angle
increments of 10° to find the lowest energy conformation. To
obtain more accurate single-point energies, the CCSD(T)
method and cc-pVXZ (X = D, T) basis sets were used and
obtained by the extrapolation of the basis sets to the complete
basis sets.22 Calculation of the DFT is performed on the
Gaussian 09 software package.25

The temperature- and pressure-dependent rate constants for
the relevant reactions on the PES were calculated based on the
transition state theory and the Rice−Ramsperger−Kassel−
Marcus theory, as well as the Eckart tunneling effect correction
by solving the master equation with the MESS program
package.26,27 The Lennard-Jones model was used to estimate
the collision frequency between the dilute gas (argon, Ar) and
the reactants with parameters σ = 3.47 Å, ε = 79.20 cm−1 and σ
= 5.50 Å, ε = 362.53 cm−1 for Ar and the reactants,
respectively, where the parameters for Ar were obtained from
previous studies28 and the parameters for AF2 and OH were
obtained by Joback’s group contribution method.29 The
collision energy transfer was calculated by a single exponential
down model, <ΔE>down = 300 × (T/300)0.85 cm.22 The low-
frequency torsional mode of the stationary point on the PES
corresponding to the internal rotation is treated as a one-
dimensional hindered rotor with hindered potential, which is
obtained by relaxed scanning in 10° increments at the M06-
2X/cc-pVTZ level.
Due to the carbonyl group on the branched acetyl group of

AF2 forms a weak van derWaals (vdW) complex with OH via

hydrogen bonding. The reaction transition state of this
barrierless reaction is so loose that its rate constant cannot
be calculated by conventional transition state theory, so in the
current study, the rate constant of this process is calculated by
phase space theory.20 The interaction between the reactants
and the weak complex is estimated by the eq V(R) = C6/R6,
where R is the distance between the reactants. C6 was
estimated by the equation C6 = α1·α2·E1·E2/(E1 + E2), where αi
and Ei(i = 1, 2) are the polarization rate and ionization energy
of the two reactants, respectively. The value of C6 in the
current system was calculated at the level of G4 as 3.59 × 105
cm−1·Å6.

3. RESULT AND DISCUSSION
The PESs for the H-abstraction reactions and addition
reactions of AF2 with OH were constructed, as shown in
Figure 1. In addition, the subsequent decomposition pathway
of the intermediate species generated by the addition reaction
of the OH with AF2 was constructed.
3.1. Potential Energy Surfaces. 3.1.1. H-Abstraction

Reaction. From Figure 1a, it can be seen that there are four
sites of AF2 where H-abstraction from the OH may react,
namely, the H on the branched CH3 and the H atom on the
three sites of the furan ring, eventually producing C6H5O2
radicals and H2O.

+ [ ··· ]AF2 OH AF2 OH

+P1 H O2 (R1)

+P2 H O2 (R2)

+P3 H O2 (R3)

+P4 H O2 (R4)

The energy barriers for the four H-abstraction reactions can
be seen to be CH3 < C (5) < C (4) < C (3), with the lowest
energy barrier for the H atom on the branched CH3 to react
with the OH and the highest energy barrier for the C (3) site.
He et al.30 calculated the dissociation energies of AF2 at the

CBS-QB3 level, and the results showed that the dissociation
energies of the H atoms on the branched CH3, C (3), C (4),
and C (5) were 95.3, 120.4, 119.5, and 118.8 kcal•mol−1,
respectively. This similarly suggests that the H atom on the
branched CH3 is the active site for the AF2 H-abstraction
reaction. The OH to abstract the H atom on the furan ring
needs to overcome a very high energy barrier resulting in a
reaction that does not occur easily. Therefore, it can be
considered that the reaction between the H atom of the CH3
on the branched chain of AF2 and the OH is the main reaction
channel.
The transition state structures TS1, TS2, TS2, and TS4 at

the four sites, where the H-abstraction reaction of AF2 occurs,
are illustrated in Figure 2. The transition state structures of
TS1, TS2, TS3, and TS4 are for the CH3, C (3), C (4), and C
(5) sites, respectively.
From the structure of TS1, it can be seen that the distance

between the O (7) on the carbonyl group and the H (16) on
the OH in the branched chain is 2.100 Å. O and H may easily
form hydrogen bonds through weak interactions within this
distance range.22 In the TS1 structure, the OH forms a 6-
membered ring transition state structure by hydrogen bonds
with the H on the CH3 of the AF2 branched chain and the O
atom on the carbonyl group of the AF2 branched chain. The
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transition state structure of this is very stable and may also be
responsible for the lower TS1 energy barrier and potentially
increase the branching ratio of this reaction channel.
3.1.2. OH-Addition Reaction. In addition to H-abstraction

reactions with AF2, OH may undergo addition reactions to
C�C double bonds on furan rings and C�O double bonds of
carbonyl groups on branched chains. As shown in Figure 1a−c,
the OH undergoes an addition reaction with the carbonyl
group on the AF2 branched chain and C(2)−C (5) on the
furan ring to generate C6H7O3 radicals, namely INT1, INT2,
INT5, INT8, and INT11.
The transition state structures calculated at the M06-2x/cc-

pVTZ level for the AF2 and OH addition reactions are shown
in Figure 3. TS5, TS8, TS13, TS18, and TS22 are transition
state structures with OH addition at the carbonyl, C (2), C
(3), C (4), and C (5) sites, respectively. The energy barriers of
the transition states TS5, TS8, TS13, TS18, and TS22 for OH
addition to AF2 are 7.6, −1.7, 2.4, 3.0 and − 1.2 kcal•mol−1,
respectively, as can be seen from Figure 1a−c. OH addition to
the C�O double bond on the branched carbonyl of AF2 has a

much higher energy barrier than the C�C double bond on the
AF2 ring, so the OH addition reaction on the branched chain
is not competitive compared to that on the furan ring. The OH
addition energy barrier at C (2) on the AF2 ring is the lowest,
followed by site C (5), and the highest energy barrier at C (3).
Energetically, C (2) and C (5) are the main OH addition
channels.
The PESs of the subsequent decomposition paths of the

intermediate species INT1, INT2, INT5, INT8, and INT11
generated by the OH addition to AF2 are also constructed, as
seen in Figure 1a−c. In the current study, the subsequent
isomerization reactions and β-dissociation reactions of INT1,
INT2, INT5, INT8, and INT11 were mainly considered.

+ [ ··· ]AF2 OH AF2 OH

INT1 (R5)

+INT1 P5 CH COOH3 (R6)

+INT1 P6 CH3 (R7)

INT2 (R8)

+INT2 P7 CH CO3 (R9)

+INT2 INT3 INT4 P8 HCO (R10)

INT5 (R11)

+INT5 INT6 P9 C H2 2 (R12)

+INT5 INT6 INT7 P10 CH CHCHO2
(R13)

INT8 (R14)

+INT8 INT9 INT10 P11 CO (R15)

INT11 (R16)

+INT11 INT12 INT13 P12 CH CH CHO3 2
(R17)

The AF2 undergoes an addition reaction (R5) with the OH
to form INT1, which is subsequently consumed by β-breaking
R6 and R7. In reaction R6, INT1 breaks the C−C bond
through TS7 to produce 2-furyl radical (P5) + acetic acid
(CH3COOH) with an energy barrier of 7.3 kcal•mol−1. Within

Figure 2. Calculated transition state structures TS1, TS2, TS3, and
TS4 for the reaction of AF2 + OH H-abstraction at the level of M06-
2x/cc-pVTZ with bond length units of Å.

Figure 3. Calculated transition state structures TS5, TS8, TS13, TS18, and TS22 for the addition reaction of AF2 + OH at the level of M06-2x/cc-
pVTZ with bond length units of Å.
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the reaction R7, INT1 breaks the C−C bond via transition
state TS6 to generate 2-furancarboxylic acid (P6) + CH3 has
an energy barrier of −4.4 kcal•mol−1. In terms of energy, the
energy barrier of reaction R7 is smaller than that of R6, so after
the addition of OH to AF2 to form INT1, INT1 is mainly
consumed through reaction R7.
The addition reaction of AF2 with OH produces INT2,

which is followed by the consumption of INT2 by β-
dissociation R9 and R10. In R9, INT2 generates 2-furanol
(P7) and CH3CO radicals by breaking the C−C bond and the
transition state is TS9 which has an energy barrier of −1.9
kcal•mol−1. In R10, INT2 is first generated by breaking the
C−O bond to form INT3 with a transition state of TS10 with
an energy barrier of −9.9 kcal•mol−1, and INT3 is followed by
an intramolecular H-transfer to form INT4 with a transition
state of TS11 with an energy barrier of 6.3 kcal•mol−1.
Eventually, INT4 dissociates to generate pent-4-ene-2,3-dione

(P8) and HCO radicals with a transition state of TS12, which
has an energy barrier of 2.3 kcal•mol−1.
AF2 undergoes the addition reaction with the OH to form

INT5, which is subsequently consumed by β-dissociation of
R12 and R13. INT5 subsequently breaks the C−O bond to
produce INT6, which has an energy barrier of 22.6 kcal•mol−1
through the transition state TS14. INT6 generates C2H2 and
P9 by dissociation reaction, and the transition state is TS15 at
an energy barrier of 16.5 kcal•mol−1. In addition, INT6 may
also be isomerized to produce INT7 with a transition state of
TS16, which has an energy barrier of 15.9 kcal•mol−1. INT7 is
finally dissociated to produce P10 and acrylaldehyde (CH2�
CH−CHO) with a transition state of TS17 which has an
energy barrier of 7.0 kcal•mol−1. It is evident from the PES
that although the addition of OH to the C (3) site on the AF2
ring via reaction R11 to produce INT5 is not high in energy,
the subsequent decomposition path of INT5 has a high energy

Table 1. Rate Coefficients in Modified Arrhenius Expressions for the AF2 + OH Reaction System, k = ATnexp(−Ea/RT)

reaction p (atm) A (cm3•mol−1•s−1) n Ea (cal•mol−1)
total 0.01 3.01E−22 3.06 −3.35E+03

0.1 8.56E−20 2.32 −2.52E+03
1 2.32E−19 2.19 −2.45E+03
10 5.10E−17 1.51 −1.55E+03
100 2.30E−17 1.64 −1.60E+03

AF2 + OH → P1 + H2O 7.78E−22 3.07 −6.59E+02
AF2 + OH → P2 + H2O 8.43E−76 18.45 −8.79E+02
AF2 + OH → P3 + H2O 4.34E−75 18.43 −1.47E+03
AF2 + OH → P4 + H2O 1.96E−65 15.49 −1.36E+03
AF2 + OH → INT1 0.01 7.21E−22 3.45 1.70E+04

0.1 1.10E−30 3.75 4.84E+03
1 3.71E−33 3.95 1.76E+02
10 1.99E−33 4.95 −2.43E+02
100 5.37E−31 5.15 2.18E+03

AF2 + OH → INT2 0.01 1.78E+05 −6.36 1.84E+03
0.1 2.40E+01 −4.84 1.51E+03
1 2.06E−06 −2.36 2.72E+02
10 6.28E−11 −0.78 −5.48E+02
100 6.27E−17 1.18 −2.15E+03

AF2 + OH → INT5 0.01 2.23E+06 −6.55 6.05E+03
0.1 3.36E−01 −4.13 4.91E+03
1 3.52E−10 −1.03 3.16E+03
10 3.21E−19 2.05 1.31E+03
100 8.25E−19 1.94 1.50E+03

AF2 + OH → INT8 0.01 5.22E+16 −10.35 7.87E+03
0.1 7.33E+05 −6.39 6.28E+03
1 4.44E−03 −3.45 4.97E+03
10 2.11E−18 1.88 2.11E+03
100 3.72E−18 1.79 2.15E+03

AF2 + OH → INT11 0.01 9.32E−06 −2.53 5.53E+02
0.1 1.02E−13 0.12 −1.43E+03
1 5.75E−09 −1.31 2.06E+02
10 1.83E−15 0.89 −1.22E+03
100 4.51E−16 1.13 −1.25E+03

AF2 + OH → P5 + CH3COOH 1.46E−48 11.42 4.13E+03
AF2 + OH → P6 + CH3 6.23E−21 2.33 5.78E+03
AF2 + OH → P7 + CH3CO 7.79E−53 13.17 −2.74E+03
AF2 + OH → P8 + HCO 2.48E−64 17.07 9.10E+03
AF2 + OH → P9 + C2H2 4.24E−12 0.99 2.69E+04
AF2 + OH → P10 + CH2CHCHO 4.18E−15 0.64 2.64E+04
AF2 + OH → P11 + CO 1.58E−24 3.75 1.86E+04
AF2 + OH → P12 + CH3CH2CHO 1.38E−57 15.13 7.45E+03
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barrier, resulting in an uncompetitive addition path to the C
(3) site on the furan ring.
The formation of INT8 by the addition reaction of AF2 with

OH, the INT8 is subsequently consumed by β-dissociation of
R15. In the reaction R15, INT8 was first generated through the
TS19 with an energy barrier of 21.9 kcal•mol−1, breaking the
C−O bond to form INT9, and INT9 was followed by the
isomerization reaction to form INT10 with the transition state
TS20 with an energy barrier of 17.4 kcal•mol−1. The INT10
eventually dissociates to form CO and P11 through the TS21
with an energy barrier of −9.3 kcal•mol−1. Similar to reaction
R11, the addition of the OH to the C (4) site on the AF2 ring
via R14 to generate INT8 is not high in energy, but the energy
barrier for the subsequent decomposition path of INT8 is high,
resulting in an uncompetitive addition path to the C (4) site
on the furan ring. Therefore, it is energetically obvious that
OH-addition to the C (3) and C (4) sites of AF2 is not the
main addition channel.
AF2 reacts with the OH in an addition reaction to form

INT11, which is subsequently consumed by β-dissociation of
R17. INT11 generates INT12 by breaking the C−O bond,
with a transition state of TS23 and an energy barrier of −13.0
kcal•mol−1. INT12 is followed by INT13 through intra-
molecular H-transfer, with a transition state of TS24 and an
energy barrier of 2.1 kcal•mol−1. INT13 eventually generates
propionaldehyde (CH3CH2CHO) and P12 by breaking the
C−C bond, and the transition state is TS25 with an energy
barrier of 2.1 kcal•mol−1. Therefore, it is known that the main
reaction channels for the addition reaction of AF2 and OH are
the C (2) and C (5) sites.
3.2. Rate Coefficients of AF2 + OH. To further clarify the

contribution between different reaction channels on the PES of
AF2 and OH, the rate constants of the relevant reactions were
calculated. The rate constants for the pressure range of 0.01−
100 atm and temperature range of 300−1500 K were solved
and fitted to the extended Arrhenius expressions, as shown in
Table 1.
The total rate constants for the OH addition and OH H-

abstraction reactions of the AF2 and OH reaction system are
plotted in Figure 4. It can be seen that the total rate constants
for the 2-acetylfuran-hydroxyl system show a pressure
dependence, with the rate constant increasing as the pressure
increases.
The rate constants of the main reactions on the PESs of AF2

and OH at pressures of 0.01 and 100 atm are compared in
Figure 5. It can be seen that the H-abstraction reaction (R1) of
the CH3 on the AF2 branched chain is the most important
reaction channel. The reaction rate constants for the H-

abstraction reactions (R2, R3, and R4) on the AF2 ring are
several orders of magnitude lower than those for R1. As
described in 3.1.1, the energy barrier required for the H-
abstraction reactions on the AF2 ring is relatively high and
therefore the H-abstraction reactions on the AF2 ring are
unlikely to occur. It is interesting to note that the OH-addition
reactions R8, R11, R14, and R16 on the AF2 ring are also the
main reaction channels when the temperature is below 900 K.
The range of rate coefficients for the OH-addition reaction
becomes significantly larger as the pressure increases.
However, the OH-addition reaction of the carbonyl group
on the AF2 branched chain only contributes a little at low
temperatures and is not competitive compared to the OH-
addition reaction on the furan ring.
3.3. Branching Ratios of AF2 + OH. In order to further

understand the AF2 + OH reaction system, the branching ratio
of the reaction path on the PES, including five OH-addition
reactions and four H-abstraction reactions was also calculated.
The branching ratios of the rates of the nine reactions on the
PES of the reaction of AF2 with OH at pressures of 0.01 and
100 atm and temperatures ranging from 300 to 1500 K are
shown in Figure 6.
At 0.01 atm, the OH-addition reaction of C (2) and C (5) to

produce INT2 and INT11 at temperatures of 300−500 K is
the main reaction pathway (R8 and R16), and the branching
ratio of these two pathways decreases from about 90% at 300 K
to 0% at 1050 K as the temperature increases. The OH-
addition reactions of the carbonyl group on the branched chain
of AF2 and the OH-addition reactions of C (3) and C (4) on
the furan ring produce INT1, INT3, and INT4, respectively,
which have little effect on the consumption of AF2. In
addition, the H-abstraction reaction (R1) of the CH3 on the
AF2 branched chain at 680−1500 K to produce P1 + H2O is
the most important channel for AF2 consumption. The
percentage of R1 increases from 0.5% at 300 K to 100% at
1080 K with increasing temperature.

Figure 4. Total rate constants for OH-addition and OH H-abstraction
reactions in the AF2 + OH reaction system.

Figure 5. Rate constants for the reaction of AF2 with OH at pressures
of 0.01 and 100 atm and temperatures ranging from 300 to 1500 K.
(a) p = 0.01 atm; (b) p = 100 atm.
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It can be seen from Figure 6 that at 100 atm is very similar
to that at 0.01 atm, the H-abstraction reaction (R1) and the
OH-addition reaction (R8 and R16) are still the three most
competitive reaction pathways and there is no significant
pressure dependence. However, the temperature range of the
rate constants for R1, R8, and R16 is larger as the pressure
increases. At 100 atm from 600 K, the OH-addition reactions
of C (3) and C (4) on the furan ring produce INT5 and INT8,
respectively, contributing only also less than 1% to the
consumption of AF2.
As shown in Figure 6, at the current solved rate constants,

the H-abstraction reaction on the branched CH3 of AF2 is the
most important depletion channel for AF2 in the higher
temperature region. In contrast, in the lower temperature
range, the OH-addition reactions (R8 and R16) on the AF2
rings C (2) and C (5) contribute significantly to the AF2
consumption, particularly at lower pressures.

4. CONCLUSIONS
In the current study, the PES of AF2 with OH was constructed
using the CCSDT/CBS/M06-2x/cc-pVTZ method. Second,
the temperature- and pressure-dependent rate constants for the
relevant reactions in the PES of AF2 with OH were calculated
by solving the master equation based on the transition state
theory and Rice−Ramsperger−Kassel−Marcus theory, as well
as Eckart tunneling effect correction. The calculations show
that the OH forms a structure of a six-membered ring by
weakly interacting hydrogen bonds with the carbonyl group
and CH3 on the AF2 branched chain, which is very stable and
leads to a lower energy barrier, so that this reaction is the main
H-abstraction pathway. The H-abstraction reaction on the AF2
ring does not occur easily due to the presence of a higher
energy barrier. With regard to OH addition reactions, the
addition reactions of the carbonyl group on the branched chain
require higher energy barriers than those on C (2), C (3), C
(4), and C (5) on the furan ring, and therefore the addition
reactions of the carbonyl group on the branched chain are

unfavorable. The reaction system of AF2 and OH is dominated
by the addition reactions at low temperatures, with the
contribution of addition reactions decreasing as the temper-
ature increases and the H-abstraction reactions on branched
chains being the main reactions. In addition, the calculated
reaction rate constants were fitted by the Arrhenius formula
and given in the format in Chemkin software to provide
theoretical support for future experimental and practical
applications of the oxidation of AF2.
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