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M-xylene bicyclic peroxy radical (M- =

BPR) is an important atmospheric T§ & 4:":
intermediate formed by the oxida- 'é > o ,q:*::r,

tion of m-xylene, which plays an im- 3 | sg8P-g@ ’9, *

portant role in the new particle for- E *0 ;ﬁa Mﬁ%ﬁf)! ;LM’_RJI‘SI

mation and growth of secondary or- E LA L - T

ganic aerosol. In this work, the reac- % M'BPR'ZM, ) 3o e
tion mechanism, thermodynamic é & &° : &'I‘jf"
analysis, and kinetics of the reaction & '%%;'*J ¥, fh
between M-BPR and HO9 were in- é o0 0t
vestigated at the CCSD(T)/cc- & CsHyOH +°0

pVDZ//B3LYP/6-311G(d,p) level of theory coupled with transition state theory. The calcu-
lated results indicate that the title reaction can occur on both singlet and triplet potential en-
ergy surfaces, and the formation of hydroperoxides and 2Os via triplet state is the main reac-
tion channel, while the other four singlet product channels are negligible due to the higher
barrier heights. Additionally, the reaction rate constants are estimated by using the transi-
tion state theory over the temperature range of 258 K to 378 K, and reaction rate constants
are found to be negatively correlated with temperature. At 298 K, the total rate constant for
the title reaction is 1.86 x 1071 cm® molecule !-s7!. The calculated rate constants over the
studied temperature range were used to fit the data and the three-parameter Arrhenius ex-
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| INTRODUCTION quently appearing as the most abundant volatile organ-

ic compounds (VOC) in recent studies of the urban and

Aromatic hydrocarbons, a special class of unsaturat-

ed hydrocarbons with a benzene ring structure, are fre-
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regional atmospheric environments [1]. On a global
scale, total emissions of aromatic hydrocarbons are on
the order of 15.8 Tg+y !, accounting for ~15% of the an-
nual  anthropogenic  non-methane  hydrocarbon
(NMHC) budget [2—4]. Oxidation of aromatic hydrocar-
bons has been found to contribute significantly to the
production of ozone and low volatility substances that

condense in the particulate phase, which is referred to
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as secondary organic aerosol (SOA) [5—7]. Among the
anthropogenic volatile organic compounds (AVOCs),
aromatic hydrocarbon compounds have been recog-
nized for a long time as the most important precursors
of SOA [8, 9]. M-xylene is a typical aromatic hydrocar-
bon compound that is emitted into the atmosphere pri-
marily from motor vehicle exhaust, the use of solvents,
cigarette smoke, gasoline evaporation, and a number of
industrial activities [10].

M-xylene is a relatively high abundant AVOCs in
the atmosphere [11, 12]. Once emitted into the atmo-
sphere, m-xylene may undergo atmospheric oxidation
with the hydroxyl radical (OH), ozone (O3), or the ni-
trate radical (NOgz) to form less volatile products which
may undergo further reactions, leading to complex
chemical composition profiles with a variety of prod-
ucts [13, 14]. Comparison of the reaction rate constants
of m~xylene with these three oxidants indicates that the
atmospheric photochemical reaction of m-xylene is es-
sentially initiated by OH radical during the daytime
[15—18]. Under atmospheric conditions, there are two
reaction pathways in the reaction of m-xylene with OH,
that is the OH addition channel with a branching ratio
of 0.96 and the hydrogen abstraction channel with a ra-
tio of 0.04 [15]. The calculations show that the OH addi-
tion to m-xylene initially results in four distinct struc-
tural m-xylene-OH adduct isomers (denoted as ortho A,
ortho B, meta, and ipso, FIG. S1 in Supplementary ma-
terials, SM). ROCBS-QB3 and M06-2X predict similar
branching ratios for ortho A and ortho B, that is, 0.86
and 0.12 by ROCBS-QB3 and 0.89 and 0.10 by M06-2X
[15]. Obviously, formation of ortho A dominates. Most
of the m-xylene-OH adducts undergo a preferential Oo-
addition and cyclization to form peroxide-dicycloalkyl
intermediates, followed by a second O addition to form
the m-xylene bicyclic peroxy radical [19, 20]. It is a com-
plex process with several steps and several possible
products. According to the research work of Fan and
Zhang, there is one possible bicyclic peroxy radical (M-
BPR) formed from the ortho A OH addition, and its
structure is relatively stable [20]. Further, because of
the high branching ratio of the ortho A that forms the
m-xylenebicyclicperoxyradical (M-BPR), the M-BPR is
mainly considered in the present investigation.

M-BPR is an important intermediate of the OH-ini-
tiated oxidation of aromatic compounds, and the fate of
its bicyclic peroxy radicals depends mainly on the rela-
tive concentrations of NO, HO9, and ROy [15]. The re-

DOI: 10.1063/1674-0068 /cjcp2407101

Zhenli Yang et al.

action of M-BPR with NO was found to yield much less
bicyclic nitrate than predicted by the current mecha-
nism, suggesting nitrate formation may be more impor-
tant than SOA under high-NO, conditions [21, 22].
However, in low-NO, environments, the reaction of the
bicyclic peroxy radical with HO9 radicals may generate
high mass, low volatility products that readily enter the
particulate phase and become important components of
new particle formation. M-xylene bicyclic peroxy radi-
cal may play an important role in the nucleation pro-
cess and SOA growth, especially in low-NO, environ-
ments, where it promotes more rapid aerosol formation
and a higher aerosol yield [3, 23]. Unfortunately, in low-
NO, environments, the reaction mechanism and kinetic
properties of the reaction between M-BPR and HO2 un-
der low-NOuz conditions are currently unknown. The re-
activity of aromatic bicyclic peroxy radicals toward
HO3 radicals may differ due to the effect of the Oo-
bridged bicyclic group substituent.

Reaction mechanism, thermodynamic analysis and
kinetics of the M-BPR +HO3 reaction will be systemat-
ically investigated using quantum chemical methods.
The structures of all reactants, intermediates, transi-
tion states and products are optimized on the B3LYP
method [24] and the single-point energies of the rele-
vant species are calculated by the CCSD(T) (coupled
cluster considering single, double, and perturbative
triple excitations) method [25]. Density functional theo-
ry calculation and coupled-cluster method provide in-
sights into the reaction mechanisms and kinetic proper-
ties of m-xylene bicyclic peroxy radicals in the atmo-
sphere, which not only contribute to the understanding
of their environmental behaviors, but also help the as-
sessment of their potential impacts on ecosystems.

Il. COMPUTATIONAL METHOD

The quantum chemistry calculations have been em-
ployed in the geometry optimization and vibrational
frequency calculations. The optimized molecular geome-
tries of the mentioned molecules involved in the M-
BPR+HOg3 reaction are performed at the B3LYP/6-
311G(d,p) level of theory [26, 27]. Subsequent vibra-
tional frequency calculations ensured that all reactants,
intermediates and products are real frequencies and
each transition state has only one imaginary frequency.
Intrinsic reaction coordinate (IRC) calculations pro-

vide a unique connection from a given transition struc-
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ture to local minima of the reactant and product sides,
thus verifying that each transition state does indeed
connect the associated reactants and products [28, 29].

The zero-point energy and thermodynamic correc-
tions are calculated at the BABLYP/6-311G(d,p) level of
theory and used in the calculations of the final reaction
energy barrier, enthalpy and Gibbs free energy. The ge-
ometrical parameters obtained at the B3LYP/6-
311G(d,p) level of theory are utilized to perform single-
point energy calculations at the CCSD(T)/cc-pVDZ
level of theory, which leads to an improved accuracy to-
gether with lower computational requirements. The T}
diagnostic values in the CCSD wave function are de-
signed to give an indication of the quality of the results
that can be expected from a singles and doubles coupled-
cluster calculation. For the open-shell systems, the
CCSD wayve function is generally considered reliable un-
less T diagnostic value exceeds 0.044 [30—32]. The T}
diagnostics for all electronic structures are less than the
critical value of 0.044, indicating that the coupled-clus-
ter wave functions are shown to be reliable, as shown in
Table I. The optimization of the electronic structure
and frequency calculations have been computed using
the Gaussian 16 package [33], while the CCSD(T) single-
point energy calculations were employed using the Mol-
pro package [34, 35].

Transition state theory is a statistical rate theory
based on the evaluation of the rate coefficient from the
ratio of the number of thermally populated quantum
states of the transition structure and the reactants
[36—38]. From the framework of transition state theory,
the reaction rate constants (k) for the reaction can be
expressed by the following equation:

kBT Qrs Ers — ER
k=~k W QR ex kT

(1)

Here, k is the Eckart tunneling correction and kg is the
Boltzmann constant. T is the absolute temperature and
h is the Planck constant. Qg and @R denote the parti-
tion functions of the transition states and reactants, re-
spectively, and E1g and ER denote the zero-point cor-
rected energy of the transition states and reactants, re-
spectively. Furthermore, the barrier heights are the en-
ergy differences between the reactants and transition
states that determine the rate constants in transition
state theory. The partition functions of the reactants
and transition states were obtained at the B3LYP/6-
311G(d,p) level of theory, whereas the energies in the
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TABLE I T; diagnostic values for the stable structure of
the M-BPR+HO3 reaction.

Molecule T Molecule T
M-BPR 0.021 CgH1104H 0.012
M-BPR-?IM1 0.026 M-BPR-IM3 0.015
M-BPR-*TS1 0.029 M-BPR-TS4 0.021
CgH1105H 0.013 CgH1004 0.015
M-BPR-TS2 0.026 M-BPR-IM4 0.015
M-BPR-IM2 0.015 M-BPR-TS5 0.019
M-BPR-TS3 0.027 HOsH 0.015

expression were calculated by the CCSD(T)/cc-
pVDZ//B3LYP/6-311G(d,p) level of theory. The rate
constants were evaluated in the TheRate (Theoretical
Rate) program using conventional transition state theo-
ry with Eckart tunneling correction [39, 40].

Ill. RESULTS AND DISCUSSION

The schematic of the various routes of the M-
BPR +HO> reaction is summarized in FIG. 1. The po-
tential energy surfaces and optimized conFIGurations
are shown in FIGs. 2 and 3 respectively. The relative
energies (A(E4+ZPE) and AFE»9sK), entropies (AH29sK),
and Gibbs free energies (AGaggk) are obtained by
adding the single-point energies obtained by the
CCSD(T) method to the corresponding energy correc-
tions calculated by the BSLYP method, and these ener-
gy values have been summarized in Table II. To evalu-
ate the importance of the different pathways, we have
calculated rate constants for the five distinct pathways
on the basis of the structures determined by the B3LYP
method and the energy information determined by the
CCSD(T) method using transition state theory. The
Arrhenius plot of the total rate constants for M-
BPR +HOg3 is shown in FIG. 4 and the calculated total
rate constants are fitted to the three-parameter Arrhe-

nius equation.

A. Mechanism of the M-BPR + HO3 reaction
1. Reaction mechanism on triplet PES

Triplet potential energy surface calculations indi-
cate that there is a possible reaction pathway that gen-
erates the products hydroperoxides CgH11O5H and oxy-
gen molecules 304 via the pre-reaction complex M-BPR-
3IM1 and the transition state M-BPR->TS1. The pro-
cess is a hydrogen abstraction reaction, where the hy-
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— M-BPR-‘IM] —— M-BPR-'TSI —— CH,;,0sH + 0,
> M-BPR-TS2 — C3H;,0:H +'0,

3 M-BPR-IM2 ——3 M-BPR-TS3 — CsH,,04H + O;
——> M-BPR-IM3 —— M-BPR-TS4 —> CyH04 + HO, + OH

— M-BPR-IM4 —» M-BPR-TS5 — CiH;0; + HO;H

FIG. 1 The schematic reaction pathway of M-BPR+HO3 reaction.
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FIG. 2 The potential energy surfaces of the M-BPR+HO32 reaction computed at the CCSD(T)/cc-pVDZ//B3LYP/6-
311G(d,p) level of theory on both the singlet and triplet potential energy surfaces. Relative energies include the ZPE cor-

rections. The triplet reaction pathways are depicted in red,
ity. Energies are in units of kcal/mol.

drogen atom (H1) on the HO2 radical is transferred to
the oxygen atom (Og2) at the end of M-BPR to form
CgH1105H and 205.

The M-BPR-?IM1 binding energy is —6.64 kcal/mol
relative to the M-BPR +HO9 reactants. There is a hy-
drogen bonding interaction in M-BPR-’IM1, where the
hydrogen atom of HO2 and the oxygen atom at the end
of M-BPR form a hydrogen bond with a bond length of
1.773 A. A hydrogen bond is formed between a hydro-
gen atom of HO2 and an oxygen atom at the end of M-
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and the singlet reaction pathways are depicted in black for clar-

BPR.

As shown in FIG. 3, the equilibrium structure of M-
BPR-’TS1 contains a broken H1-O3 and a formed
H1-02 bond, which have bond lengths of 1.032 and
1.494 A. Compared to the H-O bond in the HO5 radical,
the length of the broken H-O bond is only slightly
longer by 0.057 A, whereas the formed H1-O2 bond is
about 0.279 A shorter than the corresponding bond
length in M-BPR-’IM1. Both M-BPR-’IM1 and M-
BPR-3TS1 are nearly linear molecules with bond angles

© 2024 Chinese Physical Society
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FIG. 3 Selected geometric structures of the reactants, intermediates and transition states of M-BPR+HO3 reaction com-
puted at the B3LYP/6-311G(d,p) level of theory on both the singlet and triplet potential energy surfaces. Bond distances

are given in angstroms.

02---H1---03 of 161.89° and 166.02°, respectively. The
energy barrier of M-BPR-TS1 is —4.67 kcal/mol (Ta-
ble IT).

2. Reaction mechanism on singlet PES

Computations show that the M-BPR +HO9 reac-
tion has four distinct product channels on the potential
energy surface of singlet state, namely CgH1105H +10,
CgH1104H 403, CgH1904+HO2+OH and CgH1904 +
HOsH. The reactants M-BPR +HO9 give rise to the
products CgH1105H +109 by way of only one transi-
tion state M-BPR-TS2 (FIG. 2). This pathway is a di-
rect hydrogen abstraction reaction, in which the hydro-
gen atom H1 of the HOg radical is directly transferred

DOI: 10.1063/1674-0068 /cjcp2407101

to the oxygen atom O2 at the end of the M-BPR, and
the products are produced without undergoing any pre-
reaction complexes or post-reaction complexes. The the-
calculated ~ M-BPR-TS2  energy is
8.80 kcal/mol higher than that of the reactants. The hy-

drogen abstraction reaction of this pathway differs from

oretically

that of the triplet state in three ways. Firstly, the di-
rect hydrogen abstraction reaction on the potential en-
ergy surface of the singlet state generates the products
CsH1105H and 104 through the transition state M-BPR-
TS2 alone, whereas the triplet state also passes through
the pre-reaction complex M-BPR-’IM1 and the transi-
tion state M-BPR-3TS1 before generating the products
CgH1105H and 30,. Secondly, the transition states M-

© 2024 Chinese Physical Society
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TABLE II Relative energies (A(E4+ZPE) and AFEpggk), re-
action enthalpies (AHaggk), Gibbs free energies (AGaggK)
involved in M-BPR+HO> reaction. Energy values are giv-
en in kcal/mol.

Compound A(E+ZPE) AEysk AHzsk AGogsk
M-BPR+HO, 0.00 000 000 0.0
M-BPR-*IM1 664  -595 654  2.09
M-BPR-3TS1 —-4.67 -4.63 -522 571
CsHp105H+20, -38.19  —38.20 -38.20 -36.41
M-BPR-TS2 8.80 9.00 841 19.37
CsHp105H+'0; 711 711 -711  —4.73
M-BPR-IM2 -10.66  —10.84 -11.43  1.29
M-BPR-TS3 8.10 764 704 20.36
CgH104H+03 -14.09  -14.52 -9.81 -13.08
M-BPR-IM3 998 1010 -10.69  1.75
M-BPR-TS4 4.84 478 418 17.14
CgH10O4+HOo+OH  -31.62  —31.00 -30.41 —40.43
M-BPR-IM4 963  —9.20 -10.38  2.25
M-BPR-TS5 13.50 1409 1291  25.07
CgH1004+HO3H ~57.57  —56.67 —57.85 —57.40

BPR-TS2 and M-BPR-3TS1 have structural differ-
ences, for example, the bond angles O2---H1---03 of
the two are 109.87° and 166.02°, respectively. Thirdly,
the energy barriers of M-BPR-TS2 and M-BPR-TS1
are very different, with the
13.47 kcal/mol higher than the latter.

In addition to the direct hydrogen abstraction mech-

former  being

anism described above, there is also an addition-elimi-
nation mechanism on the singlet potential energy sur-
face. The other three reaction pathways in the singlet
potential energy surface proceed through the addition-
elimination mechanism. The reaction pathway that
generates CgH11O4H + O3 has a high energy barrier and
is exothermic. The structures of M-BPR-IM2 and M-
BPR-TS3 are shown in FIG. 3. The M-BPR-IM2 struc-
ture is generated by combining the O1-O2 bond of M-
BPR with the O3-04 bond of HOs. This structure has
four oxygen atoms connected to form three oxygen—oxy-
gen bonds, each bond with a length of approximately
1.4 A. Relative to the reactants M-BPR+HOs, the
binding energy of M-BPR-IM2 is —10.66 kcal/mol. M-
BPR-TS3 is a five-membered ring structure in which
the 01-02, 02-03, 03-04, O4-H1, and H1-O1 bonds
have bond lengths of 2.071, 1.267, 1.393, 1.158, and
1.313 A, respectively. The energy barrier of M-BPR-
TS3 is up to 8.10 kcal/mol. The product channel
CgH1104H +0O3 has a higher energy barrier and is less
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likely to occur in comparison to the other reaction path-
ways.

Through the pre-reaction complex M-BPR-IM3, M-
BPR +HO2 may form the transition state M-BPR-TS4.
Calculations show that the structural information of M-
BPR-IM3 is similar to that of M-BPR-IM2, which is al-
so formed by the combination of the O1-O2 bond of M-
BPR and the O3-04 bond of HO9. M-BPR-IM3 has
three O—O bonds with a bond length of about 1.4 A.
The energy difference between the two is small (—9.98
vs. —10.66 kcal/mol). The energy barrier of M-BPR-TS4
is 4.84 kcal/mol, which is the lowest on the singlet state
and is still 9.51 kcal/mol higher than that of the triplet
reaction channel M-BPR-3TS1. In the electronic struc-
ture of M-BPR-TS4, the H2 atom is transferred from
C1 to O3, while O1-0O2 and O3—04 bonds are broken to
form HO9 and OH radicals. More interestingly, since
HO9 radicals are present before and after the reaction,
the reaction pathway formed by CgH1004+HO2+OH
can be viewed as a process of dissociation of HO2 acting
as a catalyst for M-BPR.

The last reaction path on the singlet state potential
energy surface is M-BPR +HOy — M-BPR-IM4 — M-
BPR-TS5 — CgH190O4+HO3H, which has a high reac-
tion energy barrier. The binding energy of the pre-reac-
tion complex M-BPR-~IM4 is —9.63 kcal/mol, which is a
small difference from the binding energies of M-BPR-
IM2 and M-BPR-IM3. It is more interesting to note
that the formation process and structure of M-BPR-
IM4 is relatively similar to both M-BPR-IM2 and M-
BPR-IM3. For the reactants M-BPR +HQO9, the M-
BPR-TS5 energy barrier is 13.50 kcal/mol. This reac-
tion pathway has a high energy barrier and is also the
most exothermic on the triplet and singlet potential en-
ergy surfaces.

B. Kinetic analysis of the M-BPR + HO> reaction

The rate constants for the different product chan-
nels of the M-BPR+HOs reaction are given in
Table III.  krotal (krotal = ksrgy +krse +krss +krss +
krgs) are the total rate comstants for the reaction,
kspg1, krs2, krs3, krsa and krss denote the rate con-
stants of product channels CgH11O5H +302,
C8H1105H+102, CgH1104H +03, CgH19O4+HO2+
OH, and CgH1¢004+HO3H, respectively. At 258-378 K,
the rate constants for the triplet state reaction show a
significant negative correlation with temperature,
whereas the singlet state reactions are all positively cor-

© 2024 Chinese Physical Society
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TABLE III The theoretical rate constants within the temperature range 258—-378 K for the M-BPR+HO; reaction at
CCSD(T) /cc-pVDZ//B3LYP/6-311G(d,p) level of theory (cm3-molecule -s71).

T /K ksrs1 krs2 krss3 krsa krss krotal
258 5.59x10711 1.98x107 22 1.96x1072! 3.10x10720 3.26x10727 5.59x10711
278 3.08x1071! 7.16x107% 2.65x10~ 6.02x1072 2.27x107% 3.08x1071!
298 1.86x107 1 2.21x107% 3.98x1072! 1.09x107 1 1.23x107% 1.86x107 1
318 1.21x107 11 5.99x10 2! 6.28x10721 1.86x10719 5.46x10725 1.21x10711
338 8.33x10712 1.46x10720 1.00x10™2 3.01x107 2.05x1074 8.33x10712
358 6.03x10712 3.24x107%0 1.59x10™20 4671079 6.72x10724 6.03x10712
378 4.55x10712 6.68x10"20 2.48x10°% 7.00x107 1.96x10° 2 4.55x10712

related with temperature. Moreover, the rate constants 207

of the triplet state reactions are at least seven orders of 235 1 o

magnitude higher than those of the singlet state reac- ~ 2401 ) /’/

tions, so that the total rate constants are mainly deter- 12 a5 ] P e

mined by the triplet state reaction. And the total rate Lé ol P o~

constants also have a negative temperature effect as 3 M

shown in Table III. Our study show that the total rate = 2559 //'/

constant for the M-BPR-+HO2 reaction was 1.86x -26.0 _//.

107" em?®-molecule 57! at 298 K, which is close to the 2654 : :

rate constant (2.3x107" cm®-molecule™!+s7!) derived
from the MCM v3.1. Under low-NO, conditions, the re-
action of M-BPR with HO» radical is competitive with
other biomolecular reactions. For example, the rate con-
stant of aromatic bicyclic peroxy radical +NO is around
57! [41], thus the reaction of M-
BPR with HO2 plays a larger role and makes a contri-

10712 ¢m?- molecule -

bution to radical chain termination leading to the pro-
duction of the hydroperoxide species (ROOH). The low-
volatility organic hydroperoxides can condense onto
aerosol surfaces to produce atmospheric secondary or-
ganic aerosol (SOA). This study provides basic kinetic
parameter for atmospheric model studies, helping to ac-
cess the formation of SOA especially under low NO,
conditions.

In the temperature range investigated, the triplet
pathway for the formation of bicyclic hydroperoxide
(CgH1105H) +309 is the main reaction channel of the
M-BPR +HOg reaction, while the singlet pathways are
to be of minor importance. The conclusion of a high
yield of hydroperoxides from the reaction with HO9 rad-
ical is in consistence with the results of a large number
of other similar studies [15, 42]. For example, Birdsall
and Elrod directly observed the bicyclic hydroperoxide
product in experiments involving m-xylene bicyclic per-
oxy radical reacting with HOg [43]. And these findings
have recently been confirmed in a study by He and his
colleagues [21]. Hydroperoxides are thought to play an

DOI: 10.1063/1674-0068 /cjcp2407101

T
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1000/T (K1)

FIG. 4 Theoretically determined Arrhenius plot for M-
BPR+HOg reaction over the 258—-378 K temperature range
at the CCSD(T)/cc-pVDZ//B3LYP/6-311G(d,p) level of
theory.

important role in the formation of secondary organic
aerosol and can be used as indicators of the oxidizing
capacity of the troposphere [44, 45]. Furthermore, mete-
orological parameters such as temperature, pressure,
relative humidity and solar insolation are very impor-
tant for controlling hydroperoxide production and loss
[46].

The total rate constants for the M-BPR +HO9 reac-
tion are described by a Arrhenius three-parameter

() ©

which provides a good fit of the rate constants calculat-

equation, as follows:

T 1.44
_ =15 ( _* .
E(T) = 4.22 x 10 (300) ex

ed between 258 and 378 K. The positive exponential
term of the three-parameter Arrhenius equation further
confirms the negative temperature effect of the studied
reaction.

The Arrhenius plot of the reaction is shown in
FIG. 4, which clearly shows that the rate constants of
the title reaction is negatively correlated with tempera-
ture over the temperature range studied. Generally, this

© 2024 Chinese Physical Society
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means that the M-BPR +HO3 reaction should have at
least one pathway with an energy barrier that is lower
than the energy of the reactants [47]. Indeed, the calcu-
lated barrier height for M-BPR-3TS1 (—4.67 kcal/mol)
in the triplet pathway are lower than that of reactants
at the CCSD(T)/cc-pVDZ//B3LYP/6-311G(d,p) level
of theory. The total rate constant also shows a negative
temperature dependence, since the total rate constant
for the M-BPR +HO3 reaction depends on the rate con-
stant for the triplet state reaction.

IV. CONCLUSION

The reaction mechanism, thermodynamic parame-
ters and kinetic analysis of the M-BPR +HO reaction
have been investigated in the present work. The triplet
state of the reaction is shown to have only one reaction
pathway which is the generation of hydroperoxide and
30, via hydrogen abstraction, while there are four dif-
ferent reaction pathways for the singlet state, i.e., the
generation of other different products (e.g., 1027 Os,
HO9, OH, and HO3H) via direct the hydrogen abstrac-
tion and addition-elimination reaction mechanism.
From an energetic point of view, the triplet reaction has
a lower barrier height (—4.67 kcal/mol), in contrast, the
other four reaction channels of the singlet states have
higher barriers heights and are less likely to occur. The
rate constants of the M-BPR +HO3 reaction were fur-
ther studied over the temperature range 258-378 K,
showing negative temperature dependence. The kinetic
calculations indicate that the formation of the
CgH1102H —|—302 channel is the most kinetically
favourable, since its rate constants is at least seven or-
ders of magnitude larger than that of the other chan-
nels in the temperature range studied. In addition, the
positive exponential term of Arrhenius three-parameter
equation implies a negative temperature dependence,
confirming the negative temperature effect of the theo-
retical rate constants.

Supplementary materials: The mechanistic diagram of
the m-Xylene-OH reaction system, the Cartesian coor-
dinates of key molecules, and the values of the electron-
ic energy and zero-point corrections of all the station-
ary points of M-BPR+HO3 reaction are shown.
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