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Abstract

o-Terpineol, mainly released from the widely used cleaning products, is an important
indoor air pollutant. In this paper, the OH-initiated degradation mechanism of a-terpineol was
studied by employing Density Functional Theory (DFT) method. The reaction scheme is
proposed for the initial steps. Two barrierless addition processes and the H7-abstraction from
the ring are found to be the main reaction pathways. The products, such as
6-hydroxy-hept-5-en-2-one, 4-oxopentanal, acetone, and 4-methyl-3-cyclohexen-1-one, have
been detected experimentally, which are confirmed by this theoretical investigation. The
suggested formation mechanism of 4-methyl-3-cyclohexen-1-one in the experimental study is
not energetically feasible; instead, here an energetically favorable pathway is reported for the
first time. The overall rate constant of the title reaction is evaluated to be 1.29X 107" c¢m?

molecule” s™'. The gas-phase residential time of a-terpineol with the respect of OH is about

3.1 hours.
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1. Introduction

Volatile organic compounds (VOCs) with a high vapor pressure, can be easily released
into indoor air from various VOC emission sources, acting as the main air pollutants in the
indoor environment.! Previous experimental results have showed that the VOC concentrations
in indoors are 10 times higher than in outdoor environments.>” Therefore, the influence of
long-time exposure to indoor air contaminants on the health of human beings has attracted
more and more attention. It has already been accepted that extensive exposure to VOCs can
cause various acute and chronic health effects, such as acute and chronic respiratory effects,
neurological toxicity (e.g., fatigue, headaches, etc.), eye and throat irritation, and even lung
cancer.”" Hence, the fate of VOCs in indoor environment is worth studying.

Terpenoids as common additives to numerous consumer products (perfumes, soaps,
shampoos, deodorants, etc.) and meantime a kind of prevalent VOCs indoors, have received
increasing attention .'>'* Most of the terpenoids are reported to be present at significant indoor
concentrations.'”'® Among them, 1-Methyl-4-isopropyl-1-cyclohexen-8-ol (a-terpineol,
Scheme 1) is the main component of indoor cleaner emissions and pine oil,'” as well as an
emission from some molds existing in the indoor environment.'”*'

Once emitted into the indoor air, a-terpineol tends to undergo complex chemical
transformations by O3 , OH radicals, and NOj3 radicals existed in air,”? generating various
more irritating secondary pollutants (such as alcohols, aldehydes, ketones, dicarbonyls,
carboxylic acids, and organic nitrates).” Based on the above, we can conclude that the

gas-phase oxidation of a-terpineol has great influences on the indoor air quality, which should

be systematically investigated. Unfortunately, little is known about the gas-phase chemistry of
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a-terpineol. Jones and Ham have investigated the indoor reaction mechanism and the products
formed during the reaction between a-terpineol and NOs radicals. The rate constant of the
NOj; radical with a-terpineol was measured by a relative rate method.”® Wells, et al. have
studied the gas-phase oxidation of a-terpineol by OH radicals and Os in the presence of NOx
using smog chamber GC/MS techniques.”* The rate constants were determined to be (1.9
0.5)X10"%and (3.020.2)X10™'® cm’ molecule™ s, respectively. Several reaction products
were analyzed using the mass spectrometry. Nevertheless, the actual reaction pathways for the
observed products have been still unclear due to the lack of geometric parameters for
intermediate radical species. Direct experimental detection of the intermediate species is
extremely difficult because of their short lifetimes. Quantum chemical calculations have been
proven to be a promising way to determin the geometrical structures of the reactants,
intermediates, transition states and products created in the detailed reaction mechanism and to
investigate the kinetics property of the corresponding reaction system.zs'28

Considering that there are currently no experimental or theoretical kinetic data on the
OH-initated reactions, here we performed a theoretical study on the OH-initiated gas-phase
oxidation reaction of a-terpineol in the indoor environment using density function theory
(DFT).29 The rate constants were evaluated by employing the multichannel
Rice-Ramsperger-Kassel-Marcus (RRKM) theory to find out the rate controlling steps of the
distinct reaction pathways.
2. Computational Methods

The quantum chemical calculations were performed using the Gaussian 09 program

suite.”” The MPWBIK function was employed to optimize the geometries of the reactants,
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intermediates, transition states and products at the MPWBI1K/6-31+G(d,p) level in this
paper.”' It is well known that MPWBI1K and BB1K methods give good results for barrier
height and reaction energy calculations with the mean unsigned errors of about 1 kcal
mol' > The selection of the MPWBIK method for this work is detailed in the
Supplementary material. The harmonic vibrational frequency calculations at the same level
of theory were used to identify that whether the optimized structures are the true minima or
the transition state. For each transition state, the intrinsic reaction coordinate (IRC) was
calculated to determine the connections between the reactants, the transition states, and the
products.®* To accurately obtain total electronic energies, additional single-point high-level
ab initio calculations were carried out at the MPWBI1K/6-311+G(3df,2p) level of
computation upon MPWBI1K/6-31+G(d,p) optimized structures. The potential energy
surface profile was conducted at the MPWBI1K/6-311+G(3df,2p)/MPWB1K/6-31+G(d)
level including zero-point vibration energy (ZPVE) correction.

The kinetic calculations including tunneling corrections were carried out using

Rice—Ramsperger—Kassel-Marcus (RRKM) theory with the open source MESMER

3536

program. The reliability of the tunneling corrections is detailed in the Supplementary

material. This method has been successfully applied to several theoretical studies.””*®

The microcanonical rate constants were computed using the RRKM equation:

k(E) = E) (1)

hp(E)

where, W(E) is the rovibrational sum of states at the transition state, p(E) is density of states

of reactants, and / is Planck’s constant. Then, the canonical rate constant k(7) is determined

from the following equation:
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L -
K(T) = KBV P(E)exp(— PEYIE @)

where, O(T) is the reactant partition function.
3. Results and discussion

The reliability of the calculated results in this study was validated first. The experimental
information on the thermochemical parameters for a-terpineol is not available and the direct
comparison between the theoretical calculations and the experimental data becomes
impossible. Hence, we performed the geometry optimization and frequency calculation of
cyclohexene and ethanol. The results at the MPWBI1K/6-31+G(d,p) level agree fairly well
with the corresponding experimental values. The largest deviation remains within 1.8% for

geometrical parameters and 7.0% for vibrational frequencies.”*’

Consequently, we believe
that the MPWBI1K-DFT/6-31+G(d,p) method is a general and reliable method for the
calculations involved in the OH-initiated oxidation of a-terpineol.
3.1. Reaction mechanism
3.1.1. Reactions of a-terpineol with OH radicals

For convenience of description, the atomic number in a-terpineol is labeled in Scheme 1.
Analysis of the molecular structure of a-terpineol indicates that two types of reaction channels
should be considered: (1) addition of OH to the carbon-carbon double bond in the ring and (2)
H abstraction from the ring, hydroxyl, and methyl groups, which is supported by Atkinson’s
experimental work.*""** Regarding OH-addition reactions, two reaction pathways, pathways 1
and 2, are identified due to the unequivalence of C2 and C3 sites in a-terpineol structure.

Depending on the different nature of H atoms in a-terpineol, nine H abstraction reaction

processes, pathways 3-11, are taken into consideration in this work. The reaction schemes
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embedded with the potential barriers (AE) and reaction heats (AH) are given in Fig. 1.

Pathways 1 and 2 represent the OH addition to C2 and C3 sites in carbon-carbon double
bond, respectively. IM1 (secondary radical) and IM2 (tertiary radical) are the corresponding
adducts. Calculation shows that both addition processes are barrierless. The electronic
energies of IM1 and IM2 are 26.35 and 28.82 kcal mol™ lower than the total energy of the
separate reactants (a-terpineol and OH), respectively. Thus, pathway 1 and 2 can occur readily
under the general gas-phase conditions due to their large exoergicity. This provides a
theoretical verification for the prior study result.* As energy-rich radical intermediates, IM1
and IM2 will further react with the oxidizing species, such as O, and NO, which are abundant
in indoor air environment.

As illustrated in Fig. 1, pathways 3, 10 and 11 are three kinds of H abstraction from
different -CH; moieties; pathways 4, 5, 6, 7 and 8 represent four possible hydrogen
abstractions from the ring; pathway 9 is H abstraction from the —OH group attached to the C8
atom. Comparisons of the nine H abstraction processes show that the abstraction in C5-H7
bond, i.e. pathway 6, is the most energetically favorable process. This reaction process can be
completed through two elementary steps. The first step is the approaching of OH to the atom
H7, which leads to the formation of the pre-complex IM06 with a stabilization energy of -3.02
kcal mol™. Then, the H7 atom is abstracted by OH radical to form IM6 and H,O via the
transition state TS4. The bond lengths of the C5-H7 and O2-H7 in TS4 are 1.166 A and
1.432 A, respectively. This process has a very low energy barrier of 1.03 kcal mol”. The
energy of IM6 lies 20.07 kcal mol” below reactants. The same as IM1 and IM2, further

reaction of IM6 in indoor air is also ineluctable due to its high reactivity.
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3.2. Subsequent reactions

According to the above discussion, both addition and H7 abstraction processes are the
dominant pathways for the gas-phase degradation of a-terpineol initiated by OH radicals.
Therefore, two additional processes similar to the analogous OH-a-pinene reactions are
dominant confirmed in previous experimental and theoretical study.*** In this section, further
reactions of the major primary products, IM1, IM2, and IM6, will be discussed in detail.
3.2.1. Subsequent Reaction of IM1

Possible reaction routes from IM1 are presented in Fig. 2. The reaction of IM1 with
ubiquitous O, will proceed via a barrierless association. IM12 is the product with 30.21 kcal
mol™ exothermicity. In the presence of nitric oxide, IM12 will react with NO immediately to
generate an excited intermediate, denoted as IM13. This process is exoergic by 17.73 kcal
mol™. IM13 has ample internal energy and will subject to prompt isomerization or
self-decomposition. The isomerization of IM13 takes place via a three-member ring transition
state, TS10, with a potential barrier of 16.44 kcal mol™. The bond distances of 03-04 and
N-O3 in TS10 are 1.500 A and 2.277 A, which are longer by 7.60% and 67.67% than the
equilibrium values in reactant adduct and
2-hydroxy-5-(2-hydroxypropan-2-yl)-2-methylcyclohexyl nitrate (P1). The intrinsic reaction
coordinate calculation also testifies the synchronism of the fission of O3-O4 and the
formation of N-O3. The structure of TS10 is illustrated in Fig. S2 (see Supplementary
material section). The self-decomposition is carried out through the rupture of O3-O4 bond,
leading to NO, and a radical intermediate, denoted IM14. The transition state of this process

is TS11, in which the length of 03-O4 bond is 1.797 A. This process needs to overcome the
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barrier of 12.86 kcal mol”, and release the energy of 3.51 kcal mol”. Consequently, the
self-dissociation reaction of IM13 is more favorable than the isomerization of IM13. IM14 is
the preferred product and may play a momentous part in the following reactions of IM1.

For IM14, three possible reaction modes are found and described in Fig. 2. The first one
includes three elementary steps: ring-opening reaction, O, addition, and HO, elimination. The
ring-opening reaction occurs via the cleavage of C2-C3 bond to yield IM15. The energy
barrier and endothermic heat are 8.55 and 3.57 kcal mol”, respectively. Then, O, attacks to
C2 to generate a peroxide radical (IM16). This process is strongly exothermic by 35.56 kcal
mol’. IM16 is likely to undergo a direct decomposition to form the products
3-(2-hydroxypropan-2-yl)-6-oxoheptanal (P2) and HO,. A five-member ring transition state,
TS13, is identified with the barrier of 12.17 kcal mol”'. However, the reaction heat and Gibbs
free energy change are 11.81 and 5.53 kcal mol ™, respectively, which indicates that this
process is unlikely to occur spontaneously at room temperature. This is in good agreement
with the previously reported experimental results.”* The second channel is initiated from the
C3-C4 bond rupture via the transition state TS14. The formation of IM17 is an exoergic
process, with the emitting heat of 7.70 kcal mol™ and energy potential barrier of 13.45 kcal
mol™. Similar to IM12, the subsequent reactions of IM17 with O,/NO also occur via two
free-barrier steps to produce IM19. IM19 is not a stable product and will immediately
decompose into the oxyl radical IM20 and NO,, which needs to surmount the barrier height of
19.19 kcal mol™. The following reaction is the direct H abstraction by O, molecule via the
transition state TS16 with an energy barrier of 17.91 kcal mol”’. The production of

2-hydroxy-5-(2-hydroxypropan-2-yl)-2-methylhexanedial (P3) and HO, accompanies the
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exothermic heat of 29.24 kcal mol”. The third pathway is the reaction of IM14 with O,
similar to the intermediate IM20 mentioned above, to produce
2-hydroxy-5-(2-hydroxypropan-2-yl)-2-methylcyclohexan-1-one (P4) and HO,. This reaction
process has an apparent barrier of 17.30 kcal mol™. Through the above analysis, P3 and P4
are the possible products from further reaction of IM14.
3.2.2. Subsequent Reaction of IM2

As depicted in Fig. 3, the reaction of IM2 with molecular O,/NO has the similar routes
with that of IM1, forming the peroxy intermediate IM22. The same as IM16, the following
reaction of M22 also occurs via isomerization to produce
4-(2-hydroxypropan-2-yl)-1-methylcyclohexane-1,2-diol compound with nitromethane (P5)
or unimolecular decomposition to yield IM23 and NO,. For the two processes, the energy

barriers are calculated to be 15.06 and 11.54 kcal mol-1, respectively. Therefore, the

decomposition reaction of IM22 is of critical importance in the whole removal process of IM2.

As the vital radical intermediate, IM23 has the unpaired electron and can further react through
three channels: two ring cleavage reactions and one decomposition reaction.

The first one is carried out by the fission of C2-C3 bond in IM23 via the transition state
TS20 to generate IM24. This reaction has a low potential barrier of 5.40 kcal mol™ and is
exothermic by 2.46 kcal mol™. IM24 is an open-shell radical and could subsequently react via
the reaction with O, or the self-decomposition reaction. First, the active site C3 in IM24 is
attacked by the oxygen molecule, which is a free-barrier exothermic reaction, to result in
IM25. Then, HO; is dissociated to form the product 3-(2-hydroxypropan-2-yl)-6-oxoheptanal

P6) via TS21 with the energy barrier of 12.30 kcal mol”. This decomposition reaction is
gy p

10
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found to be endothermic with the energy of 12.03 kcal mol™. Moreover, the Gibbs free energy
change is 4.03 kcal mol'. As a consequence, this decomposition process is difficult to occur
spontaneously under normal conditions. Second, the self-decomposition is the breakage of
C4-C5 bond to form ethenol (P7) and IM26 via the transition state TS22. In TS22 structure,
the length of C4-C5 bond is 2.256 A, which is elongated by 46.40% with respect to IM24.
This process has a potential barrier of 17.34 kcal mol™ and is exothermic by 17.34 kcal mol™.
Two reaction pathways are open for IM26. The first channel is the breaking of C5-C8 bond to
form 6-hydroxy-hept-5-en-2-one (P8) and methyl (CH3). TS23 is the corresponding transition
state with the potential barrier of 30.68 kcal mol™, which means this decomposition reaction
is energetically favorable under general condition. The structure of TS23 is shown in Fig. S2.
The second route is the reaction with O,/NO through two barrierless associations, to produce
IM28. The intermediate IM28 is one energy-rich radical which can react via two serial
decomposition processes, resulting in the production of 4-oxopentanal (P9) and IM30 radical.
Calculations show that these two elementary reactions can easily occur because of low
potential barriers and exothermic property. IM30 is an open-shell radical and will react with
O, to generate a peroxide intermediate IM31 with 35.25 kcal mol” exothermicity.
Subsequently, H12 migration and C8-O2 bond cleavage occur simultaneously, leading to the
final product acetone (P10) and HO, radical. This process has an energy barrier of 12.98 kcal
mol™ and is believed to proceed easily indoors. According to the description above, P7, P8,
and P9 are the preferred products for this removal pathway of IM23.

The second channel of IM23 includes four elementary reactions: two barrierless

processes (O, addition and NO addition) and two elementary processes with apparent

11
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potential barriers (cleavage of O4-O5 bond and direct H11 abstraction by O,). TS28 and TS29
are the corresponding transition states and their geometric parameters are given in Fig. S2.
The calculated results manifest that these elementary steps are energetically favorable under
normal conditions, which means that the product of
5-hydroxy-3-(2-hydroxypropan-2-yl)-6-oxoheptanal (P11) should exist in smog chamber.
Unfortunately, P11 was not detected in the study of Wells.?* Further experimental observation
would be anticipated to confirm the formation of P11.

The third channel is the direct decomposition of IM23 via the rupture of C1-C2 bond to
produce 2-hydroxy-4-(2-hydroxypropan-2-yl)cyclohexan-1-one (P12) and CHj;. The
calculated profiles of the potential energy surface show that this channel is energetically
unfavorable due to the high barrier and strong endothermicity. In other worlds, P12 is not the
final product of the OH-initiated gas-phase reaction of a-terpineol.

3.2.3. Subsequent Reaction of IM6

On the basis of the experimental assumption,” IM6 can directly decompose into two
intermediate radicals IM36 and IM30 via the C5-C8 bond breakage. And then, P14 can be
formed from IM136 via a series of elementary steps. However, our calculated results indicate
that this decomposition process is barrierless but stongly endothermic by 82.96 kcal mol™.
Besides, the Gibbs free energy change is 70.07 kcal mol™, which is far greater than zero.
Therefore, we can infer that the decomposition reaction of IM6 can hardly occur. To wit: this
proposed reaction pathway of IM6 to form P14 is unreasonable under the general condition.

Another possible removal pathway of IM6 was revealed in this study. The detailed

reaction scheme for this reaction pathway of IM6 is shown in Fig. 4. IM6 may react easily

12

Page 12 of 27



Page 13 of 27

10

11

12

13

14

15

16

17

18

19

20

21

22

RSC Advances

with O; and NO, in turn, via two exothermic processes to generate IM38. The structure of
IM38 is shown in Fig. S3, which is similar to IM13 and IM22. Also, two possible reaction
routes are considered. One route is the formation of P13 via the isomerization of IM38, which
has a potential barrier of 16.89 kcal mol™ and is highly exothermic by 29.15 kcal mol™. The
other route is the formation of P14 that involves two self-decomposition reactions.
Calculations show that both decomposition processes are energetically favorable due to low
potential barriers. Unluckily, this formation pathway of P14 was not considered in Jones’
study. 3 This energetically favorable formation pathway of P14 is reported for the first time
and its confirmation needs further more experimental investigations.
3.3. Rate constants calculations

According to the data calculated by Gaussian09, the kinetic calculations are performed
using the RRKM method. The rate constants of the elementary reactions involved in this
reaction system were calculated at 298 K and 1 atm. The computational results are presented
in Table 1, and after the errors were considered, the rate constants at 298 K are listed in Table
S1. The overall rate constant of a-terpineol + OH (Table 1) is 1.29 X 10" cm® molecule™ s,
which is in keeping with the experimental value of 1.9X 107" cm® molecule” s at 298 K and
1 atm total pressure. It could be deduced that our RRKM results listed in Table 1 are
reasonable. With the comparison of individual rate coefficients, OH addition to C2 and C3
atoms and H abstraction from C5 atom, i.e. the formation of IM1, IM2 and IM6, are the
dominant pathways. This conclusion accords well with the thermodynamic data in section 3.1.
The kinetical data mentioned above would be conductive to the construction of dynamic

model predicting the transport and fate of a-terpineol and OH radical in indoor air.

13
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The residence time of o-terpineol in indoor air can be calculated by the formula

_ 1 Here, k is the total rate constant of the title reaction and [OH] is the average indoor

T =
k[OH]

OH concentration with the value about 7X 10° molecule cm™.*® The gas phase retention time
of a-terpineol determined by OH radicals is approximately 3.1 hours at 298 K and 1 atm total
pressure.

4. Conclusions

In this paper, the gas-phase oxidation mechanism of a-terpineol initiated by OH radical
was investigated by using a high-accuracy quantum chemical method. All of the rate constants
were calculated using the MESMER program. The following conclusions can be obtained
based on the theoretical calculations:

(1)There are two possible reaction mechanisms (OH additions and H abstractions) during
the reaction between a-terpineol and OH radical. According to different chemical
environments, two sites for OH addition and nine distinct sites for hydrogen abstraction are
identified. Among the primary reactions, two free-barrier addition processes and the

H7-abstraction from the ring are the main reaction pathways.

2) Based on our calculation results,
2-hydroxy-5-(2-hydroxypropan-2-yl)-2-methylhexane-dial (P3),
2-hydroxy-5-(2-hydroxypropan-2-yl)-2-methylcyclohexan-1-one (P4),

6-hydroxy-hept-5-en-2-one (P8) , 4-oxopentanal (P9), and acetone (P10) are the energetically
feasible products from the pathways of OH addition to the >C=C< bond.
4-methyl-3-cyclohexen-1-one (P14) is the possible product of the most favorable

H-abstraction pathway. The suggested formation mechanism of P14 in the study of Jones is

14
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1 unreasonable. An energetically favorable formation pathway for P14 is reported for the first
2 time.

3 (3) The rate constant calculations show that OH radicals are preferred to react with
4  a-terpineol through addition reaction at 298 K and 1 atm. The total rate constant of the title
5 reaction is 1.29X10™"° cm® molecule™ s, which matches well with the available experimental
6  values. The gas-phase residential time of a-terpineol with the respect of OH is about 3.1

7  hours.
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Figure, Scheme and Table Captions

Scheme 1 The atomic number of a-terpineol.

Fig. 1 The primary reaction pathways of a-terpineol with OH radical embedded with the
potential barriers AE (kcal mol”) and reaction heats AH (kcal mol') at the
MPWBI1K/6-31+G(d,p)// MPWB1K/6-311+G(3df,2p) level.

Fig. 2 Subsequent reaction paths of IM1 at the MPWB1K/6-31+G(d,p) level of theory. Unit:
kcal mol™. AE: the reaction potential barrier; AH: the reaction heat.

Fig. 3 Subsequent reaction paths of IM2 at the MPWB1K/6-31+G(d,p) level of theory. Unit:
kcal mol™. AE: the reaction potential barrier; AH: the reaction heat.

Fig. 4 Subsequent reaction paths of IM6 at the MPWB1K/6-31+G(d,p) level of theory. Unit:
kcal mol™. AE: the reaction potential barrier; AH: the reaction heat.

Table 1 The rate constants (cm’ molecule™ s™ or s™) of the elementary reactions involved in

the gas-phase oxidation of a-terpineol with OH radicals at 298 K and 1 atm.

20
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Scheme 1
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Table 1 The rate constants (cm3 molecule” s or s'l) of the elementary reactions involved in the gas-phase

oxidation of a-terpineol with OH radicals at 298 K and 1 atm.

Reactions Rate constants Reactions Rate constants
R+OH—IM1 5.95x10™" IM21+NO—IM22 4.36x10™"
R+OH—IM2 6.37x10™"! IM22—P5 4.78x10
R+OH—IM3+H,0 2.10x10°™" IM22—IM23+NO, 5.17x10*
R+OH—IM4+H,0 1.31x10™ IM23—IM24 2.66x107
R+OH—IM5+H,0 7.04x107™" IM24+0,—IM25 5.40x10™"
R+OH—IM6+H,0 3.64x10™" IM25—P6+HO, 1.41x10*
R+OH—IM7+H,0 1.96x10™ IM24—IM26 2.85x10®
R+OH—IM8+H,0 7.19x10°™" IM26—P8+CH; 4.52x10™"°
R+OH—IM9+H,0 1.73x10™" IM26+0,—IM27 5.90x10™
R+OH—IM10+H,0 1.27x10°"° IM27+NO—IM28 6.21x10™"2
R+OH—IM11+H,0 1.37x10™" IM28—IM29+NO, 2.96x10’
R+OH (k)1.29x107"° IM29—IM30+P9 2.43x10°
IM1+0,—IM12 5.78x10™" IM30+0,—IM31 6.01x10™"
IM124NO—IM13 7.11x10™"* IM31—P10+HO, 2.31x10°
IM13—P1 1.06 IM23—IM32 4.32x10
IM13—IM14+NO, 2.22x10° IM32+0,—IM33 5.35x10"2
IM14—IM15 3.46x10° IM33+NO—IM34 6.45x10™"
IM15+0,—IM16 5.43x107"? IM34—IM35+NO, 0.12
IM16—P2+HO, 9.80x10° IM35+0,—P11+HO, 5.71x10™
IM14—IM17 1.52x10° IM23—P12+CH; 1.09x107
IM17+0,—IM138 5.28x10™" IM6+0,—IM37 5.96x10™"
IM18+NO—IM19 5.83x10" IM37+NO—IM38 6.10x10™"2
IM19—IM20+NO, 0.10 IM38—P13 1.08
IM20+0,—P3+HO, 720107 IM38—IM39+NO, 7.18x10*
IM14+0,—P4+HO, 4.50x1077 IM39—IM30+P14 1.68x10*
IM2+0,—IM21 5.78x10™"
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For the OH-initiated indoor oxidation of a-terpineol, the reaction scheme is proposed
and the main reaction pathways are reported.



