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Abstract

Theoretical investigations on the kinetics of pentan-2-ol radical decomposition and isomerization reactions have
been carried out in this work, together with the thermochemistry data calculations for important species involved in
the reaction process. The B2PLYPD3/6-311++G(d,p) level of theory was used to optimize the geometries of all of
the reactants, transition states, products and also the hindered rotor treatment for lower frequency modes.
Single-point energies of all species are determined at the ROCCSD(T) level using the cc-PVQZ and cc-pVTZ
which were extrapolated to the complete basis set limit (CBS). RRKM/Master Equation has been solved to
calculate the pressure- and temperature-dependent rate coefficients for all channels in the pressure range of 0.01—
100 atm over 300-2000 K. Pressure and temperature dependent branching fractions of key species produced from
different pentan-2-ol radicals shows that 1- and 2-pentene are important bimolecular products. The kinetics and
thermochemistry data for the title reactions has been used in the part I of this work for model development for
pentan-2-ol oxidation.
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1. Introduction

The increasing worldwide demand for sustainable energy resources and environmental protection has brought more
and more attention in the research of alternative clean fuels [1-5]. Alcohols have already been considered as
sustainable fuel for decades [6, 7] and a large number of experimental and theoretical investigations on smaller
alcohols have been carried out by different groups. Experimental data of the ignition delay times, laminar flame
velocities, species profiles for alcohols from C;—C4, under a broad range of initial conditions, have been gathered
and reorganized in a recent review by Sarathy et al [7]. High-level ab initio calculations on the thermal
decomposition reactions of methanol [§8], ethanol [9], 2-butanol [10], iso-butanol [11] have been performed, and
were found to be in good agreement with the directly measured ones. H-atom abstraction reactions from the alcohol
molecule by H, OH and HO, radicals have also been investigated theoretically, for methanol [12-14], ethanol [9, 15]
and butanol isomers [16-18]. Comprehensive mechanisms for the oxidation of methanol and ethanol, with simpler
structures, have already been comprehensively reviewed by Sarathy et al. [7]. Man et al. [19] modeled the high
temperature oxidation of propanol isomers at temperatures over 1100 K, and conducted shock tube ignition delay
time measurements in the temperature range of 1100 — 1500 K at pressures from 1.2 — 16 atm. Sarathy et al. [20]
proposed a comprehensive chemical kinetic mechanism for the oxidation of butanol isomers, capable of well
reproducing experimental measured species profiles in flames and jet-stirred reactors, laminar flame speeds and
shock tube ignition delay times, under a wide range of temperatures and pressures.

Recently, larger alcohols have been the focus of many studies due to their higher energy content [21] and
n-pentanol with its higher energy value and reactivity is a promising component for diesel blends [22]. It is
reported that n-pentanol could improve the cetane number of diesel blends [23] and decrease CO, hydrocarbon,
NOx, smoke and particulate emissions [24-27]. Togbé et al. [28] measured speciation of 1-pentanol oxidation in
JSR at 10 atm and laminar flame speeds of 1-pentanol at 423 K and 1 atm over equivalence ratios of 0.7-1.4, and

developed a chemical kinetic model to represent their experimental data. Dayma et al. [29] modeled the species
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profiles of iso-pentanol oxidation against the data obtained in a jet-stirred reactor at 10 atm in the temperature range
of 530-1220 K, at equivalence ratios of 0.35—4. Serinyel et al. [30] studied the oxidation of 2-methyl-1-butanol
from fuel-lean to fuel-rich mixtures in a jet-stirred reactor at 10 atm, over 700-1200 K, and proposed a mechanism
that is also able to predict the ignition delay times and laminar flame speeds of 2-methyl-1-butanol. Theoretical
studies have also been performed on the important reaction pathways of pentanol isomers. Van de Vijver et al. [31]
computed the pressure- and temperature-dependent rate coefficients for the decomposition and isomerization
reaction pathways of 1-pentanol by solving the master equation. Rate constants of the decomposition reactions of
2-pentanol [32], and H-atom abstraction reactions from pentanol isomers by OH radical [33] have also been
calculated through theoretical approaches. By far, however, investigations on the combustion process of
pentan-2-ol oxidation are quite limited in the literature.

Li et al. [34] measured Laminar flame speeds of 1-, 2-, and 3-pentanol isomers with air mixtures at equivalence
ratios of 0.6—1.8, with initial pressures of 0.10-0.75 MPa, and initial temperatures of 393473 K employing the
outwardly propagating spherical flame. They found the laminar flame speed of 1-pentanol is the fastest, followed
by that of 3- and 2-pentanol isomers and the difference between them decreases when pressure increases. Kohler et
al. [35] investigated oxidation of 1-, 2- and 3-pentanol doped hydrogen flat flame employing molecular-beam mass
spectrometry, and presented the first comparative flame study for 1-, 2- and 3-pentanol with experimental
speciation data and kinetic modeling. Van de Vijver et al. [31] have carried out the theoretical investigations on the
potential energy surface for decomposition and isomerization reactions of 1-pentanol radicals at
UCCSD(T)-F12a/cc-pVTZ-F12//M06-2X/6-311++G(d,p) level of theory and rate coefficients for the reaction
channels of interest have been investigated. Pentan-2-ol radicals can be formed through hydrogen atom abstraction
reactions by mainly H, CHz and OH, from fuel molecules directly, and their subsequent reactions are important in
determining the fuel consumption process under different conditions [31]. It is shown that the decomposition and

isomerization reactions of 1-pentanol radicals are of significant importance in describing the fuel conversion and
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product selectivity [31]. However, theoretical investigations on the potential energy surface and rate coefficients
calculations on pentan-2-ol radicals have not been reported in the literature so far. Thus, this work aims to carry out
theoretical calculations on the decomposition and isomerization reactions of pentan-2-ol radicals to provide
accurate kinetic data for the model development of pentan-2-ol oxidation which is the part II of this work (in
Supplemental Material).

2. Method

2.1 Potential Energy Surface.

The B2PLYPD3 [36] method with the 6-311++G(d,p) [37] basis set was employed to optimize the geometries of
reactants, intermediates, transition states (TSs), and products for all the species involved in the title reactions.
Zero-point vibrational energy corrections (ZPE) were calculated at the same level of theory. Single-point energies
of all species are determined at the ROCCSD(T) level using the cc-PVQZ and cc-pVTZ [38] which were

extrapolated to the complete basis set limit (CBS) [39]:

Ecps = Erocesp(ry/eepvaz + (Erocesp(m) fee-pvaz = Erocesp(n/eepviz) * 4/(5 - 4%) (1)

The low frequency torsional modes were treated as hindered rotors with their potential scanned at the
B2PLYPD3/6-311++G(d,p) level of theory. All geometry optimizations and single point energies are performed

with Molpro program [40] and Gaussian 09 [41].

2.2 Rate Constants Calculations.

The Master Equation System Solver (MESS) developed by Klippenstein et al. [42] was used to calculate
temperature and pressure-dependent rate constants over 300-2000 K and 0.01-100 atm. The interaction between
the reactant and N bath gas was modeled employing the Lennard-Jones (L-J) potential [43]. For N2, 6 = 3.6 A and
g = 68 cm ! were used, while for CsHy;0, 6 = 6.269 A and & = 341.3 cm™! were used [44]. A single-parameter

exponential down model with <AE>gown = 200 x (7/300)*7> cm™' was used to represent the collisional energy



transfer function [45]. The calculated rate constants were fitted to a modified Arrhenius expression as a function of
temperature k= AT exp(~E/RT).

2.3 Thermochemistry Calculations.

The enthalpies of formation at 0 K for all species are calculated based on atomization approaches, using
CBS-APNOJ[46], CBS-QB3[47], G3[48], and G4[49] composite methods. The 0 K formation enthalpies,
vibrational frequencies, rotational constants and 1-D internal rotational potentials are used as input for the MESS
code to calculate temperature-dependent partition functions of each species. With the partition functions, we
calculated temperature-dependent thermochemical properties of enthalpies, entropies and heat capacities by calling
to the ThermP code [50, 51] and converted to NASA polynomial format through PAC99 [50-52].

3 Results and Discussion

3.1 Potential energy surface.

Potential energy surface for the isomerization and P-scission reactions of pentanon-2-ol radicals are shown in
Figure 1. The addition reaction between ethyl radical and CH,=COHCH3; forming pentanol2-2 (W1) is treated as
the entrance channel. Joint structure treatments were employed for transition states and intermediates that have

more than one stable conformer.

Energy
(kcal/mol) .
P9 135 CHy;CH,CH,CH-CH, + OH
P4 10.5 CH;CH,CH=CHCH, + OH
P7 9.1 CH,=CH, + CH;CHOHCH,
P8 6.7 CH,CH,CH, + CH,~CHOH
P5 64 CH; + CH,~CHCHOHCH,
P3 55 CHyCH,CH=CHOH + CHj
P6 4.5 CHyCH-CH, + CHyCHOH
CH,CH, + P2 1.6 CH;CH,CH,COCH; + i1

Figure 1. The CsH;O potential energy surface (including ZPE) accessed upon isomerization and decomposition of
pentan-2-ol radical. Energies are calculated at the ROCCSD(T)//CBS level of theory (kcal/mol).
3.1.1 Isomerization reactions. The isomerization reaction from pentanol2-2 (W1) to pentanol2-5 (W4) with a

barrier of 26.2 kcal/mol is the dominant channel for the consumption of W1, close to the barrier height for



pentanol2-4 (W3) to pentanol2-1 (W5) is 26.7 kcal/mol through a five-membered-ring TS. However, the barrier

height for the isomerization process from pentanol2-5 (W4) to pentanol2-1 (W5) is even lower, through a

six-membered-ring TS is 17.1 kcal/mol which is much lower. The barrier heights for other isomerization channels

are relatively high, which are more than 30 kcal/mol, via three or four-membered-ring TSs. The radical of

pentanol2-3 (W2) could not easily isomerize to other four wells because the barrier heights of isomerization

reactions are all higher than 38 kcal/mol.

3.1.2 B-scission reactions. The most dominant products formed from pentanol2-2 (W1) are ethyl radical and

CH,=COHCH3; (P1) with a barrier of 28.6 kcal/mol, the formation of 2-pentanone and H (P2) from W1 with a

higher barrier height of 32.1 kcal/mol is not competitive. The major products formed from pentanol2-3 (W2) are

2-pentene + OH (P4) with a barrier height of 26.3 kcal/mol. It should be noted that the geometries of reaction with

*  pentanol2-3 (W2) to 2-pentene + OH (P4), is calculated by employing BHandHLYP [53] method with the

6-311++G(d,p) basis set, because the transition state could not be located with the B2PLYPD3 method. We use

trans structures which have lower energy for 2-pentene in the rate constant calculations. The cis conformer of

2-pentene can also be formed in the decomposition of W2 whose barrier height is 0.8 kcal/mol higher than that in

the trans conformer. The barrier heights for the formation of propyl radical + vinyl alcohol (P8) and 1-pentene +

OH (P9) pentanol2-1 (W5) are 30.0 and 27.7 kcal/mol respectively with the later reaction channel more

competitive. For the decomposition reactions of pentanol2-4 (W3), the formation of propene and CH;CHOH (P6)

is the most favored channel.

3.2 Rate Coefficients

Pressure and temperature dependent rate coefficients have been calculated by using the MESS program [42].

Isomerization and dissociation rate constants and branching ratios for the key reactions discussed above (as a

function of temperature at 1 atm) are shown in Figure 2—Figure 6. The calculated rate constants and branching

ratios over 300-2000 K and 0.01 - 100 atm are provided in the Supplemental Material.
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Figure 2 (a) Comparison of rate constants for key reactions from W1 radical and (b) Branching ratios of key products
from W1 radical.

3.2.1 Pentanol2-2 (W1) to products. Rate constants for key reactions from W1 radical and branching ratios of key
products from W1 radical are shown in Figure 2. The isomerization reaction of pentanol2-2 (W1) to pentanol2-5
(W4) dominate in the temperature range of 300 to 500 K through the pressure range we investigated here and this is
consistent with the energy barrier calculation. When temperature is above 500K, the formation of ethyl radical and
CH,=COHCH3 (P1) dominates over the pressures of 0.01-100 atm. Notably, at 0.01 atm and when temperature is
above 700K, the branching ratio of pentanol2-1 (W5) is about 5 %, which is higher than the formation of

pentanol2-5 (W4). However, when pressure goes up to 1 atm, pentanol2-1 (W5) is only of minor importance.
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Figure 3 (a) Comparison of rate constants for key reactions from W2 radical and (b) Branching ratios of key products
from W2 radical.

3.2.2 Pentanol2-3 (W2) to products. Rate constants for key reactions from W1 radical and branching ratios of key
products from W1 radical are shown in Figure 3. As mentioned above, pentanol2-3 (W2) could not easily isomerize
to other four wells given the relatively higher barrier height. The major products are hence CH;CH,CH=CHOH +
CHs (P3), 2-pentene + OH (P4) and CH3; + CH,=CHCHOHCHj3; (P5). A strong pressure dependence of the rate
constant and branching ratio was observed for those reaction channels. At a lower pressure of 0.0latm, the

formation of 2-pentene + OH (P4) dominates the entire temperature range of this work and the branching ratio of
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CH3 + CH,=CHCHOHCHj3 (P5) is larger than CH;CH>,CH=CHOH + CH3 (P3), which is consistent with the barrier
height comparison of these three channels. However, when pressure reaches 1 atm and temperature is above 1200K,
the formation of CH; + CH,=CHCHOHCHj3; (P5) is much favored than 2-pentene + OH (P4). At 100 atm, the
branching fraction of CH3z + CH,=CHCHOHCH3 (P5) is about 60 % at 2000K. The formation of 2-pentene + OH
dominates at temperatures below 800 K, and its relative importance declines when pressure and temperature is

getting higher.

10° 1 atm (a) v T atm ©
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W3 € CHCH=CH, + CHyCHOH

10} T T T T T T T T g
05 10 15 20 25 30 400 800 1200 1600 2000
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Figure 4 (a) Comparison of rate constants for key reactions from W3 radical and (b) Branching ratios of key products

from W3 radical.

3.2.3 Pentanol2-4 (W3) to products. Rate constants for important reactions from W1 radical and branching ratios

of important products from W1 radical are shown in Figure 4. There are two dominating products, pentanol2-1 (W5)
and propene and CH3CHOH (P6). The branching ratio results do not show strong pressure dependence. Above

about 400 K, propene and CH3CHOH (P6) become the most important products.
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Figure 5 (a) Comparison of rate constants for key reactions from W4 radical and (b) Branching ratios of key products
from W4 radical.

3.2.4 Pentanol2-5 (W4) to products. Rate constants and branching ratio for important reactions started from W1
radical are shown in Figure 5. Rate constant and branching ratio results for the formation of ethylene +

CH3CHOHCH; (P7) also show strong pressure dependence. At 0.01 atm, the formation of pentanol2-1 (W5) is
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dominant when T < 800K. At 1 atm, the formation of ethyl radical and CH,=COHCHj3 (P1) become dominant in

the temperature range of 1300-1800 K. When temperature goes higher than 1800 K, the formation of ethylene +

CH3CHOHCH; (P7) becomes dominant. When pressure goes up to 100 atm, the formation of ethylene +

CH3CHOHCH; (P7) becomes dominant when temperature is above 1200 K, and the branching fraction reaches 75 %

at 2000K. At lower pressure of 0.01 and 1 atm, the rate constant of pentanol2-5 (W4) to pentanol2-1 (W5) is higher

than pentanol2-2 (W1) in the entire temperature range of interest in this work. However, when pressure goes up to

100 atm, rate constants of pentanol2-5 (W4) to pentanol2-1 (W5) and pentanol2-2 (W1) are almost equal when T >

1100 K. Reaction pathways of pentanol2-5 (W4) to form propyl radical + vinyl alcohol (P8) and 1-pentene + OH

(P9) are of minor importance, with the relative yields both below 10 %.

1atm (a) 1atm (b)

W5 & CH,CHLCILCH-CH, + OF
10°F W3 & CH,CL,0H; + CH=CHOH

05 10 15 20 25 30 400 800 1200 1600 2000
1000/T (K') T(K)

Figure 6 (a) Comparison of rate constants for key reactions from W5 radical and (b) Branching ratios of key products

from W5 radical.

3.2.5 Pentanol2-1 (W5) to products. Rate constants for important reactions from W1 radical and branching ratios

of important products from W1 radical are shown in Figure 6. At 0.01 atm, the isomerization of pentanol2-1 (W5)

to pentanol2-5 (W4) is dominant in the temperature range from 300 to 900 K, which is consistent with the relative

barrier height for this reaction process. The formation of pentanol2-2 (W1), ethyl radical and CH,=COHCH3 (P1),

propene and CH3CHOH (P6), are important at 0.01 atm, and become negligible when pressure is higher than 1 atm

over 500 — 2000 K. The formation of propyl radical + vinyl alcohol (P8) become important at 1 and 100 atm,

especially when temperature is above 1000 K. At 1 atm, the formation of 1-pentene + OH (P9) is higher than that of

propyl radical + vinyl alcohol (P8) over the entire temperature range, which is consistent with the barrier height

comparison. However, the branching ratio becomes equal to 47% when temperature reaches 2000 K at 100 atm.
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When temperature is above 1000 K, branching fraction for the formation of 1-pentene + OH (P9) remains around

50%. However, when pressure reaches 100 atm, the formation of 1-pentene + OH (P9) starts to be overwhelmed by

that of propyl radical + vinyl alcohol (P8) with temperature above 1200K.

3.3 Thermochemistry Calculations.

Thermochemistry data of AHfggg, Sz(gg, and C, for the species in this work was calculated and compared with the

ones in the literature, shown in Tables 1 and 2. Literature data come from the Active Thermochemical Tables (ATcT)
[54], the Third Millennium Ideal Gas and Condensed Phase Thermochemical Database for Combustion [56]

(abbreviated as Burcat’s database in this paper), and the NIST Chemistry Webbook [55]. It can be seen that most of
our calculated results are in good agreement with the literature data except for few cases. Entropy values for C;Hs

and 2-pentene at 298 K show relatively larger differences with the values in Burcat’s database by 2.4 and 6.7

cal/K-mol, respectively. However, the entropy of 2-pentene at 298 K from our calculation is quite close to the value

calculated by Power et al. [57] (within 0.1 cal/K-mol) marked as asterisk in Table 1. The entropy of pentan-2-ol at

298 K obtained in this work also differs from the value in Burcat’s database by 1.9 cal/K-mol, but it is closer to the

value in NIST Chemistry Webbook (within 0.6 cal/K-mol). For the computed heat capacities at 298 K, results for

pentan-2-ol, propen-2-ol and 2-pentene display relatively larger discrepancies with the values in Burcat’s database

(by 2.2, 1.3 and 2 cal/K-mol, respectively). Detailed reasons for this discrepancy between the ab initio calculations

carried out in this work and the ones in the literature are unclear.

Table 1. Thermochemistry (AHf%gS and Sy3¢) comparison of species on CsH1;O PES with literature data.

AH S5 [keal mol™'] Soe [cal K mol™]
Species This study Literature This study Literature
-74.7°, -75+0.3°, -75.2+0.4°,
Pentan-2-ol -75.3 94.5 93.7+0.2°, 92.1¢
75.7+£1.9¢
C,Hs 28.7 28.7+0.12, 28.4+0.5%, 28.6+ 60.5 58.1¢
-39.3+0.3%,-42.1%, -38.2+1.9°,
Propen-2-ol (P12) -40.3 69.7 69.9¢
-39.0+1.9¢
2-Pentanone (P21) -62.3 -61.9+0.3° 90.9
1-Buten-1-ol (P31) -40.6 81.2
CH; 34.6 35.0%, 34.8%,35.1+0.2% 35.1¢ 46.5 46.4°, 46.4°
2-Pentene (P41) -7.1 -7.6+0.5°, -7.3£1.9¢ 81.8 88.5¢, 81.9*
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OH 8.9 9.0%,9.3% 8.9+0.1° 43.8 43.95,43.9¢
3-Buten-2-ol (P52) -39.5 81.7
Propene (P61) 5.0 4.8+0.1%,4.9°, 4.9 4.8+0.1° 63.7 63.7°
Ethanol-1 (P62) -13.6 -13.3+0.22,-13.2+0.1¢ 67.8 69.1¢
Ethylene (P71) 12.6 12.5%,12.5%, 12.5+0.1%, 12.5° 52.3 52.4° 52 .4¢
Isopropyl Alcohol-1 (P72) -153 79.3
Propane-1 (P81) 24.0 24.1+0.1%, 23.9+0.5°, 242+ 70.7 69.4¢
-29.6+0.2%, -30.6°, -29.9+2.0°,
Ethenol (P82) -29.5 62.0 62.4°
-26.5+2.0°, -29.8¢
1-Pentene (P91) -4.7 -5.3+2.25 -5.1° 83.3 83.0°
Pentanol2-2 (W1) -32.7 96.1
Pentanol2-3 (W2) -27.6 98.2
Pentanol2-4 (W3) -30.0 94.5
Pentanol2-5 (W4) -25.4 91.5
Pentanol2-1 (W5) -25.4 98.3

#Active Thermochemical Tables (Branco Ruscic Argonne National Lab.). [54]

®NIST Chemistry Webbook. [55]

“Third Millennium Ideal Gas and Condensed Phase Thermochemical Database for Combustion (Burcat). [56]

Table 2. Thermochemistry (C,) comparison of species on CsH;O PES with literature data.

C,(T) [cal K™ mol ]
This Study Literature

Species 300 400 500 600 800 1000 1500 | 300 400 500 600 800 1000 1500

Pentan-2-ol 332 40.5 47.5 53.7 63.1 70.3 81.7 31.0¢

Pentanol2-2 (W1) 32.9 39.9 46.4 52.1 60.6 67.1 773

Pentanol2-3 (W2) 342 40.2 46.1 51.4 59.8 66.4 76.8

Pentanol2-4 (W3) 323 | 394 [ 462 | 52.1 60.9 | 67.6 | 78.0

Pentanol2-5 (W4) 36.1 440 [ 502 | 553 | 63.1 69.0 | 787

Pentanol2-1 (W5) 338 | 40.6 | 46.8 | 523 | 60.7 | 67.1 77.2

C2HS5 (P11) 12.1 14.5 16.9 19.1 22.6 25.4 29.9 12.1¢

Propen-2-ol (P12) 20.5 25.1 28.9 31.9 36.3 39.7 45.1 19.2¢

2-Pentanone (P21) 28.6 353 41.7 473 56.0 62.6 72.9 28.5" | 36.4 42.6

1-Buten-1-ol (P31) 24.3 30.0 35.2 39.7 46.2 51.1 58.9

CH3 (P32) 9.4 10.1 10.8 11.5 12.8 13.9 16.1 9.3 10.1 10.8 11.5 12.9 14.1 16.3
9.2¢

2-Pentene (P41) 26.0 | 32.1 380 | 433 | 51.6 | 58.0 | 68.0 | 26.1" | 32.6 | 38.7 | 440 | 526 | 59.0 68.9
24.0¢

OH (P42) 7.2 7.1 7.0 7.0 7.1 7.2 7.7 7.2 7.1 7.1 7.1 7.2 7.3 7.9
7.1°¢

3-Buten-2-ol (P52) 274 32.9 374 41.1 47.0 51.6 59.1

Propene (P61) 15.1 18.7 22.2 25.3 30.2 34.0 39.9 154 | 19.2 22.7 25.8 30.8 345 40.4
15.5* | 19.2 22.6
15.4¢

Ethanol-1 (P62) 15.7 186 | 214 | 238 | 27.7 | 306 | 354 15.3¢

Ethylene (P71) 10.2 12.4 14.7 16.7 19.7 | 221 26.0 10.3° | 12.7 14.9 169 | 20.1 224 26.3
10.4° | 12.6 15.2
10.3* | 12.7 14.9 16.9 20.0 22.4 26.3
10.3¢

Isopropyl Alcohol-1(P72) 223 26.5 30.3 33.5 38.6 42.4 48.8
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Propane-1 (P81) 17.1 21.1 24.9 28.2 334 | 375 44.0 17.0¢

Ethenol (P82) 15.0 18.0 20.5 22.5 25.4 27.5 31.0 14.9¢
1-Pentene (P91) 26.0 324 38.5 43.9 52.0 58.4 68.2 26.0° | 32.9 39.2 44.5 52.8 58.8 68.2
25.9¢

4 Conclusion

Theoretical rate constants and thermochemistry investigations on pyrolysis of pentan-2-ol radicals have been

carried out in this work. According to the barrier height for bimolecular products, ethyl radical and CH,=COHCHj3

(P1), 2-pentene + OH (P4) and 1-pentene + OH (P9) are found to be the more favorable products from different

isomers.

Strong pressure and temperature dependence has been shown in the rate constants calculations for the title reactions.

The formation of 2-pentene + OH (P4) is dominant at temperatures below 800 K and pressures below 10 atm.

However, as pressure increases, the dominant zone of the formation of 1-pentene + OH (P9) shifts to higher

temperatures. Thermochemistry data for the species involved in this work has been calculated and compared with

the ones in the literature. Most of our results show good agreement with literature data, except for some species

such as 2-pentene, pentan-2-ol and propen-2-ol, the reason of it is unclear so far. This work provides new kinetics

and thermodynamics data for decomposition and isomerization reactions of pentan-2-ol radicals which was used in

the model development for pentan-2-ol oxidation (part II of this work).
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