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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 [START_REF] Agarwal | Biofuels (alcohols and biodiesel) applications as fuels for internal combustion engines[END_REF][START_REF] Black | Bio-butanol: Combustion properties and detailed chemical kinetic model[END_REF][START_REF] Gautam | Combustion characteristics of higher-alcohol/gasoline blends[END_REF][START_REF] Robertson | Cellulosic biofuel contributions to a sustainable energy future: Choices and outcomes[END_REF][START_REF] Bergthorson | A review of the combustion and emissions properties of advanced transportation biofuels and their impact on existing and future engines[END_REF]. Alcohols have already been considered as sustainable fuel for decades [START_REF] Kohse-Hoinghaus | Biofuel combustion chemistry: from ethanol to biodiesel[END_REF][START_REF] Sarathy | Alcohol combustion chemistry[END_REF] 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 1 -C 4 , under a broad range of initial conditions, have been gathered

and reorganized in a recent review by Sarathy et al [START_REF] Sarathy | Alcohol combustion chemistry[END_REF]. High-level ab initio calculations on the thermal decomposition reactions of methanol [START_REF] Jasper | Kinetics of the reaction of methyl radical with hydroxyl radical and methanol decomposition[END_REF], ethanol [START_REF] Sivaramakrishnan | Rate constants for the thermal decomposition of ethanol and its bimolecular reactions with OH and D: reflected shock tube and theoretical studies[END_REF], 2-butanol [START_REF] El-Nahas | Thermal decomposition of 2-butanol as a potential nonfossil fuel: a computational study[END_REF], iso-butanol [START_REF] Zhou | Theoretical kinetics for the decomposition of iso-butanol and related (CH3) 2ĊH+ ĊH2OH reactions[END_REF] 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 Ḣ, ȮH and HȮ 2 radicals have also been investigated theoretically, for methanol [START_REF] Meana-Pañeda | High-level direct-dynamics variational transition state theory calculations including multidimensional tunneling of the thermal rate constants, branching ratios, and kinetic isotope effects of the hydrogen abstraction reactions from methanol by atomic hydrogen[END_REF][START_REF] Xu | Theoretical study on the kinetics for OH reactions with CH3OH and C2H5OH[END_REF][START_REF] Klippenstein | Uncertainty driven theoretical kinetics studies for CH3OH ignition: HO2+ CH3OH and O2+ CH3OH[END_REF], ethanol [START_REF] Sivaramakrishnan | Rate constants for the thermal decomposition of ethanol and its bimolecular reactions with OH and D: reflected shock tube and theoretical studies[END_REF][START_REF] Zheng | Multi-path variational transition state theory for chemical reaction rates of complex polyatomic species: ethanol+ OH reactions[END_REF] and butanol isomers [START_REF] Seal | Kinetics of the hydrogen atom abstraction reactions from 1-butanol by hydroxyl radical: theory matches experiment and more[END_REF][START_REF] Zhou | Rate constants for hydrogen abstraction by HȮ2 from n-butanol[END_REF][START_REF] Zhou | Rate constants for hydrogen-abstraction by O˙ H from n-butanol[END_REF]. Comprehensive mechanisms for the oxidation of methanol and ethanol, with simpler structures, have already been comprehensively reviewed by Sarathy et al. [START_REF] Sarathy | Alcohol combustion chemistry[END_REF]. Man et al. [START_REF] Man | An experimental and kinetic modeling study of n-propanol and i-propanol ignition at high temperatures[END_REF] 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. [START_REF] Sarathy | A comprehensive chemical kinetic combustion model for the four butanol isomers[END_REF] 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 [START_REF] Tang | High temperature ignition delay times of C5 primary alcohols[END_REF] and n-pentanol with its higher energy value and reactivity is a promising component for diesel blends [START_REF] Campos-Fernandez | Performance tests of a diesel engine fueled with pentanol/diesel fuel blends[END_REF]. It is reported that n-pentanol could improve the cetane number of diesel blends [START_REF] Imdadul | Influences of ignition improver additive on ternary (diesel-biodiesel-higher alcohol) blends thermal stability and diesel engine performance[END_REF] and decrease CO, hydrocarbon, NOx, smoke and particulate emissions [START_REF] Kumar | Combined effect of injection timing and exhaust gas recirculation (EGR) on performance and emissions of a DI diesel engine fuelled with next-generation advanced biofueldiesel blends using response surface methodology[END_REF][START_REF] Wei | Effect of n-pentanol addition on the combustion, performance and emission characteristics of a direct-injection diesel engine[END_REF][START_REF] Zhang | Comparative evaluation of the effect of butanol-diesel and pentanol-diesel blends on carbonaceous particulate composition and particle number emissions from a diesel engine[END_REF][START_REF] Li | Combustion and emission characteristics of diesel engine fueled with diesel/biodiesel/pentanol fuel blends[END_REF]. Togbé et al. [START_REF] Togbé | Experimental and detailed kinetic modeling study of 1-pentanol oxidation in a JSR and combustion in a bomb[END_REF] 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. [START_REF] Dayma | Experimental and Detailed Kinetic Modeling Study of Isoamyl Alcohol (Isopentanol) Oxidation in a Jet-Stirred Reactor at Elevated Pressure[END_REF] modeled the species 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. [START_REF] Serinyel | An experimental and modeling study of 2-methyl-1-butanol oxidation in a jet-stirred reactor[END_REF] 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. [START_REF] Van De Vijver | Decomposition and isomerization of 1-pentanol radicals and the pyrolysis of 1-pentanol[END_REF] 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 [START_REF] Parandaman | Thermal Decomposition of 2-Pentanol: A Shock Tube Study and RRKM Calculations[END_REF], and H-atom abstraction reactions from pentanol isomers by ȮH radical [START_REF] Aazaad | Reaction of Pentanol isomers with OH radical-A theoretical perspective[END_REF] 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. [START_REF] Li | Laminar Flame Speeds and Flame Instabilities of Pentanol Isomer-Air Mixtures at Elevated Temperatures and Pressures[END_REF] 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 393-473 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. Köhler et al. [START_REF] Köhler | 1-, 2-and 3-Pentanol combustion in laminar hydrogen flames -A comparative experimental and modeling study[END_REF] 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. [START_REF] Van De Vijver | Decomposition and isomerization of 1-pentanol radicals and the pyrolysis of 1-pentanol[END_REF] 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, CH 3 and OH, from fuel molecules directly, and their subsequent reactions are important in determining the fuel consumption process under different conditions [START_REF] Van De Vijver | Decomposition and isomerization of 1-pentanol radicals and the pyrolysis of 1-pentanol[END_REF]. It is shown that the decomposition and isomerization reactions of 1-pentanol radicals are of significant importance in describing the fuel conversion and product selectivity [START_REF] Van De Vijver | Decomposition and isomerization of 1-pentanol radicals and the pyrolysis of 1-pentanol[END_REF]. 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).

Method

Potential Energy Surface.

The B2PLYPD3 [START_REF] Grimme | Semiempirical hybrid density functional with perturbative second-order correlation[END_REF] method with the 6-311++G(d,p) [START_REF] Mclean | Contracted Gaussian basis sets for molecular calculations. I. Second row atoms, Z=11-18[END_REF] 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 [START_REF] Dunning | Gaussian basis sets for use in correlated molecular calculations. I. The atoms boron through neon and hydrogen[END_REF] which were extrapolated to the complete basis set limit (CBS) [START_REF] Martin | Ab Initio Total Atomization Energies of Small Molecules --Towards the Basis Set Limit[END_REF]:

E CBS = E ROCCSD(T) cc ⁄ -pVQZ + (E ROCCSD(T) cc ⁄ -pVQZ -E ROCCSD(T) cc ⁄ -pVTZ ) * 4 4 (5 4 -4 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 [START_REF] Amos | MOLPRO, a package of ab initio programs designed[END_REF] and Gaussian 09 [START_REF] Foresman | Gaussian 09, Revision D. 01[END_REF].

Rate Constants Calculations.

The Master Equation System Solver (MESS) developed by Klippenstein et al. [START_REF] Miller | Master equation methods in gas phase chemical kinetics[END_REF] 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 2 bath gas was modeled employing the Lennard-Jones (L-J) potential [START_REF] Pilling | Master equation models for chemical reactions of importance in combustion[END_REF]. For N 2 , σ = 3.6 Å and ε = 68 cm -1 were used, while for Ċ 5 H 11 O, σ = 6.269 Å and ε = 341.3 cm -1 were used [START_REF] Mourits | A critical evaluation of Lennard-Jones and Stockmayer potential parameters and of some correlation methods[END_REF]. A single-parameter exponential down model with <ΔE> down = 200 × (T/300) 0.75 cm -1 was used to represent the collisional energy transfer function [START_REF] Klippenstein | The addition of hydrogen atoms to diacetylene and the heats of formation of i-C4H3 and n-C4H3[END_REF]. The calculated rate constants were fitted to a modified Arrhenius expression as a function of temperature k = AT n exp(-E/RT).

Thermochemistry Calculations.

The enthalpies of formation at 0 K for all species are calculated based on atomization approaches, using CBS-APNO [START_REF] Ochterski | A complete basis set model chemistry. V. Extensions to six or more heavy atoms[END_REF], CBS-QB3 [START_REF] Montgomery | A complete basis set model chemistry. VII. Use of the minimum population localization method[END_REF], G3 [START_REF] Curtiss | Gaussian-3 (G3) theory for molecules containing first and second-row atoms[END_REF], and G4 [START_REF] Curtiss | Gaussian-4 theory[END_REF] 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 [START_REF] Keçeli | Automated computational thermochemistry for butane oxidation: A prelude to predictive automated combustion kinetics[END_REF][START_REF] Murat Keceli | Quantum Thermochemistry Calculator (Qtc)[END_REF] and converted to NASA polynomial format through PAC99 [START_REF] Keçeli | Automated computational thermochemistry for butane oxidation: A prelude to predictive automated combustion kinetics[END_REF][START_REF] Murat Keceli | Quantum Thermochemistry Calculator (Qtc)[END_REF][START_REF] Mcbride | Computer Program for Calculating and Fitting Thermodynamic Functions[END_REF].

Results and Discussion

Potential energy surface.

Potential energy surface for the isomerization and -scission reactions of pentanon-2-ol radicals are shown in Figure 1. The addition reaction between ethyl radical and CH 2 =COHCH 3 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. 

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.

β-scission reactions.

The most dominant products formed from pentanol2-2 (W1) are ethyl radical and CH 2 =COHCH 3 (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 [START_REF] Becke | A new mixing of Hartree-Fock and local density-functional theories[END_REF] 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 3 CHOH (P6)

is the most favored channel.

Rate Coefficients

Pressure and temperature dependent rate coefficients have been calculated by using the MESS program [START_REF] Miller | Master equation methods in gas phase chemical kinetics[END_REF].

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. (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 2 =COHCH 3 (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. 

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 2 =COHCH 3 (P1), propene and CH 3 CHOH (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.

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.

Thermochemistry Calculations.

Thermochemistry data of ∆H f,298 Θ , S 298 Θ , and C p for the species in this work was calculated and compared with the ones in the literature, shown in Tables 1 and2. Literature data come from the Active Thermochemical Tables (ATcT)

[54], the Third Millennium Ideal Gas and Condensed Phase Thermochemical Database for Combustion [START_REF] Burcat | Third Millennium Ideal Gas and Condensed Phase Thermochemical Database for Combustion (with Update from Active Thermochemical Tables)[END_REF] (abbreviated as Burcat's database in this paper), and the NIST Chemistry Webbook [START_REF] Lemmon | [END_REF] 

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 2 =COHCH 3 (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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 4 Figure 4 (a) Comparison of rate constants for key reactions from W3 radical and (b) Branching ratios of key products
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 234 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 CH 3 CHOH (P6). The branching ratio results do not show strong pressure dependence. Above about 400 K, propene and CH 3 CHOH (P6) become the most important products.
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 5 Figure 5 (a) Comparison of rate constants for key reactions from W4 radical and (b) Branching ratios of key products
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 245 W4) to products. Rate constants and branching ratio for important reactions started from W1 radical are shown in Figure5. Rate constant and branching ratio results for the formation of ethylene + CH 3 CHOHCH 2 (P7) also show strong pressure dependence. At 0.01 atm, the formation of pentanol2-1 (W5) is dominant when T < 800K. At 1 atm, the formation of ethyl radical and CH 2 =COHCH 3 (P1) become dominant in the temperature range of 1300-1800 K. When temperature goes higher than 1800 K, the formation of ethylene + CH 3 CHOHCH 2 (P7) becomes dominant. When pressure goes up to 100 atm, the formation of ethylene + CH 3 CHOHCH 2 (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 %.
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 6 Figure 6 (a) Comparison of rate constants for key reactions from W5 radical and (b) Branching ratios of key products
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 2 . 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 2 H 5 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.[START_REF] Power | Theoretical, Experimental, and Modeling Study of the Reaction of Hydrogen Atoms with 1-and 2-Pentene[END_REF] (within 0.1 cal/K•mol) marked as asterisk in Table1. 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. Thermochemistry (C p ) comparison of species on C 5 H 11 Ȯ PES with literature data.

	Table 1. Thermochemistry (∆H f,298 Θ	and S 298 Θ ) comparison of species on C 5 H 11 Ȯ PES with literature data.
			∆H f,298 Θ	[kcal mol -1 ]	S 298 Θ [cal K -1 mol -1 ]
	Species	This study		Literature	This study	Literature
	Pentan-2-ol	-75.3	-74.7 b , -75±0.3 b , -75.2±0.4 b ,	94.5	93.7±0.2 b , 92.1 c
			75.7±1.9 c	
	C 2 H 5	28.7	28.7 ± 0.1 a , 28.4 ± 0.5 b , 28.6 ±	60.5	58.1 c
	Propen-2-ol (P12)	-40.3	0.1 c -39.3±0.3 a , -42.1 b , -38.2±1.9 b ,	69.7	69.9 c
			-39.0±1.9 c	
	2-Pentanone (P21)	-62.3	-61.9±0.3 b	90.9
	1-Buten-1-ol (P31)	-40.6			81.2
	CH 3	34.6	35.0 a , 34.8 b , 35.1±0.2 b , 35.1 c	46.5	46.4 b , 46.4 c
	2-Pentene (P41)	-7.1	-7.6±0.5 b , -7.3±1.9 c	81.8	88.5 c , 81.9*

b NIST Chemistry Webbook.

[START_REF] Lemmon | [END_REF] 

c Third Millennium Ideal Gas and Condensed Phase Thermochemical Database for Combustion

(Burcat)

.

[START_REF] Burcat | Third Millennium Ideal Gas and Condensed Phase Thermochemical Database for Combustion (with Update from Active Thermochemical Tables)[END_REF] 
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